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Mitralklappenapparat

Alpert 1975 Anderson und Becker 1982




Aortenklappe
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https://www.78stepshealth.us/coronary-artery/s-fje.html




Bikuspide Aortenklappe

Sievers und Schmidtke 2007



Bikuspide kalzifizierte Aortenklappe

https://thoracickey.com/the-bicuspid-aortic-valve-and-associated-aortic-disease/



Kalzifizierte (degenerierte) trikuspide Aortenklappe

Salas et al. 2011



EKG bel Herzklappenerkrankungen

» Klappeninsuffizienzen (—Volumenbelastung)
« Klappenstenosen (— Druckbelastung)
« Kombinierte Herzklappenfehler (— Kombination)



Linksventrikulare Hypertrophie
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EKG bel Herzklappenerkrankungen

* Woran denkt man zunachst, wenn es um die
Hypertrophiediagnostik im EKG geht?



Sokolow-Lyon-Index

SV, + RV, > 3,5 mv




Sokolow-Lyon-Index

VoL. 37 FEBRUARY, 1949 No. 2

Original Communications

THE VENTRICULAR COMPLEX IN LEFT VENTRICULAR HYPER-
TROPHY AS OBTAINED BY UNIPOLAR PRECORDIAIL
AND LIMB LEADS

Mavurice Sokorow, M.D., aAND THOMAS P. Lyon, M.DD.



Vor. 37 FEBRUARY, 1049 No. 2

Original Communications

THE VENTRICULAR COMPLEX IN LEFT VENTRICULAR HYPER-
TROPHY AS OBTAINED BY UNIPOLAR PRECORDIAL
AND LIMB LEADS

MavuRricE Sogorow, M.D., AND THoMAS P. Lyon, M.I).

One hundred forty-seven patients remained of whom 90 per cent had hyperten-
ston exceeding 155/95, with a mean blood pressure of 197/117, and a mean in-
crease in the transverse diameter of the heart®? of 15.8 per cent. Electrocardio-
graphic studies of the patients in this group were made as will be described in
detail later. As controls, 151 normal sul:_rjects; whose histories, physical exam-
inations, electrocardiograms, and roentgenograms of the chest gave negative
results, were studied similarly. This contral group consisted of healthy nurses,
medical students, members of the house staff, and flying personnel of a com-
mercial airline. The mean age of the normal subjects was 35.1 vears.




VoL. 37 FEBRUARY, 1949 No. 2

Original Communications

THE VENTRICULAR COMPLEX IN LEFT VENTRICULAR HYPER-
TROPHY AS OBTAINED BY UNIPOLAR PRECORDIAIL
AND LIMB LEADS

Mavurice Sokorow, M.D., aAND THOMAS P. Lyon, M.DD.

7. 'The diagnostic significance of the voltage of the left ventricular potentials
as reflected by the sum of the R wave in V; or V4 and the S wave in V; 1s empha-
sized. Thirty-two per cent of patients with left ventricular hypertrophy had the
sum of these two potentials exceed 35 mm., whereas in no normal person did

this sum exceed 35 mm.; in 96 per cent of normal individuals the sum was foun:l
to be below 30 millimeters.




EKG: Sokolow-Index 4,0 mV — falsch positiver Befund

39-jahriger Patient mit asthenischem Korperbau.



LVH im EKG: Amplitudenkriterien

AHA/ACCF/HRS Scientific Statement

AHA/ACCF/HRS Recommendations for the Standardization
and Interpretation of the Electrocardiogram
Part V: Electrocardiogram Changes Associated With Cardiac
Chamber Hypertrophy

Precordial lead voltage

SV, =23 mm Wilson™ 1944
SV, =25 mm Mazzoleni®® 1964
SV;+R Vs =35 mm Sokolow” 1949
S V,+R Ve =45 mm Romhilt™ 1969
SV, +R Vs =35 mm Murphy 1984
SV, +R Vg =40 mm Grant® 1957
R-+S any precordial lead =35 mm Grant®® 1957
RVs: RV =1.0 Holts” 1962
R, any precordial lead =26 mm McPhie™ 1958
SV,+R V5 =45 mm Wolff'™ 1956
RV; =33 mm Wilson™ 1944
R V; =25 mm Wilson™ 1944

Hancock et al. 2009
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LV-Hypertrophie +/- Fibrose

AV Vmax 4.67 m/s i . i CVF

B AV-Vmax 545 mis
1 'H”S"

0.% mm
—

Exemplar patients showing continuous-wave Doppler (maximum velocities >4m/s; Column 1), short axis cine stills
demonstrating degrees of left ventricular hypertrophy (Cine; Column 2), matching late gadolinium enhancement images
(LGE, Column 3), matching extracellular volume fraction (ECV, Column 4), myocardial biopsy stained with picrosirus red
[collagen volume fraction (CVF), Column 5].

