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Abstract

Neonatal sepsis is one of the leading causes of morbidity and mortality among term and preterm infants
worldwide.assessment of the changes in cerebral blood flow velocity [CBFV] in cases of the neonatal
sepsis.This study including 100 infants. 60neonates are diagnosed with neonatal sepsis [Sepsis group].while the
other 40 neonates with no signs of neonatal sepsis [Control group]. Trans-cranial Doppler [TCD] was carried
out for assessment of blood flow velocity in the anterior [ACA] and middle cerebral arteries [MCA] Peak
systolic velocity [PSV], end diastolic velocity [EDV], and resistive index [RI] were measured.RI and Pl were
significantly decreased, with mean RI 0.56in MCA & Median Rl in ACA 0.59 & Median P1 0.98; 0.98 in MCA
& ACA respectively in the case group, while with a mean Rl 0.75 in MCA & Median RI 0.72 in ACA
respectively & Median PI11.35; 1.27 in MCA & ACA respectively .Whereas the Peak systolic velocity was
increased with a mean of 69.07 in MCA & Median of 66.4 in ACA respectively in case group & mean of
50.22; in MCA & Median of 44.0 in ACA in control group with p value <0.001 in MCA & ACA respectively.
neonatal sepsis causes increase in Peak systolic velocity & decrease in the Resistive & Pulsatility index thus
causing increase in the cerebral blood flow, which in turn showed increased incidence in Intraventricular

hemorrhage .
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1.Introduction

The advent of cranial ultrasound in neonatology
has greatly improved our knowledge of the
presence and incidence of brain lesions in newborn
infants. It is used routinely for infants at risk of
neurological impairment, such as those born
prematurely or who have suffered from birth
asphyxia [1].

Cerebral blood flow, as measured by Doppler
ultrasound, has been studied mainly to help
determine whether alterations have occurred in the
neonatal cerebral circulation that could result in
brain damage and adverse developmental
outcomes. Establishment of the predictive validity
of cerebral blood flow measures by Doppler
ultrasound is essential to ensure their usefulness in
the early assessment and interpretation of
hemodynamic changes [2].

Neonatal sepsis is one of the leading causes of
morbidity and mortality among term and preterm
infants worldwide [3].

Although advances in neonatal care have
improved survival and reduced complications,
survivors of neonatal sepsis are still vulnerable to
short and long-term neurodevelopment morbidity
[4].

Hospital-born babies in developing countries
are at increased risk of neonatal infections because
of poor intrapartum and postnatal infection-control
practices [5] .

Neonatal sepsis is defined classically as a
clinical syndrome characterized by systemic signs
of infection frequently accompanied by bacteremia

6] .
Two types of neonatal sepsis have been
observed: early-onset disease, when features of

sepsis appear during the first 72 h of birth; and
late-onset disease, where the disease manifests
beyond 72 h. Whereas the latter is considered to be
acquired after birth, early-onset neonatal sepsis
[EONS] is acquired in utero resulting in
chorioamnionitis [7].

There is paucity of literature regarding the
early alteration of cerebral blood flow [CBF] in
neonatal sepsis. The brain of the newborn is highly
susceptible to blood flow fluctuations. Moderately
elevated CBF can in-crease the risk of cerebral
hemorrhage whereas moderate hypoperfusion can
expose the brain to ischemic damage [8].

2.Patients and Methods

This is a prospective cohort study,was
conducted in the Neonatal Intensive Care Unit
[NICU] of Benha Children Hospital during the
period from October 2018 to April 2019. Approval
of research ethics committee was obtained before
conducting the study. Informed written consent
was obtained from the parents.

2.1 Population of study

The study was carried out on two groups:
Group [I] Sixty neonates were clinically &
laboratory diagnosed with neonatal sepsis [Sepsis
group]. Group [11] Forty neonates with no signs of
early onset neonatal sepsis [Control group].All of
them were preterm with range from 29-35 weeks,
birth weight < 2000 gm, & normal labs other for
those of sepsis in the sepsis group.For the sepsis
group we enrolled those who met the inclusion &
exclusion criteria.

