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DEFINIZIONE

Table 1. Comparison of Clinical Practice Guidelines on FGR (UK, USA, Canada and Ireland)

First/ second trimester screening
Women with RF: serial biometry
and UA

Waomen with 3+ RF: UtA Doppler
20-24

PAPP-A<D.415 MaoM

Fetal echogenic bowel

Review medical/ obstetric history
FH at each visit betwean 24-38
weeks

Discrepancy >3cm concerning

First/ second trimester screening
Women with RF: UtA Doppler 13-
23 weeks

Discrepancy =3cm concerning

RCOG Green-top Guideline | ACOG/ SMFM Practice SOGC Clinical Practice HSE/ RCPI Clinical Practice
(No. 31) Bulletin (No. 134) Guideline (No. 295) Guideline (No. 29)
Country United Kingdom United States Canada Ireland
Issued February 2013 May 2013 August 2013 March 2014
Name The Investigation and Management | Fetal Growth Restriction Intrauterine Growth Restriction: Fetal Growth Restriction —
of the Small-for-Gestational-Age Screening, Diagnosis, and Recognition, Diagnosis &
Fetus Management Management
| Pages 34 12 8 26
References 197 142 55 48
Quality Yes, system not specified US Preventive Services Task Force Canadian Task Force on Preventive | No (given little RCT evidence for
evaluation & Health Care management of FGR pregnancies)
Grading of
recommendation
Definition SGA: EFW/ AC <107 centile FGR: EFW <10™ centile SGA: EFW <10¥ centile FGR: EFW <107 centile
Severe SGA: EFW/ AC <3™ centile SGA: BW <10™ centile IUGR: EFW <10™ centile SGA: physiological
FGR: pathological restriction (pathological) IUGR: pathological (ie abnormal
UA, poor interval growth velocity,
EFW <3™ centile)
—————— e
Detection Palpation limited accuracy FH 65-85% sensitivity, 96% SFH poor sensitivity and specificity | FH limited value, however only
Serial customised SFH after 24 specificity SFH limited value, however only physical examination available
weeks Ultrasonography may be better physical examination available Clinical assessment of fetal size at
screening modality (maternal each visit
obesity, multiple pregnancy, Ultrasound better screening
fibroids) modality (obesity, fibroids)
Screening Assess risk factors Assess risk factors Accurate dating, assess risk factors | Accurate dating, assess risk factors

Review medical/ obstetric history
Women with RF: serial biometry
and UA every 2-4 weeks

Clinical assessment of fetal size at
each visit, if concerns, refer for
biometry




IJUGR versus SGA

IUGR e SGA non sono sinonimi!!
...anche se spesso in letteratura e pratica clinica
sono spesso usati in maniera intercambiabile

SGA (piccolo costituzionale)

condizione post-natale per i nati con peso < al
10° centile.

» Feto piccolo sulla base di cause costituzionali o
fisiologiche

» Normale crescita durante la gravidanza (con
velocita di crescita della CA secondo curva di
crescita) e biometria adeguata rispetto alle
caratteristiche genitoriali (altezza, peso, etnia) -
necessita di curve di crescita customizzate!

» Normale fisiologia (LA e Doppler normali)

= Qutcome favorevole

IUGR

processo fisiopatologico che avviene in utero
inibendo la normale crescita fetale.

= outcome variabile a seconda dello staging

Baschat AA, Gembruch U. The cerebroplacental Doppler rivisited. Ultrasound in Obstetrics & Gynecology, 2003. 21: 124-127.
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Figura 1: Curva di crescita di un feto SGA
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Figura 2: Curva di crescita di un feto IUGR



Curve di crescita customizzate

‘Mrs Small’ and ‘Mrs Large’

a CUSTOMISED ANTENATAL GROWTH CHART v 7.5 10U (UK)

Mrs. Small [ DOE: 01/01/1980) CUSTOMISED ANTENATAL GROWTH CHART v 7.5.1L0 LK)

Fuandal hesgh {cm) Weight (91 b
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” | %=Fundaineight  ©= Ectrated weight by scan | e F " [x=Fungainegrt o » Estmakaweghityscan | o 0
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h 148 cm, peso 50 kg h 184 cm, peso 82 kg
EWF 3000 g a 40 sg EWF 3000 g a 40 sg

Le curve customizzate permettono:

» differenziare i piccoli costituzionali non a rischio dai piccoli patologici a rischio

» identificare un numero maggiore di feti a significativo rischio che ad oggi con i centili di
popolazione non verrebbero etichettati come IUGR

Gardosi J. Best practice & research - clin obstet gynaecol. Elsevier, 2004



IUGR
(Intra Uterine Growth Retardation)

L'accrescimento e lo sviluppo fetale € dato dal
-POTENZIALE GENETICO : derivato da entrambi i genitori ed & mediato da fattori di crescita

-SUPPORTO NUTRIZIONALE: legato alla corretta funzione della placenta e al corretto apporto

di sostanze nutrienti e ossigeno al feto.

Meccanismo di adattamento a condizioni
sfavorevoli in utero

4

Alterazione permanente del metabolismo, della crescita
e dello sviluppo del feto

Mortalita 10-20 volte superiore dei neonati AGA (adeguati all’eta gestazionale)

Aumento della morbidita e mortalita sia antepartum (morti intrauterine,
oligoidramnios) che post partum (inalazione di meconio, distress neonatale, morte
intrapartum)




FATTORI DI RISCHIO

Materne

Fetali

Placentari

Eta materna avanzata

Gravidanza gemellare

Arteria ombelicale singola

Precedentefeto con IUGR o MEF

Patologie croniche:
— diabete pregest
— disordini ipertensivi,
— patologie renali
— ipertiroidismio,
— emoglobinopatie,
— disordini autoiimmuni,
— patologie cardiache
— Ab anti fosfolipidi)

Infezioni (Rubeo, CMV, hsy,
Toxo, Malaria, Sifilide, Chagas)

Anomala inserzione del cordone
(velamentosa)

Obesita

Nutrizione inadeguata,
malassorbimenti, basso
incremento ponderale

Anomalie cromosomiche e
genetiche (T 13,18, Difetti
cardiaci congeniti, gastroschisi)

Placenta bilobata o circumvallata

Farmaci(Fenitoina, ac Valproico,
Trimetadione, Warfarin,
Ciclofosfamide)

Placenta piccola

Abuso di sostanze (tabacco, alcool,
cocaina, metanfetamine, narcotici)

