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Makara M. Cardiac Electrical and Structural Changes During Bacterial
Infection: An Instructive Model to Study Cardiac Dysfunction in Sepsis.
JAHA 2016
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Lazzerini PE. Cardiac Arrest Risk During Acute Infections: Systemic Inflammation Directly Prolongs QTc Interval via Cytokine-
Mediated Effects on Potassium Channel Expression. Circ Arrhythm Electrophysiol. 2020



INCIDENCA

30,712,524 hospital discharges of which 1,756,965 (5.7%) had severe sepsis. On multivariate analysis, after
adjusting for potential confounders, severe sepsis was associated with higher risk

Type of arrhythmia Adjusted odds ratios with 95% ClI Adjusted P values
Any arrhythmias 1.37 (1.35-1.39) <0.001
Any cardiac arrest 4.55 (4.40-4.70) <0.001
VFib cardiac arrest 2.58 (2.38-2.79) <0.001
Non-vFib cardiac arrest 4.91 (4.74-5.07) <0.001
VT 1.55 (1.50-1.60) <0.001
A Fib 1.23 (1.21-1.24) <0.001
AFL 1.34 (1.30-1.40) <0.001
PSVT 1.60 (1.52-1.68) <0.001

Shahreyar M. Ann Transl Med. 2018



Incidenca motenj srénega ritma ob sepsi

=" AF - 12-31,6%

" AU - 1-2%

= PSVT -0,3-0,6%

= \VT-1-2%

= \/F-0,07-0,24%

= PEA/asistolija - 0,34-2,23%

Shahreyar M. Ann Transl Med. 2018



Rizi¢ni dejavniki

= Starost

= Spol

= [shemicna bolezen srca

= Srcno popuscanje

= Bolezni srcnih zaklopk

= Sladkorna bolezen

= Prekomerno uzivanje alkohola
= Mehanska ventilacije

= Pljucnica kot izvor okuzbe

= Potreba po vazopresorjih

= Resnost bolezni (SOFA, APACHE II)

Aibar, Semin Thromb Hemost 2021
Goslar T, Sola intenzivne medicine SZIM



Sprozilni dejavniki aritmij

» Hipokaliemija (<3,5 mmol/L)

* Hiponatremija (<135 mmol/L)

* Hipomagnezemija (<0,73 mmol/L)

= Prekinitev kronicne terapije z beta blokatorji
= Uporaba vazopresorjev / inotropov

= Hipovolemija ali hipervolemija

" PoviSana telesna temperatura

= Konica OVK v desnem atriju

P. Asfar. High versus low blood-pressure target in patients with septic shock
N Engl J Med 2014

Vieillard-Baron, Intensive Care Med 2018



ATRIJSKA FIBRILACIJA

* |ncidenca nove PAF pri sepsi 12-30%, septicni
sok do 40%

* do 50% bolnikov epizode PAF znotraj 1 leta

* 3-kratno povecanje tveganja za embolicno
kap tekom hospitalizacije, 2x vecje tveganje

Se 4 leta

 daljsa hospitalizacija, visja mortaliteta (srcno
popuscanje)

Percent survival
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--- septic shock and new onset AF (n=23)
— septic shock and maintaned SR (n=27)

Meierhenrich R. Incidence and prognostic impact of new-onset atrial fibrillation in patients with
septic shock: a prospective observational study. Crit Care. 2010

Isuru I. Is there enough evidence to recommend anticoagulation? European Journal of
Internal Medicine. 2022

Cheng CA. New-onset atrial fibrillation-related ischemic stroke occurring after hospital
discharge in septicemia survivors
QM 2017



Ukrepi, ki ne vkljuCujejo uporabe antiaritmikov

= Optimizacija volumskega stanja
" Hipovolemija (CVP, UZ srca, odzivnost na tekoCino)
" Hipervolemija (periferni edemi, plju¢ni edem, CVP, UZ srca)

= Optimizacija elektrolitov
= K
= Na
o Mg
= Ca

" |zogibanje zdravilom z mocnim kronotropnim ucinkom (adrenalin,
dopamin, levosimendan, dobutamin; zgodnja uporaba vazopresina)

" Polozaj osrednjega venskega katetra

Vieillard-Baron, Intensive Care Med 2018
Goslar T, Sola intenzivne medicine SZIM



Uravnavanje frekvence srca ali ritma?

