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Freq. Cardiopatia Congenita “life-threatening” (Critical
Congenital Heart Disease, CCHD):
1-2 /1000 n.v.

6-10% della mortalita infantile; 20-40% mortalita tot. da
Malformazione Congenita

Esame clinico: diagnosi solo nel 46-62% dei neonati con
CCHD=30%-40% dei neonati CCHD viene dimesso senza
diagnosi (elevato rischio per: scompenso, mortalita a
domicilio

Bonnet D, Coltri A, Butera G, Fermont L, Le Bidois J,
Kachaner J, ef al Detection of transposition of the great
arteries in fetuses reduces neonatal morbidity and
mortality. Circulation 1999;99:916-8.

10-30% delle Critical Congenital Heart Disease (CCHD)
viene identificata solo all’es. autoptico

5% dei neonati con CCHD muore senza diagnhosi
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Cardiopatie Congenite Dotto-Dipendenti
Duct-Dependent Heart Diseases (DDHD)

- Frequenza: 1-1.8/1000 1n.v.

- Pervieta DA essenziale per la sopravvivenza

- Diagnosi Prenatale = 20%

- All’esame clinico sono diagnosticabili solo 1 /3 dei casi

- Se la diagnosi ¢ effettuata PRIMA della dimissione, la mortalita €
16 volte inferiore (14.8% vS. 0.9%)

-N.B. Trend verso la anticipazione della dimissione dalla nursery

CCHD/DDHD
Trasposizione delle grandi arterie
Alresia polmonare
Stenosi aortica
Coarftazione aortica
Sindrome del cuore sinistro ipoplasico
Interruzione dell’arco aortico
Difetto settale atrioventricolare
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La Pulsossimetria (*) puo
essere utilizzata per lo
screening precoce delle
CCHD (ed In particolare delle
DDHD)?

(*) Aoyagi T, Miyvasaka K (2002) Pulse oximetry: its invention, contribution to
medicine, and future tasks. Anesth Analg 94[Suppl 1): S1-S3



SpO2 pre- e post-duttale <95% o0 in caso di
differenza > 3% fra le 2 misure (PRE-
DUTTALE: pallmo mano destra vs. POST-
DUTTALE: piede) entro le prime 24 h di vita.
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Ridotte dimensioni del campione (11 range: 2114-11281)

Mancata considerazione casi di morte nella comunita da
CCHD non diagnosticata (ca. 5%, v. Wren et al.,, 2008)

Differenze nei protocolli di screening e nelle strategie di
follow - up



Screening sistematico delle CCHD,/DDHD mediante
differenza pulsossimetrica pre- post-duttale della
saturazione dell’ossiemoglobina (Sp02):

STUDIO BMJ - Online, Jan 2009- METODOLOGIA

Tipo di Studio: Prospettico

Neonati NICU: -

Neonati screenati: n=38429 (nursery)
Sede: Svezia (W. Gotaland)

Periodo esaminato: 2004-2007
Centri nascita coinvolti: 5

Follow - Up in comunita: +

de-wahl Granelli A, wermergren M, Sandberg K, Mellander M, Bejlum ¢, Inganss L, Eriksson M, Segendahl N, Apren A,
Ekman-Joelsson BM, Ssumnegandh J, verdicchio M, Ostman-Smith I. Impact of pulse oximetry screening on the detection
of duct dependent congenital heart disease: a Swedidh prospective screening study in 39,821 newhomes. BMI. 2009 Jan
£;3358:43037. doi: 10.1136,/bmj.as037.
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Ekman-Joelsson BM, Ssunmegandh J, verdicchio M, Ostman-Smith 1. Impact of pulse oximetry screening on the detection
of duct dependent congenital heart disease: a Swedish prospective screening study in 39,821 newhoms. BMI. 2000 Jan
£:3358:23037. doi: 10.1136,/hmj.a3037.



