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Abstract

Objectives To measure the Doppler velocimetry parameters in the anterior cerebral artery (ACA), superior mesenteric artery
(SMA), and main renal artery (RA) in neonates with late-onset sepsis and correlate it with associated clinical morbidities.
Methodology Prospective observational study carried out at a tertiary-level neonatal intensive care unit in India in 2022,
enrolling 20 neonates with late-onset neonatal sepsis (LONS). Baseline characteristics and sepsis parameters obtained.
Serial ultrasound performed on days 1, 3, and 7 from the day of clinical sepsis in the ACA, SMA, and RA and velocimetry
measurements obtained. The findings were compared with 20 gestational age (GA) matched neonates in the control arm.
Results The mean GA of neonates with LONS was 31.03 +2.79 weeks and their mean birthweight was 1474 +509.99 g. The
peak systolic velocity, resistive and pulsatility indices were significantly higher in ACA, SMA, and RA and the end-diastolic
velocity was significantly lower in ACA and RA (P <0.05) in LONS. The incidences of intraventricular hemorrhage (IVH),
necrotising enterocolitis (NEC), and acute kidney injury (AKI) in neonates with LONS were 45%, 50%, and 10% respectively.
A subgroup analysis of the Doppler velocimetry parameters in the neonates with LONS and for neonates with and without
clinical outcomes did not suggest a significant difference.

Conclusion LONS is associated with alterations in cerebral, splanchnic, and renal perfusion seen as abnormal blood flow
velocimetry and vascular resistance which may predispose to IVH, NEC, and AKI.

Keywords Late-onset sepsis - Ultrasound Doppler - Neonate - Systemic circulation

Introduction

Worldwide, sepsis is one of the commonest causes of neo-
natal morbidity and mortality [1, 2] and is characterised by
systemic signs of infection, accompanied with bacteremia
[3]. Owing to higher antenatal antibiotic exposure, diagnos-
tic and culture yield of early onset neonatal sepsis is low and
unreliable, specially in the setting of non-specific clinical
features in low-middle income setting [4]. Late-onset neo-

< Pradeep Suryawanshi
drpradeepsuryawanshi @ gmail.com

Department of Neonatology, Bharati Vidyapeeth Deemed

University Medical College, Pune, Maharashtra 411043,
India

Department of Neonatology, Mahatma Gandhi Medical
College, Jaipur, India

Department of Research, Bharati Vidyapeeth Deemed
University Medical College, Pune, India

Neonatology, Khoula Hospital, Ministry of Health, Muscat,
Oman

Children’s Hospital of Georgia, Augusta, USA

natal sepsis (LONS) is defined when clinical sepsis occurs in
a neonate beyond 72 h of life [5]. Hemodynamics in LONS
is multifactorial, complex in nature and incompletely under-
stood. LONS in our country is mainly caused by gram nega-
tive organisms with high mortality rate [1]. Understanding
the functional characteristics of neonatal hemodynamics
may prove to be significant in the development of thera-
peutic targets and interventions [6]. Circulating cytokines,
interleukins and endogenous catecholamines secreted in
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response to sepsis-related endotoxemia via various inflam-
matory pathways directly influence tissue perfusion and sys-
temic circulation [7]. The assessment of systemic circulation
is done indirectly by evaluating surrogate parameters such
as capillary refill time, central-peripheral temperature differ-
ence, heart rate, urine output and systemic blood pressure
[6]. The systemic inflammatory response leading to endotox-
emia and vasoreactivity directly influences the cerebral and
systemic vascular resistance [7-9], thus altering the blood
flow. Therefore, a direct assessment of arterial Doppler flow
velocities can prove to be helpful for monitoring organ per-
fusion, to guide treatment strategies as well as monitor for
associated co-morbidities such as intraventricular hemor-
rhage (IVH), necrotising enterocolitis (NEC) and acute kid-
ney injury (AKI).

The focus of the present study is to utilise bedside ultra-
sound to observe the systemic blood flow in LONS and to
know the hemodynamic changes in the vascular system due
to systemic inflammatory response. Color Doppler sonogra-
phy enables visualisation of blood flow, non-invasive evalua-
tion of vascular resistance (by measuring resistance indices)
and measurement of blood flow velocities [10].

There is limited data for changes in organ perfusion in
neonatal sepsis and detailed studies for evaluation of cer-
ebral and systemic blood flow parameters in LONS are lack-
ing in view of higher incidence of gram negative sepsis with
non-specific diagnosis of early onset sepsis. The primary
aim of this study was to document the pattern of systemic
(cerebral, splanchnic and renal) circulation in LONS by
Doppler ultrasonography and correlate it clinically with the
incidence of IVH, NEC, and AKI in the study population.

Methods

A single center prospective observational study was con-
ducted at a tertiary-level neonatal intensive care unit (NICU)
in Western India. The recruitment began in January 2022
until June 2022 after obtaining approval from the institu-
tional ethics committee. All neonates (> 26 weeks of gesta-
tion) admitted during the study period and diagnosed with
LONS (> 72 h of life) were included and further sub-clas-
sified into:

1. Clinical sepsis is defined as the presence of two or more
of the following categories of clinical signs: tempera-
ture instability, haemodynamic instability, metabolic
derangement, respiratory distress, feed intolerance or
neurological symptoms.

