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Summary: There is little reliable information on the epidemiology of acute kidney injury
(AKD) in Latin America. It is generally assumed that AKI in the developing world affects mainly
young and previously healthy people, with an etiologic spectrum relying on particular
socioeconomic and environmental conditions. Transmissible diseases such as leptospirosis,
malaria, dengue, diarrhea, among others, are recognized as important causes of AKI in these
areas. On the other hand, in large cities and university hospitals in Latin American, the AKI
spectrum is similar to that seen in developed countries. Large studies are needed to improve
our knowledge to design preventive strategies for this potentially lethal disease that affects all
population subgroups, from the socially and economically vulnerable to the wealthy. In this
article the available information regarding AKI epidemiology in Latin America is reviewed.
Data obtained by the Latin American Acute Renal Failure Commission from the Latin Amer-
ican Society of Nephrology through surveys performed in 1997, 2000, and 2004 are reported.
Finally, 3 particular medical conditions frequently associated with AKI in Latin America are

reviewed.
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cute kidney injury (AKD is a frequent
and devastating syndrome characterized
by a sudden decline of renal function.
The mortality rate associated with AKI varies
according to the cause of the syndrome and the
existence of comorbidities and complications,
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of which the most important is multiorgan dys-
function syndrome, frequently observed in the
intensive care unit (ICU) setting. In-hospital
mortality is about 20% to 40%,!-? increasing to
70% to 80% in more severe cases, such as those
seen in the ICU.4-7

Acute renal failure, whose terminology re-
cently has been revisited,® was described in the
late 19th century,” but it was only studied in-
depth after the appearance of the artificial kid-
ney during Second World War. In contrast to
the advances in the knowledge of the syndrome
pathophysiology, the available information
about AKI epidemiology is scarce, partial, and
limited mainly to tertiary hospitals in the United
States and Western Europe. Moreover, figures
vary in different studies, despite the similarity
of the studied population.'® This fact can be
explained by several factors, including the lack
of a common AKI definition, making it difficult
to compare studies,!!!? the different settings in
which AKI occurs (community, hospital, and
ICU),'3!4 the wide differences in the demo-
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graphic characteristics of the patients (age, geo-
graphic, social, and economic conditions), the
diversity of the epidemiologic indicators used
(cases per 1,000 discharges, cases per million
population, and cases per 100,000 population),
among others.

In past years, there has been a growing in-
terest in investigating the epidemiology of AKI.
Figures reported in the literature are quite dif-
ferent. Feest et al'> and McGregor et al,'® using
a very restrictive definition of AKI (serum cre-
atinine level of =500 pumol/dL) found an inci-
dence of 172 and 185 cases per million popu-
lation per year, respectively. In the same year,
Liafio et al!'” published the results of the ARF
Madrid Study Group in which they found an
incidence of AKI (defined by a serum creatinine
level of =2 mg/dL) of 209 patients per million
population. Stevens,'® in England, reported an
incidence of AKI (increase of serum creatinine
level =300 pumol/dL) of 486 cases per million
population. The influence of age as a risk factor
for AKI was well established by Feest et al.'®
The incidence in patients aged 80 to 89 years
was 949 cases per million population, whereas
in younger patients (<50 y) the incidence was
17.1 cases per million population. Similar re-
sults were reported by McGregor et al.'¢

More recently, 3 studies based on large ad-
ministrative databases from the United States
were published,'®-2! the results of which
should be interpreted cautiously. These studies
were based on retrospective databases, de-
signed for administrative purposes, in which
patients with AKI were identified according to
the International Classification of Diseases 9th
revision coding system. In the Liangos et al'®
study, the frequency of AKI was 19.2 per 1,000
hospitalizations, which is similar to the inci-
dence reported by Xue et al*! (23.8 per 1,000
discharges), who also showed an 11% increase
per year in the incidence of AKI during the
10-year study period. Interestingly, Waikar et
al?° also found an increasing incidence of AKI
that was associated with a decrease in mortality
rate. The incidence rate increased from 61 per
100,000 population in 1988 to 288 per 100,000
population in 2002, whereas the overall mortal-
ity rate decreased from 40.4% to 20.3% during
the same period. Nevertheless, large, prospec-

