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Abstract

Background: Renal involvement is a common occurrence in perinatal
asphyxia. Till date, only a handful of studies from across the globe have
evaluated the use of renal Doppler as a predictive modality for acute kidney
injury (AKI) in birth asphyxia.
Aims: To evaluate the role of Doppler study of renal blood flow in
predicting acute renal failure in perinatal asphyxia.
Settings and design: This was a prospective cohort study.
Materials and methods: 30 preterm and term neonates with perinatal
asphyxia defined as an Apgar score of 0-3 at 1 minute and cord pH of ≤
7.00 or base deficit of > 16 mmol/L and 30 healthy neonates matched for
gestational and postnatal age were enrolled. Renal blood flow parameters
were studied on the 1st day and the 3rd day. Serum creatinine was taken as the
gold standard for defining AKI.
Statistical analysis used: Receiver operating characteristics (ROC) was
used to evaluate the diagnostic performance of renal Doppler. SPSS® version
17.0 was used.
Results: The ROC curves obtained for all the renal blood flow parameters
on day 1 and day 3 to see the utility of the renal Doppler ultrasonography in
predicting acute renal failure in severe birth asphyxia revealed that the area
under the curve (AUC) was not significant for any of the parameters.
Conclusions: Contrary to the results seen in the previous studies, this
study indicates that renal blood flow parameters may not be a useful modality
to predict the occurrence of AKI in perinatal asphyxia.
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Introduction

Birth asphyxia is a leading cause of neonatal
mortality [1]. Child Health Epidemiology
Reference Group (CHERG), now known as
Maternal and Child Epidemiology Estimation
group (MCEE) estimates that, in 2013, intrapartumrelated neonatal deaths were the third leading
cause of death in children younger than 5 years,
accounting for approximately 662,000 deaths, or
10.5% of deaths in children younger than 5 years
and 24% of neonatal deaths [2].
Birth asphyxia leads to hypoxic injury to the
major organs including the brain, heart, kidneys,
liver, lungs and the gastrointestinal system.
Kidneys are frequently involved in birth asphyxia
with a prevalence of 56% [3]. Acute kidney injury
(AKI) in birth asphyxia can further complicate
the management of an asphyxiated newborn
and can result in severe morbidity as well as
mortality. Renal artery Doppler measurements
have been studied as a non-invasive diagnostic
tool to predict renal involvement in neonates with
birth asphyxia [4, 5]. Till date, only a handful
of studies from across the globe and none from
India have evaluated the use of renal Doppler as
a predictive modality for AKI in birth asphyxia
neonates. Hence, this study was planned to assess
if a non-invasive modality such as renal Doppler
helps predict the occurrence of renal failure in
asphyxiated neonates.
Materials and methods

This was a prospective cohort study conducted
in a tertiary care hospital from January 2015 to May
2016.
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Exclusion criteria

1. Neonates with major congenital malformations
and chromosomal anomalies;
2. neonates with renal malformations detected
antenatally or postnatally;
3. neonates with suspected sepsis.
Methodology

The participation was voluntary and written
informed consent was taken from the parent or
guardian of the baby. The Institutional Ethical
Committee approved the study protocol.
The Doppler studies of renal blood flow
velocities were conducted on day 1 and day 3. The
first renal Doppler was conducted after the first
2 hours of life. The blood flow velocities were
studied in 2 windows: 2-24 hours and 48-72 hours.
Toshiba model UICW – 580A was used for doing
the renal Doppler ultrasonography. The artery was
sampled at 5-10 mm from the abdominal aorta at an
insonation angle as low as possible. After a stable
velocity recording of more than 10 consecutive
beats, 3 consecutive waveforms with the highest
possible velocities were taken for peak systolic
velocity (PSV) and end diastolic velocity (EDV).
The resistive index (RI) [6] was then calculated:
RI = PSV - EDV / PSV
The neonate was monitored clinically for acute
renal failure by monitoring urine output 8-hourly,
weight daily and serum creatinine and blood urea
after day 2. Oliguria was defined as a urine output
of < 1 mL/kg/h. Urine output was quantified by
estimating the diaper weight. Blood urea was
measured by the enzymatic method. Serum
creatinine was measured by Jaffe’s method.
Acute renal failure was defined as [7-9]:
1. serum creatinine > 1.5 mg/dL for at least 24-48
hours if the mothers renal function is normal;
2. serum creatinine more than 0.3 mg/dL over
baseline;
3. serum creatinine fails to fall below the maternal
plasma creatinine within 5-7 days.
For this study, a convenient sample size of 30
neonates with severe birth asphyxia and 30 healthy
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neonates matched for gestational and postnatal
age were studied (Fig. 1). The data collected was
entered in statistical software (SPSS® version
17.0), and standard statistical tests were applied.
The continuous data were analyzed by analysis
of variance in the normal distribution. Chi-square
test or Fisher’s exact test was used for categorical
variables. The results will be considered significant
at 5% level of significance (p < 0.05). Receiver
operating characteristics (ROC) [10] was used
to evaluate the diagnostic performance of renal
Doppler.
Results