Birth cohort in West Giitaland 1 July 2004 to 31 March 2007 {n=46 963)

Bables not eligible due to rolling start of study or admission to neonatal Intensive care (n=7064)
Cases of duct dependent circulation:
28in intensive care admissions and 3 in exclusions due to rolling start

Eligible bables (n=39 899)

Excluded (n=1470):
= Refusal (19}, aximeter fallure (18), staff shortage (2), incomplete record of screening results
{39) or of physical examination (1392)

Pulse aximetry screening (n=38 429)

’ - :

Positive result (n=87) MNegative result (n=38 269) | Inconclusive result (n=73):

Onygen saturation <90 but not optimal (39)

J l Result from only 1 site (34)

'

Duct dependent clrculation: ‘ Duct dependent circulation: Duct dependent circulation:

Yes (n=18")
No (false positive) (n=69)

Yes (false negative) (n=10) Yes (n=1)**
No [n=38 259) No (=7 1}

| |

Examining physician not blind Duct dependent drculation:
to results of cdmetry {n=55) +————— Yes(n=13)
(oxygen saturation < 90%) No (n=42)

Neonatal physical examination blind to cximetry results (n=38 374)

' Y .

Positive result {referral to Negative result (no suspidon Inconclusive result {no referral despite
cardlac clinic) {(n=739) of heart disease) (n=37 028) suspldon of heart disease) (n=607)

l l MNegative second examination

;

Duct dependent circulation: Duct dependent circulation: Duct dependent clrculation:
Yes (n=10) Yes (false negative) (n=6) Yes (n=0)
No (false positive) (n=729) No [n=37 022)




Pulse oximetry screening

Preductal/postductal
Final diagnosis oxygen saturation (%) Test result

Referred for urgent echocardiography according to protocol*
TGA 47/22
TGA 59/59
TGA, PA, DILV 65/72
PA,VSD 75/84
PA,VSD 78/83
Critical AS, CoA 86/46

Murmur present
(day of life)

No
No

Physical examination

Femoral pulses

Normal
Normal
Normal
Normal
Normal
Very weak

Refemral for
echocardiography

N/A
N/A
N/A
N/A
N/A
N/A

TGA, DILV 85/89

Critical AS 93/80
CoA, VSD 99/86
TGA, CoA, V5D 87/93
Critical PS 70/60
HLHS 90/91
TGA, DILY, CoA 91/93; 94/91

Normal
Weak
Weak

Normal
Weak
Weak

Very weak

N/A
N/A
N/A
N/A
N/A
N/A
N/A

18 de-YWahl GranelliA et al Impact of pulse oximetry screening on the detection of duct dependent congenital heart disease: a Swedish
prospective screening study in 39 821 newborns. BMJ. 2009 Jan 8,338:a3037. doi: 10.1136/brmj.a3037 .



Final diagnosis

Critical SAS

Pulse oximetry screening

Preductal/postductal

oxygen saturation (%)
Blind neonatal examination

Test result

Physical examination

Refemal for
echocardiography

Murmur present

(day of life)

Femoral pulses

Yes (day 2) Normal Yes

HLHS
CoA

IAA, TGA, DILV

98/89; 98/94
90/93; 92/92; 91/94

97 [postductal value
(foot) unrecordable

97/92; 97/93; 95/90

+ve
Ve

Pathological result

Faint (day 2) Normal Yes

No (day 1) Weak Yes, arhythmia

Yes (day 4) Weak Yes

HLHS

96/82; 95/81

+ve

Difficult (crying) Yes

A, TA

95/96

Yes (day 2)

Yes (day 1) Increased Yes

No (day 1) Normal No

Aortic atresia, AVSD,
CoA

CoA, ASD

CoA

96/96; 90/92

100/99; 99/100

98/99

Yes (day 2)
Yes (day 1) Impalpable No
Yes (day 2) Impalpable

Yes (days 1-4) Normal

Yes (no urine)

Faint (day 5)

99/100

Impalpable

Yes (day 3) Palpable

palpable

18 de-YWahl GranelliA et al Impact of pulse oximetry screening on the detection of duct dependent congenital heart disease: a Swedish
prospective screening study in 39 821 newborns. BMJ. 2009 Jan 8,338:a3037. doi: 10.1136/brmj.a3037 .



Pulse oximetry screening

Preductal/postductal
Final diagnosis oxygen saturation (%) Test result

Discharged home without diagnosis and echocardiography

IAA, AP window 98/92; 99/95

CoA 99/93; 95/95
98/100
97199

99/97

Physical examination

Murmur present Refermral for
(day of life) Femoral pulses echocardiography

No (day 1) Normal No (protocol violation)
Circulatory collapse day 8
No (day 2) Normal
Circulatory collapse day 7
No (day 2) Normal
Circulatory collapse day 4
No (day 1) Normal
Circulatory collapse day 4
No (day 1) Normal
Circulatory collapse day 4

18 de-VWahl GranelliA et al Impact of pulse oximetry screening on the detection of duct dependent congenital heart disease: a Swedish
prospective screening study in 39 821 newbarns. BMJ. 2002 Jan 3,333:a3037. doi: 10.1136/bmj. a3037 .



