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Objective: To study the effect of KMC in premature newborns
on cerebral hemodynamics in the middle cerebral artery (MCA)
using transcranial doppler sonography.

Methods: In this descriptive study, 40 clinically stable preterm
neonates admitted to the neonatal intensive care unit of our
institute and undergoing Kangaroo mother care (KMC) were
enrolled. Physiological and cerebral blood flow parameters of
MCA were obtained by using transcranial doppler sonography at
baseline, at 60 minutes of KMC, and after 60 minutes of stopping
KMC.

Results: Of the 40 enrolled neonates (24 males), the mean (SD)
birth weight, gestation age, and postnatal age were 1698.25
(495.44) g, 33.00 (1.67) wk, and 6.80 (4.51) days, respectively.

The mean (SD) cerebral blood flow velocities increased (peak
systolic velocity (PSV), P=0.03; end diastolic velocity, P<0.001;
mean velocity, P<0.001) and doppler indices decreased (resis-
tive index, P=0.001; pulsatility index, P<0.001) significantly;
whereas, heart rate (P<0.001) decreased but SpO2 (P=0.001)
and mean blood pressure (P=0.003) increased significantly at 60
minutes of KMC as compared to baseline. Sixty minutes after
stopping KMC, all parameters (except PSV) were higher than
baseline, indicating post KMC effect.

Conclusion: KMC improves cerebral hemodynamics in clinically
stable preterm neonates.
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emature neonates, born across the globe, spend
eir first few weeks of life in the neonatal
intensive care unit (NICU) [1], where they are
subjected to an abnormal environment and
multiple invasive procedures. The neonatal period isthe
critical period of brain development and maturation [2].
Preterm neonatesare especially susceptibleto braininjury
asthey haveimmature cerebral vasculature and ineffective
cerebral autoregulation, leading to the marked fluctuation
incerebral blood flow [3,4]. Thisresultsin cerebrovascular
eventslikeintraventricular hemorrhageand ischemicinjury
to periventricular white matter, which have long-term
adverse neurodevel opmental problemsin cognitive, motor,
and behavioral domains|[5].

Globally, during the last two decades, there has been
significant improvement in the survival of extremely
preterm neonates due to advanced perinatal and neonatal
intensive care practices. Increased survival has also
resulted in increased neuro-morbidity among the
survivors. Hence, neuroprotective strategies are required
toimprove cerebral hemodynamics[6]. Kangaroo mother
care (KMC), an evidence-based standard of care for
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preterm neonates [7-10], positively influences the
premature brain networks, facilitates the formation of
neural connections, and leads to better long-term
neurodevel opmental outcomes[11].

Invited Commentary: Pages 13-14

Most studies on KMC have focused on thermo-
regulation, pain control intervention, physical growth,
mortality and sepsis reduction, success with breast-
feeding, andimprovement in cardiorespiratory parameters.
However, the effect of KM C on cerebral blood flow andits
dynamics in preterm has not been studied well.
Transcranial color Doppler sonography is an excellent,
non-invasive modality for real-time assessment of cerebral
blood flow in newborns[12]. Color Doppler imaging of the
middle cerebral artery (MCA) displays various cerebral
blood flow parameters, which helpsto eval uate aterations
in cerebral hemodynamics[13]. Thecurrent study aimsto
evaluate the changes in cerebral blood flow patterns and
velocities in MCA by using transcranial color Doppler
beforeand after KMCin clinically and hemodynamically
stable preterm neonates.
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METHODS

A single- arminterventional study was conducted between
September, 2020toMay, 2021 at Level 3NICU inaMedica
collegeinAnand, Gujarat, India, enrollingal clinically and
hemodynamically stable preterm neonates (28 0/7 t0 36 6/7
weeks gestational age) admitted to NICU or KMC ward.
Exclusion criteriawere neurol ogical impairment (perinatal
depression and hypoxic-ischemic encephal opathy, intra-
ventricular hemorrhage, hydrocephal us, stroke, seizure or
congenital malformation of the central nervous system),
congenital heart disease, critical illness rendering the
babies unstable (needing invasive mechanical ventilation
and/or inotropes), administration of pain control/sedative
medications within 24 hours before study interventions,
and neonatal abstinence syndrome.

In the absence of any regiona estimates of the
standard deviation of outcome variables, it was not
possible to calculate the exact sample size. The study
period was planned for around nine months expecting to
enrol around 35 participants.