2. Laboratory proven sepsis is defined as two or more of
the following hematological parameters:

e Creactive protein (CRP) more than equal to 6 mg/L
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e Thrombocytopenia (platelet count < 100,000/mm?>)

e Neutropenia with absolute neutrophil count (ANC)
cut offs as per Manroe chart [11] (term babies),
Mouzinho chart [12] (preterm babies)

3. Culture positive sepsis

Neonates with early onset neonatal sepsis (<72 h of
life), perinatal asphyxia, congenital heart disease, congeni-
tal malformations and genetic syndromes were excluded.
Informed written consent was obtained from the relatives
prior to enrolment in the study. Gestational age matched
neonates, > 72 h old, born during the study period with no
evidence of sepsis were taken as the control group.

Baseline maternal characteristics (parity, antenatal steroid
cover, mode of delivery) and baseline neonatal characteris-
tics (gestational age, birthweight, sex, 5 min APGAR score,
cord clamping detail) were noted. Sepsis parameters such as
c-reactive protein, total leukocyte count, absolute neutrophil
count and platelet count were recorded and clinical details
noted.

The enrolled neonates were evaluated using bedside ultra-
sound Doppler on day 1, day 3 and day 7 from the day of
clinical sepsis. The assessment was performed by a senior
neonatal fellow with at least 6 months of experience in the
NICU and trained in neonatal ultrasonography and echo-
cardiography under the supervision of a senior clinician.
The procedure was performed in a quiet setting with neo-
nates in supine and lateral decubitus position. No sedation
was used for the procedure and feeding was ongoing as
per the neonate’s clinical status, regardless of the time of
ultrasound scan. Ultrasound was performed using Philips
Affinity 50G (Koninklijke Philips, Nevada, USA) machine
using a 8—12 MHz linear transducer. The brain, abdomen,
and kidneys were scanned and color flow mapping was per-
formed to image blood flow in the anterior cerebral artery
(ACA), superior mesenteric artery (SMA), and main renal
artery (RA). The flow velocity waveforms were obtained at
an optimal insonating angle (< 50°). Values of peak systolic
velocity (PSV), end-diastolic velocity (EDV), resistive index
(RI) and pulsatility index (PI) were recorded (Fig. 1). Three
measurements of the arteries were obtained each time and a
calculated mean of three values was used.

Statistical analysis

Qualitative data was interpreted as frequencies and percent-
ages, whereas quantitative data was interpreted as mean,
standard deviation, or median and range. For the compari-
son of the means of 2 independent groups, an unpaired t-test
was used. For the comparison of the means of 3 independent
groups, the ANOVA (analysis of variance) test was applied.
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Table 1 Baseline characteristics of the study cohort

Cases N (%)  Controls N (%) P-value

Maternal characteristics

(n=20)
Parity

Primigravida 13 (65%) 12 (60%) 0.75

Multigravida 7 (35%) 8 (40%) 0.75
Complete Steroid cover 12 (60%) 10 (50%) 0.53
Mode of delivery

Vaginal delivery 5(25%) 4 (20%) 0.71

Caesarean section 15 (75%) 16 (80%) 0.71
Neonatal characteristics

(n=20)
Males 9 (45%) 10 (50%) 0.75
Mean gestational age 31.03+2.79  32.8+3.05 0.063
Mean birth weight 1474+509.99 1628+603.41 0.388
Mean 5 min APGAR 7.6+0.6 7.95+0.89 0.153
Delayed cord clamping 12 (60%) 11 (55%) 0.75

The data was analysed using SPSS version 25.0. P value
of <0.05 was considered statistically significant.

Results

Over a period of six months, a total of 682 patients were
admitted to NICU and 27 were diagnosed with late-onset
neonatal sepsis. Twenty babies matching the inclusion cri-
teria were enrolled and compared with 20 gestational age-
matched neonates without sepsis and not requiring inotrope.

The baseline characteristics of the study population
were comparable (Table 1). The mean gestational age
of the LONS group was 31.03 +2.79 weeks and of con-
trols was 32.8 +3.05 weeks. The mean birthweight was
1474 +509.99 and 1628 +603.41, respectively, for the
case and control groups. Most of the neonates in both
groups were delivered to multigravida mothers and the

mode of delivery was lower segment caesarean section.
It was observed that 40% of mothers in the case cohort
and 50% in the control group did not receive a complete
course of steroids. Majority of neonates in both the groups
underwent delayed cord clamping and this proportion was
60% and 55% for cases and controls. Mean 5-min APGAR
scores were 7.6+ 0.6 and 7.95 +0.89 for both groups.

