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Community-Acquired
Acute Kidney Injury in Asia

Vivekanand Jha, MD, DM, and Kirpal S. Chugh, MD, FRCP, FAMS, FICP

Summary: Asia, the largest continent in the world, is heterogeneous in the ethnic, socio-
economic, and developmental status of its populations. A vast majority of it is poor with no
adequate access to modern health care, making an accurate estimation of the nature and
extent of acute kidney injury (AKI) difficult. Community-acquired AKI in otherwise healthy
individuals is common, and the population developing AKI is younger compared with its
counterparts in Europe or North America. The etiologic spectrum varies in different geo-
graphic regions of Asia depending on environmental, cultural, and socioeconomic factors.
Some of the etiologic factors include AKI in relation to infectious diseases, intravascular
hemolysis caused by glucose 6-phosphate dehydrogenase deficiency, poisonings caused by
industrial chemicals or copper sulphate, animal venoms, natural medicines, heat stroke, and
after complications of pregnancy. Preventive opportunities are missed because of failure to
recognize the risk factors and early signs of AKI. Patients often present late for treatment,
leading to multi-organ involvement and increased mortality. The exact etiologic diagnosis
cannot be established in many instances because of a lack of appropriate laboratory support.
Modern methods of renal replacement therapy are not universally available; and intermittent
peritoneal dialysis is still widely practiced in many areas.
Semin Nephrol 28:330-347 © 2008 Elsevier Inc. All rights reserved.
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sia is the largest continent in the world,
and home to more than half of the world
population. It has countries such as China

nd India, with populations i n excess of 1 billion
ach, and small countries such as Maldives and
hutan with 0.3 and 0.6 million people, respec-
ively. In contrast to the developed continents
uch as Europe and the Americas, Asia is ex-
remely heterogeneous in terms of the ethnic
omposition and socioeconomic status of its
opulations. Some countries such as Japan, Ko-
ea, and Singapore have a high gross national
ncome, are developed in terms of access to
oods and services, and the population enjoys a
igh standard of living. In contrast, most other
sian countries have been grouped by the
orld Bank into a low-income group (per cap-

ta gross national income, � US $905), and have
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Semina30
imited access to many services including health
are. A majority of the population is dependent
n agriculture or manual labor for their income.
he difference in living standards, prevalent cul-

ural practices, and availability of health care de-
ermine the variations in disease patterns and
anagement practices. The economic, human,

nd technical resources required for specialized
reatment such as dialysis pose a major economic
nd political challenge. The public sector
ealth care in these countries is organized in
he shape of a pyramid, with primary health
enters at the bottom, followed by intermedi-
te-level hospitals, and referral hospitals at the
op. Specialized care for kidney disease usually
s available only at the major referral hospitals.
here is a thriving private sector health care

ndustry, but the treatment costs are quite high,
nd only the rich or those whose health care
xpenses are covered by their employers can
fford treatment in these hospitals. Finally, in-
igenous health care delivery systems still are

opular in rural Asia, and patients frequently

rs in Nephrology, Vol 28, No 4, July 2008, pp 330-347
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Community-acquired AKI in Asia 331
re treated with herbs and potions. As de-
cribed elsewhere in this issue, this often con-
ributes to the burden of acute kidney injury
AKI) in the community.

Reliable statistics on the patterns and preva-
ence of AKI in Asia are not available, but AKI is
he most common renal emergency encoun-
ered in Asian hospitals.1-4 Comparative data
uggest an increase in admissions as a result of
KI in Asian hospitals, possibly owing to in-
reased awareness and referrals.5-7 Community-
cquired AKI in otherwise healthy individuals is
ar more common in the poorer countries of
sia, a characteristic they share with other
ountries of the world with underdeveloped
conomies.5,8,9 About 0.1% to 0.25% of all ad-
issions in Asian hospitals are for management

f AKI.4,10 In contrast, AKI is noted primarily in
ospitalized patients with complex medical or
urgical conditions in hospitals in the devel-
ped parts of the world.

Asian hospitals continue to be loaded with
atients with AKI secondary to diarrheal dis-
ases, septic abortions, and other infections
nd environmental conditions specific to the
egion. Malaria, diarrheal diseases, leptospiro-
is, intravascular hemolysis caused by glucose
-phosphate dehydrogenase deficiency, snake
ites, and insect stings together constitute the
ajority of AKI in India.2,7 Also, patients in this

egion are younger compared with their coun-
erparts in the West.7 Lastly, the treatment fa-
ilities are grossly inadequate. Patients are re-
erred late, only after renal failure becomes
evere and complications set in. Often they
equire immediate dialysis, and have a high
ortality rate. Intermittent peritoneal dialysis

emains the mainstay of treatment in several
reas11-14; hemodialysis facilities are limited to
igger cities. Modern methods of renal replace-
ent therapy including hemofiltration are avail-

ble in selected hospitals.15 In a recent random-
zed trial between hemofiltration and peritoneal
ialysis in Vietnam, the odds ratio for death was
in the group assigned to peritoneal dialysis.

he cost of hemofiltration per survivor was less
han half that of peritoneal dialysis, and the cost
er life saved was less than one third.16 AKI in
atients with pre-existing chronic kidney dis-

ase constitutes an important entity. Indiscrim-
nate nephrotoxic drug use and infections are
mportant precipitating factors.17 Most of the
auses of AKI described elsewhere in the world
re encountered in Asia as well, in intensive
are units, and after sepsis or nephrotoxic drug
se. Several causes, however, either are unique
r are seen with increased frequency in Asia
Table 1). A few important ones are described
ater.

Table 1. Causes of AKI in Asia

Infections
Falciparum malaria
Leptospirosis
Hemorrhagic fever with renal syndrome
Dengue Fever
Zygomycosis
Infective diarrhea
Malioidosis
Typhoid
Scrub typhus
Chlamydia
Legionnaire’s disease
Epidemic Rift Valley Fever

Plant toxins
Djenkol beans
Marking nut ingestion
Carp gallbladder or bile
Mushroom poisoning
Cleistanthus collinus poisoning
Triperygium wilfordii

Animal poisons
Snake bites
Wasp, hornet, and bee stings
Spider bite
Jellyfish sting
Scorpion sting

Chemical nephrotoxins
Copper sulphate
Ethylene glycol
Ethylene dibromide
Chromic acid

