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Background: Acute kidney injury (AKI) is a frequent and serious clinical complication in patients with severe
malaria. The purpose of this study was to assess the incidence of AKI in a large population of hospitalized
patients with a primary admission diagnosis of malaria, and to investigate the robustness of the KDIGO criteria
for predicting the need for dialysis, length of hospital stay and hospital mortality.

Results: We studied 695 consecutive patients admitted with primary diagnoses of malaria, in a 6 months
period. AKI occurred in 86 (12.4%) patients (Stage 1 in 30.2%, Stage 2 in 23.3% and Stage 3 in 46.5%), and 19
(22.1%) patients required hemodialysis. No patient in the no-AKI or AKI Stage 1 groups (admission or maximum
AKI Stage) required hemodialysis, and the requirement of hemodialysis was higher in patients with AKI Stage
2 (23.1%) and Stage 3 (42.4%). The length of hospital stay was longer (7.317.4 days vs 5.1+3.0 days; t=4.996,
p<0.0001), and mortality was higher in patients who developed AKI than in those who did not (22,5% vs 2,5%;
x?=79.52; p<0.0001). Patients with AKI Stage 1, 2 and 3 had significantly higher hospital mortality (11%, 23%
and 30%, respectively), compared with 2.5% for patients without AKI [odds ratio 5.2 (1.40-19.11, p=0.0331), 13.2
(4.24-41.06, p=0.0002), and 16.9 (7.26-36.65, p<0.0001)], respectively.

Conclusions: In a relatively large cohort of patients with falciparum malaria infection, the KDIGO criteria
identified 12.4% with a diagnosis of AKI. The KDIGO classification was robust in this population for predicting the
need for dialysis, length of hospital stay and hospital mortality. The results support the utilization of the KDIGO
criteria in diagnosis and to predicting outcomes for patients with malarial AKI.

Introduction

Malaria is a major public health problem in the tropical developing world, and it is a
major cause of mortality in tropical and subtropical regions [1,2]. The clinical spectrum
of renal involvement in falciparum malaria infection varies widely, and acute kidney
injury (AKI) is a frequent and serious complication of malaria [3-6].

Recently published studies have used the KDIGO (Kidney Disease: Improving Global
Outcomes, 2012) criteria to evaluate the occurrence rate and/or outcome of AKI [7-10].
In countries where immediate access to an ICU and RRT is highly restricted and time
consuming, as in sub-Saharan Africa, using criteria of prognosis of AKI can save lives.
The aims of this study were to assess the incidence of AKI in patients hospitalized with
a primary admission diagnosis of malaria, and the robustness of the KDIGO criteria
and their relationship with the length of hospitalization, the need for dialysis and the
mortality of these patients during hospitalization.

Patients and Methods
Study population

The present study included all adult patients admitted to the Clinica Multiperfil
(Luanda-Angola) in a 6 months period. Criteria for inclusion were the occurrence of
AKI with positive thick film and/or positive rapid diagnostic test for Plasmodium.
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Patients with chronic kidney disease or on dialysis therapy were excluded, and we
only considered the first admission for patients who were readmitted to the hospital
during the study period.

The primary outcome variable was AKI defined according to the KDIGO consensus
definition [7]. In summary, AKI was defined as an increase in serum creatinine by =0.3
mg/dL or an increase in serum creatinine to more than 1.5 times at baseline, which
is known or presumed to have occurred within the prior 7 days. AKI was staged
according to the KDIGO severity criteria, for three levels of injury (Stage 1, serum
creatinine levels are increased to more than 1.5-1.9 times than at baseline; Stage 2,
more than 2.0-2.9 times than at baseline; and Stage 3, more than 3.0 times than at
baseline), upon hospital admission as well as the maximum KDIGO stage reached
during hospitalization. The baseline creatinine was estimated by the IDMS-MDRD
study equation [11], as recommended by the Acute Dialysis Quality Initiative [8,9]. For
analysis, patients were assigned according to their hospital admission and maximum
KDIGO category.

We analyzed the demographic characteristics and the evolution of patients during
hospitalization: length of hospital stay, need for renal replacement therapy and the
outcome (hospital discharge or death). Ethnicity was defined according to the classification
upon admission. The diagnosis of malaria was defined by clinical assessment, and was
confirmed by blood smear and laboratory testing [12]. Malaria treatment was conducted
with clinical support and use of quinine and artesunate derivatives, when indicated.
Hemodialysis was performed when indicated and early dialysis was considered
in the presence of severe acidosis and/or fluid overload. All data were extracted
from electronic medical records, and the procedures were in accordance with the
Helsinki Declaration. Informed consent was waived due to the retrospective and non-
interventional nature of the study.

