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[1aTi €ival onuavTikn N yvwon
‘L ToU naidiaTpikou HKMuatoc

= [Maidia: 10-15% nAnBucpou
= SCD ano Bpepikn nAIKia

= [laoyouv ano KAnpovopuikeg B
Luokapdionabeiec-kavalonabelec

= JUUUETEXOUV OE AVTAywvIoTIKN aBAnon

= [TA\eovekTnuaTa ykaipnc O1ayvwonc via
naidi Kal OIKOYEVEIQ
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HKIua kar naidia
i I. AlQQOPETIKEC NAOATEIC

= 2UVYeveic kapdionabeiec: 0.8%

= 2TEQAVIAIA VOOOC : anouciadel

» Ioxaiyia: Kawasaki D., MISC, ALCAPA
= MuokapdiTida, nepikapdiTida

= Muokapdionabelec: cuxva YEVETIKA,
VEUPOMUIKA, UETABOAIKG aITIa

I.Germanakis. PedECG ISH23



HKIua kar naidia
i II. Alapopéc HKIMuaTog

= 2UXVOTNTA =
= Kapdiakoc atovac A

» Aidpkeia dlaoTnuaTWOV .

= 'YWoC enapuaTtwv

T Irisreal

=« EnavanoAwon

I.Germanakis. PedECG ISH23



i AIGQOPEC JE OUVENEIEC

HR : 127 BPM Diagnosis:
P_Dur. . 88 ms 815:Extreme Tachycardia
AUTC EloAoynon (auto QRS Dur. | o4 ms
UTOI-'aTn agio Yn n u QT/QTCint. : 259/377  ms

interpretation) navra Aavlaopgvn! RS Ta e
AEIOAanGn I-Ibvo To)v anbAUva RVB/SV2 amp.: 1775/1.338 mV

TIHGOV JETPAOEWY —-—"—
Avaykn agloAoynaong HETPNOEwWV HE F— -
NiVAaKEC (PUCIOAOYIK®V TIH®OV ava e > NS

nAikia (Xpovoc) v i

Erdppata (mV)

Ei131kO AOYIOHIKO, PUCIOAOYIKEG TIMEG L v
ventor-specific ? L

AZovag aidyspong

EEaywyn dedopévamv (export) yia Y
avaluan duaxepng .

ZovolKI) GEI0AOVIIO]. .. o.oi it e
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Chatzakis , Vassilakis , Lionis , Germanakis .Electronic health record with computerized
decision support tools for the purposes of a pediatric cardiovascular heart disease
screening program in Crete. Comput Methods Programs Biomed . 2018 Jun;159:159-166.

= We developed a designated EHR with integrated CDSS supporting
pediatric CV disease screening,

= capable for documenting CV-related personal and family history
responses,

= physical evaluation data (weight, height, blood pressure),
= allowing for entering electrocardiogam (ECG) measurements

= and for uploading of multimedia files (including ECG images and digital
phonocardiogram audio files).

= The EHR incorporates clinical calculators and referral alerts for the
presence (and degree) of adiposity, hypertension, ECG abnormalities
and positive history responses indicative of high CV disease risk.

= In a preliminary EHR validation, performed by entering data from 53
previously available paper-based health records, the EHR was proven
to be fully functional.

I.Germanakis. PedECG ISH23



i AIGQOPEC JE OUVENEIEC

HR 1127 BPM Diagnosis:
P Dur. : 88 ms 815:Extreme Tachycardiai
v v PR int. : 138 ms
= AavOaoHeVEG O1aYVWOEIC QRSDur. 64 ms

QT/QTCint. : 259 /377 ms

v P/QRS/T axis.: 39/63/31 deg.
[] TCIXUKCIpéIC]C; RV5/SV1 amp.: 1.831/0.357 mV
RV5+SV1 amp. 2.188 mV

RV6/SV2 amp. 1.775/1.338 mV

= Ioyaipiac
= AppuBpioyovou Oe€Iag kolAiag S

PoBUOC.........ooiiiiiiii

= Brugada e o

= YnepTpopiac e %é

= TUMOU EKTAKTWV GUCTOAWY, ey
eidouc appubpiac (eupu-oTEVO T S
QRS) o ws v

4. yovie QRS-T ............
5. ovepaiisg ST

ZOVORKN GELOAGTNGT]. ... ettt et
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‘L AUOKONIEC OTNV KaTaypaon