Intravascular hemolysis caused by glucose 6
phosphate dehydrogenase deficiency

Heat stroke
Natural disasters
Hemolytic uremic syndrome
Acute glomerulonephritis
Obstetric AKI
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ALARIAL AKI

ntroduction

alaria, caused by the protozoan Plasmodium
nd transmitted by the Anopheles mosquito,
as been described in ancient Chinese, Sumer-

an, Egyptian, and Indian Vedic and Brahmanic
ritings. The Atharva Veda specifically de-

ailed the fact that fevers were particularly com-
on after excessive rains or when there was a

reat deal of grass cover. Of the 4 plasmodium
pecies, AKI is seen most frequently with P
alciparum. This species predominates in
armer regions closer to the equator (parts of

he Indian subcontinent, Myanmar, Sri Lanka,
alaysia, Indonesia, and Thailand) and causes

ntense year-round transmission. In addition to
eing a burden to the native communities, ma-

aria is a danger to nonimmune travelers to
ndemic areas. The overall prevalence of AKI is
ess than 1%, but may increase to 60% in severe
nfections.18 The incidence among those living
n endemic areas is 2% to 5%, but 25% to 30% of
onimmune visitors get renal failure.

linical Features

alaria is a common cause of fever. The classic
aroxysms with spiking fever and rigors are
are. Other symptoms include malaise, myalgia,
eadache, and chills, and the disease can be
onfused for a viral illness. Nausea, vomiting,
nd hypotension are common in nonimmune
ndividuals. Severe infection may involve several
ital organs including the central nervous system,
anifesting with deep coma and seizures, noncar-

iogenic pulmonary edema, shock, and dissemi-
ated intravascular coagulation. AKI usually is
een by the end of the first week and is nonoli-
uric in 50% to 75% of cases.19,20 In more than
5%, AKI is associated with cholestatic jaun-
ice. It usually is hypercatabolic, with a rapid

ncrease in creatinine values.21 Other manifes-
ations include nonnephrotic proteinuria, mi-
roscopic hematuria, hemoglobinuria, and dys-
lectrolytemia. The clinical picture may
esemble other tropical infections including
eptospirosis, scrub typhus, and Hantavirus in-
ection. Diagnosis can be established by the
emonstration of asexual forms of the parasite
n peripheral blood smears stained with Giemsa a
tain. Staining with the fluorescent dye acridine
range allows a more rapid diagnosis. Recently,
imple but specific antibody-based card tests
hat detect P falciparum–specific histidine-rich
rotein 2 or lactate dehydrogenase antigens in
nger-prick blood samples have been intro-
uced. They allow differentiation of falciparum
rom nonfalciparum malarias, but can remain
ositive for several weeks after acute infection.
scoring system based on the number of organ

ystems involved has been suggested for judg-
ng the severity and predicting outcomes in
alciparum malaria.22

istology

cute tubular necrosis is the most common
istologic lesion. Pigment casts may be seen in
ubular lumina in patients with intravascular
emolysis. Varying degrees of interstitial edema
nd mononuclear cell infiltrate are common
ccompaniments.19

athogenesis

isease severity is linked with the intensity of
nfection. Prommano et al23 found a higher par-
site load in the liver of patients with AKI. The
ost important pathogenetic factor in the gen-

sis of malarial AKI is the hemodynamic
hanges caused by altered erythrocyte rheol-
gy. The infected cell becomes more spheric
nd less deformable as a result of formation of
embrane protuberances or knobs on the cell

urface. These knobs extrude a strain-specific
dhesive-variant protein of high molecular
eight that mediates attachment to receptors
n venular and capillary endothelium, causing a
henomenon called cytoadherence. The major
dhesive protein family is called plasmodium
alciparum erythrocyte membrane protein.
hese cell-surface receptors for these knobs in-
lude CR-1, glycosaminoglycans, intercellular ad-
esion molecule-1, chondroitin sulfate B, CD36,
ECAM-1/CD31, thrombomodulin, E- and P-selec-
ins, and vascular cell adhesion molecule-1. Some
f these are expressed constitutively, whereas
thers are induced by inflammatory mediators
eleased in severe disease. Infected erythrocytes
lso adhere to uninfected red cells, platelets,
onocytes, and lymphocytes. These aggregated
nd sequestered red cells interfere with micro-
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Community-acquired AKI in Asia 333
irculatory flow. This phenomenon is unique to
falciparum and has not been observed with

ther species.
The parasite also induces the expression of

everal novel antigens on the surface of host
ells by exposing the cryptic erythrocyte anti-
en and inserting antigens of parasite origin.
hese lead to activation of both Th1 and Th2
rms of the immune response and release of
everal cytokines that further potentiate the in-
ammatory response. P falciparum also acti-
ates the alternate complement pathway and
ntrinsic coagulation cascade.24 Similar to sepsis
yndrome, there is generalized vasodilatation
nd altered renal blood flow.24,25 Rhabdomyol-
sis also has been described.26

Jaundice increases the incidence and severity
f AKI in malaria.27 An interesting observation

s the relative resistance to renal injury in those
ith pre-existing helminthic infections. In one

tudy, the adjusted odds ratio of development
f AKI was 0.16; the investigators postulated
hat the protection was the result of reduced
arasite sequestration and obstructive jaun-
ice.27

anagement

ortality from malarial AKI varies between 10%
nd 40%.19 Severe falciparum malaria requires
ntensive nursing care and careful multidisci-
linary care. Formation of special teams has
ecreased the mortality rate by two-thirds in
ome countries.28 Prompt assessment of vol-
me status, blood glucose level, and acid-base
tatus are essential. All patients with severe
falciparum infection should be presumed to

ave chloroquine-resistant infection. The cin-
hona alkaloids (quinine or quinidine) are the
ainstay of treatment because of their activity

gainst chloroquine-resistant strains. Quinine
ften causes hyperinsulinemia and hypoglyce-
ia and many centers recommend administra-

ion of a continuous infusion of 5% to 10%
extrose to all patients.

Compounds derived from artemisinin (isolated
rom the Chinese herb Artemisia annua) such as
rtesunate, artemether, and arteether are particu-
arly valuable in areas with quinine resistance and
n patients with recurrent quinine-induced hy-

oglycemia. All patients should receive game- c
ocidal therapy (tetracycline or pyrimethamine/
ulfadoxine). Mefloquine, halofantrine, atova-
uone, artemisinin, and fansidar derivatives are
ossible alternatives for resistant falciparum
alaria.
Patients with evidence of hemolysis should re-

eive adequate hydration and parenteral sodium
icarbonate to alkalinize the urine (pH � 7.0).
arlier studies found dopamine and frusemide to
e beneficial in maintaining the renal blood flow
nd urine volume in patients with serum creat-
nine levels of less than 5 mg/dL. Renal failure
sually is hypercatabolic, and frequent dialysis
ay be needed.29 Hyperkalemia should be
atched for and adequately treated. The peri-

oneal microcirculation is impaired as a result f
logging with infected erythrocytes and vaso-
onstriction, reducing the efficacy of peritoneal
ialysis. However, in practice, peritoneal dialysis

s simple to perform and more easily available
han hemodialysis. Continuous peritoneal dialysis
as been shown to lower the blood urea and
erum creatinine concentrations. In a recent
omparative trial in Vietnam between state-of-
he-art continuous venovenous hemofiltration
nd suboptimal peritoneal dialysis using a rigid
atheter and an open drainage system, the
ormer was associated with quicker resolution
f acidosis and azotemia, and reduced risk of
eath and subsequent dialysis.7