Statistical Analysis

Summary data are presented as mean +* standard deviation or percentage. Normality
of distribution of variables was tested with the Kolmogorov-Smirnov test. Qualitative
variables were analyzed using the nonparametric chi-squared or Fisher’s exact test,
when indicated, and the quantitative normally distributed variables were compared
using Student’s t parametric test. Univariate and multivariate logistic regression
analyses were used to identify risk factors for AKI in malaria at initial presentation,
and to determine the association between AKI as defined by KDIGO and the length
of hospital stay, need for renal replacement therapy, and hospital mortality. For the
variables that were significant in the multivariate analysis. Variables with a P value
<0.10 on the univariate analysis were included in the multivariate logistic regression.
The Kaplan-Meier curve was constructed to estimate the probability of survival in
relation to the presence or absence of AKI and AKI stages. For statistical analysis IBM
Statistical Package for the Social Sciences (SPSS) version 22 (IBM Inc., Chicago, IL, USA)
was used. A p-value of <0.05 was considered statistically significant for all comparisons.

Results

Characteristics of patients with AKI and malaria

During the study period, 2,172 patients were admitted to the Clinica Multiperfil-
Luanda, Angola-Table 1. Overall, 706 patients had the primary admission diagnosis
of malaria, and 11 (1.5%) were excluded from the final analysis because they had
concomitant diagnoses of chronic renal insufficiency or had been readmitted. Of
the remaining 695 patients, 86 (12.4%) developed AKI. No statistically significant
difference was shown in the frequency of malarial AKI between black and white
patients (p=0.4264, RR=1.036,95% C10.9415-1.036); however, AKI was more frequent
in Chinese patients than in black (p<0.001, RR=0.1555, 95% CI 1.189-2.033) or white
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Table 1: Demographic and clinical characteristics of studied patients.

. . (EIETE] Malaria
With malaria - AKI + AKI
Patients 2,172 706 609 86
Age (y) 31.5¢18.6 27.2+18.5 25.8+18.9 40.5+16.1
Gender (M/F) 1,129/1,043 407/299 341/279 66/20
Ethnicity
Black 1,898 585 524 61
White 92 38 28 10
Chinese 139 72 57 15*
CKD/Readmitted 43 11*
Origin
Angolan 1,940 581 521 61
Portuguese 43 24 17 8
Brazilian 38 19 17 2
Chinese 96 39 22 15
Other 55 43 43 0
Need for dialysis 19 (22.1%)
Hospital LOS (days) 5.4+5.0 5.4+3.2 5.1+3.0 7.37.4*%
Hospital mortality 6.4% 4.9% 2.5% 22.1%*
Results are expressed as meanzSD; p value estimated using t test, or x2 test. *p<0.001 for malaria-AKI versus
malaria+AKI. AKI: acute kidney injury; *CKD or readmission; LOS: length of stay.

patients (p<0.001, RR=1.501, 95% CI 1.132-1.989) with malaria. The length of hospital
stay was longer in patients who developed AKI than in those who did not (7.3+7.4
days vs. 5.1+3.0 days; t=4.996, p<0.0001). Mortality was higher among patients
with malaria who developed AKI than among those without AKI (22.1% vs. 2.5%;
x2=58.263, p<0.0001, RR=95% CI 1.394-2.976). Among 19 (22.1%) patients with
malarial AKI requiring hemodialysis, the crude mortality was statistically higher than
the rate observed in patients with malarial AKI who received conservative treatment
(47.4% vs. 16.4%; p=0.0011, RR=2.885, 95% CI 1.406-5.921).

Progression to maximum AKI Stage during hospitalization

Upon hospital admission, 72 patients had diagnosis of AKI, and they were stratified
according to KDIGO criteria: Stage 1 in 26 (36.1%), Stage 2 in 17 (23.6%), and Stage
3 in 29 (40.3%). The progression of AKI of these patients to the maximum AKI Stage
after hospital admission is shown in figure 1. During hospitalization, 14 patients
without AKI developed AKI, reaching a Stage 1 (11 patients), Stage 2 (1 patient) or
Stage 3 (2 patients), and 16 patients upon admission classified using KDIGO criteria
as Stage 1 and Stage 2 progressed to a more severe AKI stage (Stage 2 and Stage 3,
respectively). Overall, AKI stratified according to the maximum KDIGO criteria reached
during hospitalization of 86 patients was 27 (30.2%), 19 (23.3%) and 40 (46.5%) for
Stages 1,2 and 3, respectively.

KDIGO criteria and the need for renal replacement therapy

Nineteen (22.1%) patients with malarial AKI required hemodialysis. In the subgroup of
72 patients with AKI detected at the time of admission, no patient in KDIGO no-AKI or AKI
Stage 1 required hemodialysis during their hospital stay; furthermore, this was similarly
shown for all patients with maximum AKI Stage 1 during hospitalization. The percentage of
AKI Stage 2 patients that required hemodialysis was 23.1%, while this percentage increased
to 42.4% in patients with AKI Stage 3-Figure 2. Statistically significant differences were
observed when comparing the requirement for hemodialysis in patients who reached
maximum AKI Stage 2 and 3 with the group of patients in AKI Stage 1 and no-AKI
(x?=253.6; p<0.0001).