= H ouvepyaaoia dev
eival dedopevn

= XpelaleTal epneipia
OTOV XEIPIOUO
naidiwyv

:/ [negativespace.co/mother-

h
I.Germanakis. PedEquﬁt)t by/



AUCKOAIEC OTnNV Kataypaen

= KATAI'PAOH

MaidiaTpika auToKOAANTA
NAEKTPOOIa HIAC XPNong
KINH2H

KEVTPIKOTEPN O€0n
anaywywv akpwv
Manual kataypagpn ‘
Anaywyec akpwv (worst

case scenario)
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HKIua kar naidia
i XapakTnpIoTIKA

s 2UXVOTNTA

= Kapdiakoc a&ovac

» Alapkela d1aoTNUATWV
= 'YWoC enapuaTtwv

=« EnavanoAwon

I.Germanakis. PedECG ISH23



* SuxvOTNTA

= 80-160 bpm veoyvo (max 220)
= 70-140 bpm naidi (max 200)

-m--
Mean 145
Min 90 105 105 /2 65 65

Max 180 185 170 135 135 130

I.Germanakis. PedECG ISH23



HKIua kar naidia
i Alapopec naidikou HKIMuaTtoc

= 2UXVOTNTG

s Kapdiakoc atovac

» Alapkela d1aoTNUATWV
= 'YWoC enapuaTtwv

=« EnavanoAwon

I.Germanakis. PedECG ISH23



‘.L [Moioc sival o aéovac;
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‘L anavTnon
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A&ovac QRS
i Kal anaywyec akpwv
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NPOGOIOPIGHOC
i TETAPTNTOMOPIOU AEovVa

TeTapTnuopio Atova B avr

» Anaywyn I: N @
OETIKA ENApUATa: apioTePo =
ApvnTiKa enapuara: Oegio e @
« Anaywyn avF: | e O
OeTIKO ENApNATA: KATW | | @
ApvnTIKG ENApUaTa: avw foam

Lozating quadrants of mean QRS axis from leads | and aVF,

I.Germanakis. PedECG ISH23




napadslyua

I Il i aVR aVL aVF
=+ t : 1 H
1 -
{ 1
L
L
L {4 = s
M ffme ——e
HH M M I
: A r nw
L L I
i : T
gt L1l
= 1 \ R
A . T :
-0
—120°

+180°

aVF +60°
B +90°

i~ A 1™
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YnepTpo®ia de€iac koiAiag

Movada MaidoxapdioAoyiac MalrNH
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i LV / RV weight ratio

= 36 weeks 0.8/1
= 1 month 1.5/1
= 6months 2/1

= Adult 2.5 /1

I.Germanakis. PedECG ISH23



‘L duoiohoyikeC alayEc agova

= 0BeAiaio €Minedo sore So—
= AESIA =) APISTEPA ]
= €yKAdpolo eninedo (.2

%3 }
« MPOZOI0Z BPOMIZOIOS X M'/Q
e ) h ="
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Table. Mean Frontal Plane Axis

QRS Axis
Age Normal Values Abnormal Values Description
Adult —30° to 90° =<—30° Left-axis deviation
—30° to —45° Moderate left-axis _B0F
deviation
—45° to —90° Marked left-axis T
deviation A50% " maeme e P
90° to 120° Moderate right-axis
deviation
120° to 180° Marked right-axis 1807 — |
deviation
8tol6y 0° to 120° =120° Right-axis deviation
S5to8y 0° to 140° =140° Right-axis deviation
=0° Left-axis deviation
1to5y 5% to 100° =100° Right-axis deviation
Tmotoly 10° to 120° =120° Right-axis deviation
<10° to —90° Left-axis deviation
Neonate 30° to 190°  =190° to —90° Extreme right-axis
deviation

=30° to <—90° Left-axis deviation

Surawicz B, et al AHA/ACCF/HRS recommendations for the standardization and interpretation of
the electrocardiogram, part III: intraventricular conduction disturbances. Circulation. 2009;119.e235—
e240
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HKIua kar naidia
i Alapopec naidikou HKIMuaTtoc