EPTOSPIRAL AKI

eptospirosis, the most widespread zoonosis in
he world, is prevalent in parts of India, Indone-
ia, Cambodia, Thailand, Vietnam, and the Philip-
ines.30,31 The animal hosts include rats, mice,
erbils, hedgehogs, foxes, dogs, cattle, sheep,
igs, and rabbits. Even asymptomatic animals
arry a high number of organisms (�1010/g) in
heir kidneys, and shed leptospira in urine for
ears. Human infection occurs incidentally either
y direct contact with the urine or tissue of an

nfected animal or indirectly through contami-
ated water, soil, or vegetation. The usual portals
f entry are abraded skin and exposed mucosae.
eptospirosis is an occupational hazard in coal
iners; sewage, abattoir, and farm workers; and

n the aquaculture industry.
The genus Leptospira contains only one spe-
ies, L interrogans, subdivided into 2 complexes:
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334 V. Jha and K.S. Chugh
he pathogenic L interrogans strains, and L
iflexa, containing the saprophytic strains. Dis-
ase occurs throughout the year, with an in-
rease in the incidence during or soon after the
ainy season, especially after floods. Adult men
re affected most frequently.

linical Features

he manifestation varies from subclinical infec-
ion and self-limited anicteric febrile illness to
evere and potentially fatal disease.30,31 Symp-
oms appear 1 to 2 weeks after exposure and
ypically are biphasic in character. The initial
leptospiremic) phase is characterized by high
ever with chills, headache, and severe muscle
ches and tenderness. Renal failure develops in
he second (immune) phase, when patients also
ave progressive jaundice, epistaxis, hemopty-
is, gastrointestinal bleeding, hemorrhagic
neumonia, and bleeding into the adrenal
lands.

AKI occurs in 20% to 85% of cases32-36; the
ombination of renal failure and cholestatic
aundice constitutes Weil’s syndrome. In about
alf the cases, renal failure is associated with
olyuria and hypokalemia along with increased

ractional excretion of potassium. Khositseth et
l37 showed renal magnesium and phosphate
asting in patients with leptospiral AKI and

ecommended frequent measurement of mag-
esium and phosphate levels in both serum and
rine. Renal failure is mild and nonoliguric in
nicteric patients.38 Hypotension is noted in
ore than 60%39 and often is unresponsive to

olume expansion and inotropic support. These
atients are more likely to have pulmonary com-
lications.38 Hemorrhagic manifestations in-
lude epistaxis, hemoptysis, gastrointestinal
leeding, hemorrhagic pneumonitis, and bleed-

ng into the adrenal glands.
Diagnosis is based on either culture or serol-

gy.40 Organisms can be isolated on blood cul-
ure during the first phase and later from urine.
rowth takes up to 4 weeks in Fletcher’s or
tuart’s semisolid media. The macroscopic ag-
lutination test or the slide test can be used as
screening test, but is not specific. The bench-
ark is the microscopic agglutination test, but

his is complex and requires maintenance of

ive Leptospira cultures. An IgM-specific dot o
nzyme-linked immunosorbent assay has been
ound to be specific in diagnosing leptospirosis
n endemic areas. Urinalysis during the lepto-
piremic phase reveals mild proteinuria and hy-
line and granular casts.

istology

he kidneys typically are swollen30,31 and may
e bile stained. The main light microscopic

esions are interstitial edema and infiltration
ith mononuclear cells and eosinophils.41 Mild

nd transient mesangial proliferative glomerulo-
ephritis with C3 and IgM deposition may be
bserved.42

athogenesis

enal involvement results from direct invasion
f the renal tissue by the organism, leading to

iberation of enzymes, metabolites, and endo-
oxins, and complement activation.43 Ultra-
tructural studies after inoculation of L pomoma
nto mice showed the organism penetrating the
lomerular capillary lumen at day 2, in the inter-
titium at days 4 to 8, eliciting edema and infil-
ration into the proximal tubular cells by day
0, and into the lumen by day 14.31 Several

eptospiral outer-membrane proteins have been
ocalized to proximal tubules and interstitium
f infected animals. Renal damage probably
esults from the liberation of bacterial en-
ymes, metabolites, and endotoxins, and com-
lement-induced renal injury.43 The addition of

eptospira endotoxin to human macrophages
nduces tumor necrosis factor-�. The glycopro-
ein component of endotoxin could inhibit the
enal Na-K adenosine phosphatase, which in
urn affects the apical Na-K-Cl cotransporter,
eading to potassium wasting. An up-regulation
f nuclear factor-�B binding to DNA was noted
n addition of outer-membrane extracts from
athogenic serovars to cultured medullary
hick ascending limb cells. This was accompa-
ied by an increase in the message for inducible
itric oxide synthase, monocyte chemoattrac-
ant protein-1, and tumor necrosis factor-�. Al-
erations in intravascular volume, hemoglobin-
ria, and myoglobinuria also contribute.38,44

he tubules develop insensitivity to the action

f antidiuretic hormone (ADH).
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anagement

eptospirosis is a self-limiting disease and pa-
ients with mild cases recover spontaneously.
he emphasis is on symptomatic measures, to-
ether with correction of hypotension and fluid
nd electrolyte imbalance. Crystalline penicillin
r doxycycline shorten the duration of fever
nd hospital stay and may hasten amelioration
f leptospiruria. Patients with renal failure need
lose monitoring and dialysis when necessary.

combination of dopamine and furosemide
as useful in producing early diuresis and faster

enal function recovery in patients with a se-
um creatinine level of 2.4 to 5.4 mg/dL.45 Con-
inuous venovenous hemofiltration, plasmaphere-
is, and exchange transfusions are beneficial in
ecreasing blood levels of cytokines and media-
ors.39,46 Peritoneal dialysis still is used in some
reas.47 Renal failure was an important cause of
eath in the predialysis era, but death usually
ow is secondary to internal hemorrhage or
yocarditis. Poor prognostic indices include

ncreasing age, jaundice, pulmonary complica-
ions, hyperbilirubinemia, diarrhea, hyperkale-
ia, pulmonary rales, or hypotension on admis-

ion.48,49 Survivors may show residual tubular
ysfunction, such as a defect in the concentrat-

ng ability.