Performance
Sensitivity (95% CI) (36)
Specificity (95% CI) (%)

Physical examination
alone (n=38374)

62.50(35.43 to 84.80)*
98.07 (97 9310 98.21)

Pulse oximetry
(n=38429)

62.07 (42.3 to 79.31)
99.82 (99.77 t0 99.86)

Physical examination
plus pulse oximetry
(n=38429)

82.76 (64.23 to 94.15)

97.88 (97.73 to 98.03)
1.35 (0.65 to 2.47)

Positive predictive value
(95% CI) (%)

Negative predictive value
(95% CI) (%)

Likelihood ratio

99.98 (99.96t0 99.99)

32.37
1.90

20.69 (12.75 t0 30.71)

99.97 (99.95 t0 99.99)

344.8
0.17t1

292(1.88t04.31)
99.99 (99.97 to 100.00)

39.08
2.09

False-positive rate (%)

No of true positives

10*
6*

181

24%

No of false negatives

No of false positives
No of true negatives
Relative risk (95% Cl) (36)

729
37 022
83.6 (30.5 t0 229.5)

11§
69

38 259
719.8 (350.3t0 1479)

58
798
36881
215.4 (82.410 563.0)

18 de-YWahl GranelliA et al Impact of pulse oximetry screening on the detection of duct dependent congenital heart disease: a Swedish

prospective screening study in 39 821 newborns. BMJ. 2009 Jan 8,338:a3037. doi: 10.1136/brmj.a3037 .



Subsequent management
Stay in neonatal intensive care

25 days after
Pathology found No (%) of babies screening <5 after screening Follow-up only

Othercritical congenital heart disease* 4 (6) a4/4 0/4 0/4

Other milder congenital heart disease 10(14) 4/10 1/10 5/10

Persistent pulmonary hypertension 69 3/é 0/6 3/6
Transitional circulationt 8(12) 0/8 3/8 2/8
Infections 10(14) 6/10 4/10 N/A
Pulmonary pathology 7 (10) 517 1/7 1/7
Normal (verified from hospital charts) 24(35) N/A N/A N/A

18 de-YWahl GranelliA et al Impact of pulse oximetry screening on the detection of duct dependent congenital heart disease: a Swedish
prospective screening study in 39 821 newborns. BMJ. 2009 Jan 8,338:a3037. doi: 10.1136/brmj.a3037 .



West Gdtaland Other referring regions Comparison

16/48 (33)

Type of duct dependent circulation

Systemic circulation =0.12

Lung and mixing circulation

Total

18 de-YWahl GranelliA et al Impact of pulse oximetry screening on the detection of duct dependent congenital heart disease: a Swedish
prospective screening study in 39 821 newborns. BMJ. 2009 Jan 8,338:a3037. doi: 10.1136/brmj.a3037 .



Sequelae Sequelae

Death within Death within
Diagnoses Severe acidosis 30 days Diagnoses Severe acidosis 30 days

Pulmnawaﬂd miXing duct dep&ndent circulation SIfstem“: flow duct dtpendent circulation
TGA No No HLHS N/A Yes, undiagnosed
TGA No No Critical AS No No

TGA Yes No IAA, truncus Yes (pH 6.80) No
No anterdosus

TGA Yes (+ preoperative seizures)

TGA Yes (ECMO, preoperative No 1AA, VSD No No
cerebral haemomhage) CoA. VSD Yes (pH 6.90) N

TGA,VSD No No CoA, VSD N/A Yes, undiagnosed
TGA,VSD No No CoA, VSD No No

Complex TGA N/A Yes, undiagnosed CoA, VSD N/A Yes, undiagnosed
CoA, AVSD No No

Pulmonary flow duct dependent circulation
TGA, PA, VSD No No CoA Yes No
TGA, PA No No s b g
PA N/A Yes, undiagnosed CoA Yes No
Systemic and mixing duct dependent circulation CoA No No

. . CoA No No

TGA, CoA,VSD Yes, brain infarction, cerebral No
haemorrhage, preop erative CoA Yes (pH 7.14) No
seizures CoA No No

ECMO=extracorporeal membrane axygenation, N/A=information not
available as infant died at home (severe acidosis would have preceded
death), TGA=transposition of the great arteries, PA=pulmonary atresia,
VSD=ventricular septal defect, AS=aontic stenosis, CoA=coarctation of
the aorta, HLHS=hypoplastic left heart syndrome, IAA=interrupted aortic
arch, AVSD=atrioventricular septal defect.