= 2UXVOTNTG

= Kapdiakoc a&ovac

» Alapkela d1aoTNUATWV
s YWOC ENApPATWV

=« EnavanoAwon
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DuoIoAOYIKEC AAAAYEC UWOUC
i ENAPUATWV

Me Tnv au&non nAikiag
RPLs
= Meiwon R, auénon S, peiwon R/S
LPLs
= AUEnon R, peiwon S, auénon R/S

= AEloAoynon R, S avaloya pe nAikia
naidiov (MIVAKeC (PUCIOAOYIKWV TIHWV)

I.Germanakis. PedECG ISH23



i Auto interpretation !

1. Interpretation of ECGs for LVH should use only validated criteria, without
deviation from the validated formulas.

2. No single diagnostic criterion can be recommended for use compared with the
others.

3. Computer systems should use all criteria that are supported by valid evidence
for identifying LVH.

4. Interpretations should specify which diagnostic criteria were used and
which were abnormal (and thereby, by exclusion, which were examined but not
found to be abnormal).

5. Criteria should be adjusted for factors known to alter accuracy, including
gender, race, and body habitus, when such criteria have been validated

Hancock EW, et al. AHA/ACCF/HRS recommendations for the standardization and interpretation of the
electrocardiogram, part V: electrocardiogram changes associated with cardiac chamber hypertrophy.

Circulation. 2009;119:e251- e261.

I.Germanakis. PedECG ISH23



i Special Issues in Children

Studies are relatively few / do not always include referencing to body size, gender,
or race. / Correlation with echocardiograms is also limited, and reference standards
from autopsy or magnetic resonance imaging are not available.

= The ECG is best used in pediatrics as a screening tool to be correlated
with other measurements for the assessment of hypertrophy.

= Standards from Canadian children are widely used in North America. (1)
Higher amplitudes (UNL):
= Studies in Scottish children using a digital sampling rate of 500 Hz (2)

Dutch children using a sampling rate of 1200 Hz (3)
1. Davignon A, et al. Normal ECG standards for infants and children. Pediatr Cardiol. 1979;1:123-52.

2. Macfarlane PW, et al. Normal limits of the high-fidelity pediatric ECG: preliminary observations. J Electrocardiol.
1989;22(suppl):162—- 8.

3. Rijnbeek PR, Witsenburg M, Schrama E, et al. New normal limits for the paediatric electrocardiogram. Eur Heart
J. 2001;22:702—-11.

Hancock EW, et al. AHA/ACCF/HRS recommendations for the standardization and interpretation of the
electrocardiogram, part V: electrocardiogram changes associated with cardiac chamber hypertrophy.

Circulation. 2009;119:e251- e261.

I.Germanakis. PedECG ISH23



deep S-V{ave in V1 tall R-wgve in V6

| y

i LVH in children

Table 3. Pediatric Criteria for Left Ventricular Hypertrophy

(Age-Related)
Voltage (mm)

Age Age Age Age Age
0-7d 7d-1y 1-3y 3-5y =5y
RV =12 =23 =23 =25 =27
SV, =23 =18 =21 =22 =26
SV, +R Vg =28 =35 =38 =42 =47
Based on Davignon et al.** Amplitudes are given in millimeters, where

1 mm=0.1 mV.

Davignon A, et al. Normal ECG standards for infants and children. Pediatr Cardiol. 1979;1:123-52

Hancock EW, et al. AHA/ACCF/HRS recommendations for the standardization and interpretation of the
electrocardiogram, part V: electrocardiogram changes associated with cardiac chamber hypertrophy.

Circulation. 2009;119:e251- e261.
I.Germanakis. PedECG ISH23



tall R-wave in V1 deep S-wave in V6

: :
i RVH in children [ |

Table 4. Pediatric Criteria for Right Ventricular Hyperirophy

(Age-Related)
Voltage (mm)
Age Age Age Age Age
0-7 d fd-1y 1-3y 3-5y =Dy
RV =27 =22 =18 =18 =13
S Vg =10 =10 =7 =6 =4
RV,+SV; =37 =43 =30 =24 =17

Based on Davignon et al.** Amplitudes are given in millimeters, where
1 mm=0.1 mV.