Treibel et al. 2009



EKG: Linksventrikulare Hypertrophie

DR P TR

Normal Zunahme der T-Wellen- Beginnende
R-Amplitude abflachung T-Wellen-
Negativierung
L L
T-Wellen- QRS- Verlust der Kompletter
Negativierung Verbreiterung septalen Q-Zacke LSB

(inkompletter LSB)

www.fokus-ekg.de



EKG: Linksschadigung (left ventricular strain)

www.fokus-ekg.de



Romhilt-Estes-Score

wahrscheinlich bei mindestens 5 Punkten, eine Hypertrophie liegt wahrscheinlich bei 4 Punkten vor.

Parameter bzw. Befund Punkte

1. R oder S in einer Extremitatenableitung > 2mV 3
oder 5 in V1/v2
oder R in Va6 =3.0 my

2. Linksventrikulare Strain-Muster (ST Segment und T Welle sind dem QRS Komplex entgegen ausgerichtet)

ohne Digitalis 3

mit Digitalis oder R in V3/NVG =3,0 mV 1
3. Linksatriale Vergrdéfierung oder

terminale P-Negativitat in V1 =0,10 mV in Tiefe und =0,04 s in der Dauer 2
4. Linksgerichtete QRS-Achse (>-30 Grad) 2
9. QRS-Dauer =0,09 s 1
6. Intrinsiche Deflektion in V56 =005 1 1

Romhilt und Estes, 1968



EKG: LVH und Strain-Muster und Prognose

il
ORIGINAL RESEARCH "
. American American

Heart | Stroke
Asscciation | Assoclation.

Electrocardiographic Strain Pattern Is Associated With Left
Ventricular Concentric Remodeling, Scar, and Mortality Over
10 Years: The Multi-Ethnic Study of Atherosclerosis

Yuko Y. Inoue, MD, PhD; Elsayed Z. Soliman, MD; Kihei Yoneyama, MD, PhD; Bharath Ambale-Venkatesh, PhD; Colin O. Wu, PhD;
Rodney Sparapani, MD; David A. Bluemke, MD; Joao A.C. Lima, MD; Hiroshi Ashikaga, MD, PhD

Conclusions—ECG strain is independently associated with all-cause mortality, adverse cardiovascular events, development of LV
concentric remodeling and systolic dysfunction, and myocardial scar over 10 years in multiethnic participants without past
cardiovascular disease. ECG strain may be an early marker of LV structural remodeling that contributes to development of adverse

cardiovascular events.

Clinical Trial Registration—URL: https: / /www.clinicaltrials.gov/. Unigue identifier: NCTO0005487. (J Am Heart Assoc. 2017;6:
e006624. DOI: 10.1161/JAHA.117.0066 24.)

Key Words: cardiovascular magnetic resonance imaging = cardiovascular outcomes = ECG = remodeling = repolarization



EKG: LVH und Strain-Muster und Prognose

E| All cause death

= ECG strain (+) ECG-LVH (+)
~— ECG strain (+) ECG-LVH (-)
=== ECG strain (-) ECG-LVH (+)
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ECG strain (-) ECG-LVH(-) 5,932 5,790 5,529 5,152 5,932 5,553 5,028 4,458
ECG strain (-) ECG-LVH (+) 341 327 306 277 341 298 254 217
ECG strain (+) ECG-LVH () 11 104 95 81 11 96 78 60
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Now ok ek 0 2 4 6 8 10 12 0 2 4 6 8 10 12 (Years)
ECG strain (-} ECG-LVH (-] 5,932 5,533 5,015 4,428 5932 5431 4,844 4,218
ECG strain {-) ECG-LVH(+) 341 305 263 223 341 302 251 206
ECG strain (+) ECG-LVH(-) 111 98 82 61 111 93 76 56
ECG strain (+) ECG-LVH (+)  §7 45 a1 29 57 a4 39 29

Inoue et al. 2017



LV-Hypertrophie im EKG und Patientenmanagement

« LVH-Parameter wie Amplituden, QRS-Dauer und
Linksschadigung (,,Strain-Muster) sind insbesondere bei der
Verlaufsbeobachtung wichtig:

— Sie sind mit einer erhndhten kardiovaskularen Morbiditat und
Mortalitat assoziiert.