Mosaicismo confinate alla placenta

J.A. Copel. A practical approach to fetal growth restriction. Ob Gyn 2014




EARLY versus LATE IUGR

EARLY IUGR
(precoce severo)

< 32s.g.
Bassa incidenza

Frequentemente
correlato con
preclampsia

Difficoltoso management

Spesso riscontro di
ombelicale con resistenza
aumentata

Modificazioni
emodinamiche
progressive

LATE IUGR
(tardivo)

> 32 s.g.
Pill comune

Raramente correlato con
preclampsia

Difficile differenziazione
con SGA

Spesso arteria ombelicale
con flussimetria normale

A volte flussimetria arterie
uterine alterata

Early-onset FGR (1-2%)

Late-onset FGR (3-5%)

Prablem: management

Problem: diagnosis

Placental disease: severe (UA Doppler abnormal, high association
with preeclampsia)

Placental disease: mild (UA Doppler normal, low association
with preeclampsia)

Hypoxia ++: systemic cardiovascular adaptation

Hypoxia +/=: central cardiovascular adaptation

Immature fetus = higher tolerance to hypoxia = natural history

Mature fetus = lower tolerance to hypoxia = no (or very short)
natural history

High mortality and morbidity; lower prevalence

Lower mortality (but common cause of late stillbirth); poor
long-term outcome; affects large fraction of pregnancies

Screening IUGR

» Ecografico:

Arterie uterine

NORMALI RESISTENZE UTERINE

Kok )

AUMENTO DELLE RESISTENZE CON PRESENZA
DI NOTCH PROTODIASTOLICO

> Ematochimico :

Papp-A (Proteina
Plasmatica associata
alla gravidanza)
<0,5mom

F. Figueras et al. Update on the Diagnosis and Classification of Fetal Growth Restriction and Proposal of a Stage-Based Management Protocol
Am J Obstet Gynecol 2010; Muresan D et al. Med Ultrason 2016.



Valutazione del benessere nel feto IUGR

Markers Cronici

Markers Acuti

Arteria ombelicale

-
Dotto Venoso

Truffle Study

Arteria cerebrale cardiotocografia

di B (Trial of umbilical and fetal flow in Europe)
media =

Liquido
amniotico/PBF

Ultrasound Obstet Gynecol 2013; 42: 400-408 m

Published online in Wiley Online Library (wileyonlinelibrary.com). DOIL: 10.1002/uog.13190 ——

Perinatal morbidity and mortality in early-onset fetal growth
restriction: cohort outcomes of the trial of randomized
umbilical and fetal flow in Europe (TRUFFLE)

TG STV DV p9s DV no A Total (n=503)
(n=166) (n=167) (n=170)
Fetal death no intervention™ 2 (1%) 1 (1%) 2(1%) 5 (%)
Unexpected death ) 3 (2%) 4 (2%) 7 (1%)
Livebirth 164 (99%) 163 (98%) 164 (96%) 491 (97%)
Neanatal death 10 (6%) 6 (an) 11 (7%) 27 (6%)
Death due to congenital abnormality o o 2 (%) 2 (1%)
Overall mortality 12 (7%) 10 (6%) 17 (10%) 39 (8%)
Neonatal data missing 1(1%) o o 1 (=1%)
Survival at discharge 153 (92%) 157 (94%) 153 (90%) 463 (92%)
Neonatal morbidity
72 (a4%) 63 (39%) 69 (42%) 204 (42%)
o 98 (60%) 96 (59%) 103 (63%) 297 (61%)
BPD >28 days 32 (20%) 28 (17%) 31 (19%) 91 (19%)
BPD =36 weoekst 16 (10%) 17 (10%) 16 (10%) 49 (10%)
Sepsis (proven) 33 (20%) 31 (19%) 23 (14%) 87 18%)
NEC pneumatosis 3@%) 3 (2%) 1(1%) 7 (1%)
Perforationt 2 (%) 2 (%) 5(3%) 9 (2%
GMH grade Il or IVE © (0%) a4(2%) B (5%) 12 (2%)
PVL grade I or 1111 1 (1%) 2 (1%) 2(%) 5 (1%) S e
Death following severe morbidityt 10 (6%) 6 (a%) 9 (5%) 25 (5%) e =
Adjusted age of survivors at -9 -7 -10 -9 == =
discharge, dayss (=17 to 6) (-15t02) (=17t 2) (=160 3) oS e e e e e
g severe 38 (25%) A2 (27%) 38 (25%) 118 (25%)
morbidity (% of survivors)
severe 115 (69%) 115 (69%) 115 (68%) 345 (69%)
morbidity (% of all study entrants)

C.C Lees etal.,. The Lancet 2015
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Staging dello IUGR

Stage  Pathophysiological correlate Criteria (any of) Monitoring*  GA/mode of
delivery
I Severe smallness or mild placental EFW <3rd centile Weekly 37 weeks
insufficiency CPR <p5 L1

UA PL>p95
MCA PI <p5
UtA PI >p95

T Severe placental insufficiency UA AEDV Biwecldy 34 wecks F. Figueras et al., Fetal Diagn Ther 2014
Reverse Aol cs

11 Low-suspicion fetal acidosis UA REDV 1-2 days 30 weeks
DV-PI >p95 CS

v High-suspicion fetal acidosis DV reverse a flow 12h 26 weeks**
cCTG <3 ms CSs
FHR decelerations

UA MCA DV uv

Stage aPl ARF aPl aPSV aPl RF P RF TVE/A TR

G. Matri et al., J Ultrasound Med 2007

il + - - -




Monitoraggio benessere nel feto IUGR

Arteria Cerebrale Media (MCA)

VVena Ombelicale

. Vena

» pCava
Inferiore

S = Ventricular systole

D = early diastole
a = atrial contraction

Istmo aorta

Tricuspide

T.Vimpeli et al. Ultrasound Obstet Gynecol 2009; J. Copel et al. Obstet Gynecol 2014.



