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RAAS: klasicka a alternativni cesta
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RAAS: komplexni systém
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RAAS: komplexni systém
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RAAS: ACE inhibitory a sartany
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RAAS: KCH vykony (mimoteélni obéeh) a V-A ECMO
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Vazoplegie / vazoplegicky syndrom / vazoplegicky sok

= Stav abnormalné nizké systémove cévni rezistence (SVR), ktery se projevuje

jako vyrazna hypotenze anebo nutnost podavat farmaka k zvraceni hypotenze
(nekontrolovana vazodilatace)

= Srdecni vydej je normalni anebo zvySeny

= QOdpoved cev na podavane vazopresory

> Hypoperfuze organovych systému

— Chybi jasna a presna, klinicky zalozena, definice

Lambden S et al. Crit Care 2018;22:174



Vazoplegie u kardiochirurgickych pacientu

PATIENT-RELATED RISK FACTORS Anemia, CKD, ESRD, HFrEF, recent Ml (<5 days),
hypothyroidism, older age, male sex, BMI>35 kg/m?,
BSA>1.9 m2, high comorbidity/risk score (e.g.
EUROSCORE, INTERMACS)

PREOPERATIVE RISK FACTORS Anemia; diuretic, vasopressor, and/or heparin use

INTRAOPERATIVE RISK FACTORS Anemia, transfusion of blood products, aortic cross
clamp time, CPB time, total cardioplegia volume, nadir
temperature

Valve 528% Heart LVAD

8 OPCAB Procedures Transplantation
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Implantation

>49.2%

Explantation

Polyak P et al. JCVA 2025;39:1815



Definice vazoplegie u kardiochirurgickych pacientu

Parameters and Thresholds Used in Published Definitions

Vasodilation Criterion Hemodynamic Criterion Vasoactive Drugs Timeframe Other Criteria
MAP <50-80 mmHg CI >2.0-3.5 L-min"'m~ Type: Onset: HR > 80/min
Norepinephrine <30 minutes to
Vasopressin 4 days after CPB
Epinephrine
Dobutamine
Phenylephrine
Methylene blue
Epinephrine
Vitamin B 12
Metaraminol
SVR <500-900 CO >4-5 L-min~" Dosage or NEE Duration: single reading Mixed/central venous oxygen
dynes-saconds-cm'5 variations up to > 24 hours saturation >60%-70%
SVR index <600-1800 LVEF >50%-55% Combination of one or Oxygen extraction <35%
dynes~seconds~cm'5m'2 more agents
SBP <70-90 mmHg CVP <5 or >8 mmHg Bicarbonate levels
< 19-20 mEq/L
PCWP <10 mmHg

Papazisi O et al. JCVA 2025;39:1451

Vasoplegic Syndrome Consensus Definition Set by the Members of the Com-
mittee on Cardiovascular and Thoracic Anesthesia of the American Society of

Anesthesiologists

Parameter Suggestive of Vasoplegia

Mean arterial pressure <65 mmHg

Cardiac index >2.2 L/min/m?

Systemic vascular resistance <800 dynes-sec-cm >
Hemodynamic support >0.2 pg/kg/min norepinephrine

equivalents
Rule out hypovolemia, intracardiac etiology, and adrenal insufficiency

Polyak P et al. JICVA 2025;39:1815



Kombinovany cirkulacni sok

CENTRAL ILLUSTRATION Conceptual Model of Mixed Shock Etiology and Pathogenesis
Etiology Hemodynamic Features
Prototypical Cardiogenic Shock:
Low Cardiac Index
Cardiogenic- Ml::j‘:r':‘a‘
Vasodilatory Shock y
o inflammation Maladaptive Reduction in SVR
. Primary Cardiac Insult
‘Two-Hit'
Pathogenesis
Model
Trigger of proinflammatory
cascade with microvascular i tarand
dysfunction, oxidative stress, Primary M ‘m“s;‘l‘a It
Vasodilatory- and abnormal mitochondrial Systemic Vasodilation
Cardiogenic Shock | ©xY9en utilization
o % Low Cardiac Index
& 5%
Q&; .:...‘ ( '/Lf'i
Secondary cardiac
Primary Vasodilatory Insult :}(::;:g’zzr':;:gg,’sg;e
‘Single-Hit' .
Model  Primary Mixed Simultaneous or Rapid
Shock ~—> Ischemia reperfusion ——p Sequential Cardiac
injury Dysfunction and Vasoplegia
Primary Insult Triggering Low
Cardiac Output and Vasoplegia
Jentzer JC, et al. JACC Adv. 2025;4(1):101432.

Gentler JC et al. JACC Adv 2025;4:101432



Fyziologie a patofyziologie systémove cévni rezistence

= Cévni tonus regulovan intracelularni koncentraci Ca2*

> Intrinsicke regulatory
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Farmakologickeé ovlivnéni vazoplegie

Agent MOA Dose

Norepinephrine Significant al, a2 agonism 0.01-3 pg/kg/min

Moderate [31 agonism

Epinephrine Significant al, a2 agonism 0.01-1 pg/kg/min
Significant 31 agonism

Phenylephrine Significant al, a2 agonism 0.1-5 pg/kg/min
No effect on 31

Dopamine Dose dependent adrenergic agonism 1-20 pg/kg/min
al agonism as dose increases

