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FETAL CIRCULATION AND NEONATAL

TRANSITION
Introduction = ootoss
Features :
* Theheart and cireulatony system s g 'mw\
the first organ system to become fully /ml‘_j"v:-f -
functional which is necessary for em= w0 M_!”__
bryogenesis and further fetal devel- /.m
opment. NS T
* most of the work hos been done in tr::?:::‘ .o
fetal lambs whose circulation close- e 5 g
Iy resembles to that of human Setal & 4
circulaion. i
* The first detaded occount of fetal cr- =™ ) ot ....L

culation as a whole deseribed
uxnnmmwegmor - u-«;,c-«--j J
.

B pgh orygen content I8 Mackum Daygen content
Fetal circulodion vs Adult cireulation : R
* Parallel arrangement of tuwo main e frouln.
arterial systems and their respective ventricles (Adult circulation is . series
* Placenta is the site of gas exchange.
* Presence of shunts.
* Preferential streaming of blood.
* Pulmonary circulation ¢ High PVR ana iows siow.
* Systemic circulation : Low SVR and high Bou

Features of Fetal circulation 00:02:55

Circuit :
Series circuit :
Blood has 1o pass through each and every component.
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Fetal and neonatal circulations
B Y I S
L Remesg |
mq=1lﬂ.4ung

Betore birth R, is high. Thus most of biood bypasses the ing,
After bisth RY gecresses and blood is directed through the lungs.

Consequence of paraliel nature of fetal circulation :

¢ Feius-to!erates&\eobsm;cﬁveiesmww.welt

* Fetal circulation is jeopardized by regurgitant lesions and myocardial dis-
ease.

Couses of fetal heart failure :
L Severe vallor regurgitaion : AVCO, Ebstein
a wmnhoﬂed?ehlmhgﬁmhsﬂadgwdbs,%
3 Fetolngomrdﬁs,?ehlwdiongopo&hm

4. Recipient twin in TTTS.
S Mmhhghm@twdm%m:vaino#&nlenmhnm&m

b. Some eongenital porto systemic shunts.
7. Inutero restriction of foramen ovale and ductus.
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Fetal Cirruiatinn aned Heoratal Traeaitinn - 1

Shurds ¢

L Pacento.

& Ductus venosus.
3. Foramen ovale.
4. Duetus arteriosus.

Parts of fetal_circula_tion B 00:08:31

tt can be divided nto !

L Frior to RA (Placenta, LV, IVC).

a nside RA

3 n!’—lerlzn(vm&ridesmdgreatar'ceﬂes).
4. Return of blood to placenta.

Prior to RA (Placenta, UV, VC) :

* Oxjgenated blood (80% saturation) leaves the placenta. through the umbiical
vein and reathes up o the porta hepatis of theliver. (IS U8

* 50 % of blood bypasses the liver through the
Buctus venosus and enters the Ve,

* 504 of blood in the umbiical vein enters the left
branch of the portal vein, perfuses the hepatic
Simso“dsw\devenhml\gerﬂersmewc&vugh
he left hepatic vein

* a streams in the IVC (Preferential streaming). Prior to RA
Mdomtmd/tdﬂefemvebcitm

Inside RA :
s Msvcmmmgmwawmmmw,mmm
superior and, left ward course of the eustachian valve.
s mecormgsiusisbcniedcwdaﬂo#omwd&sandhame%dmmto
the v across the TV .
* 4 main streams of inflow into right afrium:
i From SVC casrying poorky saturated blood ( 40% ) $rom the upper body
ond brain.
i Coronary sinus ié highly desaturated uhich is 358 and two streams n
ﬁ\emuerdnkmtawd\m%emied.
it elood Prom the umbikcal ven via the ductus venosus and left hepate
vein 1e I3 rd ive blood.
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. Poorly o%emted blood from the rest of the lower body and right
lobe o liver whi
* ped stream i directed directhy toLv
(o7t eustachian valve and crista dividens).
* plue stream S directed to RV.

ch is a/3rd VL blood.
via. foramen ovale.

atter 2A (ventricles and great arteries) :

From RV : FomLV!

