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Abstract

Background: Neonatal sepsis is an important cause of morbidity and mortality among newborns. As there is paucity of literature
regarding early alteration of the cerebral blood flow (CBF) in neonatal sepsis our study aims to evaluate the changes in the CBF
velocities and Doppler indices in neonates with early-onset neonatal sepsis (EONS) and to evaluate the predictive accuracy of cerebral
blood flow velocities (CBFV) by using ultrasound Doppler as a diagnostic marker of EONS. Methods: This cross-sectional analytical
study was conducted over a period of 2 years with 123 neonates enrolled in the study. The neonates were divided into two groups:
Group | (with 54 neonates) - neonates with EONS and group Il (with 69 neonates) - age-matched neonates without any signs of
sepsis. Ultrasound Doppler examination was performed and the cerebral hemodynamics assessed in neonates during the first seventy
two hours of life. Doppler indices and CBFV were measured in the internal carotid artery (ICA), middle cerebral artery (MCA), and
vertebral artery (VA) of either side. Data were analyzed using the statistical program SPSS version 23.0 (SPSS Inc., Chicago, IL, USA).
Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy were calculated at
different selected cutoff values for CBFV parameters. Results: Lower resistance and higher peak systolic velocity and end diastolic
velocity have been documented in neonates with EONS. Conclusion: Our study shows that the cerebral hemodynamics in neonates
with EONS is altered which can be assessed bedside by noninvasive ultrasound Doppler examination.
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vertebral artery

When features of sepsis appear within the first 72 h of
birth or when there is bacteremia or bacterial meningitis

Annually, worldwide one million neonatal deaths are occurring at <72 h in infants it is described as EONS. On

attributed to neonatal sepsis alone.! Neonatal sepsis is
an important cause of morbidity and mortality amongst
newborns.** Neonatal sepsis is defined classically as
a clinical syndrome characterized by systemic signs of
infection commonly accompanied by bacteremia. Two types
of neonatal sepsis have been described: early-onset neonatal
sepsis (EONS) and late-onset neonatal sepsis (LONS).
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the contrary, when features of sepsis manifest beyond 72 h
of birth it is termed as late-onset sepsis.>**

There is paucity of literature regarding early alteration of the
cerebral blood flow (CBF) in neonatal sepsis. The brain of
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the neonates is highly susceptible to blood flow fluctuations
such that moderately elevated CBF can increase the risk of
cerebral hemorrhage, whereas moderate hypoperfusion can
expose the brain to ischemic damage.**”!

Changes in the CBF during early hours of life may play a
pivotal role in perinatal brain damage and cause acute and
long-term morbidity which can be assessed by ultrasound
Doppler examination which is a real time, relatively safe,
noninvasive, and sensitive method to evaluate these
vascular changes.®”! Our study aims to document these
changes by ultrasound Doppler examination by studying
changes in values of peak systolic velocity (PSV) and
end diastolic velocity (EDV), resistivity index (RI), and
pulsatility index (PI) in neonates with EONS compared
to age-matched neonates without any signs of sepsis and
to evaluate the predictive accuracy of CBFV by using
ultrasound Doppler as a diagnostic marker of EONS.

Methods

This cross-sectional analytical study was conducted over a
period of 2 years with 123 neonates enrolled in the study.
The neonates were divided into two groups: Group I had 54
neonates - neonates with EONS and group II —gestational
age-matched neonates without any signs of sepsis which
comprised 69 neonates.

Ethical clearance was obtained from the institutional ethical
clearance committee. Informed consent was obtained from
the parents/guardians of the enrolled subjects.

Neonates presenting within 72 h of birth with either clinical
signs of sepsis or with positive septic screen and/or culture
positive sepsis were included in group L:©#

Clinical signs of sepsis include features like hypothermia
or fever, lethargy, poor cry, refusal to suck, poor perfusion,
prolonged capillary refill time, hypotonia, absent neonatal
reflexes, brady/tachycardia, respiratory distress, apnea
and gasping respiration, hypoglycemia, hyperglycemia,
metabolic acidosis, bulging anterior fontanelle, seizures,
stupor/coma, vomiting, diarrhea, paralyticileus, necrotizing
enterocolitis, direct hyperbilirubinemia, acute renal failure,
petechiae, purpura, bleeding, multiple pustules, umbilical
redness and discharge, abscess.