The study flow is depicted in Fig. 1. The
demographic details of both groups are depicted
in Tab. 1. There were no baseline differences
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between the two groups, except for mode of
delivery. Thirteen out of 30 (43%) babies with
severe birth asphyxia developed AKI. 31% had
oliguric, and 69% had non-oliguric renal failure.
Twelve out of the total 30 cases had hypoxic
ischemic encephalopathy stage II or more as
defined by Sarnat and Sarnat. This is 40% of the
total severe birth asphyxia cases.
The comparison of the renal blood flow
parameters between asphyxiated infants with AKI
and asphyxiated infants without AKI revealed
that on day 1 the PSV was significantly lower in
those with AKI. However, this significance did not
persist on day 3. Also, neither EDV nor RI was
different between either of these groups (Tab. 2).
When a comparison was made between
asphyxiated babies who developed AKI with
healthy controls it was found that the EDV was

Figure 1. Study flow.
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Table 1. Demographic details of cases and controls.
Demographic detail
Gestational age (weeks)
Birth weight (grams)

Cases (n = 30)

Control (n = 30)

p-value

36 ± 4

36 ± 4

0.50
0.31

2,300 ± 760

2,200 ± 686

SGA

8

7

AGA

22

23

Male

17

16

Female

13

14

Vaginal

16

22

LSCS

14

8

Sex
Mode of
delivery

0.40
0.40
0.04

SGA: small for gestational age; AGA: appropriate for gestational age; LSCS: lower segment Cesarean section.

Table 2. Renal blood flow parameters in asphyxiated babies with acute kidney injury (AKI) compared with that of asphyxiated
infants without AKI.
Renal blood flow
parameter
PSV, cm/second
EDV, cm/second
RI, cm/second

Day of life

Asphyxiated infants
with AKI (n = 13)

Asphyxiated infants
without AKI (n = 17)

p-value

1

21.3 ± 7.2

25.7 ± 6.0

0.039

3

24.3 ± 8.4

27.4 ± 5.22

0.124

1

4.6 ± 0.9

5.4 ± 2.1

0.095

3

4.7 ± 2.3

6.2 ± 2.2

0.059

1

0.76 ± 0.10

0.76 ± 0.09

0.429

3

0.80 ± 0.11

0.77 ± 0.08

0.210

AKI: acute kidney injury; PSV: peak systolic velocity; EDV: end diastolic velocity; RI: resistive index.

significantly low in the asphyxiated babies with
AKI compared with that of healthy controls both
on day 1 and day 3 (Fig. 2).
The ROC curves were obtained for all the
renal blood flow parameters on day 1 and day 3
to evaluate the diagnostic utility of renal Doppler
ultrasonography in predicting acute renal failure
in severe birth asphyxia. The area under the curve
(AUC) was not significant for any of the parameters
either on day 1 or day 3. The ROC curve and the
AUC for day 1 renal blood flow parameters are
shown in Fig. 3.
Discussion

The incidence of AKI was 43% in our study.
AKI incidence in birth asphyxia in other studies
was anywhere between 11-61% [11-16]. Two
studies from the other parts of the world had
quoted the incidence of AKI in babies with
asphyxia to be 11.7% and 17.2%, respectively [13,
15]. This is much lower than the incidence in our
study. The possible reasons could be the fact that
these two studies had used a different definition
for birth asphyxia and also that they had enrolled
only neonates of term gestation. Also, the criteria
to define AKI were different in these two studies
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from the criteria used in our study. The most recent
multicentric AWAKEN study has reported an AKI
incidence of 30% [17]. However, it is to be noted
that the neonates with different disease conditions
were enrolled in this study and the incidence of
AKI in asphyxiated neonates was not specified.
The comparison of the renal blood flow
parameters between asphyxiated infants with AKI
and asphyxiated infants without AKI revealed that
on day 1 the PSV was significantly lower in those
with AKI. The possible explanation might be that,
in those babies with asphyxia who end up with AKI,
the renal blood flow might be decreased because
of the diving reflex. However, why PSV alone is
affected and not EDV and RI has to be studied
further. Also, these significant changes did not
remain on day 3, when the PSV was similar in both
the groups. The presence of decreased renal blood
flow on day 1 would have already resulted in renal
insult with the baby developing AKI in the coming
days. Similar findings were reported by Luciano
et al. [18]. However, in their study, a significant
difference was found not only in PSV, but also in
EDV and RI, between asphyxiated babies with no
AKI and asphyxiated babies who developed AKI.
Comparing asphyxiated babies who developed
AKI with healthy controls it was found that the
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Figure 2. Renal blood flow parameters in asphyxiated babies with acute kidney injury (AKI) compared with that of healthy
controls.
AKI: acute kidney injury; PSV: peak systolic velocity; EDV: end diastolic velocity.