Davignon A, et al. Normal ECG standards for infants and children. Pediatr Cardiol. 1979;1:123-52

Hancock EW, et al. AHA/ACCF/HRS recommendations for the standardization and interpretation of the
electrocardiogram, part V: electrocardiogram changes associated with cardiac chamber hypertrophy.

Circulation. 2009;119:e251- e261.

I.Germanakis. PedECG ISH23



i dUCIoAOVIKO €napua g

= aVF, V6
< 5mm
s <20-30ms

Davignon A, et al. Normal ECG standards for infants and children. Pediatr Cardiol. 1979,1:123-52

I.Germanakis. PedECG ISH23



‘L 'Enappa T

a V5 <limm (<7 Bpepn)
= V6 <7mm (<5 Bpepn)

Davignon A, et al. Normal ECG standards for infants and children. Pediatr Cardiol. 1979,1:123-52

I.Germanakis. PedECG ISH23



HKIua kar naidia
‘L Alapopec naidikou HKIMuaTtoc

= 2UXVOTNTG

= Kapdiakoc a&ovac

» AIGpKEIa dIa0TNUATWV
= 'YWoC enapuaTtwv

=« EnavanoAwon
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QRS: BpaxuTepn OIAPKEID
mmmm

Mean 50
Max 70 75 75 75 75 85 85

Davignon A, et al. Normal ECG standards for infants and children. Pediatr Cardiol. 1979;1:123-52

= 0-4yrs <90ms
= 4-16 yrs <100msec

Surawicz B, et al AHA/ACCF/HRS recommendations for the standardization and interpretation of
the electrocardiogram, part III: intraventricular conduction disturbances. Circulation. 2009;119.:e235—
e240

I.Germanakis. PedECG ISH23



i Incomplete RBBB

= QRS duration = In children, an rsr
= 90-100ms (8-16yrs) pattern in V1 and V2
= 86-90ms (<8yrs) with a normal QRS

duration is a normal
= Terminal deflection (20- variant
40ms)

u1 t ”'?1

0 wl - | ' f

Surawicz B, et al AHA/ACCF/HRS recommendations for the standardization and interpretation of
the electrocardiogram, part III: intraventricular conduction disturbances. Circulation. 2009;119.e235—

e240
I.Germanakis. PedECG ISH23



* PR: BpayUTepn didpkeia

mmmm

Min. 75

Max. 100 140 150 160 180

I.Germanakis. PedECG ISH23



i WPW

1. PR interval imEEE N
« < 120 ms in adults TSy IRENEENN
« <90 ms in children. e
2. delta wave ™

3. QRS duration
> 120 ms in adults

> 90 ms in children
4. Secondary ST and T wave changes.

Surawicz B, et al AHA/ACCF/HRS recommendations for the standardization and interpretation of
the electrocardiogram, part III: intraventricarraRaudpadistarbanoss. Circulation. 2009,119:€235-
e240



i T inversion

= >1 month

often inverted in V1, V2, V3.
= >12 years

may be slightly inverted in
aVF and inverted in lead V2.

Rautaharju PM, et al. AHA/ACCF/HRS recommendations for the standardization and
interpretation of the electrocardiogram, part IV: the ST segment, T and U waves, and
the QT interval. Circulation. 2009;119:e241- e250

I.Germanakis. PedECG ISH23



Eyxeipidio yia Tnv epunveia
Tou HKI'uatoc abAnTwv

Qvaoeio
KapSioxeipoupyikd
Kévrpo

e il

.
| | ©. Mnokaddkog
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[MaBoAoyika supnuarta

‘L ApvnTika T

x > 2 OUVEXOHEVEGC anaymyec & eUpoc> 1mm

O np(')O'BIEC; (V2-4, e€aipolvTal < 16 £TOV & aPpod .