Out of 20 cases, 3 were diagnosed with clinical sepsis,
7 with laboratory proven sepsis and 10 had culture-posi-
tive sepsis. Mean gestational age across the three groups
was 32.4+2.42, 31.86+ 1.86, and 30.04 + 3.24 weeks,
respectively, and mean birthweight was 1670 +487.54,
1637 +467.11, and 1301 +432.95 g, respectively. The
mean value of c-reactive protein was 1.00 mg/L in clini-
cal sepsis, 45.57 +17.38 mg/L in lab proven sepsis and
61.6 +30.39 mg/L in culture-positive sepsis. Mean abso-
lute neutrophil counts observed for these three sub-catego-
ries were 4666 + 882, 3185+ 896, and 1625+ 592 /mm3,
r’spectively. The median [IQR] value of platelet count for
clinical sepsis was 2,14,000 /mm?> and for lab and cul-
ture positive sepsis, were 98,000 [1, 13] and 14,500 [1-9,
9-17] /mm?, respectively. Only one of the neonates in the
case cohort required inotrope (milrinone) for biventricular
dysfunction and high pulmonary pressures.

Upon comparison, it was observed that the values of
ACA-PSV measured on days 1, 3, and 7 of diagnosis
in the case-cohort were higher as compared to controls
(P <0.05). Similarly, SMA-PSV (P> 0.05) and RA-PSV
(P <0.05) values were also found to be higher in LONS.
EDV was measured to be lower in sepsis with statistical
significance in ACA and RA. RI, which is a marker of arte-
rial impedance, was found to be higher in ACA and RA in
sepsis (P <0.05). Similarly, PI values were also elevated
for the case-cohort in all three arteries and were statisti-
cally significant in ACA and RA (Table 2). In the LONS
group, 45% of neonates in the case-cohort were diagnosed
with IVH, 50% had NEC, and 10% had AKI. Compared to
this, 10% of the neonates in the control group developed
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Table 2 Doppler ultrasonography blood flow parameters in the study
population

Cases (n=20) Controls (n=20) P-value

ACA PSV

Day 1 of diagnosis 46.88+17.69 31.92+9.59 0.002

Day 3 of diagnosis 50.61£17.07 33.14+10.31 0.0004

Day 7 of diagnosis 51.71£12.55 34.94+12.23 0.0001
ACA EDV

Day 1 of diagnosis 6.21+2.23 8.16+2.6 0.0151

Day 3 of diagnosis 6.25+2.32 8.34+2.28 0.0066

Day 7 of diagnosis 6.58+1.91 9.27+3.46 0.0042
ACARI

Day 1 of diagnosis 0.82+0.08 0.73+0.06 0.0003

Day 3 of diagnosis 0.83+0.07 0.73+0.08 0.0002

Day 7 of diagnosis 0.84+0.06 0.73+£0.06 <0.0001
ACA PI

Day 1 of diagnosis 1.74+0.35 1.41+0.25 0.0015

Day 3 of diagnosis 1.8+0.39 1.37+£0.27 0.0002

Day 7 of diagnosis 1.95+0.42 1.35+0.24 <0.0001
SMA PSV

Day 1 of diagnosis 75.96+32.03 69.53+16.57 0.4302

Day 3 of diagnosis 74.56 +27.47 70.09 +16.64 0.5374

Day 7 of diagnosis 81.79+29.04 69.74+18.36 0.1251
SMA EDV

Day 1 of diagnosis 18.78 +6.83 17.08 +3.08 0.3167

Day 3 of diagnosis 17.29+5.53 16.69+3.67 0.6883

Day 7 of diagnosis 16.84+5.95 17.33+£3.5 0.7526
SMA RI

Day 1 of diagnosis 0.71+0.15 0.73+0.07 0.5921

Day 3 of diagnosis 0.76+0.1 0.74+0.08 0.4892

Day 7 of diagnosis 0.76+0.1 0.74+0.07 0.4682
SMA PI

Day 1 of diagnosis 1.91+£0.72 1.78+0.53 0.5194

Day 3 of diagnosis 2.11+0.64 1.77+0.5 0.0689

Day 7 of diagnosis 2.16+0.59 1.76 +0.42 0.0181
RA PSV

Day 1 of diagnosis 65.9+24.96 40.83+19.29 0.001

Day 3 of diagnosis 66.34+27.25 42.8+19.22 0.0031

Day 7 of diagnosis 70.17 +£25.68 41.83+17.07 0.0002
RA EDV

Day 1 of diagnosis 3.71+£2.42 6.36+1.19 0.0001

Day 3 of diagnosis 3.67+2.46 7.1+122 <0.0001

Day 7 of diagnosis 3.38+2.07 6.41+1.12 <0.0001
RARI

Day 1 of diagnosis 0.92+0.12 0.82+0.09 0.005

Day 3 of diagnosis 0.94+0.12 0.81+0.09 0.0004

Day 7 of diagnosis 0.93+0.11 0.82+0.08 0.0009
RA PI

Day 1 of diagnosis 2.27+0.62 1.91+0.53 0.0557

Day 3 of diagnosis 2.42+0.78 1.96£0.54 0.0365

Day 7 of diagnosis 2.45+0.8 1.87+0.5 0.0091

The statistically significant outcomes with P values <0.05 have been
highlighted in bold

ACA anterior cerebral artery, PSV peak systolic velocity, EDV end
diastolic velocity, RI resistive index, PI pulsatility index, SMA supe-
rior mesenteric artery, RA renal artery
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Fig.2 Number of neonates with associated intraventricular hemor-
rhage (IVH), necrotising enterocolitis (NEC) and acute kidney injury
(AKI) in the study population

IVH (P <0.05), 15% had NEC (P <0.05) and no neonate
was diagnosed with AKI (P P.15) (Fig. 2).