L'Istmo dell’Aorta

Table 3 Predicrive value of the aoric isthmus {Aol) and other Doppler parameters evaluated for an adverse perinatal outcome and overall

maortality
Sensitivity Specificity PPV NPV
(%o ()} (% (n)) (%o (n)) (% (n)) LR+
Adverse perinaral outcome
Absent/reversed flow in UA 717 (1419) 656 (21/32) 56 (14/25) 80.8 (21/26) 21
asodilararion of MO A %4 AR 5 9 .. TEA12) 12
Absentfreversed DV a-wave 368 (7M19) 96.9 (31/32) 721 (31/43) 11.5
Retrograde diastolic Ao 47.4 (919 94.9 90 (910} 756 (3141} 152
UV pulsation 368 (719) 84,5 (27/32) F0(710) 69.2 (27/39) 23
GA <28 completed weeks 684 (1319) 93.7 (30/32) Ba.T (13/15) 83.3 (30/36) 10.8 ¢ b \ | )
Overall mortality - . v ’
Ahsent/reversed flow in UA 889 (8r9) 59.5 (25/42) 32 (8/25) 96.1 (25/26) 22 rrrwr T
odilararion o A B89 (R 262 (11547 917 (11012 12 i

Absentfreversed DV a-wave 778 (719) 97.6 (41/42) 87.5 (78)
R ade diastoli g (79 92 9 (394 70 0

Retrogrs astolic Ao 8 (719 )
UV pulsation 66.7 (6/9) 90.5 (38/42) &0 [6/10)
GA <28 completed weeks 100 {9/9) 85.7 (36/42) 60 {9/15)

95.3 (41/43)

92.7 (38/41)
100 (36/36)

323
08

69
7.0

DV, ducrus venosus; GA, gestational age; LR+, positive likelihood rato; MCA, middle cercbral artery; NPV, negative predictive value; PPV,

positive predictive value; UA, umbilical artery; UV, umbilical vein.
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Figure 6 Receiver—operating characteristics curves of the ductus
venosus pulsatility index centile | }, the aortic isthmos
pulsatility index centile (- } and the combined variable (— —)
for the prediction of adverse perinatal outcome.

| feti IUGR mostrano una marcata riduzione
della velocita in Aol

Un flusso retrogrado dell’ Aol e fortemente
associato ad outcome perinatale avverso
Parametro addizionale nella valutazione
dello scompenso emodinamico nei feti
IUGR

M.Del Rio et al. Ultrasound Obstet Gynecol 2008;31: 41-47.




Deterioramento emodinamica fetale nello IUGR

Anomalie dell’AO

Anomalie della MCA

Brain Sparing Effect

Anomalie del DV

AEDF (Absent end diastolic flow)

igi, givesle

:‘E B, ) ef’? ’ i 3; ".!‘s 3 [:!‘ e Vl ‘,‘ " ‘:E

D N VW VN VNV NV NV Ny Y N _ _

= ¥ v v v N v = REDF (Reverse end diastolic flow)
T.Vimpeli et al. Ultrasound Obstet Gynecol 2009; J. Copel et al. Obstet Gynecol 2014




Deterioramento emodinamica fetale nello IUGR

Abnormel findings {Doppler and AF [%])

1% 16 -

—a— UA Pl
—o— MCA FI
—e— UA AEDF
—*— ARl
—e— UA RF
—— DV ARF

14 -

80 |
12 -

10 -
60 —

40 H

Days from delivery (Median)

20

N X X X XX

T
0 5 10 15 20 25 30
Days preceding delivery

In casi estremi, la pressione atriale viene trasmessa in
maniera retrograda alla vena ombelicale (visibile come
pulsatilita nella vena ombelicale stessa). Fallimento della

Vasodilatazione

-dilatazione cardiaca

-rigurgito olosistolico tricuspidale
-fallimento della vasodilatazione cerebrale,
con normalizzazione degli indici Doppler
misurabili in arteria cerebrale media

E. Cosmi et al.,. Obstet Gynecol 2005  G. Mari. Semin Perinatol2008



Deterioramento emodinamica fetale nello IUGR

Early IUGR Late IUGR

Placental disease Hypoxia Advanced hypoxia/acidosis ~ Serious injury . i e
Increased impedance Centralization Reduced cardiac compliance Death mﬁ!ﬁ;‘g egm ?:;Ne cem'gon Inﬁ;zgse‘:th
Chronic/diagnostic markers Acute/prognostic markers 5 = % g
Weeks 7-10 days Diagnostic ck:arkers Acute deterioration
UAP>pSS = o

PRSI A VD

MCA PI <p5.

wwp<a
g )
TABLE 3 H .
CPR in comparison with UA Doppler in the prediction of adverse perinatal CPR (Ce rebro p lacental Rati 0) .
outcomes Pl MCA/PI AO
Adverse perinatal outcome _
Predictor Sensitivity Specificity OR (95% Cl) Se baSSO - BSE
UA (PI >95th centile) 85% (35/41)  54% (454/840) 6.9
2.9-16.5 \l,
UA (Pl >95th centile, AEDF, REDF) 90% (37/41) 54% (452/831) 10.8
3.8-30.5
CPR (Pl) <1.0 66% (27/41) 85% (721/840) 1.7 o ) ! )
60-229 Predizione degli avventi avversi
Een‘natg\ outcome was defined as ;mmpasite q.[l::ome of intraventricular nemurmage, periventricular leukomalacia, hypoxic o
ischemic encephalopathy, necratizing enterocolitis, bronchopulmonary, sepsis, and death. n e O N atal |
AEDF, absent end diastolic flow; C1, confidence interval; CPA, cerebroplacental ratio; O, odds ratio; P), pulsatility index; REDF,
reversed end diastolic flow; UA, umbilical artery.
Flood. Brain sparing in [UGR. Am | Obstet Gynecol 2014,
\ 7

K. Flood . The role of brain sparing in the prediction of adverse outcomes in intrauterine growth restriction: results of the multicenter PORTO
StudyAmerican Journal of Obstetrics & Gynecology 2014; F. Figueras et al. Fetal Diagn Ther 2014




Sequele delle alterazioni flussimetriche nello IUGR

1° :riduzione del flusso nella vena ombelicale — Riduzione delle dimensioni epatiche —» l CA

2° Riduzione del flusso di fine diastole in AO con aumento del PI

- In
3° Aumento del flusso di fine diastole in MCA e Riduzione del PI A Late
(Brain Sparing Effect) IUGR

0SSia 4° flusso di fine diastole assente o invertito in AO (AEDF-REDF)

e(REDF) 5° Normalizzazione degli indici di MCA
(Perdita dello Brain Sparing Effect)

l

Deterioramento funzionalita cardiaca a causa dell’ipossia cronica e della carenza di nutrienti

6° flusso di fine diastole assente o invertito
in DV e flusso pulsatile in vena ombelicale

Ipercapnia

K. Flood .American Journal of Obstetrics & Gynecology 2014


http://www.google.it/url?url=http://sacroprofanosacro.blogspot.com/2014/08/lattenzione-e-un-simbolo.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwi0k5PKo_zLAhXIwxQKHeSkD5EQwW4IGjAC&usg=AFQjCNH-61yA5_G003HZNW-EZr0MaSYBiA

