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Abstract

Introduction: Acute kidney injury is an important cause of morbidity and mortality in newborns with sepsis.
Material Methods: This is a case control study conducted for 7 months in the neonatal intensive care unit of
Department of Pediatrics and Neonatology in Rajindra hospital and Government Medical College Patiala. In this
study neonates were evaluated for the presence of sepsis diagnosed by clinical methods and/or positive blood
culture and the presence of acute kidney injury by serial measurements of blood urea nitrogen, serum creatinine
and regular monitoring of urine output. The collected data was analyzed with ibm spss statistics for windows,
version 23.0. (armonk, ny: ibm corp).

Results: Incidence of AKI in newborns with sepsis was found to be 33 %. The most important risk factors for
development of AKI in newborns with sepsis were :- preterm neonates(p value — 0.004), low birth weight (p
value — 0.010), perinatal asphyxia (p value — 0.031) , shock ( p value-0.046 ), nec ( p value- 0.011 ) positive
neonatal cultures ((p value -0.012 for blood culture, 0.018 for urine culture) , preeclampsia (p-value- 0.005) and
positive maternal culture (p value — 0.036).The outcome of cases was found to be poor as compared to outcome
of controls with a p value of 0.028. There was a significant difference in outcome of prerenal and renal AKI
with a p value of 0. 008.

Conclusion: AKI is an important determinant of outcome in babies with neonatal sepsis. Early recognition can
be done by prompt use of feNa and RFI to differentiate between renal and prerenal AKI.
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Introduction

Neonatal sepsis remains one of the leading causes
of morbidity and mortality both among term and
preterm infants.[1] Although advances in neonatal
care have improved survival and reduced
complications, sepsis still contributes significantly
to mortality and morbidity among infants in
neonatal intensive care units (NICU’s). [2,3] The
signs and symptoms of neonatal sepsis are
nonspecific.[3]

Based on the timing of the infection neonatal sepsis
has been classified into early-onset sepsis (EOS)
and late-onset sepsis (LOS). [4] This classification
helps to guide antibiotic therapy as it implies
differences in the presumed mode of transmission
and predominant organisms. Eos is defined as onset
of sepsis in the first 3 days and is mostly the result
of vertical transmission of bacteria from mothers to
infants during the intrapartum period.[5] Los is
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defined as infection occurring after 72 hours of life
is attributed to the horizontal transmission of
pathogens acquired postnatally and is often more
insidious in onset.[4]

CDC (center of disease control) definition for
neonatal sepsis.

Culture positive sepsis (blood culture positive):
This must meet any one of the following criteria
true pathogens detected - baby has a recognized
pathogen cultured from 1 or more blood cultures
and organism cultured from blood is not related to
an infection at another site and clinician institute’s
appropriate treatment for septicemia. Common skin
contaminant detected - common skin contaminant
is cultured from 2 (or more) blood samples drawn
on separate occasions and organism cultured from
blood is not related to an infection at another site.
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Baby has at least one of the signs or symptoms of
clinical sepsis.

Clinical sepsis (blood culture negative): Baby has
all of the following:

1. Existence of predisposing risk factors - maternal
fever within 7 days before delivery or foul-smelling
liquor or prolonged rupture of membranes (>18
hours.) Or radiological evidence of pneumonia or
culture for peritoneal/ pericardial/ pleural fluid
comes positive or positive septic screen (as per
existing protocols at individual sites).

2. Any one of the clinical sign/ symptoms
(presenting symptoms of clinical sepsis: feeding
difficulty, convulsions ,movements only when
stimulated, fever, cold to touch, apnea, breathing
difficulty, diarrhea, umbilical discharge, vomiting,
ear discharge and presenting signs: temperature
>38 c, heart rate>180/min, capillary refill time >3
sec, grunting, resp rate >60/min, heart rate
<100/min, temperature <37, severe chest
indrawing, drowsiness/lethargy, cyanosis, bulging
fontanelle, abdominal distension, umbilical sepsis,
multiple skin pustules).

3. Blood culture not done or no organism has been
detected in blood

4. Physician institutes appropriate treatment for
sepsis

If septic screen has been done twice in the last 24
hours of point of clinical suspicion, the result of
second one should be taken in account. (Positive
septic screen consists of two of the four parameters:
Total leucocyte count <5000/mm3, absolute
neutrophil count <1800/mm3, band to total
polymorph ratio of > 0.2, C-reactive protein
>1mg/dl.)

Acute renal failure (ARF) is characterized by
sudden (within 48 hours) impairment in kidney
function that results in the retention of nitrogenous
waste products, e.g. Urea and alters the regulation
of ECF volume, electrolytes and acid base
homeostasis. It affects 8-24% of critically ill
neonates and mortality rate ranges between 10 to
61%.

The common conditions contributing to kidney
injury in neonates according to various studies are
perinatal asphyxia, neonatal sepsis, respiratory
distress syndrome, dehydration, heart failure,
nephrotoxic drug medication and urological
anomalies with asphyxia and sepsis being the most
common. [6] AKI was diagnosed based on the
KDIGO definition of AKI.