A comparison of the values of PSV, EDV, RI, and PI
measured in the three arteries on days 1, 3, and 7 of diagno-
sis of late onset neonatal sepsis was also done between the
groups—clinical sepsis, laboratory proven sepsis and culture
positive sepsis. However, a statistically significant difference
could not be drawn from these values (Table 3).

An analysis of Doppler velocimetry parameters with clin-
ical outcomes was also performed (Table 4). It was observed
that PSV, EDV and PI were lower in neonates with IVH with
RI value equivalent to those without IVH. Difference in the
parameters in SMA between neonates with and without NEC
was variable and a statistically significant result could only
be obtained for PI. While PSV for neonates with AKI was
higher (P <0.05), EDV and PI were lower. For most of the
outcomes, a statistically siginificant difference could not be
drawn.

Discussion

Hemodynamic, along with cardiovascular disturbances,
are commonly found in neonatal sepsis in both term and
preterm babies [1]. While the studies on cardiovascular
dysfunction utilising targeted neonatal echocardiography
are plenty, the evidence for abnormal blood flow and organ
perfusion is lacking. Some of the existing studies have
evaluated Doppler blood flow velocimetries in neonates
with early onset sepsis and have found significant differ-
ence in cerebral and splanchnic blood flow [13—15]. It has
been established that the pathophysiology behind neonatal
sepsis causes a hemodynamic disturbance; however, spe-
cific parameters for monitoring the same have not been
isolated and elaborated upon [6]. Through this study, we
evaluated the changes in blood flow and organ perfusion of
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Table 3 Doppler
ultrasonography blood flow
parameters in neonates with

Clinical sepsis (3) Lab proven sepsis (7) Culture positive P-value
sepsis (10)