Algoritmo della gestione degli IUGR

Finding

Interpretation

Action

Abnormal UA+/or CPR; normal MCA & veins
BPS=8/10, AFV normal

Low MCA, normal veins
BPS=8/10, AFV normal

UA A/REDV,
normal veins
BPS26/10, oligohydramnios

Increased DV pulsatility
BPS=6/10, oligohydramnios

Compromise by above criteria
Absent or reversed DV a-wave, pulsati
BPS<6/10, oligohydramnios

Asphyxia extremely rare
Increased risk for intrapartum distress

Blood flow redistribution

Hypoxemia possible, asphyxia rare
Increased risk for intrapartum distress

Deliver for obstetric, or maternal factors
only, fortnightly Doppler
Weekly BPS

Deliver for obstetric, or maternal factors
only, weekly Doppler
BPS 2 times/week

Significant blood flow redistribution

Hypoxemia commoen, acidemia or
asphyxia possible
Onsel of fetal compromise

Fetal compromise

Hypoxemia common, acidemia or
asphyxia likely

Fetal decompensation

Cardiovascular instability, metabolic
compromise, stillbirth imminent, high
perinatal mortality irrespective of

intervention

>34 weeks: deliver
<32 weeks: antenatal steroids
repeat all testing daily

>32 weeks: deliver

<32 weeks: admit, steroids,
individualize testing daily vs. tid

Deliver at tprtiary care center with the
highest lev:| of NICU care

| feti con IUGR hanno un aumentato
rischio di mortalita e morbilita
» emorragia intraventricolare displasia
broncopolmonare
enterocolite necrotizzante
Infezioni

emorragia polmonare

Ipotermia

YV V V V V¥V

ipoglicemia.

Piu del 50% delle MEF di feti non malformati, sono associate a lUGR
(< 10° centile in base alle curve customizzate)
Le MEF < 32 sg sono strettamente associate allo IUGR
| feti IUGR hanno un rischio 5-10 volte superiore di MEF

A.A. Baschat, Fetal growth restriction — from observation to intervention. J. Perinat.Med.2010




feco (%)

Exisodi G aita variazons

sisodi di bassa variazione

Pesdits segnals > 25%
200
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Monitoraggio cardiotocografico nello IUGR
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Doppler

Increased baseline

| Detayed maturation of FHR control o e

variation loss | STV<3.5ms
late decelerations
| ougohydnmnloo,l | Anhydramnios |
( declining amniotic fluid volume |

| declining global ty.
Loss of 3
Loss of movement
Loss of tone
| BPS <6

Delayed maturation of fetal behavioral
states

BPS AFV FHR

STV (Shorit Term Variability)

Feti<26sg: STV <3.5msec

0
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indice di acidosi metabolica
“«— E.R. Guzman et al.,. Obstet Gynecol 1996



Management

Table 1. Comparison of Clinical Practice Guidelines on FGR (UK, USA, Canada and Ireland)

RCOG Green-top Guideline | ACOG/ SMFM Practice SOGC Clinical Practice HSE/ RCPI Clinical Practice
(No. 31) Bulletin (No. 134) Guideline (No. 295) Guideline (No. 29)

Country United Kingdom United States Canada Ireland

Issued February 2013 May 2013 August 2013 March 2014

Customisation Yes, may improve prediction of Mot been shown to improve Not mentioned Consider, may improve prediction
perinatal outcome outcomes of perinatal outcome

Management Examination of fetal anatomy Examination of fetal anatomy Examination of fetal anatomy Examination of fetal anatomy, if

offer MFM referral
Serial biometry every 3 weeks

Serial biometry every 3-4 weeks

Serial biometry evary 2 weeks
Detailed ultrasound of placents, if
abnormal - MFM consultation

abnormal = MFM consultation

Serial biometry, AFl and UA every 2
weeks

Amniocentesis

Consider if additional soft markers
or structural abnormalitias

Consider if additional soft markers
or structural abnormalities

Consider if additional soft markers
or structural abmormalities

Consider if additional soft markers
or structural abnormalities

If positive EDF: offer 10L with
continuous monitoring once
contracting

TORCH Consider +/- malaria and syphilis Mot mentioned Cansider Consider
UtA Doppler Yes (20-24 weeks), moderate Mot mentioned Yes (19-23 weeks) Mot recommended
predictive value
UA Doppler Yes Yes Yes Yes
MCA Limited accuracy, should not be Mot mentioned Yes (if UA abnormal) Optional {if UA abnormal), should
used to time delivery not be used to time delivery
DV Yes (if UA abnormal), use to time Mot been shown to improve Yes (if UA abnormal) No
delivery outcomes
Uv Yes Mot mentioned Consider Not mentioned
CTG Yes STV (not in isolation) Yes Yes (not in isolation) Yes, ideally STV
Amniotic fluid Assess single DVP (not inisolation) | Yes Yes Yes
BPP Mot in preterm SGA fetuses Yes Yes [consider weekly) Mg, limitations preterm FGR
Delivery Depends on underlying aetiology, Individualised, multidisciplinary
patient-choice at preterm
gastations, individualised,
moyltidiccinlina o
Timing Consider after 37 weeks Isolated FGR: 38+0 — 39+6 weeks Consider after 37 weeks SGA: consider = 37-40 weeks
AREDF UA: 30-32 weseks, earlier FGR+ additional RF (cligo, Abnormal CTG (based on fetal UA Pl 95" centile: 37 weeks
based on abnormal DV or UV abnormal P, maternal viability) AEDF: no later than 34 weeks
Abnormal MCA: 37 weeks comorbidities): 3440 — 37+6 weeks | Isolated: 38-40 weeks REDF: no later than 30 weeks
Abnormal UA > 32 weeks: 37 Abnormal CTG (based on fetal
weeks wviability)
o T ARCDT Ll W= g | e o L ) e e e L i R T AR O D=t

Abnormal UA: consider 0L with
continuous monitoring once
contracting

J. Unterscheider.Am J Perinatol 2015




e

Management

Table 1. Comparison of Clinical Practice Guidelines on FGR (UK, USA, Canada and Ireland)