» KatmTepeg @, Avr)
= MAQYIEC (1, avL/ V5 kayn V6)

= KarwTepo-NAAYIEC (11, AVF /1, avL/V5,v6)

(7R & GRRRE & Tangi dam
LT“V‘\/’—‘“W-“L*
(FEeqsiaseiial anzusa:

ireafpsiE

e (e

e b

LIS i
bwwwﬁww
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QTc: naparacn o€ veoyva
|11 cpopada | Boéen

UNL 470 450

Yoshinaga et al. Electrocardiographic screening of 1-month-old

infants for identifying prolonged QT intervals. Circ Arrhythm Schwartz P] et al . Prevalence of the congenital long-QT
Electrophysiol 2013;6:932-938. syndrome. Circulation 2009;120:1761-1767.
B QTC
In & areas in Japen, an ECG was recorded in 4285 » nAPATAzH QTC " g;ﬁmf{:‘%mﬁgg?%% :f:::;)m ind4 = 451-460:1/251
Infants at {-month medical checkip. - = In Infants with a corrected QT nterval (QTc) >;15(l ms,the  * 461to 470:1/1590
ff:d"?f with 2 QTc between 460 and 470 ms were . 1 / 857 3P€(P"I ECG was repeated within 1 to 2 weeks, : LQT + r 29%
wed ups 3 = gene+ ;

Pl e i &/ 70 = 1/ 4000 +LQTgene " pafomed n 2564 51 (00 n 141 25 rt . >470ms: 1/1430
%&%ﬁnmwgyxﬁaﬂmw (50%) with, respectively, a QTC >470 ms or between 461 5
mutation (3065 delT, L1021fs+34X) in 1 infant. and 470 ms. » LQT genet : 43%

«  Among genotyped infants, diseasa-causing mutations were

Neonatal electrocardiographic screening can ientify infants found n 12 of 28 (43%) with 3 QTc >470 ms znd in 4 of « LQTgene+: 1/2787

¥ 14 (29%) with a QTc of 461 to 470 ms. One genotype- LOT I f at least
likely to be affected by long-QT smdrome in the Japanese 4 = revaience or at le
population, as already shown in whites. This scraening may negative infant (QTc 482 ms) was diagnosed as affected 1.stg 4
also be useful in identifying other important cardiac by Lg Son ciglcea: n;}romuls':d:l ‘;A;rmg f;unln:{1 Ten-befs of :
diseases, genctype-pos ants, were found to carry 0 . z
disease-causing mutations, In total, 17 of 43 080 white » 95% (I, 1:1583 to 1:4350
infants were affected by LQTS

Germanakis. Ped ECG Pulse 22
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Bagkaki A, et al. Mexiletine Treatment for Neonatal LQT3 Syndrome: Case Report
and Literature Review. Front Pediatr. 2021 Aug 24;9:674041
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FIGURE 1 | Mexiletine QTc shortening effect. ECG in the first day of life with QTc =530 ms (recording speed 25 mim/s) (A), ECG at age of 3 months, under mexiletine

and propranoclol treatment with QTc <450 ms (recording speed 50 mim/s).

Bagkaki A, et al. Mexiletine Treatment for Neonatal LQT3 Syndrome: Case Report

and Literature Review. Front Pediatr. 2021 Aug 24;9:674041
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‘LHKI‘pa WC screening o€ NaidIa?

s NAI s OXI

= PKU 1/1.000 = LQT 1/2.500
= [aAakTolaiyia 1/60.000

= YnoBupeosidiopoc 1/4.000
x OXI OANATHOOPE2 = OANATH®OPO

I.Germanakis. PedECG ISH23



From population ECG screening to molecular diagnosis of channelopathies:

preliminary experience in pediatrics
Germanakis I. (1) , Bagaki A. (1), Kotsaka X. (2), Anastasakis A.(2)
Pediatric Cardiology Unit, Dpt of Pediatrics, Faculty of Medicine, University of Crete, Greece (1),
Cardiac Code Unit, Athens, Greece (2)

After completion of a standardized history questionnaire by Referal Indication
parents, children underwent clinical evaluation (dynamic heart
auscultation, weight, height and BP measurement) as well as 12-
lead ECG recording. A stepwise referral pattern was
established, including pediatric cardiology evaluation and >
molecular DNA confirmatory testing, whenever the possibility of
inherited arrhythmogenic CV disease was increased.

220 primary school children, (84 male, 116
female), median age 11,4yrs (range 7.5-12yrs) have
been evaluated during two years (2014-15).