Septic screen positive: When two or more of the following
parameters are positive [Table 1].

Detailed antenatal and intranatal history was taken. At birth,
a thorough clinical examination was done to exclude any
systemic or congenital malformation. Laboratory estimation

Table 1: Components of the septic screen

<5000/mm?

Low counts as per Manroe chart for the term and
Mouzinho's chart for Very Low Birth Weight infants

Immature/total neutrophil ~ >0.2

Total leukocyte count
Absolute neutrophil count

Micro-Erthrocyte >15 mm in the first hour

Sedimentation Rate

C reactive protein >1 mg/dl

VLBW: Very Low Birth Weight, ESR: Erthrocyte Sedimentation Rate, AGA: Appropriate for
Gestational Age

of liver and kidney function tests, serum electrolytes, blood
glucose, coagulation profile, and arterial blood gas analysis
was done to exclude inborn errors of metabolism on basis
of clinical suspicion.

e History of eclampsia or use of tocolytics or steroids in
mothers

* Neonates with medical or surgical illnesses: Perinatal
asphyxia, congenital infections, congenital heart
disease, hemolytic anemia, metabolic disorders,
surgical disorders gross congenital malformations and
meconium aspiration syndrome

* Neonates with altered arterial blood gas analysis,
with hemodynamic instability and those requiring
vasopressor support and mechanical ventilation,
receiving anticonvulsants or drugs like caffeine,
theophylline at the time of Doppler examination.

Ultrasound Doppler examination was performed in neonates
during the first 72 h of birth. The examination was carried
out in a thermoneutral environment. All the babies were
well fed before the examination. A total of 25% oral dextrose
was used as a pacifier with continuous monitoring of vitals.

The Doppler examinations were performed by a single
radiologist on MyLab50 esaote ultrasonography with
color Doppler ultrasound machine with curvilinear
(3.5-5 MHz for ICA and MCA) and high frequency linear
(7.5MHz for VA) array transducer. PSV, EDV, RI, and Pl were
measured in the ICA, MCA, and VA of either side. Angle
corrected velocities were taken. PI and RI were calculated
as per formulae of the ultrasound blood flow imaging
technique. The examination was carried out through the
anterior fontanelle in the coronal plane [Figure 1]. The circle
of Willis was located and the ICA and MCA were identified.
The vertebral artery was assessed through either side of the
neck of the neonate [Figure 2].

Data were analyzed using the statistical program SPSS
version 23.0 (SPSS Inc., Chicago, IL, USA). Frequencies
and proportions of the different variable were expressed in
percentages. Comparison of numerical variables between the
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Figure 1: Transcranial Doppler ultrasonography — examination of the
neonate through the anterior fontanelle

study groups was done using Student ¢-test for independent
samples in comparing two groups when normally
distributed and Mann-Whitney U test for independent
samples when not normally distributed. Chi-square test
was used to compare proportions between the groups.
Sensitivity, specificity, PPV, NPV, and diagnostic accuracy
were calculated at different selected cutoff values for
cerebral blood flow velocity (CBFV) parameters. A P value
of <0.05 was considered statistically significant.

Results

e In our study out of total 123 neonates, 18% (22) were
examined on day 1, i.e. within 24 h of life, 39% (48) were
examined on day 2, i.e. within 24-48 h of life, and 43% (53)
were examined on day three, i.e. within 48-72 h of birth

* Outof 69 neonates without sepsis, 29 were examined on
day 2, 27 on day 3, and 13 on day one. Among neonates
with sepsis 24 were examined on day 2, 21 on day 3, and
9onday1