KDIGO criteria and length of hospital stay

The mean length of hospital stay for the 86 patients with AKI was 7.3+7.4 days,
ranging from 1 to 56 days, and it was longer (t=4.996, p<0.0001) than the length of
hospital stay for patients with malaria and who did not develop AKI (5.1+3.0 days).
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The length of hospital stay for each of the AKI Stage 1, 2, and 3 were 6.1+4.1 days,
6.5+6.6 days and 9.0+9.7 days, respectively, and there were no statistically significant
differences among the stages (p=0.250) Figure 2.

AKI stages and mortality

Increasing severity of AKI Stage was associated with a higher patient mortality.
Patients with AKI Stage 1, 2, and 3 had significantly higher unadjusted hazard ratios
for hospital mortality (11%, 23% and 30%, respectively), compared with 2.5% for
malaria patients without AKI (x?=79.52; p<0.0001) - Figure 2. The unadjusted odds
ratios (95% confidence interval) for hospital mortality for AKI and KDIGO stage 1,
stage 2, and stage 3 were, respectively, 5.2 (1.40-19.11, p=0.0331), 13.2 (4.24-41.06,
p=0.0002), and 16.9 (7.26-36.65, p<0.0001). Increasing severity of acute kidney injury
was associated with higher mortality, notably AKI Stage 2 and AKI Stage 3 had a higher
mortality following the AKI episode (log-rank test: x?=32.54; p<0.0001) Figure 3.
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Figure 1: Flow chart of the clinical evolution of 86 patients with AKI until the maximum KDIGO criteria.
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Figure 2: (A) Need for renal replacement therapy (RRT), and (B) hospital mortality among 86 patients with AKI
defined by the KDIGO criteria.
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Figure 3: Kaplan-Meier curves for patient survival by admission and maximum KDIGO criteria. Patients discharged
alive were censored. Log-rank test: x?=32.54; p<0.0001.

Discussion

We conducted a retrospective study of hospitalized patients and we analyzed the
ability of the KDIGO criteria to predict renal outcomes, need for RRT, length of hospital
stay, and hospital mortality in patients with malaria associated AKI. The KDIGO
criteria represents a new classification system [7], and recently published studies have
shown that KDIGO criteria provided a well-balanced instrument for the determination
of occurrence rates and/or outcomes of patients with AKI [13-16]. We found that
AKI, defined by the KDIGO criteria, had a high overall incidence in 706 patients with
falciparum malaria infection. Prior to hospital admission, 83.7% of the 86 patients
already had AKI, with only 14 patients of the total population developing AKI after
admission to hospital. In addition, another 18 patients with malarial AKI at admission
experienced worsening of their KDIGO statuses during the hospitalization period.

We confirmed that the new KDIGO criteria show robust predictive abilities for
disease severity and hospital outcomes in this large cohort of patients with malaria
and AKI, as was similarly shown in recent studies in a variety of critically ill patients
[16-20]. Upon hospital admission, no patients with AKI Stage 1 required for renal
replacement therapy, while dialysis was required in 23% and 42% of the patients with
AKI Stage 2 and 3, respectively. In addition, no patients with maximum AKI Stage 1
during hospitalization required hemodialysis. Furthermore, length of hospital stay and
mortality risk increased along with the severity of the AKI.

The new KDIGO criteria could provide a simple definition of AKI for patients with
malaria, and our data suggest that it provided a well-balanced classification system for
the determination of patients with different levels of severity of AKI, at least insofar
as risk of renal replacement therapy requirement, length of hospital stay, or hospital
mortality in malarial AKI was concerned. In a previous analysis of AKI in these patients
with malaria, we reported that RIFLE criteria were useful and accurate in predicting
overall outcomes for patients with malarial AKI [21].

These findings are of great importance for patients with more severe malarial AK],
especially in developing countries at which an early access to a tertiary care center,
where prompt ICU supportive management and dialysis can be instituted, is very
limited [15-18].

Published: November 08, 2017



5

The outcome of Acute Kidney Injury in patients with severe Malaria h
.

Several limitations of our study deserve to be considered. As a single-center study
from a general hospital in the northeast Southern Africa, generalizability is limited.
Incidence estimates, length of hospital stay, mortality rates, and concomitant diagnoses
vary across hospital types and regions, although our estimates for AKI are in keeping
with others from geographically disparate regions. We did not have the baseline serum
creatinine or the hourly urine output data for all patients. Finally, as our outcome data
were evaluated at the time of discharge, we may have underestimated the mortality
rate of patients with AKI. Overall, we recognize that any biases would influence the
effectiveness of the KDIGO criteria and thus not significantly influence our conclusions.
Long-term mortality, chronic kidney disease (CKD) development, and CKD progression
were not evaluated in this study but are important areas for future research

In conclusion, we performed a relatively large single-center study of the KDIGO
criteria for AKI in hospitalized patients with falciparum malaria. The KDIGO criteria
identified and classified an estimated 12.5% of all the patients with malaria diagnoses
as also having AKI. The KDIGO criteria were robust in this population for predicting the
need for dialysis, length of hospital stay, and overall hospital mortality. The results of
the present study support the utilization of the KDIGO criteria in predicting outcomes
for patients with malarial AKI.
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