EDV was significantly low in the asphyxiated
babies with AKI both on day 1 and day 3. There
was a trend towards a decreased PSV in the
asphyxiated babies with AKI compared with
healthy controls. However, the study by Luciano
et al. had shown a different result: they had found
a significant difference in PSV, EDV, and RI
between the asphyxiated babies who developed
AKI and normal healthy controls. The findings of
their study and our study are compared in Tab. 3.
The ROC curves were obtained for all the
renal blood flow parameters on day 1 and day 3 to
calculate the sensitivity and specificity of the renal
Doppler ultrasonography in predicting acute renal

failure in severe birth asphyxia. The AUC was not
significant for any of the parameters either on day
1 or day 3. This is contrary to the study by Luciano
et al. were they had obtained sensitivity and
specificity of 100% and 63%, respectively, for renal
Doppler to predict AKI in birth asphyxia babies.
This study had significant differences with
our study. These differences are presented below.
1. Gestational age and birth weight – The mean
gestational age and birth weight in Luciano et
al. study [1] was higher compared with that of
our study. They had predominantly enrolled
term babies. Gestational age of < 33 weeks was
an exclusion criterion in their study. Whereas in
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Figure 3. ROC curve for day 1 renal blood flow parameters.

ROC: receiver operating characteristics; PSV: peak systolic velocity; EDV: end diastolic velocity; RI: resistive index.

Table 3. Renal blood flow parameter between asphyxiated babies who developed acute kidney injury (AKI) and healthy
controls.
Renal blood flow
parameter

Our study
Asphyxiated
infants with AKI
(n = 13)

Healthy controls
(n = 30)

PSV (± SD),
cm/second

21.3 ± 7.2

EDV (± SD),
cm/second
RI (± SD),
cm/second

Luciano et al. [18]
p-value

Asphyxiated
infants with AKI
(n = 7)

Healthy controls
(n = 25 )

p-value

24.7 ± 6.3

0.339

23 ± 2

48 ± 8

< 0.001

4.6 ± 0.9

5.8 ± 1.7

0.010

5±1

10 ± 3

< 0.001

0.76 ± 0.10

0.76 ± 0.06

0.134

0.79 ± 0.09

0.78 ± 0.04

< 0.01

AKI: acute kidney injury; PSV: peak systolic velocity; EDV: end diastolic velocity; RI: resistive index.

our study, 4 babies were extremely premature
(< 29 weeks gestational age) and 2 babies were
moderate preterms (29-33 weeks).
2. Small for gestational age (SGA) – Luciano et
al. study had excluded SGA babies from their
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study. In our study about 30% of the enrolled
subjects were SGA. SGA babies are known to
have decreased renal blood flow. Maybe this is
the reason why Luciano et al. had obtained a
higher blood flow velocities in healthy controls
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compared with the renal blood flow parameters
of healthy controls in our study.
3. Respiratory support requirement – The controls
in our study had required respiratory support,
whereas none of the controls in Luciano et al.
study had required respiratory support. This
might be another reason for decreased renal
blood flow parameters in the healthy controls
in our study compared to that in Luciano et al.
study.
4. Enrolment criteria – In our study, both cord pH
and Apgar were used to define birth asphyxia.
However, in Luciano et al. study cord pH
was not taken as a criterion. Thus there were
significant differences between the cases with
birth asphyxia enrolled in our study and those in
Luciano et al. study.
Even though there are some differences
between our study and Luciano et al. study, the
overall findings suggest that renal blood flow
parameters are decreased in babies with asphyxia
who later develop AKI. Since there is a paucity
of normative data for renal blood flow in normal
healthy neonates, it will be difficult to define what
is low.
There are some significant strengths for our
study. This is one of the few studies that have been
done to date on renal Doppler ultrasonography
in asphyxiated neonates from around the globe.
No study has been done to date from the Indian
subcontinent. To define severe birth asphyxia, both
the Apgar score and the cord blood gas parameters
were taken. Many of the studies have taken Apgar
alone as a parameter for diagnosing severe birth
asphyxia, and this would overestimate severe birth
asphyxia, especially in preterm neonates.
There are some limitations to our study. This
was only a prospective cohort study. The sample
size was small with 30 neonates with severe birth
asphyxia and 30 healthy neonates well matched
for gestational age. Certain babies in the control
group had received CPAP support for respiratory
distress, which could itself affect the renal blood
flow. The effect of other comorbidities such as
respiratory support requirement, anemia, shock
and polycythemia on the renal blood flow were
not separately analyzed in the neonates with
asphyxia. The gold standard used was serum
creatinine whereas newer markers such as Cystatin
C, Neutrophil-Gelatinase-Associated-Lipocalin
(NGAL) and osteopontin are increasingly used to
define AKI in perinatal asphyxia in recent times
[19, 20].
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Key messages

This study indicates that renal Doppler might
only have a doubtful role in predicting AKI in
perinatal asphyxia and further studies with large
sample sizes are indicated in this aspect.
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