RCOG Green-top Guideline | ACOG/ SMFM Practice | SOGC Clinical Practice HSE/ RCPI Clinical Practice
(No. 31) ) ‘Bulletin (No. 134) Guideline (No. 295) Guideline (No. 29)
Country United Kingdom United States Canada Ireland
| Issued February 2013 May 2013 August 2013 March 2014
[ Steroids Between 24+0 and 35+6 weeks Prior to 34 weeks Prior to 34 weeks Between 24+0 and 34+0 weeks, up
UL = =
| Mgs04 (Prior to 30 weeks) Prior to 32 weeks Not mentioned Prior to 32 weeks
Placental Not mentioned Not mentioned Yes Yes
histology
Prevention Smoking cessation, Aspirin (prior to | Insufficient evidence for Aspirin, Smaoking cessation, Aspirin (12-36 | Smoking cessation, Aspirin (prior to
16 weeks), no evidence for dietary | bedrest, nutritional/ dietary weeks) 16 weeks)
modifications, progesterone, supplementation
calcium
Recurrance At least 2-fold 20% Not mentioned 25%
Postnatal Not mentioned Not mentioned Not mentioned Postnatal counselling if IUGR and
Management preterm delivery <34 weeks
Review of placental histology and
investigation of underlying causes
(ie thrombophilia testing)

J. Unterscheider .Am J Perinatol 2015



Management

Algorithm—Management of Fetal Growth Restriction

| clinical suspicionyrisk factors |
- EFW> 10thcentlle  Routi ider foll in 4 wk
- ce outine care, consider low-up scan in
Sonographic assessment of o 4
SN )
Ensure accurate dating
Consider deriving a customised centile
Assess anatomy/placenta/amniotic fluid volume
Perform UA Doppler
A4 A4 l v
Normal UA | | uADoppler (I > 95th, + EDF) | | UA AEDF* | | UA REDF*
B Repeat sonogram in 2-weekly . Repeat sonogram in weekly intervals - Admit, repeat sonogram in twice - Admit, repeat sonogram in thrice
intervals or mare frequently as necessary weekly intervals or maore frequently weekly intervals or more fequently
*  Assess biometry, UAand AR *  Assess UA, AFT (MCA optional) ashecessary as necessary
e Consderdelivery at 37 wkand o Z-weeldy biometry assessment e Assess UA AFI (MCAoptional) ®  Assess UA, AFT (MCA optional)
no loter than 40 wk If good . Timed corticosteraids < 34 wk . Timed corticosteroids . Timed corticosteroids
interval growth . Corsider delivery at 37 wk, or . Deliver no later than 34 wk - Deliver no later than 30 wk
earller if poor interval growth . MgS0,< 32wk . MgSO, <32 wk

In all the cases, delivery is also indicated by abnormal CTG, ideally based on short-term variation CTG if fetus deemed viable (i.e., GA > 24 wk and EFW > 500 g).
*In cases of AREDF, consider the opinion of a fetal medicine specialist regarding timing of defivery.

Review of placental histology
Send placenta for histopathology E e e Consider thrombophilia screening
nt o JUGR< cent] < Z
Obtain arterial and venous cord pH ffer follow-up appointment to women Y= Modification of risk factors
Prevention with aspirin/LMWH

Fig. 1 Algorithm-management of fetal growth restriction. AEDF, absent end-diastolic flow; AREDF, absent or reversed end-diastolic flow; AFI,
amniotic fluid index; CTG, cardiotocograph; GA, gestational age; EDF, end-diastolic flow; EFW, estimated fetal weight; LMWH, low-molecular-
weight heparin; MCA, middle cerebral artery; PI, pulsatility index; REDF, reversed end-diastolic flow; UA, umbilical artery.

J. Unterscheider. National Publications .Am J Perinatol 2015



Origine fetale delle patologie dell’'eta adulta

Parkinsonism/ Lung abnormalities -
Alzihmer disease | reactive airways disease

[schemic Heart
disease/ Stroke

PCOD/premalure

pubarche

RenallHepalic

disease

Depression, anxiety
olar disorder

Social problems schizonhrania

Poor cognitive
performance

Sharma et al, Intrauterine growth restriction-part 2, The journal of Maternal-Fetal & Neonatal Medicine




Teoria della programmazione fetale di Barker
DEVELOPMENTAL ORIGINS HYPOTHESIS

Gli esseri umani nel periodo iniziale della loro
vita sono plastici e capaci di adattarsi
all’ambiente

Una noxa patogena che intervenga in un periodo finestra dello sviluppo fetale
risulta in grado di programmare quel feto allo sviluppo di eventi
cardiovascolari e metabolici in epoca adulta,
quali ictus e diabete di tipo Il

DEVELOPMENTAL PLASTICITY

!

fenomeno per cui un singolo genotipo puo dar
origine a differenti fenotipi in risposta a stimoli
ambientali diversi

Barker, The developmental Origins of Insulin Resistance, Horm Res 2005; 64



RISCHIO CARDIOVASCOLARE

DEVELOPMENTAL ORIGINS HYPOTHESIS

Abnormal placentaand Maternal malnutrition and/or
Altered uterine blood flow| Maternal undernutrition

\ /

Impaired fetal nutrition

4

Intrauterine growth restriction (IUGR)
Altered organ growth and maturation

! ! ! ! !

Kidneys Heart Vascul P HPA axis
J nephron | cardiomyocyte | endothelial \|, insulin secretion alterations
number number function

[ Programming of cardiovascular disease ]

PRENATAL i CHILDHOOD YOUTH OLD AGE

Color version available online

Fig. 1. Cardiovascular programming in
IUGR. Cardiovascular programming is S
triggered by an insult in utero, which can IMPACT
lead to functional changes in key organs
persisting in postnatal life and leading to a
greater risk of various diseases in adult-
hood. Therefore, it is critical to intervene as PRINORDIAL
early as possible in order to prevent CVD
inadult life.

I

TERCIARY

xSk R K

Barker D.J et al., Fetal nutrition and cardiovascular disease in adult life. Lancet. 1993;341:938-941

PRIMARY SECONDARY



http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiB9PvHiPfLAhXG2RoKHccTA1kQjRwIBw&url=http://ingridbaier.com/tag/obesity/&psig=AFQjCNG27BsjP9YnC-z_AQ8shWUheXrjXw&ust=1459930861368919

NELL’HERTFORDSHIRE...

~ Sievisto che su una coorte di 10.636 uomini nati in questa regione tra gli
anni 1911-1930 quelli con minore peso alla nascita avevano piu rischio di
morte per coronaropatia .