sepsis ACA PSV

Day 1 of diagnosis 48.53+6.52 43.74+10.1 56.58+9.24 0.858

Day 3 of diagnosis 49.47+8.17 45.46+8.41 54.56+8.32 0.578

Day 7 of diagnosis 49.47+7.64 45.62+5.66 52.5+3.23 0.944
ACA EDV

Day 1 of diagnosis 4.53+1.01 6.76+1.46 6.42+1.36 0.361

Day 3 of diagnosis 4.73+1.59 7.54+1.72 5.8+19 0.148

Day 7 of diagnosis 6.7+1.82 8.24+1.05 5.61+1.25 0.034
ACARI

Day 1 of diagnosis 0.88+0.04 0.79+0.09 0.82+0.08 0.293

Day 3 of diagnosis 0.83+0.01 0.82+0.09 0.84+0.06 0.742

Day 7 of diagnosis 0.85+0.02 0.81+0.09 0.85+0.05 0.521
ACA PI

Day 1 of diagnosis 1.96 +0.45 1.96+0.38 1.59+0.3 0.160

Day 3 of diagnosis 1.88+0.02 1.77+0.5 1.8+0.38 0.921

Day 7 of diagnosis 2.23+0.41 2.08+0.35 1.77+0.42 0.194
SMA PSV

Day 1 of diagnosis 99.67+13.41 79.26+19.54 66.54+10.27 0.289

Day 3 of diagnosis 86.33+16.08 80.09+18.2 67.16+18.38 0.483

Day 7 of diagnosis 94+20.2 86.8+13.96 74.94+19.19 0.585
SMA EDV

Day 1 of diagnosis 11.1+£2.39 16.93+1.71 16.38+1.1 0.431

Day 3 of diagnosis 10.8+2.3 19.4+1.46 17.76 +£2.54 0.587

Day 7 of diagnosis 11.3+23 19+2.17 18.3+2.88 0.713
SMA RI

Day 1 of diagnosis 0.81+0.15 0.75+0.16 0.66+0.13 0.237

Day 3 of diagnosis 0.74+0.11 0.78+0.12 0.65+0.1 0.801

Day 7 of diagnosis 0.76+0.09 0.73+0.1 0.69+0.1 0.905
SMA PI

Day 1 of diagnosis 1.96+0.73 2.19+0.94 1.99+0.51 0.381

Day 3 of diagnosis 1.82+0.34 2.24+0.86 2.11+0.55 0.665

Day 7 of diagnosis 1.71+0.51 2+0.49 2.17+0.47 0.370
RA PSV

Day 1 of diagnosis 88.43+9.03 56.11+13.9 65.98+8.93 0.175

Day 3 of diagnosis 77.23+8.85 60.14+12.74 67.4+12.76 0.676

Day 7 of diagnosis 84+6.08 66.04+9.03 69.74+10.51 0.440
RA EDV

Day 1 of diagnosis 2.36+0.19 4+0.14 5.31+0.63 0.819

Day 3 of diagnosis 2.86+0.35 4.34+0.9 4.89+0.45 0.833

Day 7 of diagnosis 323+04 3.35+0.15 4.41+0.61 0.777
RARI

Day 1 of diagnosis 1.04+0.1 0.93+0.12 0.87+0.11 0.101

Day 3 of diagnosis 0.95+0.05 0.98+0.14 0.91+0.12 0.551

Day 7 of diagnosis 0.95+0.02 0.92+0.12 0.9+0.08 0.909
RA PI

Day 1 of diagnosis 2.43+0.5 2.65+0.73 2.01+0.48 0.117

Day 3 of diagnosis 2224045 2.79+0.86 2.26+0.79 0.394

Day 7 of diagnosis 2.18+0.42 3.29+0.81 2.16+0.66 0.038

The statistically significant outcomes with P values <0.05 have been highlighted in bold

ACA anterior cerebral artery, PSV peak systolic velocity, EDV end diastolic velocity, R/ resistive index, P/
pulsatility index, SMA superior mesenteric artery, RA renal artery
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Table 4 Doppler ultrasonography blood flow parameters in neonates with and without clinical outcomes

IVH (n=9) NoIVH (n=11) P-value
Mean ACA PSV
Day 1 of diagnosis 42.6+22.71 50.38+12.33 0.34
Day 3 of diagnosis 45.31+18.71 54.95+15.08 0.21
Day 7 of diagnosis 46.96+13.23 55.92+10.92 0.11
Mean ACA EDV
Day 1 of diagnosis 5.79+2.17 6.55+2.32 0.46
Day 3 of diagnosis 6.12+2.21 6.35+2.51 0.83
Day 7 of diagnosis 6.65+1.76 6.51+2.13 0.87
Mean ACA RI
Day 1 of diagnosis 0.82+0.08 0.82+0.08 1
Day 3 of diagnosis 0.82+0.06 0.84+0.07 0.51
Day 7 of diagnosis 0.83+£0.08 0.85+0.04 0.47
Mean ACA PI
Day 1 of diagnosis 1.56+0.34 1.88+0.3 0.038
Day 3 of diagnosis 1.66+0.51 1.91+0.21 0.15
Day 7 of diagnosis 1.82+0.46 2.06+0.38 0.22
NEC (n=10) No NEC (n=10) P-value
Mean SMA PSV
Day 1 of diagnosis 74.41+37.42 77.51+27.58 0.84
Day 3 of diagnosis 75.15+£34.78 73.97+19.56 0.93
Day 7 of diagnosis 88.29+39.7 77.25+19.82 0.44
Mean SMA EDV
Day 1 of diagnosis 18.42+6.93 19.14+7.08 0.82
Day 3 of diagnosis 18.76 £6.99 15.82+3.3 0.24
Day 7 of diagnosis 18.3+7.66 15.37+3.37 0.28
Mean SMA RI
Day 1 of diagnosis 0.74+0.16 0.68+0.14 0.38
Day 3 of diagnosis 0.78£0.11 0.74+0.09 0.39
Day 7 of diagnosis 0.78+0.1 0.74+0.1 0.38
Mean SMA PI
Day 1 of diagnosis 2.07+0.66 1.75+£0.77 0.33
Day 3 of diagnosis 2.41+0.7 1.82+0.42 0.03
Day 7 of diagnosis 2.44+0.59 1.88+0.45 0.028
AKI (n=2) No AKI (n=18) P-value
Mean RA PSV
Day 1 of diagnosis 100+14.14 62.11+23.07 0.037
Day 3 of diagnosis 109+15.56 61.59+24.04 0.015
Day 7 of diagnosis 99+15.56 66.85+24.77 0.093
Mean RA EDV
Day 1 of diagnosis 1.95+0.35 3.91+2.48 0.29
Day 3 of diagnosis 2.89+1.26 3.76+£2.57 0.71
Day 7 of diagnosis 27+1.14 3.46+2.16 0.64
Mean RA RI
Day 1 of diagnosis 0.93+0.07 0.92+0.13 0.92
Day 3 of diagnosis 0.93+0.08 0.94+0.13 0.92
Day 7 of diagnosis 0.91+0.07 0.94+0.11 0.71
Mean RA PI
Day 1 of diagnosis 2.15+0.07 2.29+0.65 0.77
Day 3 of diagnosis 34+0.7 2.31+0.72 0.056
Day 7 of diagnosis 3.18+0.54 2.34+0.79 0.16

The statistically significant outcomes with P values <0.05 have been highlighted in bold

IVH intraventricular hemorrhage, ACA anterior cerebral artery, PSV peak systolic velocity, EDV end diastolic velocity, RI resistive index, PI pul-
satility index, NEC necrotising enterocolitis, SMA superior mesenteric artery, AK/ acute kidney injury, RA renal artery
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the brain, gut and kidneys using color Doppler ultrasonog-
raphy of the major supplying arteries to these organs,
namely, anterior cerebral, superior mesenteric and renal
arteries in LONS. The same may be useful in real-time
assessment of organ perfusion, thereby individualising
management in sepsis physiology.