18 de-Wahl Granelli & et a



092% (VS. 72% in area
Svezia “no screening”, P=0,0025)
n= 0O (vs. n= 5 nello
stesso periodo in area della Svezia “‘no screening”)
n=69 (0,17%) ma 31,/69 FP (44,9%) con

patologia signif. non-diagnosticata (cardiaca, polmonare,
sepsi).

3430 £/diagnosi precoce

3453 £/ neonato CCHD

mancafto (*)

: 7700 £/diagnosi
(ecocardiografia sulla base reperti es. clinico)

: 2526 £/diagnosi
(ecocardiografia sulla base di desaturazione<90%)

*) Griebech I, Knowles RL, Brown J, Bull ¢, wren C, Dezateux C A. Comparing the clinical and economic effects of
clinical examination,

pulse oximetry, and echocardiography in newhom screening for congenita lheart defects:aprobabilistic <cost-
effectivenessmodeland

value of information analysis. Int J Technol Assess Health Care 2007;23:192-204.,



WHAT THIS STUDY ADDS

As inpatient maternity stays have reduced, an increasing proportion of babies with duct
dependent pulmonary circulation leave hospital undetected

Pulse oximetryscreening performed both preductally and postductallyd etects 1 00% ofinfants
with pulmonary duct dependent circulation and, when combined with routine clinical
examination, detects 92% of all infants with duct dependent circulation before hospital
discharge, and has a higher detection rate than physical examination alone

Introduction of pulse oximetry screening is cost neutral in the immediate perspective, as each
additionalcasethatreceives atimely diagnosis costs the sameasthe treatment of a child that

|5 read mitted in circulatory collapse, but there are probably additional long term cost benefits
from reduced neurological morbidity

de-YWahl Granelli & YWennergren M, Sandbery K, Mellander M, Bejlum C, Ingands L, Erksson M, Segerdahl N, Agren A, Ekman-Joelsson
Etd, Sunnegardh J, Yerdicchio M, Cstrman-Smith || Impact of pulse oximetry screening on the detection of duct dependent congenital heart
disease: a Swedish prospective screening study in 32 821 newborns. BhJ. 2009 Jan 8;338:53037. doi 10.1136/bmj a3037.



INDICE DI PERFUSIONE (P.1.) ¢ SCREENING
CCHD: PROSPETTIVE

De Pelice C, Latini G, vacca P, Kopotic RJI. The pulse oximeter perfusion indexas a predictor for high illness severity in
necnates. Eur J Pediatr. 2002 Oct;161(10):561-2. 20 De Felice ©, Del vecchio A, Criscuclo M, Lozupons A, Parrini 5,
Latini G. Early posmatal changes in the perfusion index in term newboms with subclinical chorioamnionitis. Arch Dis
Child Fetal Neonatal Ed. 2005 Sep;00(5):F41 1-4.

De-wahl Granelli A, Gstman-Smith 1. Noninvasive peripheral perfusion indexas a possible tool for screening for critical
left heart obstrction. Acta Paediatr 200706:14550,
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Measuring peripheral perfusion in medicine: an overview

METHOD

VARIABLE ADVANTAGE LIMITATIONS
Pulse PFI Easily obtainable; reflect real time changes in
oximetry peripheral blood flow

Hb, HbO_, and

HbLT

variations ioni

Assessment of oxygenatlon_ln all vascular _ Requires specific software to display the

MNIRS compartments; can be applied to measure regional variables

Sto blood flow and oxygen consumption

=

Cytaa,

OPSs FCD Direct visualization of the microcirculation Ubserver-related IZ:IEIS; semiquantitative
measure of perfusion

Microvascular | Useful method to evaluate endothelium-dependent Small sampling volume for cutaneous blood

LDF blood flow vascular responses flow measurement; does not reflect
P heterogeneity of blood flow

