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Acute Renal Failure Adversely Affects Survival in Pediatric
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Aims: Dengue is currently one of the most important mosquito-borne viral infections. Acute renal failure (ARF) is a serious complication
among children suffering from dengue infection. Subjects and Methods: A retrospective cohort review of baseline characteristics, disease
outcomes, and risk factors of dengue-infected patients, with and without renal failure (RF), were compared. Results: Among 97 children
with dengue, 13.4% had RF (estimated glomerular filtration rate <60 ml/min/1.73 m?) at presentation. In comparison to all children (100%)
of RF cohort, only 32% children of non-RF cohort (P <0.0001) were suffering either from dengue hemorrhagic fever (DHF) or dengue shock
syndrome (DSS). The 7-day survival rate was 61.5% (8/13) among RF group as compared to 96.4% (81/84) in non-RF group (P <0.001). When
a fraction of patients who needed vasopressor support were significantly higher in RF cohort (70% vs. 14% for RF and non-RF, respectively,
P <0.001), requirement of mechanical ventilation (15% vs. 11%, P = 0.67) was comparable in both cohorts. Conclusions: DHF/DSS is an
independent risk factor for the development of ARF in patients with dengue infection. Mortality rate is high once RF develops in these children.
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INTRODUCTION

Dengue is a systemic acute febrile tropical illness caused by
dengue viruses (DEN-1 to DEN-5) and transmitted mostly
by Aedes aegypti mosquitoes.!"! Despite socioeconomic
development, the incidence rate of dengue viral infection is
increasing with an annual estimate of 50-100 million cases
worldwide.?¥ The clinical presentations of dengue infections
range from asymptomatic infection or a flu-like illness in
classical dengue fever (DF) to the severe forms of dengue
hemorrhagic fever (DHF) and dengue shock syndrome (DSS),
which may cause fatalities. Acute kidney injury (AKI) is a
serious complication of dengue. There are few studies in the
literature demonstrating the impact of acute renal failure (ARF)
in pediatric dengue infection.

SusJects AND METHODS
Study design and setting

We retrospectively reviewed the medical records of all
children (<14 years) diagnosed with dengue between
April 2012 and April 2016. The study was approved by the
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Institutional Review Board, and we adhered to the Declaration
of Helsinki in conducting the study.

Inclusion and exclusion criteria

The diagnostic criteria for dengue infection were febrile
illnesses associated with one of the following laboratory
confirmation tests: (1) positive reverse transcriptase polymerase
chain reaction, (2) detection of nonstructural protein 1 antigen,
and (3) detection of dengue-specific I[gM antibody-capture
enzyme-linked immunosorbent assay antibody. Cases with
only a single-positive dengue IgG result and/or history of
preexisting chronic kidney disease or without detailed history
were excluded.

Definitions
According to the criteria of the World Health Organization
(WHO), patients who have DF and hemorrhagic manifestations,
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low platelet count (<1 lac/ul), and objective evidence of leaky
capillaries (=20% elevation in hematocrit, lower serum
albumin, and pleural or other effusions) are classified as having
DHF (WHO classification, DHF Grades 1/II). Those with
evidence of circulatory failure (pulse pressure <20 mmHg,
hypotension, or frank shock) are classified as having
DSS (WHO classification, DHF Grades III/IV). We defined
renal failure (RF) if estimated glomerular filtration rate (¢GFR)
was <60 ml/min/1.73 m? at admission. eGFR was calculated
according to the modified Schwartz formula.

Baseline parameters and follow-up data

The included dengue patients were divided into two groups:
patients who developed ARF (study group) and those who
did not (control group). For each patient, the following
data were collected: gender, demographic data, age, clinical
manifestations, treatment received, medical history of any
underlying diseases, history of dengue infection, clinical
course, and final outcome. The data were compared between
two groups.

Outcome measurement

The primary outcome was patient survival. Secondary
outcomes were renal survival, duration of support with
mechanical ventilation or vasopressor, and time to
hospital discharge. Clinical course of the disease and final
outcome-related data were recorded daily until 7 days
following hospital admission.

Statistical analysis

Between groups, data for continuous variables were evaluated
using a f-test for independent variables. Comparisons of
proportions were made using Chi-squared testing. Kaplan—
Meier survival analysis was performed, and the survival
probability was compared between the study arms using
log-rank test. Throughout the text, data are expressed as
means + standard deviations, medians (lower and upper
extremities), and percentages, as appropriate, and P < 0.05
was considered statistically significant. The SPSS for Windows
version 16 software (SPSS Inc., Chicago, Illinois, USA) was
used for all statistical analyses.