The greatest clinical challenge to making a
diagnosis of intrinsic renal dysfunction is
separating this clinical entity from prerenal failure
because of hypovolemia.
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A fluid challenge has been useful in distinguishing
these entities. Pre-renal mechanisms account for
the majority of AKI in infants and renal injury is
reversible with restoration of the underlying
hemodynamic abnormality.[7]

Role of indices- differentiation of prerenal and
intrinsic renal failure can be done basing on urinary
indices. The important prerequisite is that the urine
sample for measuring indices must be obtained
prior to fluid and diuretic challenge. Among the
indices available, fractional excretion of sodium
(feNa) is the most preferred. FeNa more than 2.5%
to 3.0% is associated with intrinsic ARF.

Preterm babies lose more sodium in the urine due
to the tubular immaturity, hence a feNa of more
than 6% can be used to define intrinsic ARF in
babies born between 29-32 weeks of gestation.
Likewise renal failure index (RFI) more than 4 in
term and more than 8 in preterm babies <32 weeks
is suggestive of intrinsic ARF.

urinary sodiumxplasma creatinine

Renal failure index:
100

urinary creatine

Fractional excretion of sodium

. urinary Na xplasma creatinine X 100
‘plasma sodium Xurine creatinine

Material and Methods

Study design: - This is a case control study
conducted for 7 months (May 2021 - November
2021) in the neonatal intensive care unit of
Department of Pediatrics in Rajindra hospital and
Government Medical College Patiala.

In this study neonates will be evaluated for: -

1. The presence of sepsis diagnosed by clinical
methods and/or positive blood culture.

2. The presence of acute kidney injury by serial
measurements of blood urea nitrogen, serum
creatinine and regular monitoring of urine
output.

Cases — neonates with clinical sepsis as per CDC
definition and/or positive blood culture showing
evidence of acute kidney injury.

Controls - neonates with clinical sepsis as per
CDC definition and/or positive blood culture and
not showing evidence of acute kidney injury.

200 neonates admitted to NICU of Department of
Pediatrics born in Obstetrics and Gynecology
department of our hospital with gestational age >28
weeks showing symptoms/signs of sepsis as per
CDC definition and/or positive blood culture.

Inclusion criteria

All neonates admitted to NICU of Rajindra
Hospital Patiala with signs and symptoms of sepsis
and/or positive blood culture.
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Exclusion criteria

1. Neonates with single kidney, dysplastic
kidney, hydro-nephrosis or cystic kidneys.

2. All neonates initially suspected to have sepsis
but later found have negative blood culture
and/or not having signs and symptoms of
clinical sepsis as per CDC definition.

3. Neonates less than 48 hours of life having
elevated levels of BU and SC were not
considered in AKI, hence were not a part of the
study.

Study procedure: - All neonates who were born in
this hospital and presented with symptoms and
signs of sepsis or neonates born to mothers with
potential risk factors for sepsis were enrolled in the
study.

However, those with antenatal diagnosis of renal
malformation/ anomalies were excluded from the
study. Blood culture, sepsis screen (crp, tlc, anc and
it ratio), and serum creatinine (first three
consecutive days of illness) were sent for all the
neonates who were included in our study. Csf
examination was done for all neonates with
symptomatic sepsis. Sepsis screen was considered
positive if 2 or more of the following parameters
were positive.

On the basis of serum creatinine values of three
consecutive days (post 48 hours of birth), all the
neonates with suspected sepsis were evaluated for
acute kidney injury. The presence of acute kidney
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injury is classified based on the definition given by
the acute kidney injury network. The two groups
were treated as per nursery protocols and were
followed till discharge or death. The collected data
was analyzed with ibm spss statistics for windows,
version 23.0. (armonk, ny: ibm corp).

Clearance from ethical committee was taken
and the study was performed after informed
patient consent. (Letter no. BFUHS/2K21-
TH/14827)

Observation and Result

Out of total of 2100 neonates delivered during 7
months span, 357 neonates out 2100 landed into
sepsis as per CDC definition of sepsis (culture
proven or clinical). Out of total 357 neonates who
fulfilled the CDC definition of sepsis 117 neonates
fulfilled the KDIGO definition of neonatal AKI.
Out of total 117 neonates, feNa and RFI was
calculated to differentiate renal from prerenal AKI.
There were 32 neonates who were found to be in
renal AKI and 85 neonates were in prerenal
AKI.Out of maternal risk factors the most
significant risk factors found were preeclampsia
and positive maternal cultures with p values of
0.005 and 0.036 respectively. Out of neonatal risk
factors prematurity, low birth weight, birth
asphyxia, nec, culture proven sepsis, and shock
were the significant risk factors for development if
AKI in newborns with sepsis and gender and
meningitis were the non-significant risk factors
(table 1).