Transcut. Pletd;/PleCt, Direct measurement of PtcO_/PteCO; early Mecessity to frequently change the sensor
oximetry detection of peripheral hypoperfusion position; requires blood gas analysis

Te-index
Sublingual | oo Requires blood Iysis to obtain PaCO

ubingua Direct measurement of tissue PCO_ noninvasively equires bood BaS ana‘ysis to obtain Fa =
capnometry Psl.aCO = normal and pathological values not yet defined
- z

Lima A, Bakker J: Noninvasive monitoring of peripheral perfusion. Intensive Care Med 2005; 21:1916-1926



Noninvasive monitoring of peripheral
perfusion

capillary: blood



PI SERENDIPITOUS DISCOVERY

October 16, 2001
Pisa - London, 9 AM

Aoyazi T hlivasakca K (2002) Pulse oxirnetry: its invention, contribution to medicine, and future tasks. Anesth Anals 24 [Suppl 1]: 531-33
Lre Felice C, et al. The pulse oxitneter perfision index as a predictor for high dllness severity in neonates. Eur | Pediatr. 2002 Oet;161(107:561-2.
Crranelli AN, et al. MNoninwvasive peripheral perfusion index as a possible tool for screening for cxitical left heart obstruction. Acta Paediatr. 2007 Ot 96710314 55-9.
Canneszon M, et al. Pleth variability index to monitor the tespiratory variations in the pulse oxitneter
plethysmographic waveforn amplitude and predict fluid responsiveness in the operating theatre Br ] Anaesth. 2008 Auz101(2):200-6.
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October 16, 2001

Pisa — London., g AM =
’ Male premature infant

Severe air turbulence (CAT) Drop in PI (< 0.5)

over the Alps
Tachycardia (PR > 180 bpm)

Hypoxia (SpO2 < 50 %)



2001 Rediscovering Pl De Felice ¢}

2002 PI and Neonatal illness severity De Felice ¢ et al.)
PI and perfusion assessment in adult ICU patients (Lima AP ef al.)

2005 {De Felice C et al.)

PI validation as a real “perfusion index” zaramella P et al.)
Pl and thoracic sympathectomy xiodell ¢T ef al.)
PI and epidural onset assessment in obstetric anesthesia kakazu ¢z et al.)

2006 PI, pulse oximeters and hypothermia (Nishivama T)
Pl and dinamic changes in HCA neonates De Felice C ef al.)

No PI changes in rabbit experimental sepsis (Hummier HD ef al.)
Pl and gastroschisis silo oxygenation monitoring kim s et al.)

2007 Pl and early neonatal detection of DDHD (Granelli AW 2 Ostman-Smith 1)

2008 Pl and neonatal cutcome prediction after cesarean section pe Felice C ef al. )
PVI (cannesson M et al.)

2009 | PI and testing of IV inj. epinephr.-cont. epidural test dose powafi Ha et al.)
Pl and Rett Syndrome ipe Felice ¢ et al., WIP)
Pl and measuring of emotions De Felice ¢, Seiti b, De Felice L et al., WIP)




Pulse-Oximetry & SKin Color

Reflected light carries information on the
physico-chemical properties of the interacting
objects



P.I. & Subjective SKin Color Estimate

Box-and-wihisker

SHE e . D
- : : * : : :

E s I e ——

N S

N e

____________________________________________________________________

Pl
—
*

____________________ i N
= |
- 'L : : : :
A S o B S T S
i 2 3 4 5 3]
SkCOL

1=Pale 2=Gray 3=Yellow <4=Iicd 5=Blue 6=Pink

* 1-way ANOVA, F-ratio=208.58, P<0.0001



2001

2002

2005

2006

2007

2008

2009

PERFUSION INDEX TIMELINE

Rediscovering FI {De Felice C)

PI and Neonatal severity (e Fetice ¢ et al)

FI and perfusion assessment in adult ICU patients (Lima AP et al.)

FI and early diagnosis of HCA (De Felice C et al.)
PI validation as a real *perfusion index” (Zaramella P et al.)
PI and thoracic sympathectomy (Klodell CT et al.)

PI and epidural onset assessment in obstetric anesthesia (Kakazu CZ et al.)

FPI, pulse oximeters and hypothermia (Nishivama T)
PI and dinamic changes in HCA neonates {De Felice C et al.)