To evaluate the changes in blood flow velocities and vas-
cular resistance, the case-cohort was studied against a con-
trol group with matching baseline characteristics. A delay
in cord clamping has been proven to have a stabilising effect
on neonatal hemodynamics, especially during the changes of
transitional circulation at birth [16, 17]. It was observed that
neonates in both groups received it comparably. Majority
(95%) of the neonates did not require any vasoactive medica-
tions during the sepsis episode.

The PSV in ACA was higher in neonates with sepsis
along with RI and PI values. Higher PSV may be associated
with cerebral vascular changes secondary to compensatory
mechanisms for maintaining vital organ perfusion in neona-
tal sepsis. In a previous study by Yengkhom et al. [8], LONS
was associated with high RI in ACA, attributed to decreased
cerebral blood flow. Values of EDV were also found to be
lower in neonates with sepsis with statistical significance in
the present study. Similar studies in the past have also shown
altered cerebrovascular reactivity as well as intact cerebral
autoregulation in neonatal sepsis [18—21]. Almost half of the
babies with LONS had IVH. This finding along with the data
from previous studies, may point towards a predisposition to
cerebral hemorrhage as well as ischemic injury [22].

While there was no statistical significance, values of PSV
and PI measured in SMA were found to be slightly higher
in neonates with sepsis. This may increase the risk of NEC,
owing to impaired splanchnic circulation and was supported
by the observation that half of the babies developed NEC in
the LONS group as against 15% in the controls. In previous
studies, the SMA blood flow velocities have been correlated
with early feeding tolerance and NEC [23, 24]. Thus, moni-
toring splanchnic circulation in real-time may aid in assess-
ing the risk of feed intolerance and NEC in LONS.

All the blood flow markers for renal circulation were
altered in neonates with sepsis. The EDV values were lower,
while PSV, RI, and PI were elevated in LONS. The above
findings may indicate impaired renal perfusion and renal
dysfunction predisposing to AKI [25]. Thus, monitoring the
urine output in neonates with sepsis is warranted.

Strikingly, the abnormal blood flow parameters in all
arteries persisted until day 7 of LONS, thus stressing the
importance of continuous monitoring of vital parameters
indicative of organ perfusion for a longer duration. A watch-
ful assessment for signs of encephalopathy, NEC, kidney
injury, as well as septic shock, and multi-organ dysfunction
in these neonates is warranted.

Although an overall analysis suggested that Doppler
velocimetry parameters are altered in LONS, when subgroup
analysis for the same was performed for neonates with and
without clinical outcomes, significant inference could not
be drawn. Similarly, the subgroup analysis of the Doppler
velocimetry parameters in the neonates with LONS could
not suggest a significant inference. This may have been due
to the limited number of neonates in the assigned groups.

The strengths of our study include serial evaluation of
blood flow over a period of time, thus, allowing a detailed
assessment of systemic perfusion along with its clinical cor-
relation. To our knowledge, this is the first study to evalu-
ate multi-organ perfusion simultaneously and comprehen-
sively with most of the markers of Doppler ultrasonography
included and assessed for serial fluctuations.

The limitation of this study was small sample size.
Although, the Doppler parameters were serially evaluated,
a detailed correlation with cardiac function, feeding status
and clinical outcomes in real-time could not be done. Addi-
tionally, less number of extremely preterm neonates were
a part of the study. While Doppler parameters may aid in
assessment of organ perfusion, correlation of the same in
light of more specific strategies for determination of blood
flow such as near infra-red spectroscopy and organ specific
biomarkers was not done and thus, remains a point of inter-
est for future studies.

Conclusion

Our study shows alterations in cerebral, splanchnic and renal
perfusion by means of abnormal blood flow velocimetry and
vascular resistance. This may prove to be a more accurate
surrogate marker of alterations in systemic circulation in
LONS as compared to the monitoring of vital parameters
alone. Additionally, it can anticipate and guide appropriate
management of adverse outcomes such as neonatal enceph-
alopathy, intra-cerebral bleeds, NEC and AKI. However,
a larger multicentric study, with a higher proportion of
extremely preterm neonates, would be useful to understand
this hemodynamic association as well as its correlation with
associated complications and neonatal outcomes. Future
research encompassing evaluation of Doppler flow veloci-
ties as a marker for culture-positive sepsis and its diagnostic
accuracy, and detailed assessment of hypoperfusion-reper-
fusion injury mediated systemic complications should be
studied for a comprehensive understanding of hemodynamic
disturbances in late-onset sepsis.