Uravnavanje frekvence Vzdrzevanje sinusnega ritma
= Kronicna atrijska fibrilacija = Strukturno normalno srce
= Povecan DA in/ali strukturno = Mlajsi bolniki

spremenjeno srce

= Neuspeli poskusi konverzije v
sinusni ritem

= Visoki odmerki vazopresorjev?

= Ciljna frekvenca pod 110/min

Goslar T, Sola inten

zivne medicine SZIM



TACHYCARDIA e

GUIDELINES

021

Synchronised shock up to 3 attempts

ASSESS with ABCDE approach Life-threatening features? : :
« Give oxygen if SpO, < 94% and obtain IV access 1. Shock * Sedation OR anaesthesia if conscious
5 9 If unsuccessful:
* Monitor ECG, BF, SpO.. Record 12 lead ECG 2.Syncope , « Amiodarone 300 mg IV over 10-20 min, UNSTABLE
= |dantify and treat reversible causes 3. Myocardial ischaemia or procainamide 10-15 mg/kg over 20 min;
(e.g. electrolyte abnormalities, hypovolaemia) 4. Severe heart failure * Repeat synchronised shock

STABLE
SEEK EXPERT HELP

Is QRS narrow (<0.12 S)

Narrow QRS
Is rhythm regular?

Vagal manoceuvres

* Treat 8s narrow complex if AF with bundle Probable atrial fibrillation:
branch biock _ Adenosine (if no pre-excitation)
* Give 2g Magnesium over 10-minutes if * 6 mg rapid IV bolus;
torsades de pointes ’

* Control rate with beta-blocker or diltiazem
* Consider digoxin or amiodarone if evidence of

* If unsuccessful give 12 mg heart failure
* If unsuccessful give IV 18 mg * Anticoagulate if duration > 48h

* Monitor ECG continuously

Broad QRS? Narrow QRS?
Procainamide 10-15 mg/kg IV over 20 min, or Verapamil, diltiazem, or
Amiodarone 300 mg IV over 10-60 min beta-blocker

Synchronised shock up to 3 attempts

Tachycardia algorithm. ABCDE airway, breathing, circulation, disability, exposure BP blood pressure; DC direct current; ECG
electrocardiogram; 1V intravenous; SpO. arterial oxygen saturation; VT ventricular tachycardia.




Amiodaron

= Najpogosteje uporabljen antiaritmik pri bolnikih s sepso v enoti intenzivne terapije.
Uspesnost konverzije v sinusni ritem do 74%.

Cas do konverzije: 8-24h

= Vecja verjetnost ohranjanja sinusnega ritma po elektrokonverziji.

UcCinkovit tudi za kontrolo srcne frekvence.

IV oblika ima blago negativen inotropni ucinek in lahko povzroci vazodilatacijo.

= Odmerjanje:
= 150-300 mg v 30-60 min iv
= 600 mgv 12-24hiv

= Nezeleni ucinki:
= PodaljsSan QT interval — torsades-des-pointes
= Obremenitev z jodom/delovanje Scitnice
= |ntersticijska pljuCnica

Goslar T, Sola intenzivne medicine SZIM



Beta blokatoriji

= UcCinkoviti za konverzijo v sinusni ritem in kontrolo srcne frekvence
= Uspesnost konverzije v sinusni ritem do 90%.