2.2 Inclusion criteria
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We included neonates with: Laboratory criteria
[WBC <5000 or >20,000 x 109 cells/L; I/T ratio >
0.2; platelet count <100,000 x 109/L.
quantitative C-reactive protein [CRP] levels >6
mg/L, with or without positive blood culture
results. And who showed clinical symptoms &
signs of the following: Respiratory compromise:
tachypnea, increased apnea and increased
desaturations .Cardiovascular compromise:

bradycardia, pallor, hypotension.Metabolic
changes: hypothermia, hyperthermia, feeding
intolerance,  glucose  instability, = metabolic
acidosis.Neurological changes: lethargy,
hypotonia, decreased activity.
2.3 Exclusion criteria

Perinatal asphyxia, congenital infections,
Respiratory  distress ~ syndrome,  Meconium

aspiration syndrome, congenital heart disease,
Hemolytic anemia, metabolic disorders, surgical
disorders, Gross congenital malformations.
Neonates with altered arterial blood gas [ABG]
parameters, hemodynamic instability, mechanical
ventilation, at the time of CBF assessment.

2.4 Clinical work-up

Perinatal history, clinical examination which
was made at birth to exclude any systemic disease
or congenital malformation, laboratory estimation
of blood glucose, serum electrolytes, coagulation
profile, liver and kidney function tests, ABG, tests
to exclude inborn errors of metabolism were
recorded. Blood culture was taken, Transcranial
ultrasound [TCU] was performed & cerebral blood
flow [CBF] was assessed by Transcranial Doppler
[TCD] ultrasound.

2.5 Assessment of cerebral blood flow

Trans-cranial ultrasound [TCUS] was carried
out for assessment of blood flow velocity in the
anterior [ACA] and middle cerebral arteries
[MCA] using duplex pulsed Doppler ultrasound.
Peak systolic velocity [PSV], end diastolic velocity
[EDV], and resistive index [RI] was measured. All
the [TCUS] studies were performed in thermo-
neutral environment in quiet neonates using GE
Logig P6 Ultrasound System, with a 5-12 MHz
linear array transducer. Using the anterior fontanel
as an acoustic window, CBF velocity was
measured in the [ACA]. [MCA] was accessed
through trans- temporal windows. [PSV] and
[EDV] wwas calculated from at least three
consecutive cardiac cycles of optimal quality using
the built-in calculation program. [RI] of [ACA]
and [MCA] were be automatically calculated after
recording both [PSV] and [EDV] according to the
Pourcelot index of resistance.

[TCUS] was repeated during the hospital stay
for intracranial hemorrhage [ICH] screening.

3. Results

One hundred infants were enrolled in this study
after they met the inclusion and exclusion criteria.
They were preterm, sixty were included in the
case group [sepsis group] where all of them had
clinical signs and symptoms of Neonatal sepsis &
forty were included in the control group [nhon-
sepsis group] as they didn’t have clinical signs or
symptoms of Neonatal sepsis. Out of the 100
patients, 60males [60%] and 40 were females
[40%] with age ranging from 30-35 weeks
[Median 32, SD 32.56+1.59]. Gestational age
ranged from 30 to 35 weeks with [Median 32.5,
IQR32.0-34.0] in the case group & [Median32.0,
IQR 32.0-34.0] in the control group.

Table(1) Comparison between case and control groups according gender , age , CRP , weight WBCs, Platelets,

MCA [PSV,RI,PI ],LACA [PSV,RI,PI] .

Case group [60] Control group [40]  Statistical P value
No % No % test
Gender
Male 40 66.7 20 50.0 X?=2.78 0.096
Female 20 33.3 20 50.0
Median IQR Median IQR MW test
Age /year 325 32.0-34.0 32.0 32.0-34.0 0.87 0.38
CRP 66.0 50.0-82.0 35 2.0-4.0 8.47 <0.001**
Mean SD Mean SD St t test
Weight [kg] 1.63 0.14 1.64 0.13 0.57 0.57
WBCs 24.94 7.37 14.87 2.07 8.42 <0.001**
Platelets 320.83 113.63 274.4 103.09 2.08 0.04*
MCA PSV 69.07 12.64 50.22 11.81 75 <0.001**
MCA RI 0.56 0.08 0.75 0.05 12.75 <0.001**
Median IQR Median IQR MW test
MCA PI 0.98 0.82-1.06 1.35 1.26-1.48 7.61 <0.001**
ACA PSV 66.4 61.3-69.9 44.0 35.3-50.7 5.97 <0.001**
ACARI 0.59 0.46-0.60 0.72 0.71-0.74 8.47 <0.001**
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ACAPI 0.98 0.68-1.02