tive, well-designed studies are needed to accu-
rately establish the incidence of AKI.
Unfortunately, consistent and comprehen-
sive data on AKI prevalence and incidence in
the developing world are even scarcer. Accord-
ing to the available information, the etiologic
spectrum of AKI in developing world popula-
tions might be similar or quite different to that
reported in developed world countries, de-
pending on the particular hospital country or
city characteristics and on the presence of strik-
ing socioeconomic and environmental differ-
ences.??-3! Poverty, illiteracy, and limited access
to health resources, associated with exposure to
infectious agents and animal venoms, make diar-
rheal disease, leptospirosis, dengue, snakebites,
pregnancy complications, and septic abortion,
among others, important causes of AKI in devel-
oping countries. In brief, AKI in developed
countries usually occurs in aged and sicker pa-
tients who frequently have undergone invasive
procedures or aggressive treatments. On the
other hand, AKI in the developing world may
occur in younger and previously healthy indi-
viduals, frequently owing to a single cause that
depends on exposure to infectious agents or
animal venoms and is associated with inade-
quate sanitary and nutritional conditions.

EPIDEMIOLOGY OF
AKI IN LATIN AMERICA

Approximately 4 billion of the world’s 6.4 bil-
lion people live in developing countries. Malnu-
trition, high demographic growth rates, limita-
tions in urban infrastructure, prevalence of
agriculture associated with a low industrializa-
tion level, high illiteracy rates, and low technol-
ogy are all well-recognized indicators of under-
development in most of these countries.

Latin America is a subcontinent composed of
20 countries, with a wide diversity of cultures,
languages, geography, and a profound and un-
acceptable difference in social and economic
conditions of the population. The population of
Latin America is about 539 million. The per
capita income is estimated to be $3,600, with a
large difference between countries and re-
gions.>? Although in Latin America the life ex-
pectancy is 70.9 years, it ranges from 53.1 to
79.3 years among countries. Health expenses
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vary largely from $23.9 to $4,432.7 per person
per year.?® It is easy to understand that this
context explains not only the particular epide-
miologic profile of AKI in the area, when com-
pared with the developed world, but also the
variations observed from country to country in
Latin America. Transmissible diseases such as
malaria, cholera, leptospirosis, enterocolitis,
dengue, and exposure to animal venoms are
considered the foremost causes of AKI in small
cities and in the countryside (more epidemio-
logic studies are needed to consistently support
this assertion), whereas ischemic and nephro-
toxic-induced renal injury are the most impor-
tant AKI causes in large cities or university
hospitals.

The earliest epidemiologic study in Latin
America was published by Lanari et al** from
Argentina and was performed in a large tertiary
hospital in Buenos Aires. This study reported
some causes of AKI that were more frequent at
that time, even in the developed world, such as
septic abortion. Although the incidence of this
condition has diminished in some of the most
developed countries in the region, it remains a
major cause of AKI in others, particularly in the
economically disadvantaged population.

Burdmann et al,?> from Brazil, reported the
changing spectrum of AKI etiology over time
within the same tertiary university hospital
(Hospital das Clinicas, University of Sao Paulo
Medical School). During 1957 to 1966 the most
frequent causes of AKI were noncompatible
transfusion and surgery, whereas from 1980 to
1982 nephrotoxicity was the leading cause,
and, finally, in 1993, sepsis, hypotension, and
cardiac failure were the main causes of AKI.

Vukusich et al,3° from Chile, applying the
same methodology as that used by the Latin
American Acute Renal Failure (LAARF) Commis-
sion, which will be described later, performed a
prospective study in 10 hospitals at Santiago
during a period of 6 months. A total of 114
patients were included, representing an inci-
dence of severe AKI of 1.03 cases per 1,000
hospital discharges. Sepsis was the main cause
of AKI, followed by renal ischemia, surgery, and
nephrotoxicity.