Author contributions All authors contributed to the study conception
and design. P. S. performed the data collection, statistical analysis and

@ Springer



858

Journal of Ultrasound (2023) 26:851-859

wrote the original draft. A. V. and A. K. helped with data collection and
in developing the methodology. N.M. helped with statistical analysis,
reviewed and edited the manuscript. G. O., M. M., and N. C. reviewed
and revised the manuscript. P. S. conceptualized and developed the
study design, reviewed and revised the manuscript. All authors read
and approved the final manuscript.

Funding The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.

Data availability The study data can be made available upon request.

Declarations

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethics approval The study was in accordance with the 1975 Helsinki
declaration and its amendments in 1983. The study was approved by the
institutional ethics committee, Bharati Vidyapeeth Deemed University,
Pune vide letter number BVDUMC/IEC/23 dated 7th May 2021.

Consent to participate Informed consent was obtained from all indi-
vidual parents/guardians of the participants included in the study.

Consent to publish The authors give the publisher their consent to
publish this manuscript.

References

1. Investigators of the Delhi Neonatal Infection Study (DeNIS) col-
laboration (2016) Characterisation and antimicrobial resistance
of sepsis pathogens in neonates born in tertiary care centres in
Delhi, India: a cohort study. Lancet Glob Health 4(10):¢752—e760.
https://doi.org/10.1016/S2214-109X(16)30148-6

2. Stoll B, Gordon T, Korones S, Shankaran S, Tyson J, Bauer C
et al (1996) Late-onset sepsis in very low birth weight neonates:
a report from the National Institute of Child Health and Human
Development Neonatal Research Network. J Pediatr 129(1):63—
71. https://doi.org/10.1016/s0022-3476(96)70191-9

3. Klein JO (2001) Bacterial sepsis and meningitis. In: Remington
JS, Klein JO (eds) Infectious Diseases of Fetus and Newborn
Infant, 5th edn. Saunders, Philadelphia, Pa, pp 943-998

4. Murthy S, Godinho MA, Guddattu V, Lewis LES, Nair NS (2019)
Risk factors of neonatal sepsis in India: A systematic review and
meta-analysis. PLoS ONE 14(4):e0215683. https://doi.org/10.
1371/journal.pone

5. Carey AJ, Saiman L, Polin RA (2008) Hospital-acquired infec-
tions in the NICU: epidemiology for the new millennium. Clin
Perinatol 35:223-249. https://doi.org/10.1016/j.clp.2007.11.014

6. Vrancken SL, van Heijst AF, de Boode WP (2018) Neonatal
hemodynamics: from developmental physiology to comprehen-
sive monitoring. Front Pediatr 6:87. https://doi.org/10.3389/fped.
2018.00087

7. Kharrat A, Jain A (2022) Hemodynamic dysfunction in neona-
tal sepsis. Pediatr Res 91(2):413-424. https://doi.org/10.1038/
$41390-021-01855-2

8. Yengkhom R, Suryawanshi P, Ingale S, Gupta B, Deshpande
S (2019) Survey of point-of-care ultrasound uptake in indian
neonatal intensive care units: results and recommendations. J
Neonatol 33(1-4):13-21. https://doi.org/10.1177/0973217919
897855

@ Springer

10.

11.

12.

13.

15.

16.

17.

18.

20.

21.

22.

23.

24.

Yengkhom R, Suryawanshi P, Murugkar R, Gupta B, Deshpande
S, Singh Y (2021) Point of care neonatal ultrasound in late-onset
neonatal sepsis. Journal of Neonatology 35(2):59-63. https://doi.
org/10.1177/09732179211007599

Nelson TR, Pretorius DH (1988) The Doppler signal: where
does it come from and what does it mean? AJR Am J Roentgenol
151:439-447. https://doi.org/10.2214/ajr.151.3.439

Manroe BL, Weinberg AG, Rosenfeld CR, Browne R (1979) The
neonatal blood count in health and disease. I. Reference values for
neutrophilic cells. J Pediatr 95(1):89-98. https://doi.org/10.1016/
50022-3476(79)80096-7

Mouzinho A, Rosenfeld CR, Sanchez PJ, Risser R (1994) Revised
reference ranges for circulating neutrophils in very-low-birth-
weight neonates. Pediatrics 94(1):76-82

Liu C, Fang C, Shang Y, Yao B, He Q (2022) Transcranial ultra-
sound diagnostic value of hemodynamic cerebral changes in pre-
term infants for early-onset sepsis. Transl Pediatr. 11(7):1149—
1155. https://doi.org/10.21037/tp-22-269

Ratnaparkhi CR, Bayaskar MV, Dhok AP, Bhende V (2020) Util-
ity of Doppler ultrasound in early-onset neonatal sepsis. Indian
J Radiol Imaging 30(1):52-58. https://doi.org/10.4103/ijri.1JRI_
265_19