¢ Inthe present study out of 123 neonates, 68 (55.3%) were
preterm and 55 (44.7%) were term. Among neonates
without sepsis there were 35 term and 34 preterm and
in neonates with sepsis, there were 34 preterm and
20 term neonates. Thus, the percentage of preterm
neonates (63%) was more as compared to term
neonates (37%) in neonates with sepsis

e Out of total 123 neonates, 46% (57) were females and
54% (66) were males. Among neonates with sepsis there
were 35 (64.8%) males and 19 (35.2) females. Among
neonate without sepsis there were 31 (44.9%) male and
38 (55.1%) female. In neonates with sepsis, male patients
were more as compared to females

¢ Inneonates without sepsis, 30 (43.5%) were Appropriate
for Gestational Age and 39 (56.5%) had low birth
weight, whereas in neonates with sepsis 17 (31.5%) were
Appropriate for Gestational Age and 37 (68.5%) had low
birth weight. Thus, the percentage of low birth weight

Figure 2: Doppler ultrasonography — assessment of vertebral artery
through the side of the neck

babies was more in neonates with early onset neonatal
sepsis
¢ Inthepresentstudy, wefound thereisstatistically significant

difference in Apgar score at 5 min among neonates

with early onset neonatal sepsis [median (interquartile

range)- 9 (8-9); min-max = 6-9] and neonates without

early onset [median (interquartile range)- 9 (9-9);

min-max = 8-9] neonatal sepsis

e  Statistically significant difference is noted between
the median values of PSV, EDV, PI and RI of ICA,
MCA and VA among neonates with sepsis and
neonates without sepsis as P value is less than 0.05
The median and the range of PSV, EDV, RI, and P1
of neonates with sepsis and of neonates without
sepsis of ICA, MCA, and the VA is as shown in
[Table 2 and Figures 3-8]

*  The predictive accuracy of measured parameters
of ICA, MCA, and VA are as shown in Table 3

*  Among the various parameters measured the
diagnostic accuracy was highest for PI in all the
vessels

*  Sensitivity of the PI and the EDV of the ICA was
100%

e The sensitivity of the PSV of the MCA was 100%
and the diagnostic accuracy was 98.37% for the PI

e The sensitivity, specificity, PPV, NPV, and
diagnostic accuracy of PI measured in VA was
100%

*  The positive likelihood ratio was highest for PSV
of VA, ie., 71.42

*  The negative likelihood ratio was highest for PSV
of ICA, i.e., 0.44.

Discussion

In the present study, significantly lower resistance
(PI and RI) and higher peak systolic velocity and end
diastolic velocity in all the three major vessels ICA, MCA,
and VA have been documented within 72 h of birth in
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Figure 3: Transcranial Doppler ultrasound examination of internal
carotid artery in a neonate with early-onset neonatal sepsis shows
PSV-64.9 cm/s, EDV- 23.7 cm/s, RI- 0.63, PI- 0.93
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Figure 5: Doppler ultrasound examination of vertebral artery in a
neonate with early-onset neonatal sepsis shows PSV- 46.4 cm/s,
EDV- 15.1 cm/s, RI- 0.67, PI- 0.92

PSV (cm/s) ICA 35.40 (27.5-45.0)  54.00 (38.00-70.00) 0.00
EDV (cm/s) ICA 7.60 (2.40-12.30) 18.36 (8.64-31.4) 0.00
RI'ICA 0.80 (0.70-0.92) 0.66 (0.50-0.84) 0.00
PIICA 1.4 (1.20-1.80) 1.00 (0.60-1.24) 0.00
PSV (cm/s) MCA  25.00(17.00-33.3)  45.00 (31.8-55.8) 0.00
EDV (cm/s) MCA  5.42(3.15-24.00)  16.50 (7.60-24.00) 0.00
RIMCA 0.79 (0.70-0.86) 0.70 (0.40-0.82) 0.00
PIMCA 1.35(1.00-1.67) 1.00 (0.55-1.20) 0.00
PSV (cm/s) VA 21.00(12.00-30.00)  40.00 (30.00-55.00) 0.00
EDV (cm/s) VA 3.60 (1.40-7.00) 9.78 (4.10-19.20) 0.00
RIVA 0.82 (0.70-0.92) 0.73 (0.54-0.90) 0.00
PI'VA 1.51(1.24-2.10) 1.00 (0.89-1.20) 0.00

neonates with EONS. This indicates a generalized increase
in the CBF as an early response to sepsis with a decrease