The Uruguayan Critical Care Nephrology
Study Group performed a 2-week survey in 80%

of ICUs in the country, and identified AKI in 66
of 723 patients. According to this study, the
incidence of AKI was 91.2 patients per 1,000
admissions. Hypovolemia, sepsis, and nephro-
toxins were the most frequent AKI causes. No
transmissible disease was identified as a cause
of AKI in this survey.3”

In summary, the limited epidemiologic infor-
mation available about AKI epidemiology in
Latin America in large cities and university or
tertiary hospitals showed a profile similar to
that observed in the United States and Western
Europe: sepsis, surgery (particularly cardiac and
abdominal aortic surgery), solid organ trans-
plantation, and contrast agents and drugs (anti-
microbial agents, nonsteroidal anti-inflammatory
drugs, angiotensin-converting enzyme inhibitors,
antiretroviral agents, calcineurin blockers, among
others). However, the true epidemiologic spec-
trum of AKI in Latin America as a whole has not
been established yet.

LAARF COMMISSION DATA

The LAARF Commission was founded in 1996
to improve the understanding of AKI in the
region, particularly its epidemiology, to identify
the infrastructure and human resources, and
the treatment modalities and technology avail-
able in the region. Given the paucity of data and
the importance of having reliable epidemio-
logic information to design preventive strate-
gies to offer human and infrastructural re-
sources in accordance with the actual needs,
the LAARF Commission performed 3 surveys.
The first Latin American AKI survey was
performed in 1997. All national Nephrology
Societies that were members of the Latin
American Society of Nephrology and Hyper-
tension (SLANH) were invited to participate in
the study. A predesigned, easy-to-answer ques-
tionnaire was sent to interested investigators.
Only patients with AKI undergoing renal re-
placement therapies (RRT) were included to
improve patient enrollment. Nevertheless, only
5 countries answered the questionnaire, provid-
ing data from 157 patients (Figs. 1 and 2). Four
years later, the LAARF Commission repeated a
similar survey with similar results. The informa-
tion provided by these studies is relevant but
cannot be considered fully representative of
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Figure 1. Results of the first Latin American survey of
acute renal failure. A total of 157 patients were included
in the study.

AKI epidemiology in Latin America because of
the limited number of units participating in the
survey, the majority located in large hospitals.

Given the scant information provided by
these studies, the LAARF Commission orga-
nized another survey looking now at the quan-
tity and qualification of the human resources
available for the treatment of AKI patients, as
well as the infrastructure available in the region
for acute dialysis. The survey was performed in
2004. All acute dialysis units from Latin America
were contacted and invited to participate in the
study through the SLANH and by personal con-
tacts. A web site of the LAARF Commission
linked to the web page of SLANH (www.slanh.
org/), containing a special form to be filled in
with the information requested, was opened.
Location and type of the unit, human resources
(nephrologists, nurses), modality of RRT, dialy-
sis machine, type of dialysate, use of treated
water, number of procedures, number of pa-
tients treated, age, sex, number of patients in
the ICU, and the global mortality rate were
analyzed. Fifty-one units from 11 countries an-
swered the questionnaire. In 19 of 51 question-
naires (37%) the information was complete.
The remainder lacked information related to
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Figure 2. Etiology of the 157 cases of acute renal failure
(values are expressed in percentages).

Number of

2 UnitsCountry

Figure 3. Distribution of units participating in the study,
per country.

technology and/or patients. Fig. 3 shows the
countries that participated in the survey as well
as the number of units per country. The major-
ity of units were located in the Department of
Nephrology of teaching hospitals located in
large cities (Table 1). All units had both neph-
rologists and registered nephrology nurses. The
total number of nephrologists in the 51 acute
dialysis units was 221, which represents 4 neph-
rologists per unit (range, 1-15). With regard to
the available equipment, a total of 141 hemodi-
alysis machines and 197 continuous renal re-
placement therapy (CRRT) devices were re-
ported. The majority of CRRT devices were
located in Brazil. As to the modalities of RRT
that were available in the unit, all of them re-
ported performing intermittent hemodialysis.
Twenty-three units reported they also are capa-
ble of performing long, sustained dialysis and
29 units reported the use of CRRT. Of note, 34
units reported the use of acute peritoneal dial-
ysis (PD). The dialysis membrane most fre-
quently used was polysulfone, but 3 units still
use cuprophane. In 7 of the 51 units, non-