Table 1. Premature death from coronary heart disease (aged <63
years) according to birthweight in 10,636 men born in Hertford-
shire between 1911 and 1930 3, 4]

HE T LR e et Hazard ratios La stessa associazione si € poi vista
(95% confidence interval) con lo sviluppo di DM2 e di alterata
G50 37 (L0017 tolleranza al glucosio
_E 6.5) L30(T.01-1.67)
-3.4(7.5) 117 (0.92-1.47)
~3.85(8.5) 111 (0.88-1.41)
-4.3(9.5) 0.90 (0.69-1.18)
=4.55(10) 1.00
p for trend <0.001

Barker, The developmental Origins of Insulin Resistance, Horm Res 2005; 64



RIMODELLAMENTO CARDIACO

Aumento delle resistenze placentari e 1’esposizione cronica ad una
condizione ipossica porta a modificazioni cardiache paragonabili a quanto
accade in una cardiomiopatia dilatativa

OPEN G ACCES Pyl i 8 [leSone

Hypoxia Induces Dilated Cardiomyopathy in the Chick
Embryo: Mechanism, Intervention, and Long-Term
Consequences

Andrei Tintu***, Ellen Rouwet**, Stefan Verlohren***, Joep Brinkmann®, Shakil Ahmad®, Fatima
Crispi®, Marc van Bilsen”, Peter Carmeliet®, Anne Cathrine Staff?, Marc Tjwa'®, Irene Cetin™", Eduard
Gratacos*, Edgar Herandez-Andrade®, Leo Hofstra™, Michael Jacobs’, Wouter H. Lamers™, Ingo
Morano™, Erdal Safak™, Asif Ahmed”, Ferdinand le Nobl='

Fetal Hypoxe & Gudiomyopathy

Normoxia (21% O,) Hypoxia (15% O,)




RIMODELLAMENTO VASCOLARE

DEVELOPMENTAL ORIGINS HYPOTHESIS

“ Feti con ritardo di crescita ed alterazioni velocimetriche fetali
sembrano presentare segni ecografici ed anatomo patologici a livello
della parete aortica addominale riferibili ad una iniziale disfunzione

endoteliale

Aumento dello stress alle pareti
vasali e conseguente rimodellamento
della struttura vasale

!

AUMENTO DELLO SPESSORE INTIMALE
SVILUPPO DI PLACCHE ATEROMATOSE

~ 9

Cosmi et al Consequences in Infants that were intrauterine Growth restricted, Journal of Pregnancy 2011

Coehn et al. Intrauterine growth restriction: impact on cardiovascular development and function throughout infancy,
Pediatric Research 2016




IPERTENSIONE

DEVELOPMENTAL ORIGINS HYPOTHESIS

Minori cellule in organi chiave: anche a livello renale

]

l numero di glomeruli renali e quindi 1 flusso sanguigno ai rimanenti
glomeruli — Ipertrofia glomerulare

Attivazione del sistema RAA per compensazione (mantenere il flusso) e
scarsa riserva renale agli insulti

esposizione massiva dei trasportatori apicali del Sodio in molteplici zone del
nefrone e, di conseguenza, possibile sviluppo di ipertensione NaCl-sensibile

Barker, The developmental Origins of Insulin Resistance, Horm Res 2005; 64



Rimodellamento dell’assetto
emocromocitometrico nei feti IUGR

Brom oo o oo T Disfunzione placentare

2000 -

Wl ol / \
1000

. . Aumenta il consumo delle
Riduce la produzione o .
L piastrine per sequestro nei
delle piastrine . .
so0| vasi lacentari

l

Incremento delle resistenze vascolari

!

Ipossiemia

10F

Hemoglobin concentration (g/L}
Platelet count (mL)
NRBC count (logNRBC/100 WBC)

Slow Mod. Rapid Slow Mod. @ Slow Mod. Rapid

Deterioramento cardiovascolare

(a) 20 oo O L} (b}

400

18t ° o

16 -

141

(

Pl - - - lento

~N

12

10 -

UA-PI (Z-score)
Platelet count (fmL)

moderato

, Produzione
_-_- rapido extramidollare di
Rapid \_ / eritroblasti

L 1 L 1 y
o 50 100 150 200 250 300 350

Neonaral plateler count {/mL.)

Figure 2 Relationship between platelet count and umbilical artery (UA) Doppler in 130 cases of feral growth restriction. {a) Correlation
between platelet count and UA pulsatility index (PI) Z-score in patients with slow (©, ————— ), moderate (0, ) or rapid (0, —w—.—)
cardiovascular deterioration. A significant relationship (Spearman p, —0.439, P =0.001) berween rising UA blood-flow resistance and falling
platelet count was only demonstrated for fetuses with moderate deterioration. (b) Median, interquartile range and range for platelet counts
stratified by present UA end-diastolic velocity (EDV) () and absent UA-EDV () according to moderate or rapid deterioration. Plateler
counts were significantly lower with absent UA-EDV in neonates with moderate deterioration { Mann—Whitney U-test).

A. A. Baschat et al, Hematologic profile of neonates with growth restriction is associated with rate and degree of prenatal Doppler deterioration
Ultrasound Obstet Gynecol2013;41:66—72




Utilizzo dell'lemocromo nelle patologie
cardiovascolari dell'adulto

WBC uw : &> 1.42
™ mw ! - 1.40
Neutrofil :
- — monocyle uv : o 1.41
Linfociti - | e 130
neutrophil uw i = 2.00
Piastrine ™ i . Lo
Linfociti I l
my 0.51 —@p— :
nil ratio yw : ’2 -
! 2.20 ‘
mw : ’
0.00 25 50 i 1.00 ‘:I‘I.::ard 1Fl5: o 1.76 2.00 2.256 250 275 3.00
Emocromo
Neonato pretermine Neonato pretermine IUGR
«Anemia del prematuro *Anemia

*Bassa conta neutrofili (G-CSF) *Bassa conta piastrinic

*Eritroblastosi
‘RDW

Ridotta conta piastrinica

Benjamin D. Horne.,Which White Blood Cell Subtypes Predict Increased Cardiovascular Risk. J Am Coll Cardiol. 2005;45(10):1638-1643



Hematologic profile and Doppler abnormalities in
neonates with intrauterine growth restriction

S. Visentin, L. Falcone, E. Salviato, V. Di Gievanni, E. Cosmi
Department of Women'’s and Children’s Health

University of Padua

BACKGROUND: - MATERIALS AND METHODS:

Fetuses with intrauterine growth restriction (IUGR):

+ increasing blood flow resistance in the umbilical arteries rospective study conducted between April 2013 and June 2015