ResuLts

Baseline demographics

A total of 97 children were diagnosed with dengue infection
during the study period. Of them, 13 (13.4%) patients had
eGFR <60 ml/min/1.73 m? at admission and classified as RF
cohort. The baseline patient characteristics of two treatment
cohorts are summarized in Table 1. All children (100%) of RF
cohort were either with DHF or DSS.

Clinical course

Management of dengue was done according to the WHO
guideline, 2009. A fraction of patients in need of vasopressor
were significantly higher in RF cohort in comparison to
non-RF cohort (70% vs. 14% for RF and non-RF, respectively,
P <0.001). However, requirement of mechanical ventilation

(15% vs. 11% for RF and non-RF, respectively, P = 0.67)
was comparable in both cohorts. Total duration (days) of
mechanical ventilation (2 + 1 vs. 4 £ 1, P < 0.001) and of
vasopressor use (2+ 1 vs. 3+ 1, P=0.001) was significantly
lower in the non-RF than in the RF group. Duration of hospital
stay was also longer among RF patients (median 6 days; range
4-18 days) when compared to others (median 4 days; range
1-12 days) (mean 2 £ 1 vs. 4 = 1 days, P <0.001).

Patient survival

A total of 8 (21.6%) patients died within 7 days of hospital
admission. There was no further disease-related mortality after
the 1** week. Among eight deaths, five were from RF cohort
and three were from the other cohort. All five deaths (two of
them were on renal replacement therapy [RRT]) of RF cohort
were either due to refractory shock or due to multiple-organ
dysfunction syndrome. Among three deaths in non-RF cohort,
one died from refractory shock and two patients died due to
associated overwhelming secondary sepsis. All five deaths
of RF cohort were categorized as DSS, whereas there was
only single death among patients with DSS of the other
cohort. The actuarial patient survival by cohort is given in
Figure 1. The 7-day survival rate was 61.5% (8/13) in the
RF group as compared to 96.4% (81/84) in the non-RF
group (P <0.001) [Figure 1].

Renal outcome

Among 13 patients of RF cohort, eight patients require RRT
for varying period (median 2 days; range 1-6 days). The
mean biochemical indices of kidney function improved in all
RF patients from day 1 of hospital admission. All surviving
patients with RF had come off dialysis within 7 days. Renal
recovery continued during further follow-up.

Prognostic factors

In comparison to all children (100%) of RF cohort, only
32% children of non-RF cohort were suffering either from
DHF or DSS. Among total eight deaths of both cohorts,
6 (75%) were below 5 years of age. Hence, these factors might
be associated with unfavorable treatment response.
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Figure 1: Kaplan—Meier survival curve of nonrenal failure and renal failure
cohorts over the study period (log-rank P < 0.001)
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Table 1: Baseline characteristics and fatalities of patients of both cohorts

Patients with acute renal failure Patients without acute renal failure P
(n=13) (n=84)
Age (years), mean+SD 6.6+4.7 6.9+5.1 0.842
Male, n (%) 8 (62) 51(61) 0.94
Past history of DF, n (%) 5(38) 7(8) 0.002
Type of dengue infection, 7 (%)
Classical DF 0 57 (68) <0.0001
Nonshock DHF (Grade I and II) 7 (54) 18 (21) 0.011
DSS (Grade III or IV) 6 (46) 9 (11) 0.001
Clinical profile
Fever, n (%) 13 (100) 84 (100)
Duration of fever, mean+SD 442 4+1 1.0
Myalgia/bone pain, n (%) 11 (85) 72 (86) 0.923
Headache, n (%) 13 (100) 76 (90) 0.235
Skin rash/purpura/ecchymosis/petechia, n (%) 13 (100) 67 (80) 0.077
Abdominal pain, 7 (%) 4 (31) 23 (27) 0.765
Gastrointestinal bleeding, 7 (%) 2 (15) 7(8) 0.412
Rhabdomyolysis, 7 (%) 2 (15) 9 (11) 0.676
Ascites/pleural effusion, n (%) 4 (31) 17 (20) 0.371
Seizure, n (%) 6 (46) 3(4) <0.0001
Hematological parameters
Hematocrit, mean+SD 42.6+14.3 40.4+11.5 0.563
Peripheral white cell count, mean+SD (x10%/uL) 5.243.1 4.9+2.5 0.697
Peripheral platelet count, mean+SD (x10%/uL) 24+15 29+17 0.319
Prolongation of APTT, n (%) 11 (85) 62 (74) 0.393
Prolongation of PT, n (%) 8(62) 24 (29) 0.01
Biochemical parameters
eGFR 23+18 95+34 <0.0001
Decreased serum albumin (<3 g/dl), n (%) 7 (54) 2(2) <0.0001
Raised serum AST (=40 IU/L), n (%) 13 (100) 65 (77) 0.05
Raised serum ALT (>40 IU/L), n (%) 13 (100) 43 (51) 0.0009
Proteinuria, n (%) 7 (54) 0 <0.0001
Hematuria, 1 (%) 12 (92) 8 (10) <0.0001
Hyponatremia, n (%) 8 (62) 4(5) <0.0001
Hypokalemia, 7 (%) 3(23) 2(2) 0.001
Fatality, n (%) 5(38) 3(3.5) <0.0001