Table 1. Location of Units in Hospital Facil-
ities and Type of Hospital

Location of units

Department of Nephrology 26
Chronic dialysis units 11
ICU 10
Other 4
Type of hospital
Teaching 58
Private 15
Public 8
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Figure 4. Distribution of patients according to age in-
tervals.

treated water was used for dialysis. Data from
4,048 patients were reported. There was a wide
variation in the number of patients per unit,
ranging from 4 to 512. A total of 2,479 patients
presented data about age and sex, resulting in a
ratio of 61.8% males. Fig. 4 shows the distribu-
tion of the population by age intervals. Up to
63.8% patients were in the ICU. The overall
mortality rate of the entire population was
32.3%. During the study period, information of
7,749 hemodialysis, 2,632 CRRT procedures,
and 726 PD were provided. PD was performed
in 10 units with a frequency ranging from 1 to
255 procedures during the study period. Of
note, the 2 units that performed the highest
number of PD were from Brazil (Sao Paulo and
Porto Alegre).

The study had several weaknesses. First, it
was not a fully representative sample of the
unknown universe of acute dialysis units in
Latin America. As expected, the rate of enroll-
ment was low, considering the theoretically
high number of acute dialysis facilities in this
large region. Second, the sample probably was
biased because the participants of the survey
were nephrologists with some interest in the
field working mainly in large teaching hospitals.
Third, the reliability of the results could be
impacted by the relative paucity of responses.
However, some highlights can be pointed out.
It contained information related to the organi-
zation, infrastructure, and modalities of RRT for
patients with AKI in Latin America. According
to the study, the units involved preferred inter-
mittent hemodialysis, but it should be noted
that there was a relatively high number of pa-

tients who were treated by continuous modal-
ities, including PD as a frequent procedure.

In conclusion, the majority of hospitals par-
ticipating in the study were teaching hospitals,
which could have biased the results. There
were still some units that use cuprophane mem-
branes and do not have access to treated water.
Patients showed a trend to old age and the
mortality rate was relatively low, considering
that this was a population of patients with se-
vere AKI, frequently admitted to the ICU.

AKI AND LEPTOSPIROSIS

Leptospirosis, a zoonosis distributed world-
wide, is caused by spirochetes belonging to the
genus Leptospira. There are more than 200
pathogenic serovars of Leptospira and its prev-
alence occurs in humid tropical and subtropical
areas, where most Latin American countries are
located, making this infection a major public
health burden, concerning human and veteri-
nary medicine. Because of recent changes in
meteorologic conditions with global warming,
the World Health Organization has included
leptospirosis as one of the re-emerging infec-
tious diseases in both developed and develop-
ing areas.3%%° Wild and domestic mammals are
the usual vectors for leptospirosis (including
rodents, dogs, pigs, cattle, horses, among oth-
ers), which transmit the infection to human
beings through their urine.

Human leptospirosis is endemic in Latin
America and usually reaches epidemic levels
after either higher rainfall periods with flood-
ing, or natural disasters such as hurricanes.
Human cases range from 0.1 to 1 per 100,000
per year in temperate climates, to 10 to 100 per
100,000 per year in the humid tropics.3%4!
These figures increase during outbreaks and in
high-risk groups. Epidemic leptospirosis was re-
ported in Nicaragua in 1995%% and 1998, when
hurricane Mitch struck Central America.®3 In
Puerto Rico, epidemic cases also were de-
scribed after a hurricane in 1996%*° when den-
gue and leptospirosis diagnoses were mistaken.
In Brazil, between 1985 and 1997, 35,403 cases
were reported® and the mortality rate was
12.5%. In 1996, after summer floods in the city
of Rio de Janeiro, 1,732 cases were described.*>



AKl in Latin America

325

Data from 1997 to 2006 showed similar figures:
33,043 cases with a fatality rate of 11.2%.%°

Some studies showed a high seroprevalence
of antibodies anti-Leptospira species in the gen-
eral population. In Colombia, 18.4% of the stud-
ied population was positive.*” In children ages
0 to 12 from Rio de Janeiro, the prevalence was
27.6%.% In Peru, 33.1% of the asymptomatic
population was positive.* By using a polymer-
ase chain reaction assay, 29% of wild small
animals in the Peruvian Amazon were found to
be infected by leptospiras.>®

Renal involvement is almost universal in lep-
tospirosis but becomes relevant in Weil’s syn-
drome, which represents the most severe form
of the disease, characterized by multiorgan in-
volvement, and is associated with a high mor-
tality rate (50%). The incidence of leptospirosis-
induced AKI varies from less than 10% to more
than 60% of infected patients.4!5!