Table 1: Risk factors associated with development of AKI in newborns with sepsis

Risk factor Number of cases | Number of controls | P value
(AKI) with risk | (non- AKI) with
factor present risk factor present
Maternal risk | Pre-eclampsia 22 % 7% 0.005 (s)
factors Maternal cultures 18% 7% 0.036 (s)
Gestation Pre term <37 weeks | 73 53 0.004 (s)
Term 37-42 weeks 26 47
Post term >42 weeks | 1 0
Gender Male 56 59 0.200 (ns)
Female 44 41
Birth weight >2500 24 40 0.010(s)
1500-2500 60 51
1000-1500 16 9
<1000 0 0
Birth asphyxia Mild 13 9 0.031(s)
Moderate 22 7
Severe 11 3
Meningitis Yes 46 53 0.579(ns)
No 54 47
Nec Stage la 6 4 0.011(s)
Stage 1b 6 3
Stage 2a 13 4
Stage 2b 5 1
Culture positive | Blood culture 19 7 0.018(s)
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sepsis Urine culture 15 5
Shock Present 72 63 0.007(s)
Absent 28 37

Furthermore, comparison of risk factors was done
between renal and prerenal group to evaluate the
important risk factors for the development of type
of AKI (table 2), it was found the babies with birth

asphyxia and SGA babies were more prone to
develop renal AKI and the babies with shock and
prematurity and low birth weight were more prone
to develop prerenal AKI.

Table 2: Risk factors associated with development of renal vs prerenal AKI

Risk factor Pre-renal AKI Renal AKI P value

Gestation Preterm 65 8 0.027 (s)
Term 22 4
Post term 0 1

Birth weight >2500 23 1 0.159 (ns)
1500-2500 51 9
<1500 13 3
<1000 0 0

Weight for age AGA 60 5 0.032 (s)
LGA 5 0
SGA 22 8

Birth asphyxia Mild 14 0 0.001 (hs)
Moderate 18 4
Severe 5 3

Shock Present 65 7 0.046 (s)
Absent 4 1

As one of the main objectives of this study was to
closely observe the outcome of AKI in newborns
with sepsis, the outcome was studied in form of
duration of hospital stay (fig 1) and number of
neonates who died or were discharge from the
cases and control group (fig 2).

It was found that the mean duration of hospital stay
was higher in cases than in controls i.e. 21.21 days
as compared to 19.15 days in controls. P value of

0.013 states that there is significant increase in
hospital stay due to AKI in neonates with sepsis.
However, no major difference in duration of
hospital stay was found in patients with renal and
prerenal AKI.

A p value 0.487 states that renal AKI doesn’t lead
to any increase in hospital stay than in prerenal
AKI, which may be due to high mortality in
patients with renal AKI.
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Figure 1: Graph depicting duration of hospital stay in various study groups
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Figure 2: Graph depicting outcome in various study groups

Talking about the number of patients discharged or
declared dead in both groups, it was found that
there was a significant difference in outcome of
controls and cases. A higher number of patients
were declared dead in cases i.e. 7% as compared to
3 % in controls.

A higher number of patients were discharged in
controls i.e. 90 % than in cases. A p value of 0.028
signifies that AKI contributes significantly in the
outcome results of patients with sepsis.

We found that percentage of patients with renal
AKI who were declared dead was more than
percentage of patients of prerenal AKI i.e. 46.15 %
in renal and 1.15 % n prerenal in comparison to the
percentage of patients discharged which were more
in prerenal group, i.e. 93.10 % and 38.46 in renal
group. Renal AKI leads to more mortality in
comparison to prerenal AKI.

Discussion

Sepsis is the most important risk factor for
development of acute kidney injury in neonates.
Various direct and indirect mechanisms play a role
in the pathophysiology of the same. Maternal
factors contributing to increased incidence are pre-
eclampsia and positive maternal cultures.

The most significant risk factors predisposing
neonates to sepsis and therefore acute kidney injury
are prematurity, low birth weight, perinatal
asphyxia and shock. Due to an increased survival
of preterm neonates, there is an increase in the
incidence of AKI in neonates over the last few
years.

AKI leads to an increase in overall morbidity and
mortality in septic neonates by increasing the
duration of hospital stay and case fatality rate.
Timely identification of at-risk neonates and
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prompt intervention by fluid management can
decrease the morbidity and mortality due to AKI.
In our study we identified AKI by close monitoring
of urine output and creatinine values and rapid
measures were taken for treating the same leading
to lesser mortality.

Calculation of feNa and RFI is an effective tool to
differentiate the cases further into prerenal and
renal AKI.

Prerenal AKI the mean of feNa was 0.47 and in
renal AKI it was 4.25. The mean of renal failure
index was 0.67 in prerenal AKI and 5.19 in renal
AKI.

Prompt use of urinary indices for early detection of
renal failure and its types can be done followed by
an early invention done and decrease in mortality
due to renal failure.

Conclusion

Sepsis is the most important risk factor for
development of acute kidney injury in neonates.
Various direct and indirect mechanisms play a role
in the pathophysiology of the same.

AKI leads to an increase in overall morbidity and
mortality in septic neonates by increasing the
duration of hospital stay and case fatality rate.
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