1.25-1.39 6.74 <0.001**

Rl and Pl were significantly decreased, with
mean Rl 0.56in MCA & Median RI in ACA0.59
respectively & p value <0.001 & Median Pl 0.98;
0.98 in MCA & ACA respectively in the case
group, while with a mean RI0.75 in MCA &
Median RI 0.72 ACA respectively & Median
P11.35; 1.27 in MCA & ACA respectively & a p

value <0.001. Whereas the Peak systolic velocity
was increased with a mean of 69.07 in MCA &
Medianof 66.4 in  ACA respectively in case group
& mean of 50.22; in MCA & Medianof 44.0 in
ACA in control group with p value <0.001 in
MCA & ACA respectively.

Table(2) shows distribution of case group according to 1\VH and death.

[60] NO %

IVH

Gl 8 13.3
Glll 2 3.3

GlvV 2 3.3

Death

Yes 6 10.0
No 54 90.0

Among the sepsis group, 12 patients [19.9%]
showed signs of IVH/ GMH in cranial
ultrasonography during their hospital stay & 6 of
them [10%] [6% of total no. of cases] died during
their hospital stay.

Case Presentation
Gestational age 30 weeks ,Birth weight 1700
gm., Clinical & proven sepsis by blood culture.

MCA

’6 ENHA CHILDREN HOSPIT

15/04/19

Fig (1) Doppler image of MCA case 1.
Showing
o Peak systolic velocity [PSV] 72.2
¢ Resistive Index [RI] 0.52
o Pulsatile Index [PI] 0.79

ACA

Fig (2) Doppler image of ACA case 1.

Showing

Peak systolic velocity [PSV] 69.5
Resistive Index [RI] 0.59
Pulsatile Index [PI] 0.97
Opinion

Increase in PSV.

Decrease in Decrease in Rl & PI.

7 \BENHA CHILDREN HOSPIT
6)1 514119

36)

Fig (3) Sagittal image shows IVH Gl in case 1.

Five Days Later Complicated By Intra
Ventricular Hemorrhage grade [I].

4.Discussion

Worldwide annual 1 million neonatal deaths is
attributed to neonatal sepsis alone, 99% of the
world’s neonatal deaths occur in low-income and
middle-income countries [9].

Neonatal sepsis is a clinical syndrome
characterized by signs and symptoms of infection
with or without accompanying bacteremia in the
first month of life. It encompasses various
systemic infections of the newborn such as
septicemia, meningitis, pneumonia, arthritis,
osteomyelitis, and urinary tract infections [10].

The stress, and cytokines on glial cells have
been speculated to be the contributory exact nature
of cellular and molecular mechanisms of sepsis-
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induced encephalopathy is still elusive. The
impairment of cerebral autoregulation, damage to
blood-brain barrier [BBB], and the direct
inflammatory effects of free radicals, oxidative
factors [11].

The exact mechanism by which these cytokines
access to the cerebral compartment to induce
injury is still debatable. Transfer of cytokines
across BBB, and damage of BBB causing
increased permeability [12] .could be the
responsible factors. It has also been shown that
astrocytes and microglia are capable of producing
proinflammatory cytokines during inflammation
[13].

There is paucity of literature regarding the early
alteration of cerebral blood flow [CBF] in neonatal
sepsis. The brain of the newborn is highly
susceptible to blood flow fluctuations. Moderately
elevated CBF can increase the risk of cerebral
hemorrhage whereas moderate hypo perfusion can
expose the brain to ischemic damage [14].

Changes in cerebral blood flow velocity
[CBFV] may have a key role in perinatal brain
damage, and both acute and long-term morbidity
may be closely related to rapid vascular changes
during the early hours of life. Moreover, altered
CBF may also be used as a surrogate marker for
the diagnosis of EONS also other literature
investigated the association of potential risk factors
for neurodevelopmental disorders. Children who
developed neonatal sepsis were three times more
likely to have neuromotor and cognitive
development alterations at 12 months of corrected
age [15].

More over Pathogenesis of [IVH s
multifactorial and is primarily ascribed to a]
inherent  fragility of the germinal matrix
vasculature, b] disturbance in the cerebral blood
flow [16].