L. interrogans, the only parasitic species, is
mobile, aerobic, and unstained by the Gram
method. Its endotoxins affect the tubulointer-
stitial cells, and glomerular changes usually are
not relevant. The bacteria’s outer membrane
contains lipopolysaccharide, which has no re-
action on the Limulus amebocyte gelation ac-
tivity test; glycolipoprotein, which is cytotoxic;
and lipoproteins, especially lipoprotein 32, which
causes immunologic effects and is a new hope
for a universal leptospira human vaccine. Be-
cause leptospiras have special tropism for kid-
neys, the glycolipoprotein’s effect on tubular
Na,K-adenosine triphosphatase activity poten-
tially is involved in both the leptospirosis-in-
duced AKI cellular pathophysiology®*33 and the
paradoxic hypokalemia frequently seen in these
patients.>* High serum free fatty acids, mainly
the oleic acid C18:1, also potentially are impli-
cated in pulmonary hemorrhagic manifestations
of acute respiratory distress syndrome associ-
ated with this disease.>®

DENGUE FEVER

Dengue is an acute febrile disease, caused by an
arbovirus, transmitted primarily by mosquitoes,
with a benign evolution in most cases. It is the
most important urban arboviral disease, affect-
ing millions of people in all continents, except
Europe. It is more prevalent in tropical and

subtropical areas where the environment is fa-
vorable for the mosquito’s development. The
main dengue vector is the Aedes aegypti female
mosquito. The male mosquito does not transmit
the disease because they feed themselves with
plant juices.

It is estimated that half the world’s popula-
tion lives in areas at risk for dengue disease and
about 50 to 100 million cases are estimated to
occur annually.>°-58 This disease is widespread
all over Latin America, with few exceptions,
such as Uruguay and some countries in the
Bahamas area. From 2001 to 2006, more than
3.4 million people were affected in this area
with 982 deaths. Sixty percent of dengue cases
occur in the Latin America south cone. Brazil is
the leading country in absolute number of cases
and has one of the highest incidence rates of
the disease in this geographic area, followed by
the Andes region with 19%, where Colombia
and Venezuela present most of the cases. How-
ever, there are currently more countries with
high incidence rates, such as Costa Rica, Hon-
duras, Bolivia, Chile, Paraguay, and French
Guiana.>®-¢!

Several factors account for the increasing in-
cidence and spread of dengue in Latin America.
Climate changes such as El Nifio storms and
global warming have influenced the intensity
and duration of the rainy season and hurricane
occurrences. These changes lead to ecosystem
modifications, facilitating the expansion and
dissemination of pathogens and vectors of the
disease. In addition, demographic increases fa-
cilitating the occurrence of dengue in urban
areas and in large cities, uncontrolled and un-
planned urbanization, and migration of people
are important factors in the increasing inci-
dence and epidemics of dengue.®!

There are 4 serotypes (DEN-1 to —4) of den-
gue RNA flavivirus. They are antigenically re-
lated but one serotype does not confer perma-
nent immunity to another. All 4 dengue viruses
are present throughout Latin America. The in-
troduction of a new serotype accounts for the
occurrence of epidemics and the hemorrhagic
fever form of dengue that is more severe and
may be lethal. In Brazil, in the 1990s, there
were epidemics in a localized area with thou-
sands of cases per year. However, in 2002 there
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was a nationwide epidemic and endemic virus
circulation, especially because of the introduc-
tion of a new serotype: DEN-3. From 1994 to
2002, a total of 2,826,948 cases of dengue were
reported, giving an incidence of 454/100,000
inhabitants. The number of municipalities af-
fected increased from 44.5% in 1996 to 58.3%
in 2002. In 2006, there were 345,922 cases
reported, especially in the southeast and north-
east areas of Brazil. In that year, 682 hemor-
rhagic dengue fever cases were reported, with
121 deaths.%0-62