After obtaining written informed consent from
parents, the baseline physiological parameters[heart rate
(HR), oxygen saturation (SpO,), and blood pressure (BP)]
and cerebral blood flow parametersof MCA were obtained
by using transcranial color Doppler ultrasonography ina
supine position under a radiant warmer. After that,
neonates were given KMC for the first time as per
standard positioning technique, for a minimum of 60
minutes. All cerebral blood flow parameters and
physiological parameterswere obtained at 60 minof KMC
and 60 minutes after stopping KMC. All neonates were
examined in acalm and resting state without any sedation.
Cerebral blood flow parameterswere obtained by Doppler
imaging evaluation of the middle cerebral artery using
Transcranial color Doppler (TCD) ultrasonography
machine (Sonosite, Model-EDGE-Fifth generation
portable ultrasound, Sr. no-03P565) with ahigh resolution
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phased array transducer (Model P10x) of 8-4 MHz. All
cranial ultrasound examinations were performed by a
Neonatology fellow having expertise in neonatal cranial
ultrasound. Color Doppler imaging with pulsed wave
Doppler (PWD) was used to identify MCA from the
temporal window. The cerebral blood flow velocities
(CBFVs) and Doppler indices (Rl and Pl) measured
includedi) Peak systalic velocity (PSV): Highest velocity in
thecardiac cycle; ii) End diastolic velocity (EDV): Lowest
velocity at the end of the cardiac cycle; iii) Mean vel ocity
(MV): Calculated over a series of cardiac cycles; iv)
Resistive Index (RI): (PSV-EDV)/PSV; and v) Pulsatility
index (P1): (PSV-EDV)/MV.

Satistical analysis. Paired t test was used to compare
physiological and cerebral blood flow Doppler parameters
at basdine (before KMC), at 60 min KM C and after 60 min
of KMC. Pearson correlation coefficient was used to
correlate cerebral blood flow parameterswith gestational
age and hirth weight. The analysis was performed using
STATA (14.2). A P valueof lessthan 0.05was considered
significant.

RESULTS

Of atotal of 152 preterm neonates admitted in NICU, 93
neonatesdid not meet theinclusion criteria, mothersof 15
eligible neonates were not available to provide KMC as
they were COVID-19 positive and sick, and mothers of
four neonates refused to participate. So, 40 (24 (60%)
males) clinically stable preterm neonateswere enrolledin
the study, with 27(67.5%), 11(27.5%) and 24 (60%) being
appropriate for gestation age (AGA), small for gestation
age (SGA) and | ate preterm babies, respectively. Themean
(SD) gestational age, birth weight, and postnatal age of
theparticipantswas 33.05 (1.68) weeks, 1698.25 (495.44) g,
and 6.8 (4.52) days, respectively.

All the mean cerebral blood flow parametersof MCA
Doppler viz., PSV, EDV, MV, Rl and Pl improved
significantly at 60 minutes of KM C compared to baseline

Table | Cerebral Blood Flow Parameters of Middle Cerebral Artery Doppler at Different Durations of Kangaroo Mother

Care(KMC) (N=40)

Parameters BeforeKMC At60min MD (95% CI)?; 60 min after MD (95% CI)®;

(Basdline) of KMC Pvalue stopping KMC Pvalue
PSV (cm/s) 43.9(3.76) 44.8(3.94) -0.90(-1.70,-0.90); 0.030 43.8(3.45) 0.12(-0.59,0.82); 0.74
EDV (cm/s) 10.8(1.30) 11.8(1.33) -0.97 (-1.41,-0.54); <0.001 114(1.1) -0.66 (-0.96,-0.36); <0.001
MV (cm/s) 21.8(1.90) 22.8(1.91) -0.92(-1.39,-0.46); <0.001 22.2(1.64) -0.38(-0.73,-0.03); 0.032
RI 0.7(0.02) 0.7(0.03) 0.02(0.01,0.03); 0.001 0.7(0.023) 0.16(0.01, 0.020); <0.001
Pl 1.5(0.09) 14(0.11) 0.07(0.03,0.11); <0.001 1.4(0.09) 0.06 (0.04,0.09); <0.001

All values in mean (SD). MD-mean difference. 2before KMC—at 60 min of KMC. Pbefore KMC—60 min after stopping KMC. SpO2-oxygen
saturation; BP-blood pressure; PSV-peak systolic velocity; EDV-end diastolic velocity; MV-mean velocity; RI- resistive index; Pl-pulsatility index.
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values. Thevalueswere higher than baseline at 60 minutes
after stopping KM C except for PSV (Tablel). Similarly, the
physiological parametersviz. SpO2, heart rate, and mean
blood pressure showed significant improvement at 60
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minutes of KMC from baseline, whereas systolic and
diastolic blood pressure remained similar. The effect was
sustained only for mean blood pressure after 60 minutes of
stoppingKMC (Tablell).