* To lungs : 5% . m:wmmmm

. ﬁPmGupplieSlowerlmbs)t e Lower limbs (5mall proportion).
es4.

note ¢

* RV output i L3 time LV €O : RV & thicker ot birth.

¢ v S5% of CVO.

s LV 455 oF OVO.

® Wpressure=wpressure,
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Note :

Fotal Circulation and Neonatal Transition - 5

® mﬁ\hedesnhna\edbbodrendwesﬂweright ventricke and this blood is
channeled via the ductus arteriosus nnc\descendns oorta. to the placento, "

Yor oxygenation

* most of the soturated blood reaches the left ventricle which i driven into
iheascer\ciir\sam*oﬂ'reheartandhrm

Placento. § umbilical vessels :
flacenta :
* Orsanuhichrecewesmaxcvo.
* site of least vascular resistance.

* efficiency of oxygenation & less than lunas.

umbiical vessels :
* Spoa:8o% * ranch of Anterior division of
A Poa:ao—aSMan mte'nolin{emolibcm
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N e—"

Oxggen saturation at various levels :

why Petus tolerates low 0a levels :
* High CVO 400 to 450 mL/kg/min.

* High HbF levels.

©, saturation of hemaglobin (%)
]

B Feta? hamaglobin
B AduM hemogiobin

T s

©
Parial prassure o O,

| mggen hemoa\ob’n dissociotion curve.
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Felal Circulation and Neonatal Transition -

How Fetus /neonate increases its €O
Fectors Affecting Heart Rote (HR) Factors Atiecting Stroke Volums (8V)

Autenomic innervation Heart size

Hormones Fitness levels

Filness levels Gender

Age Contractility
Duration of contraction
Preload (EDV)
Afterloa (resistanoe)

\/

Heant Rate (HR) {ﬁ @Wumﬂ (SV) = EDV - ESV

Cerdiac Output {CO) = HR X

Oifterences between infont muocardium and adult muocardium :

s Mwﬁdngowdkmis&mdeﬁzedbgwsherm&er&ownngenmdm-
nective tissue to contractie tissue ratios which & less compliant.

: mwmrenyoqemmngo&bﬁs,m&hmngﬂbrkmm
organized .

* Meona&nlugocardhmins%m‘m&odnnckh,uhimmsnd\egmdm-
pl-\obsmnﬂhm;re.

* Neonatal muocyte contractifity is more dependent on plasma. calcium due to
an immadure sarcoplasmic reticulum and poorly developed T-tubules.

. mmmwwhmmﬁwgdmhped,m
sympathetic innervation i incomplete. Responses to stimuli are often vagal in
nature resulting in significant bradycardio.

HR, Stroke volume relation with éxercise
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Notg !
* Felal arvd neonatal nyoeard&umls mmature .

* increase in cardiac output is mainky affected by heart rate hence # there

is?ehlbm%wdta&‘ehsgosh\oshoc&

Transition of fetal circulation

00:25:55

events at birth :
* The change from fetal to postnatal eireulation happens very quickly,
. changesmhﬁia&edbgbubs’swhredh

Chwgesntbirlh:

¢ SWVR erenses.
® Large fall in PVR.
. dmreﬁsl'un!s&ruﬂgdmhasnrteﬂo&:s).

Reason for rise inSVR ;
¢ Placenta is removed from cireulation .
o w5erisein5\Mashebwestresistumpoﬂmsdm&\Med.

Fetal and neonatal circulations

Ry fLung)

R; Bypass)

1’".‘l 1R, + 1R,

Before birth R, is high. Thus most of biood typasses the lung.
After birth R1 decreases and biood is directed through the kungs.