— Eine Abnahme der LVH im EKG bei arterieller Hypertonie ist mit
einer gunstigeren Prognose verbunden — ein Persistieren mit einer

ungunstigeren Prognose.



EKG-Veranderungen bei AST
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Prihadi et al. 2009



EKG bel AST

. Hypertrophiekriterien

96 51
87| 52
87 56
90 57
85| 66
77 80
81 86
100 50 50 100
Specificity % Sensitivity %

Buchner et al. 2009



EKG-Strain und Prognose bel asymptomatischer AST
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Log-rank P < 0.0001
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No. at risk Time, days
No LVH strain 120 99 76 49 35

Shah et al. 2014
LVH strain 20 1 5 3



QRS und Prognose bel asymptomatischer AST

10% QRS 100-119 msec
——1888 —
e ~—QRS 85-99 msec
~—QRS <85msec e —
8% £
QRS 100-119 vs. 85 msec, HR 3.0 p<0.001 7
- P=0.006 for overall difference by Log-Rank test /.//

Cumulative Incidence of Carcdiovascular Death (%)

0 1 2 3 a
Years In Study
No. at risk
QRS <85 msec 900 893 876 857 836
QRS 85-99msec 396 390 380 368 355
QRS 100-119 msec 144 141 137 131 129
LLERB 43 42 42 40 37

Greve et al. 2012



EKG und Prognose beil asymptomatischer AST

14% |« LVH by SLand CVDP
wee LVH by CVDP

~12% - =——LVHbySL
% —— No ECG LVH
5 Lo | *LVH by SLand CVDP vs. No ECG LVH, HR 10.9 (95% CI, 4.5 - 26.2, p<0.001)
5 +LVH by SLvs. No ECG LVH, HR 3.6 (95% Cl, 1.5 - 8.6, p=0.005)
t +LVH by CVDP vs. No ECG LVH, HR 3.5 (95% CI, 1.3 - 9.2, p=0.01)
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Abbreviations: LVH: Left ventricular hypertrophy, SL: Sokolow-Lyon voltage criterion, CVDP: Comell voltage-
duration criteria, ECG: Electrocardiographic, HR: Hazard ratio, Cl: Confidence interval. Greve et al. 2012



EKG nach TAVI

Prognostic Implication of Electrocardiographic Left
Ventricular Strain in Patients Who Underwent
Transcatheter Aortic Valve Implantation

Mohammed Al-Hijji, MD', Mohamad Alkhouli, MD‘-D: Fahad Algahtani, MD, Vuyisile T. Nkomo, MD, MPH,
Kevin L Greason, MD, David B Holmes, MD

#f PlumX Metrics

DOI: hitps:/'doi.org/10_1016/.amjcard 2018.06.014

2018



EKG: Strain-Muster

JOURNAL OF
Electrocardiology

Electrocardiographic left ventricular strain pattern:
Everything old is new again

Douglas D. Schocken, =

Division of Cardiology, Duke University School of Medicine, Durham, MNC, LISA

o Plum¥ Metrics

DOI: hitps:/doi.orgi10.1016/.jelectrocard.2014.06.005 | '}Checkfurupdates 2014




Schlussfolgerungen

« Bei der EKG-Hypertrophiediagnostik (z. B. in Zusammenhang
mit Herzklappenerkrankungen) geht es um mehr als nur
veranderte R-Amplituden.

« Spezielle Muster der Hypertrophie missen erkannt werden.

« Sie sind fur die Verlaufsbeobachtung nutzbar.

* Auch bei/nach Interventionen (z. B. TAVI) spielt das EKG eine
wichtige Rolle.

Die Hypertrophiediagnostik im EKG erlebt derzeit eine
Renaissance!



Linksventrikulare Hypertrophie-Muster im EKG

T S T

Normal Zunahme der T-Wellen- Beginnende
R-Amplitude abflachung T-Wellen-
Negativierung
L L
T-Wellen- QRS- Verlust der Kompletter
Negativierung Verbreiterung septalen Q-Zacke LSB

(inkompletter LSB)

www.fokus-ekg.de