BF G G 73% CFMF 2.5 NH2 G 64% PW F 2.5 MH2
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Figure 4: Transcranial Doppler ultrasound examination of middle
cerebral artery in a neonate with early onset neonatal sepsis shows
PSV- 38.3 cm/s, EDV-13.3 cm/s, RI- 0.65, PI- 1.07
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Figure 6: Transcranial Doppler ultrasound examination of internal
carotid artery in a neonate without sepsis shows PSV-35 cm/s,
EDV- 10 cm/s, RI-0.71, PI-1.44

in the blood flow resistance. As the earliest signs of sepsis
are often subtle and nonspecific, a high index of suspicion
is needed for early diagnosis.?

In our study, we have examined the neonates within 72 h of
birth as and when they presented with features of EONS as
well as neonates without sepsis taken as controls.

Due to inflammatory challenges of chorioamnionitis, there is
activation of the fetal immune system which is known as fetal
inflammatory response syndrome (FIRS). FIRS is initially
subclinical. Amplification of the inflammatory response
in neonates after birth known as systemic inflammatory
response syndrome (SIRS) due to chorioamnionitis is
clinically diagnosed as EONS.["%

The pathophysiology of sepsis at the cellular and molecular
level is unknown. Studies have stated that there occurs
impairment of cerebral autoregulation due to cytokine
response and lead to cerebral ischemia or overperfusion
which is responsible for perinatal white matter injury and
cerebral hemorrhage. Damage to blood-brain barrier (BBB)
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PSVICA 0.967 =39.5 98.1 68.1
EDV ICA 0.988 =8.52 100 65.2
RIICA 0.945 <0.73 94.4 87
PI'ICA 0.998 <125 100 95.7
PSV MCA 0.994 >31.4 100 91.3
EDV MCA 0.982 =>7.64 98.1 88.4
RI MCA 0.936 <0.76 92.6 65.2
PIMCA 0.995 <1.15 98.1 98.6
PSV VA 0.999 =29 100 98.6
EDV VA 0.969 =>4.36 96.3 725
RI'VA 0.802 =<0.80 81.5 66.7
PI'VA 1.000 <1.22 100 100
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Figure 7: Transcranial Doppler ultrasound examination of middle
cerebral artery in a neonate without early-onset neonatal sepsis shows
PSV-32.5 cm/s, EDV- 8.7 cm/s, RI- 0.73, PI- 1.42

results in its increased permeability with the transfer of
cytokines across the BBB with the direct inflammatory
effects of free radicals, oxidative stress, and cytokines on
glial cells.l'14

It has also been shown that astrocytes and microglia
are capable of producing proinflammatory cytokines
during inflammation which can modify the re-uptake
of glutamate and stimulate the release of free radicals or
induce local production of nitric oxide which is a potent
vasodilator.!>1]

As there has been a substantial improvement in the
antenatal, perinatal care there has been an increase in the
survival of the premature and the low-birth weight babies.
Changes in 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.l®!

70.7 97.9 81.30 3.07 0.44
69.2 100 88.48 2.873 -0.533
85 95.2 90.4 1.261 -0.085
94.7 100 97.5 23.25 -0.04
90 100 95.12 11.49 -0.095
86.9 98.4 92.6 8.456 -0.109
67.6 91.8 71.23 2.66 -0.420
98.1 98.6 98.37 70.071 0.005
98.2 100 99.18 11.42 0

13.2 96.2 82.92 3.501 -0.328
65.7 82.1 13.17 2.44 -0.221
100 100 100 0
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Figure 8: Doppler ultrasound examination of vertebral artery in a
neonate without early onset neonatal sepsis shows PSV-22.4 cm/s,
EDV-2.6 cm/s, RI- 0.89, PI- 1.71

We measured the parameters of the vessels on either
side as there are studies which have shown that
there is no significant difference in the values on both
sides.[672

Our results agreed with the study conducted by Sriparna
Basu et al. that detected significantly lower resistance,
vasodilatation, and higher peak systolic velocity in
the three major cerebral vessels (ICA, MCA, and VA)
indicating generalized increase in CBF as an early response
to sepsis.[®

Koch et al. also proved that their chorioamnionitis full terms
had decreased resistance in most of the major cerebral
vessels compared with controls.!