DSS: Dengue shock syndrome; DF: Dengue fever; DHF: Dengue hemorrhagic fever; APTT: Activated partial thromboplastin time; PT: Prothrombin time;
ALT: Alanine transaminase; AST: Aspartate transaminase; SD: Standard deviation; eGFR: Estimated glomerular filtration rate

Discussion

AKI is a significant, albeit poorly studied, complication of
dengue. There are few studies in the literature demonstrating
impact of ARF in pediatric dengue infection. In this
retrospective cohort study, we investigated the potential
impact of ARF on patient survival and renal recovery in
the management of pediatric dengue infection. As a tertiary
referral center, the higher incidence (13%) of complicated
ARF with DHF/DSS in our study population might be
biased by patient selection and referral pattern. The reported
frequency of this association exhibits wide variation in
accordance to the particular population being assessed,
severity of dengue, criteria used for the diagnosis of RF,
and time of evaluation.*" Studies reported an incidence
of 0.9%—-4% AKI among children with dengue depending
on the diagnostic criterion.*" A study that used the AKI

Network (AKIN) criteria for diagnosis showed that the
incidence of AKI was 10.8% among dengue patients.l” In
another retrospective analysis, AKI was detected among
13.3% cases, using the same AKIN criteria.®!

In line with the previously published studies, all patients
with RF were presented with either DHF or DSS in our study
population. This study demonstrates that patients with DHF
and especially DSS have significantly higher risks of RF and
mortality. Hence, DHF/DSS and RF generate a vicious cycle in
these patients resulting in poor survival. Retrospective studies
of case series of dengue have shown that the development
of RF was associated with a longer hospital stay and higher
mortality.®]

Several mechanisms have been proposed to account for the
etiopathogenesis of RF in dengue, including direct action by the
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virus, hemodynamic instability, rhabdomyolysis, hemolysis,
and acute glomerular injury.!'"

Notably, most deaths in both cohorts occurred within
3 days of hospital admission, pointing to disease severity
at presentation rather than the disease progression during
hospital stay as the leading cause of mortality. In spite of
adequate RRT, increased mortality in RF group pointed toward
predominant hazard in the successful management of more
severe disease (DHF/DSS) when complicated with RF linked
to the intermittent dialysis procedure. This is also suggested
by the higher need for vasopressor support observed during
treatment with RF cohort as compared to non-RF cohort. On
the contrary, two fatalities in the non-RF group occurred due
to overwhelming sepsis whereas only one expired because
of refractory shock.

Vigilant assessment of the warning signs of dengue and the
patient’s blood volume are crucial for the prevention of AKI.
Fluid replacement should be performed carefully to avoid
hypovolemia or fluid overload, which detrimentally affects
mortality. RRT is currently indicated as conventionally
used to treat RF patients because there are no specific
recommendations for the proper time to begin treatment,
dosing, or modality in dengue patients. Dialytic management
in our children was individualized by a pediatric intensivist
and nephrologist team based on the patient’s specific clinical
and hemodynamic status. In general, we preferred peritoneal
dialysis in children <5 years of age and hemodialysis for
older children.

We recognize several limitations of our study. These included
its retrospective character and the relatively small group sizes
which precluded a powerful statistical analysis.

CoNCLUSION

In conclusion, our data showed that DHF/DSS is an
independent risk factor for the development of ARF in patients
with dengue infection. Mortality rate is high once RF develops
in these children.
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