Cranial sonography plays an important role in
the initial evaluation of infants with suspected
bacterial meningitis and in monitoring for
complications of the disease [17] & Color and
duplex Doppler sonography have broadened
applications in pediatric neurosonography for
evaluation of cerebral vascular anatomy and
perfusion, It has proven diagnostic value in
detecting the most common brain lesions in
premature neonates; such lesions include those due
to intraventricular hemorrhage and white matter
disease, the technique is readily applied at bedside,
does not involve ionizing radiation, is cost
effective and can be used sequentially[18].

Improvements in critical care medicine have
resulted in the increased survival of premature, low
birth weight and asphyxiated infants. An integrated
clinical and radiological approach to the
neurological assessment of such neonates over the
past few years has led to a better understanding of
the cause and evolution of the cerebral lesions and

thus allowed more appropriate  medical
intervention to  favourably alter clinical
outcome[18].

Higher peak systolic velocity [PSV] in all the
three major cerebral vessels Significantly lower
resistance [RI and PI], vasodilatation, and higher
peak systolic velocity [PSV] in MCA & ACA have
been noted in neonates with EONS in comparison
to neonates of the control group, indicating
generalized increase in CBF as an early response
to sepsis. This is agreed with the study of [19] ,
that detected significantly lower resistance [RI and
P1], vasodilatation, and [ICA, VA, and MCA]
documented within 24 h of birth in neonates with
EONS, indicating generalized increase in CBF as
an early response to sepsis, & [20] who stated that
their chorioamnionitis [HC] infants had decreased
resistance in most of the major cerebral vessels
compared with controls, with HC males being
more affected than HC females.

However in this study the Mean PSV was
69.07, which is higher than what was found by
[19] which was 56.05, that could be related to the
timing of the performance of the TCD, as they
conducted it within the first 24 hours after
delivery, while in this study was on the 3rd day, &
it is documented that there is progressive increase
in the CBFV with the post natal age [14].

We also found that there is a strong relation
between neonatal sepsis, developing IVH &
subsequent death. As there were cases who
developed IVH & six of them died within the two
months follow up period, also this was matched
with the results of [19]who found and added that
within the sepsis group, CBF was further increased
in those who expired or had IVH/GMH compared
to those who had uncomplicated survival, & [20]
who found that The ACA PSV in HC males was
significantly negatively correlated with both motor
and cognitive composite scores, as well as
personal-social and problem-solving skills.

There is a paucity of literature demonstrating
the effect of sepsis on CBF though early
cerebrovascular alteration.[21], this increase in
CBF may be a part of fetal response to
chorioamnionitis [FIRS]. [22].

Whereas other authors have demonstrated
decreased CBFV along with higher Pl in patients
with sepsis[23]and[24]. Reduced CBF is ascribed
to the vasoconstriction of the resistance arterioles
[23]. Increased PI, a parameter for compliance of
the vascular bed suggesting cerebral edema or
venous congestion, has been found to correlate
with poor neurological outcome. [25]

We have used TCD ultrasound to measure
CBFV as it allows repeated and safe non-painful
bedside assessment of CBF.

The strength of this study was in the strict
inclusion and exclusion criteria which was
followed. Neonates with perinatal asphyxia,
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vasomotor instability, mechanical ventilation,
altered ABG parameters like hypo-/ hyperoxia,
hypo-/ hypercarbia and acidosis, and those
receiving caffeine / theophylline/ anticonvulsants
at the time of TCD examination were excluded, as
these factors could have influence CBFV
measurements, & normothermia was maintained.

However, the present study was not without
limitation. We attempted for a cross sectional
single-time assessment of CBFV and, therefore,
could not assess the fluctuation of CBFV over a
period of time & correlate it with the adverse
effect.

To conclude, in the present study,
vasodilatation and increased CBF in early hours of
sepsis, have been found. In some literature it was
proved to have immediate and late, long-term
consequences & Significant association was
observed between sepsis and increased CBF,
Among the sepsis group, mortality and intracranial
complications were associated with higher CBF.
Altered CBFV may be considered as an important
additional investigation and utilized as therapeutic
target for management in sepsis. Care should be
taken to maintain normotension and avoid
activities which can cause alteration of blood flow.

5.Conclusion

neonatal sepsis causes increase in Peak
systolic velocity & decrease in the Resistive &
Pulsatility index thus causing increase in the
cerebral blood flow, which in turn showed
increased incidence in Intraventricular hemorrhage
among the sepsis group compared with the control
group.
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