Lower resistance and increased peak systolic velocity in
neonates with EONS was also stated by Rania Hashem
et al. by evaluating the ACA and MCA at day 3 of life by
transcranial Doppler® and by EL Shimmy®! et al. who
concluded that CBF and cord blood neuron-specific enolase
were elevated in the neonates with EONS.
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Among all the parameters studied in ICA, the sensitivity
of pulsatility index was highest in the present study with
sensitivity of 100% and with a diagnostic accuracy of 97.5%,
whereas for MCA the diagnostic accuracy was highest for
pulsatility index (98.37%) and the sensitivity was highest
for peak systolic velocity (100%). The pulsatility index
measured in vertebral artery had 100% sensitivity and
diagnostic accuracy.

Blood culture is considered to be the gold standard for the
diagnosis of neonatal sepsis.’! In our study, eight (14.8%)
neonates had a positive blood culture.

Certain differences can be observed in the measurements
of various parameters of the ICA, MCA, and VA among
neonates with and without EONS in the different
studies. These differences can be attributed to the time
of performance of the Doppler measurements and the
number of culture-positive cases which were different in
all the studies.

It has been documented that there occurs increase in the
CBF before the clinical appearance of the frank features of
sepsis meaning that the inflammatory process first affected
the cerebral circulation before it could affect any other body
system, thereby further making the role of transcranial
Doppler in assessment of EONS more important such that
CBF can be used as an early marker of SIRS and to identify
the neonates who are going to develop EONS.

There are contradictory reports regarding evidence of
effect of sepsis on the CBF. Some state that there occurs
vasodilatation and increased CBF,?*?! whereas others
have demonstrated decreased CBFV along with higher PI
in patients with sepsis.**?*! Reduced CBF is ascribed to the
vasoconstriction of the resistance arterioles.?®l Increased P,
a parameter for compliance of the vascular bed suggesting
cerebral edema or venous congestion, has been found to
correlate with poor neurological outcome.?’!

Among the various demographic parameters and the
clinical data, we found that the preterm and low-birth
weight neonates were affected more as compared to term
which are also the risk factors for EONS.3! Our study
reveals male neonates to be more vulnerable to develop
EONS as compared to females which was similar with the
study by Basu ef al.l¥! Studies have revealed that term male
infants have higher incidence of sepsis than term female
infants.*!

There are conflicting reports regarding the significance
of low Apgar score at 5 min as risk factor in development
of neonatal sepsis. In our study, we found statistically
significant difference in Apgar score at 5 min among
neonates with EONS and neonates without EONS.
However in the study conducted by Basu et al. there was

no statistically significant difference in Apgar score at
5 min among neonates with EONS and neonates without
EONS."I However according to Kari Simonsen, low Apgar
scores (score of 6 at 5 min) is a risk factor for EONS.™

Our study was cross-sectional with single-time assessment
of CBFV and therefore could not assess the fluctuation
of CBFV over a period of time and correlate it with the
adverse effect as studies have shown that children who
developed neonatal sepsis were three times more likely to
have neuromotor and cognitive development alterations
at 12 months of corrected age.?! Therefore, the single-time
assessment of the CBF velocity was one of the limitations
of our study.

Conclusion

Our study shows that the cerebral hemodynamics in
neonates with EONS is altered with an increase in the CBF
and a decrease in the resistance.