NEET SS Pacdiatrics = v1.0 - Marrow 3.0 - 2023
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Fetal Girculation and Neonatal Transition

Ned N B Betn o e St
PRENATAL POSTHATAL
PVR and SVR.
Changes in pulmonary cireulation :
Reason Yor high PVR in fetus :

. mwwmmmmahghmmmmmmmm
W@#MW&W@WM%&M&Mw@&e
hgasexdw\se,mnrdsmewmwstmaephwm,hermhistheen
in fetus.

* mechanical factors :

° Fehlbrgsmcd\apseduﬂ&\mhhumbbod%m
* Thick walled muscular pulmonary arteries.

* Chemo reflexes :

* more vasoconsirictors vs vasodilators due to relative hypoxia.

o

VASOCONTRICTORS
CYCL
SE PATHWAY 'GEN TENSION
TRA2
PG F2 alpha
LIPOOXVGENASE VASODILATORS
- EDNO
ENDOTHELINS PGI2
nnm1 il ET-1-ETBR
x ANP/BNP/CNP
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PWR in preterm VS term infants
s PVR riges at term /L increase in vasocontrictors,

* Hence, preterm bables have lower PVR.

Pulrmrgpamme&erw

Pulmonary srierisl
mesn pressure
mm g}

Pulmonary blood flow
{mb/min/kg)

Puimonary vaseular
mm Homlmin/kg

Phases of changes in PVR :

s&gmwio\!f’wjustbe%ebﬂm

* Removol of Fetal ung Suid begins before birth by active Na. transport.

J Trgseredbghmnm=wechowmes,vasopressnprohcm5kmcﬂi—
coids.

Phase | :
. WB rﬂpﬂs‘“:48‘%m N—I: 3
* immediote recruitment of kng vasculature,

* Intrease PO ¢ From 3S mm 40 SO mm Ha, o -
Factors causing deloyed fall in PVR : il
* Wpoda:
* vigh altitude.

* pPre term infonts with delaged lung madurity,
* Lung diseases | Preumonia. /mes.
* Cagsarian section

NEET S5 Paediatrics < v1.0 » Marow 1.0 » 2023
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* TN
* Preterm birth,

Note !
h’eiennw'vthhipoxh!m%l\mm
Pm{ermw‘tthmrmnlo%a\n&ionlmtnMseen

Phose a¢
La&esiowdedhehmﬁomﬂobweeksdue-tobssogwuswhrwdr&

PA involuion :
* In the first 4 1o & weeks after birth, there is progressive involution of the
circumberential medial smooth muscle with overall reduction in medial mus-
cular thickness of the walls of the smali pulmonary arteries.

fhase 33
yddedmwsaﬂerawsm&ommhmm&dmﬁmd

puimonary vessels.

3560
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Clinical importance of fall in PVR !

» persistent pulmonary Sion. . .
* Large post tricuspid shunts prmntaﬂer b Wsw&hmummm
media becornes thinner.

18
X3

l
1E
&

04 m1¥i‘_

02

7 & A A

Weeks
Large post fricuspid shunts preset*aﬁon

CaseSuhe'repos*«mspidstwﬂsPr&r*eaﬂier
I VSDs

¢ pretermvsD (Normal Oxygenation).

* CoR, Rortic interruption.

3. POA
* Pre term POA ¢ (ormal Oxygenadion).

3, AP window.
4, AVeD : fAissociated severe M.

Note :
* High 02 couses vosodiation of PR,
* pq couses vasodilation of PA.
Closure of shunt vessels 00:40:45

Ductus venosus closure :
cbsesmdiaaegaﬂerbﬂhsmﬂrs&kwhmnstownhh1daﬁsm{o

cessation of umbilical Sous
Foramen ovale closure :

R‘sdueiorsehwprwem%! in RA pressure.
as% adult population are estimated to have probe patent foramen ovale.

NEET S5 Pasdiatrics * v1.0 « Marrow 1.0 * 2023
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Ductus arteriosus closure :

CLHD and buctus closure !