ECG abnormalities included WPW (n=1), VES
(n=2), probable LVH (n=2), and QTc prolongation

B None WECG m Auscultation M Adiposity/Hypertension

(n=2) both boys, with QTc 475 and QTc 490 (Fig. 2), S =
respectively el
Family ECG screening was positive in one child . —
with prolonged QTc (490ms, wide T wave), S~ e
including his father (QTc=460) and one sister + G it
(QTc=490). A stepwise approach from ECG
Further molecular DNA testing was negative in the screening to molt_acular diagnosti_cs can
first child, while it revealed a novel KCNH2 detect and genetically characterize

. . ) subclinical cases of inherited CV disease
heterozygous mutation in the child and affected associated with arrhythmogenic SCD

family members in the second case. I.Germanakis. PedBl¥@ s Hegiatrics.



Eav To HKIMua €ival puacioAoyIko,
unopei a) kaBe naidi va cupueTaoyel B) os kabe eidouc abAnua
Y) XQPIZ KANENA KINAYNO;
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Maron BJ, et al. Blunt impact to the chest leading
to sudden death from cardiac arrest during
sports activities. N Engl J Med. 1995

Impact
@ Baseball
Lead 1 @ Hockey puck
O Lacrosse ball
Lead 2
lead 3
AVR
AL
ril:
AvE
"ol Yoy,
3ﬁn e — - - ... - — L\_/‘"_\_\_
‘...._-l"/d-‘- L
| W{memiig) 100 _
. IRl 'n_ii T
1524 18635 1528 1627 1528
Time in seconds Cirmsrns 3 @rbnemrie. Pramennmbefinm nf H 1 anfinne nf lmnac
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[MANEN Bwpaka kal Bavartocg
LIKPWV Naidiwv

Survivors (n=21) M Nonsurvivors (n=107)

30 -

N
o
|

No. of Cases
=

o_i
<3 46 7-9 10-12 13-15 16-18 19-21 22-24 225
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ANayopeuETAl va UNOYPAWETE TNV
akoAouBn Bepaiwon!!!!

= O 1aTpOC BePaiwvel TV XwPIC Kivduvo
duvaToTNTAa CUUUETOXNC

JIATPIKH BEBAIQIH ‘ETOX
Befawdve 611 o/ sikovilopevos/n worluppfnmig/tpra sivar Yyuis ke propei
YO RETEYEL 6TIS TPOTOVIIGELS KU GTOVS (Y MVES Yopic Kivduvo g vyeiag Tov/myg.

Befadverar ) ravromnra axd Tov Natpo O letpic Tov Zopareiov

O I'ev. Npapparéagtov Zopareiov

( Yroypogy ) ( Ymoypapn )

T e T B o T o e e oy Y e e R Y e T o e P T o s S oy e iy

v hrrwsmwrYE WaElEs 4 W ORETEW TNy
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AeOveic kareuBuvtnpieg odnyiec (HMA 2007)

O1 0dnyieg eival dBUVNTIKA ANOTEAECHATIKEG < <potentially
effective>> otnv npoAnyn

<<Itis not possible to achieve a "zero risk”
circumstance in competitive sports>>

.<<Preparticipation screening by history and physical
examination (without noninvasive testing) does not
have sufficient sensitivity to guarantee detection of all
cardiovascular abnormalities linked to sudden death in
young athletes>>

I.Germanakis. PedECG ISH23



i Napadeiypata HKMuaTog

= HKIMua guPBpuou
= HKI'ua naidiou

I.Germanakis. PedECG ISH23



‘L Napadeiypata HKMuaTog

» HKIMua epPpuou
= HKI'ua naidiou
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Case 1.
23 G.W Fetal bradycardia

S
nzGermanakis I. Pediatric & Fetal Cardiology Un{f PaGNH

I.Germanakis. PedECG ISH23



i Case 1. M-Mode
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Case 2
20t G.W Arrhythmia
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i Arterial Doppler
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M-Mode
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Case 2 reevaluation

i 30th GW: tachycardia
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Maternal ECG on Digoxin
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33rd GW Post treatment
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Treatment : Flecainide
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32nd GW post treatment
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HKIua veoyvou

XapnAd duvapika anaywyov akpwv
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FIG 3-2.

“lectrocardiogram of a healthy 2-week-old neonate.
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Electrocardiogram of a healthy 2-month-old nfant.
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HKIua naidiou > 3 €Twv
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