Assessment of CBF at early hours of birth by Doppler
ultrasound examination can be adopted as a bedside,
noninvasive investigation with immediate diagnostic, and
late prognostic significance. It can be considered as one of the
complementary investigation to the various laboratory test
that requires sufficient amount of blood sample requiring
invasive procedure, which can be avoided by noninvasive
Doppler examination. Apart from being noninvasive it is
portable, uses nonionizing radiation, accurate, cost-effective,
and allows simultaneous examination of cranial structures
and measurement of absolute CBFV with the added benefit
of serial and repetitive examination with early institution
of treatment.

The authors certify that they have obtained all appropriate
patient consent forms. In the form the patient(s) parents/
guardian has/have given his/her/their consent for his/her/
their images and other clinical information to be reported in
the journal. The patients understand that their names and
initials will not be published and due efforts will be made to
conceal their identity, but anonymity cannot be guaranteed.

Nil.

There are no conflicts of interest.

References

1. Lawn JE, Cousens S, Zupan J. 4 million neonatal deaths: When?
Where? Why? Lancet 2005;365:891-900.

2. Simonsen KA, Anderson-berry AL, Delair SF, Davies HD.
Early-onset neonatal sepsis. Clin Microbiol Rev 2014;27:21-47.

3. El Shimy MS, El-Raggal NM, El-Farrash RA, Shaaban HA,

Indian Journal of Radiology and Imaging / Volume 30 / Issue 1 / January-March 2020 57



10.

11.

12.

13.

14.

15.

16.

17.

Ratnaparkhi, et al.: Utility of Doppler ultrasound in early-onset neonatal sepsis

Mohamed HE, Barakat NM, et al. Cerebral blood flow and serum
neuron-specific enolase in early-onset neonatal sepsis. Pediatr Res
2018;84:261.

Hashem RH, Abdalla YE, Mansi YA, Shaaban MH, El Kiki HA.
Transcranial Doppler evaluation of cerebral hemodynamic
alteration in preterms with early onset neonatal sepsis. Artery Res
2017;19:83-90.

Medhat H, Khashana A. Incidence of neonatal infection in South
Sinai, Egypt. Int J Infect Dis 2017;4.(1):e36615. doi: 10.17795/
iji-36615.

Basu S, Dewangan S, Shukla RC, Anupurva S, Kumar A. Cerebral
blood flow velocity in early-onset neonatal sepsis and its clinical
significance. Eur ] Pediatr 2012;171:901-9.

Pezzati M, Dani C, Biadaioli R, Filippi L, Biagiotti R, Giani T, et al.
Early postnatal Doppler assessment of cerebral blood flow velocity
in healthy preterm and term infants. Dev Med Child Neurol
2002;44:745-52.

Molnar L, Fiilesdi B, Németh N, Molnar C. Sepsis-associated
encephalopathy: A review of literature. Neurol India 2018;66:352.

National Neonatology Forum NNPD Network. National Neonatal
Perinatal Database: report for 2002-2003. New Delhi: NNPD
Network; 2005: 1-70.

Pacora P, Chaiworapongsa T, Maymon E, Kim YM, Gomez R,
Yoon BH, et al. Funisitis and chorionic vasculitis: The histological
counterpart of the fetal inflammatory response syndrome. ] Matern
Fetal Neonatal Med 2002;11:18-25.

Zanardo V, Trevisanuto D, Cosmi E, Chiarelli S. Chorioamnionitis
and cerebral palsy: A meta-analysis. Obstet Gynecol 2010;116:1454.

De Felice C, Del Vecchio A, Latini G. Evaluating illness severity
for very low birth weight infants: CRIB or CRIB-II? ] Matern Fetal
Neonatal Med 2005;17:257-60.

Redline RW, Faye-Petersen O, Heller D, Qureshi F, Savell V,
Vogler C, et al. Amniotic infection syndrome: Nosology and
reproducibility of placental reaction patterns. Pediatr Devel Pathol
2003;6:435-48.

Redline RW, Wilson-Costello D, Borawski E, Fanaroff AA, Hack M.
Placental lesions associated with neurologic impairment and
cerebral palsy in very low-birth-weight infants. Arch Pathol Lab
Med 1998;122:1091.