+ villous vascular abnormalities

PATIENT SELECTION

] 100 singleton pregnant women in the third trimester :

cardiovascular deterioration “roune acar
<+ suspected growth retardation

1 l \ IUGR AGA

intra-placental platelet activation microthrombosis 2Wer-Platelet counts at birth. n° 50 n° 50
GROUP 1 GROUP 2
AlM:
. . . . »Estimated fetal weight | >EFW below the 3th
To analize the relationship between : e—————

*» Hematologic parameters at birth
* Doppler abnormalities
# Vascular markers of fetal endothelial

dysfunction

Criteri di esclusione :

O Anomalie cromosomiche o malformazioni fetali
O Sospetta corioamniosite

U Gravidanze gemellari

percentile

» Umbilical artery
Doppler abnormalities,
above 2 standard
deviations

» Normal fetal Doppler
velocimetry for
gestational age

All newborns were recovered in NICU for preterm delivery. For both groups. a
complete blood count was performed at birth.




La nostra esperienza..

Hematologic profile and Doppler abnormalities in
neonates with intrauterine growth restriction

S. Visentin, L. Falcone, E. Salviato, V. Di Giovanni, E. Cosmi
Department of Women'’s and Children’s Health

University of Padua

..outcome neonatale

p-Value
0.25

3416 =5.61 |[33.12=5.52

(43.33) 0, 84

Seftimana 30.84 (£3.39) 30,98 (£3.33 66,70% 56.90% 0.08
gestazionale 94,12% 78.43%
all’ecografia 0.00% 5.88%

Wi 3.92% 1,96%
1,06% 13.73%

aIMT parete 1,06 (20.32) 0.56 (£0,07) <0,0001
posteriore (mm)
Diametro aortico 3.50 (£0,76) 3.00 (0.29%) 0,53 TUGR con TUGR senza | AGA p-Value
anomalie anomalie (m=50)
PI art ombelicale 1,57 (£0,53) 1,05 (£0,09) <0,0001 Doppler (n=) | Doppler (n=)
0,65 @

(7AEDE) Settimana 32 (£245) 32 (+ 4.20) 32 (£2.36)
gestazionale al
Pl art cerebrale media 1,63 (£0.28) 1.98 (£0.34) Peso alla mascita 1277 (% 436) 1421 (+ 981) 1960 (+ 538)
®
Lunghezza alla 38.89 (+ 5.31) 40.31 (£5.17) 42,27 (+3.86) 0.01
PI dotto venoso 0,59 (£0.21) 0,48(20,10) 0,05 nascita (cm)
Percentile del 4(£2.23) 3(x1,17) 55 (% 14.42) 0,001

peso al parto

P medio art uterine 198 (40.34) 0,79 (£0.24) Ceooor ) | tees N R S 020




La nostra esperienza..

Hematologic profile and Doppler abnormalities in
neonates with intrauterine growth restriction

S. Visentin, L. Falcone, E. Salviate, V. Di Giovanni, E. Cosmi

Department of Women’s and Children’s Health

University of Padua

.profilo emocromocitometrico al 1° giorno di vita

IUGR con TUGR senza AGA

anomalie anomalie
Doppler Doppler
Leucociti (x109/L) SOL(#312)  TA9(#363)  1223(45.96)
Erittocifi (x10.1211)  442(£052)  408(x095)  413(0.57) 019 125
Hb (g/L) 166,40 154,63 147,02 (£2043) 0,004 g 10.04
(£18.92) (#34,72) S )
x .
Ematocrito (%) 049(£0,05)  045(x0,10) 043 (2006)  <0,0001 = 5o Feti IUGR
&
S 25
MCV (L) 112,00(4930) 11L67(29.27) 103,68(¢531)  0,0007 =
& oo )
4
MCH (pg) 3782(#345)  37.10(#3.12)  3556(+159) 00008 257
Piastrine (10.9/) 14545 2363 250.12(260.86)( <0,0001
(£59,00) (£79.40)

Neutrofili (10.9/L) 279(#2.03)  326(£2.14)  TA4(+4.73)
Eritroblasti (10.9/L) 569($9.06)  L75(£LS1) 079 (+1.40)

Neonati prematuri con diagnosi di restrizione di crescita intrauterina presentano profili
emocromocitometrici differenti rispetto a neonati prematuri di peso corretto, in particolar modo quando
presente un’anomalia della Doppler velocimetria fetale




La nostra esperienza..

Hematologic profile and Doppler abnormalities in § :
neonates with intrauterine growth restriction
S. Visentin, L. Falcone, E. Salvi V. Di Giovanni, E. Cosmi
DRepartment of Women'’s and Children’s Health

University of Padua

..spessore intimo-media aortico (alMT)

2.5- 2.5~
ol T p<0.0001 2.0- p=0.0008
= E
E 1.5 E 1.5+
E 1.04 E 1.0 o
= e P
0.5+
0.5+ i—
0.0 Y e
0.0 — T flussi alt flussi non alt
casi contralli
IUGR AG/ P-Value
senza L ’aumento dello spessore alMT nel gruppo
anomalie IUGR, associato ad una riduzione della conta
Doppler piastrinica, che a sua volta correla con la
alMT 0.7 (£0.19) 0.56 P=0.0001 flussimetria fetale, potrebbe contribuire

(mm) (£0.07) all’ulteriore definizione del rischio neonatale




La nostra esperienza..

Hematologic profile and Doppler abnormalities in
neonates with intrauterine growth restriction

S. Visentin, L. Falcone, E. V. Di Giovanni, E. Cosmi

Department of Women'’s and Children’s Health

University of Padua

..correlazioni fra alterazioni emocromocitometriche e aIMT negli IUGR

20- 10+

104 u

piastrineflinfociti
neutr ofiliflinfociti

Il rapporto piastrine/linfociti, che nella popolazione adulta rappresenta una modalita di stratificazione di
rischio del paziente vasculopatico, risulta statisticamente significativo nel gruppo IUGR

a IMT markers per investigare i cambiamenti pre aterosclerotici nei feti




Le scienze omiche

Genes sy mRNAs sy Proteins : h:’ﬁf::: #
(2x10% 109 e B 5
Transcription Translation Celiular 100 Enzymatic
processing reactions

‘

Metabolites
(3x10%)

METABOLOMICA

» E’la scienza omica che si basa sull’analisi e ’interpretazione delle funzioni dei metaboliti (molecole di
basso peso molecolare) di un determinato sistema biologico (cellula, tessuto, sistema, organismo) sotto
I’influenza di una serie di condizioni

» E’ considerata quella che si avvicina di piu all’espressione definitiva del fenotipo, inteso come risultato
dell’interazione tra geni ed ambiente.