Table Il Physiological Parameters of Middle Cerebral Artery Doppler at Different Durations of Kangaroo Mother Care

(N=40)
Parameters BeforeKMC ~ At60min MD (95% CI); 60 min after MD (95% CI)®;
(Basdline) of KMC Pvalue stopping KMC Pvalue
Heart rate (per min) 148.8(10.42) 1436(11.24) 5.23(2.95,7.50);<0.001  146.1(10.55) 2.65(-0.05, 5.35); 0.05
SpO2 (%) 95.7 (1.40) 96.5(1.50) -0.88(-1.38,-0.37); 0.001  95.8(1.82) -0.18(-0.76,0.41); 0.55
Systolic BP(mmHg) 64.0(7.81) 64.6(8.73) -0.63(-1.84,0.59); 0.31 63.9(8.38) 0.05(-1.34,1.44);0.94
DiastolicBP(mmHg)  42.2(6.96) 43.3(6.75) -1.05(-2.44,0.34);0.14 43.3(6.83) -1.08(-2.69,0.54); 0.19
Mean BP (mmHg) 45.1(7.59) 46.9(8.32) -1.73(-2.81,-0.64); 0.003  47.1(7.81) -1.93(-3.11,-0.74); 0.002

All values in mean (SD). KMC-kangaroo mother care; MD-mean difference, 2before KMC—at 60 min of KMC, Pbefore KMC—60 min after

stopping KMC. Sp02-oxygen saturation; BP-blood pressure.
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Fig. 1 Correlation between gestational age (GA) and cerebral blood flow (CBF) parametersin preterm infants undergoing kangaroo

mother care (KMC).
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Table |1l Correlation Between Birth Weight and Cerebral
Blood Flow (CBF) Parameters of Middle Cerebral Artery
Doppler at Baseline Before Kangaroo M other Care (N=40)

CBF parameters Correlation coefficient Pvalue
PSV 0.362 0.022
EDV 0.552 <0.001
MV 0.505 0.001
RI -0.324 0.042
Pl -0.361 0.022

PSV: peak systolic velocity; EDV: end diastalic velocity; MV: mean
velocity; RI: resistive index; Pl: pulsatility index.

On evaluating the correl ation between cerebral blood
flow parametersof MCA Doppler at baselineand gestation
age (Fig.1) and birth weight (Tablelll), it was seen that
whileEDV (r=0.49) and MV (r=0.40) weresignificantly
positively correlated with gestation age, RI (r =-0.35) and
PI (r =-0.37) weresignificantly negatively correlated with
gestation age. Although, PSV (r=0.26) had a positive
correlation with gestation age, it was not statistically
significant. The correlation between cerebral blood flow
parameters of MCA Doppler and gestational age are
showninFig. 1.

DISCUSSION

The current study determined the impact of KMC on
cerebra  hemodynamics in MCA and physiologica
parameters. Therewasastatistically significant improve-
mentinall CBF parametersat 60 minutesof KMC compared
to baseline. However, these changes in CBF parameters
werewithinthe normal range. Thetrend of improving CBF
parameters was still evident at 60 minutes of stopping
KM C except for the PSV, which wascloser to the baseline
values. As this effect of KMC was studied only up to 60
minutes after stopping KMC, the effect after that is
unknown. We also found significant correlation between
CBF parameters at baseline and gestation age and birth
weight. Further, this study showed a positive impact of
KMC on cardiorespiratory parameters, the effect was
sustai ned only for mean blood pressure post 60 minutes of
stopping KMC.