. ﬁmmmmymmmmsm&bﬂhh
term neonates : Due to vasoconstriction.

* fnatomical closure in a-3 weeks after birth causes SMC proiiferation leading
mgnmaﬁummabwm?mm&m

* Functionally chosed ductus arteriosus may reopen with reduced Pod.

mmmmm=
* Low PO

* Wigh Pega.

] “g-‘ alttude

* Worease bradg«nn

Note :
* 03 and acidosis constricts the ductus ond diates the pulmonary artery,
* P& diate both PR and ductus.

Problems faced by premature newboms ¢
. Hyner‘maemeo?mm
Duztal smooth muscie less responsive 10 03
immoture lungs : Decreased breakdown of PGEA.
. M:
Pre term with hypoxia. (eg HMD).
Pre term with normal 0. .

NEET S$S Podiatrics  v1.0 - Mamow 1.0 - 2023
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Fate of different structures:
” -h = III-E".‘I _ il m L = o - i
* Foramen ovole Fossa. ovalis
* puctus arteriosus Ligamentum arteriosum
* extra-hepatic portion of the fetal Ligamentum teres hepatis
jePt umbilical vein Round ligament of the liver)
° \n&ra—hepa&icpoﬁbno#ﬁiek&dlleﬁ
amentum venosum
umbiical vein (ductus venosus) -9 ‘
. mehwp(ﬂionso?ﬁwe?etnuehmd umbilical branches of the
right umbiical arteries internal iliae arteries
* Distal portions of the fetal lett and right umbiical g
| umbiical arteries

NEET SS Paediatrics - v1.0 « Marrow 1.0 « 2023
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NEONATAL CARDIOLOGY

Introduction 00:00:21

Critical CHD :
Delnition !
Structural malformations of the heart that are present at birth and require
surgery or intervention in the first year of Ie 1o survive,
* 1in 4 babies bom with a. CHD have CCHD.
* most CCHD require intervention in neonatal period itself.

Lite expaciancy graph

I IO AR
Lite Expactancy

Casel:

* A2 dayold neonate presents to the €0 unwell with poor pulses and cold pe-
rioheri

. Para\tssmehstago?ewgdsc}mgemmakernmmlvagmm

Wsnshdsm&hmpnpable?amdsw&hweﬂk&bm&h&

* LU Spod and 8P are un recordable.

Soft systolic murmur over let axilo.

L]

Ta:’tcalhis{oryhm:

¢ Mgbengnbn‘hhﬁorguuthneorgmrmq:snrs

. sWedn?\s“rstmm&lﬂe,bemeombu*mkmﬂm
of circulation occurs.

* Closure of the ductus.

* FallinPVR.

NEET SS Paediatrics « v1.0 - Marow 1.0 » 2023 15
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Faces of CCHD presentation 00:03:00

3 faces of CCHD presentation :

L mmewﬂh%omsis%hehohﬂsgndmm

a mmewﬁh%s&emicfypoper%sm:&fegbohys]jmm
3. Neonate with respiratory distress without cUanosis or systemic

hypoperfusion : Pinik baby syndrome.

Themtewﬂhcganosis@uebnb@:
identify respirotory cause or cardiac couse cyanosis.
Masked respiratory distress No/mild respiratory distress
| mild cyanosis Profound cyanosis
| Incrense in SpO3 after oxugen No increase in Sp0a abter oxjgen
increased PLO3. in AB& Normal PLO3, in ASG
Normal blood pressure in all limbs mmwzwn
No murmur, no rate abnormaiities WWMMHWM
abnormal heart sounds

Note :

Whhaﬂmﬁsgﬁ%m@m&dﬁmsm&m
causedbga.strucmmlnmf’eace#ulcgqms&

Hypovoxia test
io,um-im:»m
2300 evrelg 2150 bkt XX mriy 2000 x4 150 mmbig <1 ey
02 a2 MR l 02 52 1008 | me el
s F
. PumoreyGaorors - Comiac misng iesons - Cardat condbor e
f""‘"l . O¥S dwroes i posmad P0F  panile cradmion
con . - - Congas mising levors witn
mpticied PEF
| ,
£O0

. m;ﬂua*vdmo?@emm&est
. mﬂadevelopedhanemuhenwaomsnotmnhble.
* Advised net to do this test.