YGOMYCOSIS

ygomycosis is a rare opportunistic infection
aused by fungi of the order Mucorales and
enera Rhizopus, Absidia, and Rhizomucor.
rgan involvement occurs through vascular in-
asion, leading to thrombosis of large and small
rteries, and infarction and necrosis of the af-
ected organ. The major presentations include
hinocerebral, pulmonary, gastrointestinal, and
isseminated forms. Renal involvement usually

s occult and detected at autopsy. A form of
rimary renal mucormycosis involving major
enal vessels has been described primarily from
ndia.50,51 Bilateral involvement leads to oliguric
KI. The condition usually develops in other-
ise immunocompetent individuals; presenta-

ion is with fever, lumbar pain, pyuria, and
liguria. Ultrasound and computed tomography
CT) scan reveal enlarged kidneys with perire-

al collection and/or intrarenal abscesses.50,51 n
he diagnosis can be confirmed by demonstra-
ion of hyphae in the material obtained by as-
iration or percutaneous biopsy. The only de-
nitive treatment is extensive debridement of
ffected tissue, which may include bilateral ne-
hrectomy, and systemic antifungal therapy
ith amphotericin B. Bilateral renal mucormy-

osis carries an extremely poor prognosis.50,51

he exact pathogenesis of this condition is un-
lear.

EMORRHAGIC FEVER
ITH RENAL SYNDROME

antaan virus was the first recognized etiologic
gent of hemorrhagic fever with renal syn-
rome (HFRS),52 and other agents such as
uumala virus, Dobrava virus, and Seoul virus
ere discovered later. Approximately 150,000
FRS cases are estimated to occur annually
orldwide, most in Asia. The disease is charac-

erized by high fever, headache, abdominal and
ack pain, bleeding tendency, and renal failure,
nd produces typical febrile, hypotensive, oli-
uric, diuretic, and convalescent phases.

Renal failure is nonoliguric in about 60% of
ases. Oliguric patients require more dialysis
nd have a higher mortality rate. High leuko-
yte count, thrombocytopenia, aspartate ami-
otransferase level, and microscopic hematuria
re predictive markers for the subsequent de-
elopment of oliguric AKI in HFRS.53 Intrave-
ous ribavirin is effective in reducing the inci-
ence of renal failure and mortality if started
ithin 4 days of the onset of symptoms.54

ELIOIDOSIS

elioidosis encompasses a broad spectrum of
isease processes caused by Pseudomonas
seudomallei and is encountered in Vietnam,
hailand, and Malaysia. AKI has been described

n about 60% of patients with acute septicemic
elioidosis in Thailand.55

The presentation is with fever, productive
ough, and marked tachypnea. Renal failure gen-
rally is oliguric and hypercatabolic. Pre-existing
iabetes or alcoholic liver diseases are noted in
ore than 50% of patients with renal failure.55

haracteristic features are a high blood urea

itrogen/creatinine ratio, hyperbilirubinemia,
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336 V. Jha and K.S. Chugh
yponatremia, and hypoalbuminemia. Multior-
an dysfunction is common and the mortality
ate approaches 90%. Diagnosis is established
y demonstration of the organism in exudate
aterial with methylene blue or Gram stain.
reatment is with ceftazidime at a dose of 120
g/kg/d for about 1 month. Renal histology

hows acute tubular necrosis, interstitial ne-
hritis, and microabscesses.55

THER INFECTIONS

KI also has been described sporadically with
engue fever,56,57 scrub typhus,58 Chlamydia,59

egionnaire’s disease,60 and epidemic rift valley
ever.61 The number of cases is too few to draw
ny meaningful conclusion about their natural
istory or pathogenesis.

KI CAUSED BY ANIMAL,
LANT, AND CHEMICAL TOXINS

atural medicines form a special class of neph-
otoxins encountered in traditional societies. In
any tribal populations, these agents are pre-

cribed by practitioners of traditional systems
f medicine. The popularity of these healers is
irectly related to a combination of ignorance,
overty, lack of medical facilities in rural areas
f the tropics, and widespread belief in indige-
ous systems of medicine.62

NAKE BITE

nake bite is an occupational hazard in the rural
arts of Asia. AKI develops after bites by snakes
f the viper family such as Russell’s viper, saw-
caled viper, puff adder, rattlesnake, tiger snake,
reen pit viper, Bothrops jararaca, boomslang,
wardar, dugite, Hypnale hypnale, and Crypto-
his nigrescens.63-65 The incidence of AKI after
ussell’s viper or E carinatus bites varies from
3% to 32% in India,66 and from 1% to 27%
lsewhere.67,68

linical Features

anifestations depend on the dose of venom
njected; and vary from mild local symptoms to
xtensive systemic envenomation. Pain and
welling of the bitten part appear within min-

tes and may be followed by blister formation d
nd ecchymosis. Bleeding from various sites is
een in 65% of cases and may be severe enough
o produce shock. The blood is incoagulable in
atients with severe systemic envenomation.
enal failure is heralded by oliguria or anuria,
eveloping within a few hours to as late as 96
ours after the bite.66,69,70 About half the pa-
ients give a history of passage of cola-colored
rine. Nonoliguric renal failure is seen in less
han 10% of cases. Oliguria usually lasts for 4 to
5 days, and its persistence indicates acute cor-
ical necrosis.65

Investigations show coagulopathy, with hy-
ofibrinogenemia; reduction of factors V, X,
nd XIIIA, protein C, and antithrombin C; and
ncreased fibrin degradation products. Other
ndings include leukocytosis and increased he-
atocrit caused by hemoconcentration.

istology

n gross examination, the kidneys are normal
r slightly enlarged, and the surface may show
etechial hemorrhages. Light microscopy
hows acute tubular necrosis with hyaline or
igment casts in 80% of cases.65 Varying de-
rees of interstitial edema, infiltration with eo-
inophils, mast cells and hyperplastic fibro-
lasts, and scattered areas of hemorrhage may
e seen.71 Electron microscopy reveals dense

ntracytoplasmic bodies representing degener-
ted organelles in the proximal tubules. Sitprija
nd Boonpucknavig72 showed electron-dense
esangial deposits in patients bitten by cobras

nd green pit vipers. Acute interstitial nephritis,
ecrotizing vasculitis involving interlobular ar-
eries, and crescentic glomerulonephritis may
e seen occasionally.73,74 Acute cortical necro-
is carries the worst prognosis and is seen in
bout 20% to 25% of cases after Russell’s viper
nd E carinatus bites.66

athogenesis

athogenic mechanisms include direct nephro-
oxicity, hypovolemia, hemolysis, myoglobin-
ria, and disseminated intravascular coagulation.
njection of venoms of B jararaca, Agkistrodon
iscivorus, and rattlesnake induces increased ex-
retion of tubular enzymes and acute tubular ne-
rosis in rats.75 Russell’s viper venom causes

estruction of the glomerular filter, lysis of ves-
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Community-acquired AKI in Asia 337
el wall, and tubular injury in experimental an-
mals. Vasculotoxic factors have been isolated
rom the venoms of several snakes, including E
arinatus, Vipera palastinae, A halys, B jara-
aca, and Habu snake. Hypotension and circu-
atory collapse secondary to bleeding and re-
ease of kinins and depression of the medullary
asomotor center or the myocardium play a
ignificant pathogenetic role.