Dengue virus infection may manifest as un-
differentiated fever, dengue fever, dengue hem-
orrhagic fever, or dengue shock syndrome.>®
Usually, common clinical manifestations are
high fever, myalgia and arthralgia, retro-ocular
pain, headache, anorexia, nausea and vomiting,
and a cutaneous rash similar to measles or ru-
bella. Hemorrhagic/shock dengue fever have
symptoms similar to the classic dengue fever
associated with bleeding, abdominal pain, men-
tal disorientation, sleepiness, breath shortness,
tachycardia, shock, and death. Renal involve-
ment includes proteinuria, glomerulonephritis,
AKI, and hemolytic uremic syndrome. In den-
gue-induced AKI, renal failure usually occurs
associated with shock, hemolysis, and/or rhab-
domyolysis. However, dengue hemorrhagic fe-
ver-induced AKI without simultaneous occur-
rence of any other associated factors or drugs
that may have caused renal failure recently was
described.®® There is no specific treatment for
dengue fever. Therapy is mostly supportive,
avoiding the use of aspirin and nonsteroidal
anti-inflammatory drugs.

ANIMAL VENOM-INDUCED
AKI IN LATIN AMERICA

Severe AKI has been reported after accidents
with snakes, insects (bees and caterpillars),
and spiders in Latin American countries. Cur-
rently, they represent a small percentage of
AKI cases in many tertiary hospitals and in
large cities, but animal venom may be an im-
portant cause of AKI in certain geographic ar-
eas or specific hospitals in Latin America. More-
over, this sort of AKI frequently occurs in
young, previously healthy, and productive pop-
ulation members.

The large majority of animal venom-induced
renal injury in Latin America is owing to snake
poisoning from the Bothrops and Crotalus ge-
nus. AKI is considered the most serious and
lethal complication of these accidents.®* Renal
injury develops a few hours after the bite, and
may be oliguric, severe, and dialytic.®> Bothrops
snakes are responsible for around 80% to 90%
of the reported venomous snakebites in Latin
America. Retrospective studies have shown
that AKI occurred in 1.5% to up to 10% of cases,
but probably underestimated the real magni-
tude of this problem.®®-% Renal histology usu-
ally discloses acute tubular necrosis, but some
cases of acute cortical necrosis have been re-
ported and glomerular injury was described in
an experimental model.®>%°-7! Crotalus snakes
are responsible for 7% to 8.5% of the total ven-
omous snakebites reported annually in Brazil.
AKI occurs frequently and a recent prospective
study found an AKI prevalence of 29% after a
Crotalus bite in Brazil.”> Pathology discloses
acute tubular necrosis, although acute intersti-
tial nephritis was described in a few cases.”74

Poisonous arthropods such as bees, caterpil-
lars, and spiders also may induce AKI. Patients
receiving hundreds of simultaneous bee stings
frequently develop a complex clinical picture
with intravascular hemolysis, rhabdomyolysis,
hepatic injury, low platelet count, coagulopa-
thy, bleeding, cardiovascular and pulmonary
changes, and early development of AKI.7>7¢
The increase and spreading of Africanized bees
in Latin America dramatically increased the
number of bee venom-induced AKI cases in the
area in past years.”” In experimental studies and
in the few cases in which renal histology was
available it showed acute tubular necrosis.”>”’
Accidents with caterpillars of the genus Lono-
mia produce severe hemorrhagic disorders.
The venom has strong fibrinolytic action and
enzymatic activities similar to tissue plasmino-
gen activator, kallikrein, factor Xa, and uroki-
nase.”® The venom-induced hemorrhagic dia-
thesis is complex, with both fibrinolytic and
disseminated intravascular coagulation-like ac-
tivity.”® AKI has been reported after Lonomia
obliqua accidents in Brazil.”® Lonomia venom
caused severe and prolonged AKI, with renal
histology suggesting ischemic injury.?° Spiders
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of the genus Loxosceles may induce late local
necrosis at the bite site, intravascular hemolysis,
rhabdomyolysis, coagulation system changes, and
acute renal injury. Even patients with a mild
cutaneous lesion may present severe hemolysis
and AKI, which is the main cause of death after
theses accidents.81-83
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