NEET §S Paediatrics » v1.0 » Marrow 1.0 » 2023
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Neonatal Cardiology - 3

Causes of Cyanotic CHD in newborns :
Decreased POF !

* DOPC.

* TOF (MC couse).

variable P8F

* Rdmixture Physiology,
Paral\elcmuaﬁonwithpocrmbms:

* O-TEA
Obs\mcﬁoniohnmrgva\ousrehum
* Obstructed TAPVC, Mitral adresia, HLHS.

Dust dependent pulmonary cireulation (BOPC) ¢
s Mmrgdmh.wﬂhm&ws.

* Criticol PS.

* Tricuspid adresia. with PS (HRHS).

* Severe TOF.

* Severe ehstein

Closure of POR results in severe cyonosis.

Teimbago?Fa!wh
* Right side obstructive lesion wiith lasge non ob-
structive VSO,
* Decreased PEF d/t pulmonary stenosis.

*  CXR shows boot shaped heart.
Rdmixture physiology ¢ oot shaped heast in
Bition o

. Wwwmm@mawmuwhm%
cilitates complete mixing of arterial and venous blood in a. common receiving
chamber.

* Halimark : fortic and puimonary saturations are equal.

PDR o maintain mixing of blood *
TaA with intact 1AS § VS,

On PDA closure, presents as !

. cganosis(oeereasede).

NEET SS Paedadrics - v1.0 - Marrow 1.0 - 2023
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[NSRINY  Poediatric Cardiology

obﬂnmmanmyvermre&umz
* increased PV pressure —» increased PA pressure —» Decreased PRF.

The neonate with systemic hypoperfusion (Grey baly) :
* M\go?amnwdmeﬂobagt%psis.
* LisHlessnesslethargyfaiure to accept feeds,cold
* exiremitiesmotiled sKinprobnged CRT.
* Consider 8CHO especiolly when neonatal sepsis fails 4o improve.

Cardiac couses of shoek :

* Duct dependent systemic circulation (ODSC).

* Ssystemic ventricle dysfunction without obstruction :
* myoearditis. '
* metabolic couses.

* Tachygardomyppatty

PDA to maintain SBF (ODSCE) ¢

. Hg:ophsﬁcle&hear&sgndrwneﬁ-uls).
* SeverefsS.

* Severe Cof.

* interruption of the aortic arch

The neonate with respiratory distress without cyanosis/shoek :
Common feature : Excessive PEF.,

Couses in the neonate
AV septum:

* AVCD with severe M2,
Ventricular level :

* Pre ferm VaD.

* fssociated CoR or AL
Great arterial leve! :

* Pre term POA

* AP window.

NEET §S Paediatrics » v1.0 » Marow 1.0 - 2023
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Assessment of neonate with suspected CCHD 00:17:55

Clinical examination :

* Pulse/ef
* Preductal : Right upper limb.
* Postductal : LePt lower fimb.

* Pulse oximeter.

* e

. O®R

* eCHO (eold standard).

Presentation :
* usualiy benign birth history with nearky normal APGARS.
s Smm%mm&lhbmwmm&m&
circuladion octurs.
* @&roup presentation into one of the trree faces
. caamhcneom&e.
* Shock neonate.
* WF neonate.

ﬁ'gsicdatmﬁnmﬁon:
* Look For dysmorphic features :
Trismrﬂia/ﬁlai.
EELT
Noonon, Turners.
* Temperoture/8P.
. mudsma;mwvspstwddoamdbnoh%%issgnﬁ—
cant.

(3 rFeedback
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