Severe hemolysis has been observed after
ites by Russell’s viper and E carinatus bites in
uman beings and experimental animals.76 The
emolysis results from the action of phospho-

ipase A2, and a basic protein called direct lytic
actor. Microangiopathic hemolytic anemia has
een recorded after A rhodostoma, Russell’s
iper, puff adder, and gwardar bites. Dissemi-
ated intravascular coagulation has been ob-
erved in experimental animals as well as in
atients bitten by viper snakes. Infusion of Rus-
ell’s viper or E carinatus venom into rhesus
onkeys leads to disseminated intravascular co-

gulation.65 The procoagulant factors in the
enom activate factors V and X, and the subse-
uent activation of the coagulation cascade

eads to rapid thrombin formation.77 The fi-
rinolytic activity is caused by either direct ac-
ion of the venom or a physiologic response to
brin deposition. Phospholipase A2 also leads
o platelet aggregation. The demonstration of
brin thrombi in the renal microvasculature,
oth in clinical and experimental studies, con-
rms the role of disseminated intravascular co-
gulation in the genesis of renal lesions.66,69

anagement

he basic therapeutic approach to renal failure
fter snake bite is the same as that for AKI
wing to any other cause. Early administration
f antivenom is vital; delay results in a steep

ncrease in the antivenin dose requirements.
ndications include incoagulable blood, sponta-
eous systemic bleeding, intravascular hemoly-
is, local swelling involving more than 2 seg-
ents of the bitten limb, and a serum fibrin

egradation products (FDP) concentration
reater than 80 �g/mL. Knowledge of the of-
ending snake species allows administration of
onovalent antivenom wherever this is available.
mmunodiagnostic techniques are helpful in iden- c
ification of the venom antigen. Enzyme-linked
mmunosorbent assay has been used exten-
ively in rural Thailand for this purpose.78 The
urrently available test, however, is not quick
nough for clinicians. Because only polyvalent
ntivenom is available in most parts of Asia,
recise identification of the snake is not essen-
ial for management. Indian studies recommend
nitial administration of 20 to 100 mL of anti-
enom, followed by a repeat dosage of 25 to 50
L every 4 to 6 hours until the effects of sys-

emic envenoming disappear.79,80 A simple way
o monitor the efficacy is by monitoring whole
lood clotting time 3 to 4 times every day.
oagulability generally is restored within 6
ours of an adequate dose. The test must be
onitored for at least 3 more days because

elayed absorption of the venom could lead to
ecurrence of the coagulopathy. Immunoassays
ermit serial estimation of venom levels, and
re useful in guiding antivenom therapy. Other
herapeutic measures include replacement of
lood loss with fresh blood or plasma, mainte-
ance of electrolyte balance, administration of
etanus immunoglobulin, and treatment of pyo-
enic infection with antibiotics. The prognosis
s good in patients who receive adequate doses
f antivenom. A recent study showed the out-
ome to be better after hemodialysis than peri-
oneal dialysis.81 The overall mortality rate is
bout 30%.66

EE, WASP, AND HORNET STINGS

oney bees, yellow jackets, hornets, and paper
asps are stinging insects belonging to the or-
er Hymenoptera. An isolated sting causes just
local allergic reaction, but occasional attack

y a swarm of insects introduces a large dose of
he venom sufficient to cause systemic symp-
oms.82-84 These include vomiting, diarrhea, hy-
otension, loss of consciousness, and AKI. Pa-
ients with renal failure have been reported to
ave received from 22 to more than 1,000
tings. AKI develops primarily secondary to he-
olysis and/or rhabdomyolysis. Hemolysis re-

ults from the action of a basic protein fraction
nd melittin and phospholipase A present in the
enom. Rhabdomyolysis has been attributed to
olypeptides, histamine, serotonin, and acetyl-

holine. A direct nephrotoxic role of these ven-
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338 V. Jha and K.S. Chugh
ms also has been suggested. Renal biopsy re-
eals acute tubular necrosis.7

THER ANIMALS

solated instances of AKI have been reported
fter spider bites, and stings by the scorpion,
ellyfish, and the giant centipede.85 Although
he latter two give rise to intravascular hemoly-
is, renal failure after scorpion bite may result
rom disseminated intravascular coagulation and
assive bleeding into various organs. Even a sin-

le spider bite may introduce enough venom to
roduce renal failure, especially in children.
enom of the spider Sicarius also causes dis-
eminated intravascular coagulation.

IARRHEAL DISEASES

KI secondary to diarrhea is encountered
ainly among children, although adult cases

lso are seen, especially when the initial rehy-
ration is suboptimal.12 It is prevalent in rural
reas and urban slums inhabited by poverty-
tricken individuals where sanitation is poor
nd often potable water is not available. Diar-
heal AKI constitutes 35% to 50% of all children
ialyzed for AKI.86-88 The incidence increases
uring summer and rainy (monsoon) seasons.
he most striking feature is dehydration. Small
hildren present with lethargy, depression of
he fontanelle, sunken eyeballs, altered senso-
ium, and oliguria. Urine output improves after
uid replacement in 20% to 25% of cases. Loss
f bicarbonate and potassium leads to meta-
olic acidosis and hypokalemia. The clinical
icture often provides a clue to the nature of
he causative organism. Vomiting is an early
eature of rotavirus diarrhea. Loose watery
tools indicate infection with enterotoxigenic
scherichia coli or Vibrio cholerae. Fever,
ramps, tenesmus, and blood and mucus in
tools suggest Shigella, Salmonella, or entero-
nvasive E coli infection. The diagnosis of chol-
ra can be confirmed by microscopic demon-
tration of the highly motile vibrios in a hanging
rop preparation; culture is necessary for con-
rmation of other organisms.