No PI changes in rabbit experimental sepsis {Hummler HD et al.)
FIl and gastroschisis silo oxygenati on monitoring (Kim S et al.)

PI and early neonatal detection of DDHD | Granelli AW & Ostman-Smith I)

FI and neonatal outcome prediction after cesarean section (De Felice C et al.)
PVI (Cannesson M et al.)

PI and testing of IV inj. epinephr.-cont. epidural test dose (Mowafi HA et al.)
PI and Rett Syndrome (De Felice C et al., WIP)
PI and measuring of emotions {De Felice C, Setti M, De Felice L. et al., WIP)



Key characteristics for the “ideal” clinical marker

of neonatal illness severity

IS =

- Accurate/reproducible
- Non-invasive

- Provides Real-Time information



Why do neonatal illness severity matter?

b =
'i_' .

- Quality of care control

- (Unbiased) intra- and inter-NICU comparisons (clinical studies)
- Management studies

- Rational use of resources



3
Rt A Neonatal Illness Severity
o :
: Scoring Systems
Variables / Items

- Gender

- Gestational age

- Birth weight

- Body temperature

- Base excess

- Congenital malformations
- Minimum appropriate FiO,
- Maximum appropriate FiO,
- PO, /FiO, ratio

- Blood pressure

- Serum pH

- Multiple seizures

- Urine output

- Apgar score

- Small for date




Low PI values in high severity newborms at NICU
admission

De Felice C, Latini G, Vacca P, Kopotic RJ. The pulse oximeter perfusion index as a predictor for
high illness severity in neonates. Eur J Pediatr. 2002 Oct;161(10):561-2.
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Pl & ILLNESS SEVERITY:
ROC CURVE ANALYSIS

Fl
100 scamnnas
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100-Specificity

AUC= 0.997 (95% CI:0.995-0.008)
CUTOFF<=1.24
SENS: 07.6 (97.0-98.1) %
SPEC: 90.7 (99.5-99.9) %
+PV: 00.7%
-PV: 08.1%



LLow PI: Mechanisms?

e Early peripheral microcirculatory changes
* Local skin vasoconstriction

Poschl JM, Weiss T, Fallahi F, Linderkamp O. Reactive hyperemia of skin
microcirculation in septic neonates. Acia Paedialfr 1994;83:808-11.



Eur J Pediatr (2002) 161: 561-562
DOI 10.1007/s00431-002-1042-5

RESEARCH LETITER

Claudio De Felice - Giuseppe Latini - Paola Vacca
Robert J. Kopotic

The pulse oximeter perfusion index as a predictor
for high illness severity in neonates

Received: 23 April 2002 / Accepted: 9 July 2002 / Published online: 3 September 2002
© Springer-Verlag 2002



Pubblicazioni PI

1: De Felice C, Mazzieri S, Pellegrino M, Del Pasqua A, Toti P, Bagnoli F, RosatiE, Latini G.
Skin reflectance changes in preterm infants with patent ductusarteriosus. Early Hum Dev. 2004 Jun;78(1):45-51..

2: De Felice C, Del Vecchio A, Criscuolo M, Lozupone A, Parrini S, Latini G.

Early posinatal changes in the perfusion index in term newborns with subclinical chorioamnionitis.
Arch Dis Child Fetal Neonatal Ed. 2005

Sep;90(5):F411-4. Epubz0o05 Apr 29. PubMed PMID: 15863488;

3: De Felice C, Goldstein MR, Parrini S, Verrotti A, Criscuolo M, Latini G. Earlydynamic changes in pulse oximetry
signals in preterm newborns with histologic chorioamnionitis. Pediatr Crit Care Med. 2006 Mar;7(2):138-4=2.

4: De Felice C, Latini G, Vacca P, Kopotic RJ. The pulse oximeter perfusion indexas a predictor
for high illness severity in neonates. Eur J Pediatr. 20020c¢t;161(10):561-2. Epub 2002 Sep 3.

5: De Felice C, Leoni L, Tommasini E, Tonni G, Toti P, Del Vecchio A, Ladisa G,Latini G.
Maternal pulse oximetry perfusion index as a predictor of early adverserespiratory neonatal
outcome after elective cesarean delivery. Pediatr Crit Care Med. 2008 Mar;9(2):203-8.