KMC has emerged as a safe, feasible, and low-cost
intervention for neonates, with significant benefits[14,15].
Thebeneficia effectsof KMC on cerebral hemodynamics
in preterm neonates are yet to be fully explored. Neuro-
physiologicd effectsof KM C might mediateimprovement
in cerebral blood flow. Skin-to-skin care by the mother
provides multisensory stimulation, including tactile,
auditory, and olfactory. All these may haveatranquilizing
effect on the baby, allowing physiological parameters to
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stabilize, facilitating neural connections, enhancing
synaptic efficacy and connectivity of cerebral motor
pathways. It also enables better quality of quiet sleep and
induces non-chaotic sleep patterns and normal sleep
cycling [9]. Nelson and Panksept’s brain opioid theory of
socia attachment, based on animal experimentation,
postulates that maternal touch, smell, and milk release
endogenous opiates, which are known to promote
affiliative behavior [16]. Oxytocinisthe primary hormone
promoting affiliation and appearsto have anti-nociceptive
effects. Activation of slow-conducting unmyelinated
afferents by pleasant touch stimulates the cortex to
produce variousvasodilatory mediatorsand inducesnitric
oxide-mediated smooth muscle relaxation of cerebral
microvasculature[17,18]. Hence, KM C might positively
influence cerebral hemodynamicsin the preterm brain by
these various proposed mechanisms.

Korrag, etd.[19],inasimilar study in Egypt, recruited
60 clinicaly stable pretermsand measured CBF parameters
in MCA before and after 30 min of KMC. This study
demonstrated asignificant increasein CBFVs (EDV and
MV) and asignificant decreasein Doppler indices (Rl and
PI) after 30 minutes of KMC, indicating improvement in
CBF following KMC application. Other authors [20-22]
also observed a correlation between al CBFVs and
gestational age. Thus, the current study results are
concordant with these previously published studies.

Similar to the study by Seibert, et al. [23], Doppler
indices (Rl and Pl) showed a significant decrease with
increasing gestational agein the current study. Nourian, et
a. [24] suggested that the effect of KMC on the
physiological parametersremains sustained. Azeez, et al.
[25] also found that the majority of babies who received
KM C showed significant improvement invital parameters.
Pezzati, et al. [ 22] generated normal referencedatafor MCA
CBF parameters in preterm infants and demonstrated
association with GA and BW. The current study
additionally helped in the establishment of a normative
database for MCA cerebral Doppler measurements in
stable preterminfants.

Theresidual effect on many parameters even after 60
minutes suggests that KM C may be working through the
release of various hormones or neurotransmitters which
have a half-life of more than 60 minutes. AsKMC is a
multimodal intervention and achievesits actionsthrough
various mechanisms, itisdifficult toisolateasingleor few
hormones/neurotransmitters that are responsible for it.
Duration of KMC has a dose-relation-ship effect on the
size of thegrey matter, especially theleft caudate nucleus,
asshown by a20-year follow-up study [11]. We now have
some evidence that KMC alters circulatory flow in the
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stable preterm neonates.

WHAT ISALREADY KNOWN?

* Most of the studies on Kangaroo Mother Care have focused on thermoregulation, pain control intervention,
physical growth, breastfeeding, mortality, and sepsis reduction.

WHAT THIS STUDY ADDS?

< KMC improves cerebral hemodynamics response by improving cerebral blood flow in hemodynamically

brain, which might ensure appropriate growth of neurons
and thustheir function [26]. Theresidual effect following
stopping KMC, as shown in the current study, suggests
that short breaks between KM C sessionsdueto changein
KMC providerss KMC provider fatigue may not deprive
preterm neonates of the beneficia effects of KMC. A
recently published i-KMC trial showed that low birth
weight babies who were provided continuous KMC
initiated immediately after birth experienceareduced risk
of mortality compared withasimilar groupinwhomKMCis
initiated only after clinical stabilization[27].

The pre-requisite of enrolling only hemodynamically
stable newborns in this study limited the application of
KMC to other newborns. The sample size was also small
across gestations, and we do not have data on the long-
term neurodevel opmental follow up.

The current study showed a positive impact of KMC
on cerebral hemodynamic response by improving cerebral
blood flow in hemodynamically stable preterm neonates. It
also showsit stabilized cardiorespiratory para-metersand
thus positively influences the physiological stability of
preterm neonates. Further research could compare
cerebral blood flow Doppler parameters between babies
whowereinitiated on KM C after birth and thosein whom
KM_Cisinitiated after clinical stabilization.
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