Early and adequate fluid replacement is the
ornerstone of therapy. Widespread use of

he oral rehydration solution recommended o
y the World Health Organization (20 g glu-
ose, 3.5 g sodium chloride, 2.5 g sodium bi-
arbonate, and 1.5 g of potassium chloride dis-
olved in 1 L of clean preboiled and cooled
ater) has led to a significant decline in the
ortality rate from this condition. Intravenous

ehydration with Ringer’s lactate may be re-
uired in patients with severe dehydration, per-
istent vomiting, or paralytic ileus. Established
KI usually is treated by peritoneal dialysis89

here pediatric hemodialysis facilities are not
vailable. Hypokalemia may worsen as the met-
bolic acidosis is corrected, and large amounts
f potassium may be required to prevent life-
hreatening cardiac arrhythmias. Because the
ommercial peritoneal dialysis fluid is potassium-
ree, potassium should be replaced through an
ntravenous or intraperitoneal route. Mortality
s higher in females, infants, and those with dys-
lectrolytemia and severe dehydration at admis-
ion.90 Acute tubular necrosis is the most com-
on histologic lesion, but acute renal cortical

ecrosis is encountered occasionally.

EMOLYTIC-UREMIC SYNDROME

emolytic-uremic syndrome is currently the
ost common cause of pediatric AKI in many

reas, and is responsible for 25% to 55% of all
ases in Asian countries.91-94 This condition is
een mainly in pre-school–age children, and is less
ommon in adults. The main feature is oliguric
enal failure, preceded by a diarrheal prodrome in
bout 70%. Neurologic involvement is seen in
0% to 50% of cases. Examination reveals pallor
nd mild icterus. Renal failure is severe and
equires a prolonged period of dialysis. Diagno-
is is clinched by demonstration of fragmented
rythrocytes on the blood smear and thrombo-
ytopenia. Supportive evidence includes uncon-
ugated hyperbilirubinemia, increased plasma lac-
ate dehydrogenase levels, and increased fibrin
egradation products. E coli O157:H7 out-
reaks causing hemolytic uremic syndrome
HUS) have been described from China,95,96 but
he primary etiologic organism in the Indian
ubcontinent is Shigella.97,98 The histologic
allmark of this condition is thrombotic mi-
roangiopathy in the renal vasculature. Histol-
gy shows disproportionately high involvement

f arterioles and small arteries with severe inti-
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Community-acquired AKI in Asia 339
al proliferation and luminal stenosis from
sian reports.91,99 Up to 40% develop patchy or
iffuse renal cortical necrosis.91

The treatment mainly is supportive. Plasma
nfusions or exchange are used infrequently;
he outcome is poor, with a mortality rate of
0%.100 Of those who show recovery, a signifi-
ant proportion is left with residual renal dys-
unction and eventually progress to end-stage
enal disease.

NTRAVASCULAR HEMOLYSIS
ND GLUCOSE 6-PHOSPHATE
EHYDROGENASE DEFICIENCY

lucose 6-phosphate dehydrogenase (G6PD)
s a key enzyme that protects erythrocytes
rom oxidant stresses. Deficiency caused by
utations in the G6PD gene causes intravas-

ular hemolysis. AKI is seen in 5% to 10% of
ases.3,101-103 The gene is located on the X chro-
osome, and hence males carrying the affected

ene develop more severe hemolysis. The se-
erity also depends on the nature of the genetic
efect. The G6PD variant (Mediterranean) in
arts of India and Pakistan leads to hemolysis
nly in response to oxidative stress.104 Individ-
als deficient in the enzyme cannot maintain an
dequate level of reduced glutathione, leading
o precipitation of oxidized hemoglobin in red
lood cells, which then are sequestered and

ysed. Hemolytic crisis develops within hours of
xposure to the stress, most commonly by
rugs, toxins or infections. Incriminated are
harmacologic agents such as primaquine, sul-

onamides, acetylsalicylic acid, nitrofurantoin,
alidixic acid, furazolidone, niridazole, doxoru-
icin, and phenazopyridine; toxic compounds
uch as naphthalene balls; infections such as
iral hepatitis, rickettsia, typhoid, and urinary
ract infections; and severe metabolic acidosis
f any cause. Additional risk factors such as
ehydration and other nephrotoxic agents in-
rease the likelihood of AKI. Passage of dark
cola)-colored urine followed by oliguria are the
ost common symptoms.102 Oliguria lasts for

bout a week, after which the patient may enter
diuretic phase. The diagnosis should be con-

idered in any individual who develops renal
ailure after an acute hemolytic episode, and

he patient should be questioned thoroughly t
bout any possible exposure to oxidant agents.
emolysis is evidenced by a decrease in the he-
atocrit level, along with an increase in plasma-

ree hemoglobin level, unconjugated hyperbiliru-
inemia level, and a decline in the haptoglobin

evel. Estimation of the G6PD level in the eryth-
ocytes by the fluorescent spot test confirms
he deficiency. Normally the enzyme activity
ecreases as the cells age, and older cells with
he lowest enzyme activity are destroyed first in
crisis. This can give false-negative test during
hemolytic episode when the surviving red cell
opulation consists of younger erythrocytes,
specially in those with mild deficiency. The
est should be repeated after the patient has
ecovered from the acute episode to enable the
orrect diagnosis.

Renal histology shows acute tubular necro-
is. The tubules may contain pigmented hemo-
lobin casts.

OPPER SULPHATE POISONING

enal failure after the ingestion of copper sul-
hate with suicidal or accidental intent has
een reported from Indian subcontinent.105,106

ts distinctive blue color and strong metallic
aste preclude its use for homicidal purposes.
he incidence has shown a significant decline
fter 1980.2

Copper sulphate is a strong corrosive, and
roduces symptoms within minutes of inges-
ion. Metallic taste, excessive salivation, burn-
ng retrosternal and epigastric pain, nausea, and
epeated vomiting are the initial features. The
omitus is blue–green and turns deep blue on
ddition of ammonium hydroxide, allowing it
o be differentiated from bile. Diarrhea, hemate-
esis, and melena follow. Jaundice, hypoten-

ion, convulsions, and coma may develop in
evere cases. Acute pancreatitis, myoglobin-
ria, and methemoglobinemia also have been
eported.106,107 Renal failure is seen in 20% to
5% of cases and is invariably oliguric. Hemo-
lobinuria may be seen in about 40% of cases.
iuresis ensues after 7 to 10 days and is fol-

owed by complete renal recovery.
Histology usually shows acute tubular necro-

is, with predominant involvement of proximal

ubules. Hemoglobin casts may be noted in pa-
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340 V. Jha and K.S. Chugh
ients with intravascular hemolysis. Acute cor-
ical necrosis has been seen rarely.