Borutaite V, Matthias A, Harris H, Moncada S, Brown GC.
Reversible inhibition of cellular respiration by nitric oxide
in vascular inflammation. Am ] Physiol Heart Circ Physiol
2001;281:H2256-60.

Ashwal S, Dale PS, Longo LD. Regional cerebral blood flow:
Studies in the fetal lamb during hypoxia, hypercapnia, addosis,
and hypotension. Pediatr Res 1984;18:1309.

Saito M, Matsuda T, Okuyama K, Kobayashi Y, Kitanishi R,
Hanita T, et al. Effect of intrauterine inflammation on fetal

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

cerebral hemodynamics and white-matter injury in chronically
instrumented fetal sheep. Am J Obstet Gynecol 2009;200:663-e1.

Fu J, Olofsson P. Restrained cerebral hyperperfusion in response
to superimposed acute hypoxemia in growth-restricted human
fetuses with established brain-sparing blood flow. Early Hum Dev
2006;82:211-6.

Kehrer M, Goelz R, Krageloh-Mann I, Schéning M. Measurement
of volume of cerebral blood flow in healthy preterm and term
neonates with ultrasound. Lancet 2002;360:1749-50.

Aranha CA, Lederman HM, Segre CA. Color Doppler evaluation
of the influence of type of delivery, sex, postnatal age and time
post feeding on full term healthy newborns cerebral blood flow.
Arq Neuropsiquiatr 2009;67:463-73.

Koch FR, Wagner CL, Jenkins DD, Caplan M], Perkel JK,
Rollins LG, et al. Sex differences in cerebral blood flow following
chorioamnionitis in healthy term infants. ] Perinatol 2014;34:197.

Szatmari S, Végh T, Csomos A, Hallay ], Takédcs I, Molnar C,
et al. Impaired cerebrovascular reactivity in sepsis-associated
encephalopathy studied by acetazolamide test. Crit Care
2010;14:R50.

Terborg C, Schummer W, Albrecht M, Reinhart K, Weiller C,
Réther J. Dysfunction of vasomotor reactivity in severe sepsis and
septic shock. Intensive Care Med 2001;27:1231-4.

Pfister D, Schmidt B, Smielewski P, Siegemund M, Strebel SP,
Riiegg S, et al. Intracranial pressure in patients with sepsis. Acta
Neurochirurgica Supplements. Vienna: Springer; 2008. p. 71-5.

Furukawa S, Sameshima H, Ikenoue T. Circulatory disturbances
during the first postnatal 24 hours in extremely premature infants
25 weeks or less of gestation with histological fetal inflammation.
J Obstet Gynaecol Res 2008;34:27-33.

Yanowitz TD, Jordan JA, Gilmour CH, Towbin R, Bowen AD,
Roberts JM, ef al. Hemodynamic disturbances in premature infants
born after chorioamnionitis: Association with cord blood cytokine
concentrations. Pediatr Res 2002;51:310.

Maekawa T, Fujii Y, Sadamitsu D, Yokota K, Soejima Y, Ishikawa T,
et al. Cerebral circulation and metabolism in patients with septic
encephalopathy. Am ] Emerg Med 1991;9:139-43.

Matta BF, Stow PJ. Sepsis-induced vasoparalysis does not involve
the cerebral vasculature: Indirect evidence from autoregulation
and carbon dioxide reactivity studies. Br ] Anaesth 1996;76:790-4.

Altman DI, Perlman JM, Volpe JJ, Powers W]. Cerebral oxygen
metabolism in newborns. Pediatrics 1993;92:99-104.

Benitz WE, Gould JB, Druzin ML. Risk factors for early-onset
group B streptococcal sepsis: Estimation of odds ratios by critical
literature review. Pediatrics 1999;103:e77.

Kliegman RM, Behrman RE, Jenson HB, Stanton BM. Nelson
Textbook of Pediatrics E-Book. Elsevier Health Sciences; 2007
Philadelphia, United States.

58 Indian Journal of Radiology and Imaging / Volume 30 / Issue 1/ January-March 2020