6: De Felice C, Ciccoli L, Leoncini S, Signorini C, Rossi M, Vannuccini L, GuazziG, Latini G,
Comporti M, Valacchi G, Hayek J.
Systemic oxidative stress in classic Rett syndrome. Free Radic Biol Med. 2009 May 20. [Epub ahead of print]



2001

2002

2005

2006

2007

2008

2009

PERFUSION INDEX TIMELINE

Rediscovering FI {De Felice C)

PI and Neonatal severity {De Felice C et al.)

PI and perfusion assessment in adult ICU patients (Lima AP et al.)

PI and early diagnosis of HCA {De Felice C et al.)
FPI validation as a real *perfusion index™ (Zaramella P et al.)
FPI and thoracic sympathectomy (Klodell CT et al.)

PI and epidural onset assessment in obstetric anesthesia (Kakazu CZ et al.)

FPI, pulse oximeters and hypothermia (Nishivama T)
FI and dinamic changes in HCA neonates {De Felice C et al.)

No PI changes in rabbit experimental sepsis Hummler HD et al.)
FI and gastroschisis silo oxygenati on monitoring (Kim S et al.)

PI and early neonatal detection of DDHD

(Granelli AW & Ostman-Smith I)

PI and neonatal outcome prediction after cesarean section {De Felice C et al.)
PVI (Cannesson M et al.)

PI and testing of IV inj. epinephr.-cont. epidural test dose (Mowafi HA et al.)
PI and Rett Syndrome (De Felice C et al., WIP)
FPI and measuring of emotions {De Felice C, Setti M, De Felice L. et al., WIP)



Pl & CCHD:
ancora una volta c’entra
la “serendipity”...
positive, 0 (0%) false negative. and 297 (90.27%) true negative results. The accuiﬁcy of
the 1-min and 5-min PI screenings showed 100% sensitivity (95% CI: 88.3-100%).

99.4% specificity (95% CI: 97.8-99.9). 93.7% positive predictive, and 100% negative
predictive value in 1dentifying a HCA. The two mfants showing false positive results

were subsequently diagnosed of having a congenital heart defect [Ebstein anomaly
(median PI value in the first 5 minutes: 0.68; interquartile range: 0.53-0.83) and non-
ductal-dependent aortic coarctation (median PI value in the first 5 minutes: 0.75,
interquartile range: 0.54-0.96)].|No specific differences between the PI evaluations at 1
and 5 minutes were observed. The application of the PI screening to the study phase 2

2: Da Felice C, Del Vecchio A, Criscuolo M, Lozupone A, Parrini 5,
Latini .

Early postnatal changes in the perfusion index in term newborns
with subclinical choricamnionitis.

Arch Dis Child Fetal Neonatal Ed. 2005

Sep;go{5»F411-4. Epub2oo; Apr 29. PubMed PMID: 158634 88;



Pl Applications: present and future

Ohjective pain
assessment?

Emotion-induced
skin perfusion

changes

Physiologic
response
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Neonatal
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PI ¢ LOHD (left heart obstructive disease)

PI1<0.70 ¢ indicativo di LOHD
PI 5° pct = 0.70, IQR: 1,18-2,50; 95° pct=4,50

N=10 000 neonati screenati

Neonati con LOHD = 9 (0,9/1000 n.v.)

LOHD con PI<5° pct= 5/9=56%

Odds ratio per LHOD = 23.75 (95% CI 6.36-88.74)

De-Wahl Granelli A, Ostman-Smith I. Noninvasive peripheral perfusion index as a possible
tool for screening for critical left heart obstruction. Acta Paediatr 2007;96: 1455-9.



Means (error bars 95% Clfor mearn)

3,45 + 0,91

P<0,0001

0,98 + 0,17

DOHD

(PRE-DUTTALE: palmo mano destra vs. POST-DUTTALE: piede)

De Felice C, 2009



CONCLUSIONI

-Importanza epidemiologica CCHD (1-2/1000 n.v.)

- Fattibilita / importanza e costo/beneficio dello screening
neonatale precoce delle CCHD mediante pulsossimetria
convenzionale nelle prime 24-48 hh di vita da parte del
personale infermieristico della nursery

-Rapporto Costo/Beneficio quanto meno “neutro”

-Forse riduzione morbilita neurologica (5/23 CCHD non
diagnosticate)

- Potenzialita della combinazione PI + SpO2 nello screening
Neonatale precoce delle DDHD
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