Copper can produce considerable oxidant
tress and interferes with the activity of several
ey enzymes such as Na-K adenosine triphos-
hatase, G6PD, glutathione reductase, and cata-

ase. Direct nephrotoxicity, severe hemolysis
aused by copper, and hypovolemia secondary
o fluid loss are the main factors for kidney
njury. In experimental animals, copper sul-
hate produces toxic damage to the proximal
ubules.

Management entails gastric lavage using 1%
otassium ferrocyanide, which leads to the for-
ation of insoluble cupric ferrocyanide. Egg
hites or milk can be administered as an antidote.

mesis should not be tried. Any volume deficit
hould be corrected quickly. Hyperkalemia may
e severe and sustained because of the ongoing
emolysis and requires early and frequent dial-
sis.

THYLENE GLYCOL POISONING

iethylene and polyethylene glycols have been
sed as cheap substitutes of propylene glycol as
ehicle in pediatric syrup preparations. Epi-
emics of diethylene glycol–induced AKI have
een reported from India and Bangladesh.108-110

n one large study, 236 deaths were recorded
mong 339 children with unexplained AKI in a
hildren’s hospital in Dhaka (Bangladesh). A
otal of 51 children had ingested a brand of
aracetamol known to contain diethylene gly-
ol, whereas 85% of the remaining patients had
ngested an unknown elixir for fever.108 In an-
ther report,109 14 patients died of AKI after
dministration of a glycerol to decrease intra-
ranial or intraocular pressures. Analysis of this
reparation showed it to be 70% ethylene gly-
ol. Autopsy revealed acute cortical necrosis as
he most frequent lesion.

THYLENE DIBROMIDE POISONING

thylene dibromide (EDB) is a pesticide fumi-
ant and is absorbed from skin, gastrointestinal
ract, and intestinal mucosa. Accidental poison-
ng has been reported in those exposed to large
uantities of EDB. In one instance, EDB was

istaken for ethylene bromide and adminis- e
ered as an anesthetic. Suicidal poisoning also
as been reported. AKI and hepatitis are the
hief manifestations.111,112 The mortality re-
ains very high despite all supportive mea-

ures.113 EDB is postulated to lead to generation
f free oxygen radicals through the cytochrome
450 pathway, which produces lipid peroxida-
ion and membrane damage, resulting in hepa-
otoxicity and renal tubular necrosis. Dimerca-
rol has been suggested as an antidote based on
he similarities in the structure of the 2 com-
ounds.

HROMIC ACID POISONING

exavalent chromium compounds such as chro-
ic acid (H2CrO7) and its salts (chromates

nd bichromates) are used in the electroplat-
ng, leather tanning, and anticorrosive metal
reatment industries. Renal lesions have been
eported after acute ingestion of large quan-
ities.114,115 Ingestion is followed by severe ab-
ominal pain, vomiting, gastrointestinal bleed,
nd circulatory collapse. Renal damage manifests
s acute tubular necrosis (ATN). Dichromate is
irectly nephrotoxic and produces extensive
roximal tubular necrosis. Hypotension and
emolysis also contribute to tubular damage.
anagement entails gastric lavage with alka-

ine solutions such as soda bicarbonate to
revent absorption and intravenous fluids to
ombat hypotension. Forced diuresis en-
ances renal excretion of the compound. Re-
ucing agents such as vitamin C have been
hown to prevent chromic acid–induced ATN
n experimental animals.

EAT STROKE

eat stroke occurs when the body’s thermal
egulatory mechanism is unable to dissipate an
dequate amount of heat, leading to an increase
n body temperature. The exact incidence of
eat stroke is not known; cases are observed in
he summer months in tropical areas of Asia
hat have high ambient temperatures and relative
umidity.116,117 The condition affects mainly el-
erly individuals living in poorly ventilated
laces, but can develop in healthy adults after
eavy physical exertion in a hot and humid

nvironment.
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The characteristic features are hyperpyr-
xia, hyperventilation, nausea, vomiting, cramps,
taxia, and incoherent speech, followed by loss
f consciousness, hypotension, and circulatory
ollapse. As the syndrome progresses, dissemi-
ated intravascular coagulation and oliguric re-
al failure may develop. Laboratory data show
emoconcentration, hypernatremia, hypocalce-
ia, and increased transaminase levels, aldo-

ase, and creatine phosphokinase. Hemolysis,
yoglobinuria, and disseminated intravascular

oagulation are seen in severe cases. Urinalysis
eveals high specific gravity, proteinuria, red
lood cells, and granular and erythrocyte casts.
he presence of multiorgan failure indicates a
oor prognosis. Hyperkalemia often is striking
ecause of associated rhabdomyolysis. Some
atients show high uric acid levels.118

The pathogenesis is multifactorial, with hy-
ovolemia, hypotension, myoglobinuria, and
isseminated intravascular coagulation contrib-
ting to AKI. In some cases, obstruction owing
o precipitation of uric acid crystals has been
hown to be the dominant abnormality.118 Ex-
reme hyperthermia may directly damage renal
ubular cells. The pathology shows acute tubu-
ar necrosis.

Management consists of rapid cooling by any
ethod with continuous monitoring of temper-

ture. Rehydration should be instituted with
are because the fluid requirement in most pa-
ients is not much. Exchange transfusion may
mprove survival.116

ATURAL DISASTERS

arge parts of Asia are prone to natural disasters
uch as earthquakes, landslides, tsunamis, and
oods. AKI develops as a result of rhabdomyol-
sis in people trapped under rubble and debris,
nd is compounded by dehydration and meta-
olic acidosis. Some recent descriptions of AKI

n major earthquakes have come from Iran, Tur-
ey, and Kashmir.119 A large number of patients
ith AKI remain undiagnosed because of a lack of

aboratory facilities at the site. Prevention of AKI
hould form an important part of planning of
isaster relief. Experience from the earlier-men-
ioned earthquakes suggests that early in situ eval-
ation and intervention wherever required dra-

atically reduced the incidence of AKI.120 b
LOMERULONEPHRITIS

arious forms of rapidly progressive glomerulo-
ephritis and postinfectious glomerulonephri-
is constitute about 10% of all cases of AKI.121 It
ontinues to be a significant cause of AKI, es-
ecially in the pediatric population. The other

orms of rapidly progressive glomerulonephrit-
des giving rise to AKI are similar to those seen
n the temperate zone.

URGICAL AKI

KI as a result of surgery and trauma has in-
reased from 11% of all cases of AKI in the
960s to around 30% in the 1980s and 1990s in
ost Asian hospitals. Obstructive uropathy con-

titutes a major cause of surgical AKI in some
arts of Asia.87,122,123 The high incidence of
ephrolithiasis probably is related to inherited
etabolic disorders, dietary factors, and fluid

osses. Faith in the efficacy of indigenous med-
cines in dissolving stones causes delay in sur-
ical intervention and hastens the development
f renal failure.