Kempley ST, Murdoch E (2000) Splanchnic haemodynamic dis-
turbances in perinatal sepsis. Arch Dis Child Fetal Neonatal Ed
83(2):F139-F142. https://doi.org/10.1136/fn.83.2.f139
Sommers R, Stonestreet BS, Oh W, Laptook A, Yanowitz TD,
Raker C, Mercer J (2012) Hemodynamic effects of delayed cord
clamping in premature infants. Pediatrics 129(3):e667-e672.
https://doi.org/10.1542/peds.2011-2550

Gupta B, Yengkhom R, Banait N, Chetan C, Pareek P, Suryawan-
shi P (2022) Hemodynamic parameters after Delayed Cord
Clamping (DCC) in term neonates: a prospective observa-
tional study. BMC Pediatr 22(1):256. https://doi.org/10.1186/
s12887-022-03303-4

Szatméri S, Végh T, Csomds A, Hallay J, Takacs I, Molnar C,
Fiilesdi B (2010) Impaired cerebrovascular reactivity in sepsis-
associated encephalopathy studied by acetazolamide test. Crit
Care 14(2):R50. https://doi.org/10.1186/cc8939

. Matta BF, Stow PJ (1996) Sepsis-induced vasoparalysis does

not involve the cerebral vasculature: indirect evidence from
autoregulation and carbon dioxide reactivity studies. Br J Anaesth
76(6):790-794. https://doi.org/10.1093/bja/76.6.790

Nagpal R, Suryawanshi P (2020) Role of point-of-care ultrasound
imaging in neonatal sepsis. Pediatr Inf Dis 2(3):89-98. https://doi.
org/10.5005/jp-journals-10081-1

Yengkhom R, Suryawanshi P, Gupta B, Deshpande S (2018)
Resistive index in late-onset neonatal sepsis. J Neonatol 32(4):93—
97. https://doi.org/10.1177/0973217920901998

Pezzati M, Dani C, Biadaioli R, Filippi L, Biagiotti R, Giani T,
Rubaltelli FF (2002) Early postnatal Doppler assessment of cer-
ebral blood flow velocity in healthy preterm and term infants. Dev
Med Child Neurol 44(11):745-752. https://doi.org/10.1017/s0012
162201002870

Hashem RH, Mansi YA, Almasah NS, Abdelghaffar S (2017)
Doppler ultrasound assessment of the splanchnic circulation
in preterms with neonatal sepsis at risk for necrotizing entero-
colitis. J Ultrasound 20(1):59-67. https://doi.org/10.1007/
s40477-016-0228-z

Fang S, Kempley ST, Gamsu HR (2001) Prediction of early tol-
erance to enteral feeding in preterm infants by measurement of
superior mesenteric artery blood flow velocity. Arch Dis Child
Fetal Neonatal Ed 85(1):F42-F45. https://doi.org/10.1136/fn.85.1.
42


https://doi.org/10.1016/S2214-109X(16)30148-6
https://doi.org/10.1016/s0022-3476(96)70191-9
https://doi.org/10.1371/journal.pone
https://doi.org/10.1371/journal.pone
https://doi.org/10.1016/j.clp.2007.11.014
https://doi.org/10.3389/fped.2018.00087
https://doi.org/10.3389/fped.2018.00087
https://doi.org/10.1038/s41390-021-01855-2
https://doi.org/10.1038/s41390-021-01855-2
https://doi.org/10.1177/0973217919897855
https://doi.org/10.1177/0973217919897855
https://doi.org/10.1177/09732179211007599
https://doi.org/10.1177/09732179211007599
https://doi.org/10.2214/ajr.151.3.439
https://doi.org/10.1016/s0022-3476(79)80096-7
https://doi.org/10.1016/s0022-3476(79)80096-7
https://doi.org/10.21037/tp-22-269
https://doi.org/10.4103/ijri.IJRI_265_19
https://doi.org/10.4103/ijri.IJRI_265_19
https://doi.org/10.1136/fn.83.2.f139
https://doi.org/10.1542/peds.2011-2550
https://doi.org/10.1186/s12887-022-03303-4
https://doi.org/10.1186/s12887-022-03303-4
https://doi.org/10.1186/cc8939
https://doi.org/10.1093/bja/76.6.790
https://doi.org/10.5005/jp-journals-10081-1
https://doi.org/10.5005/jp-journals-10081-1
https://doi.org/10.1177/0973217920901998
https://doi.org/10.1017/s0012162201002870
https://doi.org/10.1017/s0012162201002870
https://doi.org/10.1007/s40477-016-0228-z
https://doi.org/10.1007/s40477-016-0228-z
https://doi.org/10.1136/fn.85.1.f42
https://doi.org/10.1136/fn.85.1.f42

Journal of Ultrasound (2023) 26:851-859

859

25. Abitbol CL, DeFreitas MJ, Strauss J (2016) Assessment of kidney
function in preterm infants: lifelong implications. Pediatr Nephrol
31(12):2213-2222. https://doi.org/10.1007/s00467-016-3320-x

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1007/s00467-016-3320-x

	Assessment of systemic circulation using ultrasound Doppler in late onset neonatal sepsis and its clinical correlation: an observational study
	Abstract
	Objectives 
	Methodology 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