M. Ruggeri et al.,Scienze “omiche” e biologia dei sistemi complessi: applicazioni in neurologia pediatrica. Neurol Ped Ottobre-Dicembre 2014




La Metabolomica

m GENETICO

==
=

¢

[FARMACO/TOSSICO -GENOMA ]

[ MICROBIOMA ]

/

\

NUTRIBIOMA / \
INFETTIVOMA
tecnologia piu promettent

M. Ruggeri et al.,Scienze “omiche” e biologia dei sistemi complessi: applicazioni in neurologia pediatrica. Neurol Ped Ottobre-Dicembre 2014




La Metabolomica

* Nutrizione Influenza dell’“ambientoma”
= Stile di vita . L.
* Ambient
o i materno (es., stile di vita e
i e nutrizione della madre) sul feto
N ey e influenza dei fattori
= Modalita part
y Marcatore all I8 Etigestax:na‘:e . . . .
* Adattament
A — ambientali perinatali (es.,
. = Nutrizion I
Fenotipos  ° Netimone modalita
‘ p Marcatore biologico B o 5y/657amento . )
9 del parto, eta gestazionale,
usmodlammiowd / | stato di salute postnatale | -

adattamenti fisiologici) sul

neonato e interazioni/influenze
del patrimonio genetico
(paterno/materno).

Sequenza di indagini metabolomiche

X
ooo ¥

Estrazione dei Spettrometria di Mqubnxione dei Selezione ldemiﬁcmone det [ Analici . bl

e
A

metaboeliti :aratteﬂsn:he comunl metaboliti

M. Ruggeri et al.,Scienze “omiche” e biologia dei sistemi complessi: applicazioni in neurologia pediatrica. Neurol Ped Ottobre-Dicembre 2014




Applicazione degli OMICS allo IUGR

: : P : lonic Species Identified in the LC-HRMS Spectra
Selective Intrauterine Growth Restriction in & P
. . . . Elemental Label, according
Monochorionic Twin Pregnancies: Markers of Metabolites composition o XCMS output
. . Valine CsHq1NO2 M118T101
Endothelial Damage and Metabolomic Profile Typtophan Crbaha0;  M20ST241
Proline CsHgNO; M116T100
Isoleucine CgHiaNO3z M132T103
Erich Cosn'ri,“ Silvia \;’isantin," Donata Favretto,? Marianna Tucci,? Eugenio Ragazzi,* Guido Viel,2 and E:zm:lanme E:::;:gz mﬁgr
Santo Davide Ferrara Glycerophosphocholine Cz26Hs2NO7P M522T2096
M544T2098
Maternal and Neonatal Data M520T2032
M518T2071
Parameters Group 2 Group 3 Overall p value M544T2032
Twins (no.) 4 16 M4RET2071
Maternal age (years) 33(32-35) 29 (24-37) .26 Sphingosine CygH37 NO32 M300T1483
Primiparous (%) 100% 75% 18
alT (mm) 0.8 (0.7-0.9)* 0.5 (0.4-0.6) 10002
Aortic diameter (mm) 3.2(27-4) 4.1(294.9) 20
Umbilical artery Doppler waveforms (no.)
Normal 0 4t 16 10002 i
Pl >25D 4 ot 0 10002
R A “ 0 0 900 Alterato trasporto transplacentare degli
Presence of A-wave in DV 4 4 16 1 H = : H H
Mode of delivery (no) aminoacidi nei feti IUGR con
Cesarean 4 4 16 1 - - . -
Vagina _ 0 0 0 1 alterazioni flussimetriche
Gestational age at delivery (wk) 33 (28-36) 33(33-36) 35 (28-36) 47
Birth weight (g) 1,480 (870-1,725) 1,970 (1,680-2,260)  2,315(1,210-3,030) .01
Birth height (cm) 39.5 (35-41)* 43 (42-45) 45 (37-47) 006
Apgar at 5 minutes 9 (8-9) 9(9-10) 9 (6-10) 42
pH cord blood at delivery 7.4 (7.-7.2) 7.2(7.2-7.3) 7.3(7.2-7.3) 004
BE cord blood 3.7 (1.6-6.2) 47 (3.2-8.5) 43(1.6-67) 54
5 VALINE, TRYPTOPHAN, PROLINE, ISOLEUCINE b PHENYLALANINE
T-— 1 %109
18x10° 9 X108
16 x 109 ; 8 X 108
1.4 x10° 7XI108
12x10° B
1x10° SX10°
8x108 45108
7| exie IX100
S [ oaxiee 2
2 | 2x10 1xie _. gt :
o s
§ o 1MA 1B S5A 5B 2A 2B 6B 6A
2 1A 11B 5A 5B 2A 2B 6B 6A
a
pregnancies

\ AGA IUGR con alterazioni flussimetriche




Applicazione degli OMICS allo IUGR

b SPHINGOSINE

3Ixiee
25 X108
2X10°
15 X108
1X108
5 %107

IUGR con alterazioni

Absolute abundances (a.u.)

1A 1B 5.5.3 2A 2B 6B 6A flussimetriche

Sfingosina: messaggero secondario presente sulla
superficie cellulare coinvolto nei processi di
crescita, differenziazione e migrazione cellulare S

Sfingosina 1 fosfato e espresso nel
sistema cardio vascolare ed e
coinvolto nella fisiopatologia delle
problematiche legate a disfunzione
endoteliale

Proprieta vasoattive degli sfingolipidi ——>  Elevato rilascio di Trombosssano e sostanze infiammatorie

l

IPERTENSIONE

Glicerofosfocolina: messaggero secondario presente sulla superficie cellulare
coinvolto nei processi di crescita, differenziazione e migrazione cellulare




Take Home message

O Importanza della corretta diagnosi di IUGR

2 Correlazione fra IUGR con alterazioni dei flussi e disfunzione

endoteliale precoce

O Utilita dell’ecografia nell’identificazione dei cambiamenti a livello

cardiovascolare
2 Importanza del follow up dopo la nascita

0 Utilizzo delle tecnologie omiche per intervenire precocemente e

bloccare I’avanzamento delle patologie




New Developments

And this is tne latest Ereakthrough: 3D witrasound. . with 95% accuracy
this is ¢ realistic representantion of vour cute little baby 20 years from now..