Primary hyperoxaluria, a rare inherited dis-
ase, normally presents with slowly progressive
enal failure. However, there are reports from
sia of patients presenting with AKI, especially
fter a diarrheal illness. The presentation and
iagnosis often is delayed, leading to poor out-
omes.124

AKI is an important cause of death in victims
f thermal and electrical burns.125 Delayed pre-
entation increases the likelihood of AKI and
ortality.126,127 A study showed improved out-

omes in those who received early manage-
ent.

BSTETRIC AKI

mprovements in obstetric care have led to a
irtual disappearance of pregnancy-related AKI
rom the developed world. The contribution of
bstetric causes to the AKI population was as
igh as 22% to 25% in India until the 1980s.
tudies from Indonesia and Thailand also re-
orted obstetric causes in 15% to 30% of all
ases of AKI. This high incidence was mostly
ecause of unsafe home delivery practices in
ural areas and clandestine abortions conducted

y untrained personnel.128 The abortion prac-
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342 V. Jha and K.S. Chugh
ices included the use of sticks; the insertion of
bortifacient chemicals, pastes, and soap solu-
ions; and dilatation and curettage performed
nder unhygienic conditions.129 The incidence
ecreased to 5% to 8% after the legalization and
egulation of abortions and the increased avail-
bility of medical facilities.130,131 A similar expe-
ience has been reported from Turkey.132

The frequency distribution of AKI is bimodal
n terms of duration of gestation.129 The first
eak, seen between 8 and 16 weeks, is associ-
ted chiefly with septic abortions and now is
ncountered less frequently. The second peak
s after 34 weeks, and is related to pre-eclamp-
ia, eclampsia, abruptio placentae, postpartum
emorrhage, and puerperal sepsis.133-136 AKI
evelops owing to inadequate medical care at

ocal health facilities and is unlikely to decrease
ntil proper medical facilities reach the com-
unity.
AKI is oliguric in more than 85% of cases, and

bout a third of patients are anuric at presenta-
ion.76,129 Other findings are jaundice, bleeding
anifestations, seizures, and coma. The out-

ome of pregnancy-associated AKI is better
han that of nonobstetric AKI. However, the
ortality rate is high when the medical care is

ought late and other organs have become in-
olved.

Histology usually shows acute tubular necro-
is. Acute cortical necrosis has been observed
n more than 25% of patients in parts of India.129

he dominant factor in patients developing AKI
uring pregnancy is renal ischemia caused by
emorrhagic shock or the hypotensive effect of
verwhelming infection. Vasoactive phenom-
na and disseminated intravascular coagulation
ead to vasoconstriction, resulting in cortical
schemia. This is accompanied by a striking
ecrease of renal blood flow. Swelling of the
ndothelial cells in patients with eclampsia con-
ributes to the cortical hypoperfusion.

CUTE CORTICAL NECROSIS

cute renal cortical necrosis (ACN) is the most
atastrophic of all types of AKI. It can develop
fter a variety of conditions, the most common
eing a complication of pregnancy133 and snake
ite. In a large series reported from India, ob-

tetric causes were responsible in 56% of all e
ases of ACN. In some parts, the incidence has
ecreased in recent years.137

The most striking feature of this condition is
prolonged period of oliguria and anuria. This
hase may extend for weeks to months, and
atients with diffuse cortical necrosis may never
nter a diuretic phase. Other findings depend on
he underlying disease, severe blood loss, or
ulminant sepsis being most prominent. Hyper-
ension may be an early and prominent finding.

Renal recovery depends on the amount of
iable cortical tissue, and can be slow and in-
omplete as the surviving nephrons hypertro-
hy to compensate for the lost mass. In our
tudy, only 17% of patients could discontinue
ialysis by the end of 3 months. The rest either
ied or remained dialysis-dependent. Kidney
unction deteriorates with time in patients who
ave achieved partial functional recovery. The

ongest recorded dialysis-free survival has been
2 years.138

The diagnosis should be suspected in all pa-
ients who show a prolonged period of oliguria
nd anuria. The gold standard for establishing
he diagnosis is renal biopsy. In recent years,
T scan has emerged as a reliable noninvasive

maging modality for early diagnosis of acute
ortical necrosis.139,140 The characteristic find-
ngs include a lack of enhancement of renal
ortex after contrast injection, medullary en-
ancement, and absent renal excretion. Corti-
al tram-track or egg-shell calcification develops
ater and may be detected on a plain radio-
raph, ultrasonography, or CT scan.

Histology shows a variable degree of necrosis
f all elements of the renal parenchyma, espe-
ially the cortical region. Some cortical tissue in
he subcapsular and juxtamedullary region may
e spared and its hypertrophy is responsible for
partial recovery of renal function. Other find-

ngs include fibrin thrombi in the glomerular
apillaries, fibrinoid necrosis of vessel walls,
alcification of the necrotic areas, and cortical
emorrhages.138 The lesion may be classified

nto patchy and diffuse types, depending on
hether the entire parenchyma or only a part
f the renal tissue examined showed features of
cute cortical necrosis.138 Needle biopsy can at
est give only an approximate idea about the

xtent of the lesions and could underestimate
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r overestimate the extent of lesions because of
ampling errors.

The pathogenesis of ACN remains unclear.
he main hypotheses are vasospasm of small
essels or toxic capillary endothelial damage.
rolonged vasospasm of both cortical and med-
llary vessels induces cortical necrosis in exper-

mental animals. The reasons for propensity to
enal cortical necrosis during pregnancy are not
lear. Renal vasculature in pregnancy may be
ore prone to vasoconstriction secondary to

he effect of sex hormones. Similarities be-
ween acute cortical necrosis and the general-
zed Schwartzmann phenomenon induced in
xperimental animals by injection of endotoxin
lso have been noted. In contrast to nonpreg-
ant animals, in which 2 small doses adminis-
ered 24 hours apart cause this phenomenon,
nly 1 injection is sufficient in pregnant rabbits.
he presence of fibrin thrombi in the vascula-

ure of patients with acute cortical necrosis has
ed to consideration of intravascular coagula-
ion as the initial event. Recently, a role for
ndothelium-derived vasoactive substances in
he genesis of acute cortical necrosis has been
roposed.138 We have shown increased endo-
helin-1 levels in women with pre-eclampsia,
hich could contribute to renal ischemia. A
otential role of ET1 gene polymorphism has
een suggested. However, more studies are
eeded to establish the exact role of endothelin

n the pathogenesis of acute cortical necrosis.
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