= Odmerjanje:
= Metoprolol: 2,5-5 mg v 5 min (do 3x) iv
= Esmolol: 0,05-0,2 mg/kg/min kontinuirana infuzija
* Landiolol: 10-40 pg/kg/min kontinuirana infuzija

= Nezeleni ucinki:

" Bronhospazem
= Negativen inotropni ucinek - poslabsanje srénega popuscanja/kardiogeni sok

Goslar T, Sola intenzivne medicine SZIM



Beta blokatoriji

B-blocker vs calcium channel blocker RR (95% CI) P for interaction
All patients N = 18,720 et 0.92 (0.86-0.97)
Pre-existing AF N = 15,076 —— 0.94 (0.99-1.01) .53
New-onset AF N=3,174 } + | 0.99 (0.86-1.15)
No vasopressor N = 13,360 f———— 0.98 (0.91-1.06) .02
Vasopressor N = 4,946 —_— 0.86 (0.79-0.94)
No heart failure N =10,710 —_ 0.90 (0.83-0.98) 44
Heart failure N = 7,890 —— 0.87 (0.80-0.95)
B-blocker vs digoxin
All patients N = 13,994 —— 0.79 (0.75-0.84)
Pre-existing AF N =12,142 p——q 0.77 (0.72-0.82) A
New-onset AF N =1,932 } + ! 0.75 (0.64-0.88)
No vasopressor N = 8,546 —— 0.80 (0.73-0.88) 40
Vasopressor N = 5,228 f———q 0.79 (0.73-0.86)
No heart failure N =7,028 —t—A 0.73 (0.67-0.80) .07
Heart failure N=17,142 e se—| 0.82 (0.75-0.89)
B-blocker vs amiodarone
All patients N=10,190 |—+— 0.65 (0.61-0.69)
Pre-existing AF N =8,088 —+— 0.63 (0.58-0.67) .32
New-onset AF N=2372 | + { 0.67 (0.59-0.77)
No vasopressor N = 4,464 t—1o:02 0.73 (0.65-0.81) .003
Vasopressor N=5378 }—+—f 0.64 (0.59-0.69)
No heart failure N =5,562 |—+—— 0.62 (0.57-0.67) .28
Heart failure N = 5,054 ——q 0.66 (0.60-0.72)
r L} 1
0.6 0.8 1.0 1.2

Favors B-blocker Favors comparator

39,693 patients with AF during sepsis, mean age was 77 +
11 years

Walkey AJ. Practice Patterns and Outcomes of Treatments for Atrial Fibrillation During Sepsis: A Propensity-
Matched Cohort Study. Chest. 2016



Digoksin

= Upocasni hitrost prevajanja preko AV vozla in deluje pozitivno inotropno.

= Ucinkovit za kontrolo srcne frekvence pri bolnikih s KAF ali ko ne uspe
konverzija v sinusni ritem.

= Previdnost:
= |edvic¢na insuficienca
= Hkratna uporaba drugih antiaritmikov
= Odmerjanje:
= 0,2-0,25 mg iv bolus do 0,75-1,5 mg dnevno

= Nezeleni ucinki:
= Ventrikularne motnje ritma

Goslar T, Sola intenzivne medicine SZIM



Propafenon

" Le pri bolnikih s strukturno normalnim srcem.
= Uspesnost konverzije v sinusni ritem do 89%.
= Cas do konverzije: 3-8h.

=" Odmerjanje:
* Bolus 2mg/kg 15 min; Do 600mg/dan iv
= Nezeleni ucinki:

= \Ventrikularne motnje ritma
= Negativen inotropni ucCinek

Goslar T, Sola intenzivne medicine SZIM



Protokol ukrepanja

Paroksizem atrijske fibrilacije

v

-Optimizacija elektrolitov
-Optimizacija volumskega stanja
-Prilagoditev vazopresorne terapije
-PoloZaj OVK

Hemodinamska

Medikamentozna ‘
prizadetost

konverzija

Ne Da fulp Elektrokonverzija
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-Kratkodelujoci BB
lal x| -Propafenon ?
- Ca antagonisti ?
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-Amiodaron —_— Elektrokonverzija \ Kontola frekvence:

-Dogoksin
-Amiodaron
-Kratkodeiujoéi BB Goslar T, Sola intenzivne medicine SZIM




ATRIJSKA FIBRILACIJA - antikoagulacija

35,500 bolnikov ,,sepsis-induced AF“

3 5 . 3% te ra pevts ka a nti koa g u I a Cij a A.J. Walkey. Practice patterns and outcomes associated with use of

anticoagulation among patients with atrial fibrillation during sepsis. JAMA
Cardiol 2016

Ishemicna kap: RR 0.94; 95% Cl, 0.77-1.15)
Klinicno pomembne krvavitve: RR, 1.21; 95% Cl,
1.10-1.32

??? Ce ved kot 48h — UFH (apt¢ 50)

Po preboleli sepsi: CHA,DS,VASc, HASBLED



SINUSNA TAHIKARDUA

,Sympathetic dysautonomia syndrome*

Blokatorji beta (landiolol)

1 HR I SV =CO

Dinser MW. Sympathetic overstimulation during critical illness:
adverse effects of adrenergic stress. J Intensive Care Med. 2009

Morelli A. Effect of heart rate control with esmolol on hemodynamic and clinical outcomes in
patients with septic shock: a randomized clinical trial. JAMA. 2013

Kimmoun A. f1-adrenergic inhibition improves cardiac and vascular function in experimental
septic shock. Crit Care Med. 2015

Esmolol: niz

J| CO ' Levy B. Hemodynamic and anti-inflammatory effects of early esmolol use in hyperkinetic septic shock: a pilot study. Crit Care. 2021



LANDIOLOL PRI SEPTICNEM SOKU JAMA poomsaee

126 bolnikov, NA>24h

[ Landiolol [ | Standard care

20+
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SOFA scare, median

Time, d
No. at risk

Landiolol 58 57 48 41 38 34 32 28 23 22 22 19 17 13 15
Standard care 59 61 50 45 45 34 37 32 27 23 25 26 21 19 17

Whitehouse T. Landiolol and Organ Failure in Patients With Septic Shock: The STRESS-L Randomized Clinical Trial. JAMA. 2023



LANDIOLOL PRI SEPTICNEM SOKU

JAMA The Jounal of tha
American Medical Association

Table 2. Primary and Secondary Outcomes, and Routinely Collected Data (Landiolol vs Standard Care)

Unadjusted” Adjusted®
Landicdol {n = £3) Standard care {n = 63) Effect estimate (95% CI) P value Effect estimate {95% CI) P value
Primiary outeoms
SOFA score, mean (S0) 8.5(3.9) 8.1(3.2) WD, 0.75 (—0.45 to 2.0) .4 MD, 0.63 (-0.47 to 1.73) 26
Secondary bl o
28-d mortality, total/No. (%) 23162 (37.1) 16/63 (25.4)
OR (95% CI) L76(0.77 to 4.03) 18 1.75(0.73t0 4.22) 21
RO (95% CI), % 11.70{-4.43 to 27.83) .16 9.65 (~5.03 to 24.33) 20
§0-d mortality, No./total (%) 27762 (43.5) 18163 (28.6)
OR (35%CI) 204 (0,91 tod.57) 08 2.13(0.88t0 5.16) i
RO (95% CI), % 14.98 (=1.66 to 31.6) 08 12.77 (2.00 to 27 54) o9
Length of stay, meam {50)
U swrvivors, d 21.3(3.7) 19.6(19.3) MD, 1,72 (-8.94 to 12.39) 75 MO, 0.63 {-9.82 to 11.07) 12
No. 42 47
Hispital survivors, o 49.1(56.8) 52.2 (42.6) M, -3.17 (-24.77 to 18.42) A7 MID, -3.88 (-24.66 o 16.88) 1
Ho, 8 42
Dwration of nceepinephrine, 5.3({4.3) 4.301.9) M, .98 (-0.23 to 2.20) A1 MO, 105 (-0.16 e L27) L
mean (S0, d
M. 61 59

Whitehouse T. Landiolol and Organ Failure in Patients With Septic Shock: The STRESS-L Randomized Clinical Trial. JAMA. 2023



Motnje AV prevajanja

Pulmonary arteries

Atrium

Ventricle

Purkinje
fibers
dle of His
HH , 4 Left bundle branch
Cleveland Right bundle branch
inic

©2021



ZAKLJUCEK

* Najpogostejsa motnja AF

* Najprej optimizacija elektrolitov, volemije,...

* Akutno ne terapevtska antikoagulacija

* DC/antiaritmiki/kontrola frekvence glede na stanje bolnika

* Ne rutinsko blokatorjev beta pri sinusni tahikardiji