Repletion of vasopressin in ADH depleted state 0.01-0.1 U/min

V1 agonism
Vitamin C Cofactor for catecholamine synthesis 1.5gevery 6 h
Thiamine Cofactor of lactate dehydrogenase (increase in lactate clearance) 100 mg every 6 h
Hydrocortisone Aids in vitamin C metabolism 50 mg every 6 h

Repletion of glucocorticoid and mineralocorticoid activity in cortisol depleted state
Inhibition of pro-inflammatory cytokines

Methylene blue Inhibition of guanylyl cyclase and inducible endothelial NO synthase 1-2 mg/kg

Hydroxocobalamin Inhibition of NO directly and inducible endothelial NO synthase 59
Inhibition of hydrogen sulfide

Angiotensin |l AT1 agonism 10-40 ng/kg/min

Stimulation of aldosterone release
Increase in ADH synthesis

Busse et al. Crit Care 2020;24:36



Studie ATHOS-3

The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 AUGUST 3, 2017 VOL. 377 NO.5

Angiotensin II for the Treatment of Vasodilatory Shock

Ashish Khanna, M.D., Shane W. English, M.D., Xueyuan S. Wang, M.D., Kealy Ham, M.D., James Tumlin, M.D.,
Harold Szerlip, M.D., Laurence W. Busse, M.D., Laith Altaweel, M.D., Timothy E. Albertson, M.D., M.P.H., Ph.D.,
Caleb Mackey, M.D., Michael T. McCurdy, M.D., David W. Boldt, M.D., Stefan Chock, M.D.,

Paul J. Young, M.B., Ch.B., Ph.D., Kenneth Krell, M.D., Richard G. Wunderink, M.D., Marlies Ostermann, M.D., Ph.D.,
Raghavan Murugan, M.D., Michelle N. Gong, M.D., Rakshit Panwar, M.D., Johanna Hastbacka, M.D., Ph.D.,
Raphael Favory, M.D., Ph.D., Balasubramanian Venkatesh, M.D., B. Taylor Thompson, M.D., Rinaldo Bellomo, M.D.,
Jeffrey Jensen, B.S., Stew Kroll, M.A., Lakhmir S. Chawla, M.D., George F. Tidmarsh, M.D., Ph.D.,
and Adam M. Deane, M.D., for the ATHOS-3 Investigators*




Studie ATHOS-3: usporadani

« RCT: AT Il vs. placebo (163 vs. 158 pacientu)
v Vazodilata€ni sok s davkou noradrenalinu >0,2 ug/kg/min
v Sepse, pankreatitida, pooperacni vazoplegie, multifaktorialni stav

Primarni vysledny ukazatel
v MAP po 3 h od zahajeni infuze

v Vzestup MAP o0 210 mmHg anebo MAP =75 mmHg
v Bez zvySeni davky ostatnich vazopresoru

= Sekundarni vysledné ukazatele
v/ SOFA (kardiovaskularni, celkové)

DalSi vysledné ukazatele (mortalita 7/28 dni) R



Studie ATHOS-3: vychozi charakteristika

[Mean arterial pressure ]

Median (IQR) — mm Hg
<65 mm Hg — no. (%)
APACHE Il scorezi
Median (IQR)
Distribution — no. (%)
=30
31-40
=41
Albumin
Median (IQR) — g/dI
<2.5 g/dl — no./total no. (%)

Scvo,

Median (IQR) — %

Data missing — no.

Central venous pressure ]

Median (IQR) — mm Hg
Data missing — no.

Cardiac index

Median (IQR) — liters/min/m?
Data missing — no.

Median MELD score (IQR)§

Cause of shock — no. (%)
Sepsis
Other, potentially sepsis
Pancreatitis
Postoperative vasoplegia

Multifactorial

Exposure to ACE inhibitors — no. (%)

Exposure to ARBs — no. (%)

66.3 (63.7-69.0)
52 (31.9)

27 (22-33)

105 (64.4)
50 (30.7)
8 (4.9)

2.2 (1.8-2.7)
103/154 (66.9)

76.9 (73.0-82.8)
43

13 (10-15)
37

3.0 (2.6-3.8)
94
21 (15-25)

127 (77.9)
20 (12.3)
0
10 (6.1)
6 (3.7)
15 (9.2)
11 (6.7)

66.3 (63.0-68.3)
50 (31.6)

29 (22-34)

93 (58.9)
54 (34.2)
11 (7.0)

2.4 (1.9-2.8)
89/156 (57.1)

77.0 (72.5-82.0)
41

12 (10-16)
35

3.2 (2.7-3.9)
85
23 (17-26)

132 (83.5)
11 (7.0)
2(1.3)
9(5.7)
4 (2.5)
15 (9.5)
11 (7.0)

66.3 (63.7-68.7)
102 (31.8)

28 (22-33)

198 (61.7)
104 (32.4)
19 (5.9)

2.3 (1.8-2.7)
192/310 (61.9)

77.0 (72.9-82.2)
84

12 (10-15)
72

3.1 (2.6-3.8)
179
22 (16-26)

259 (80.7)
31 (9.7)
2 (0.6)
19 (5.9)
10 (3.1)
30 (9.3)
22 (6.9)

Vasopressin use during 6 hr before
randomization — no. (%)

Vasopressor dose — pg/kg/min9
Median (IQR)
Distribution — no. (%)
<0.35
=0.35 to <0.50
=0.50

113 (69.3)

0.33 (0.23-0.56)

83 (50.9)
34 (20.9)
46 (28.2)

111 (70.3)

0.34 (0.23-0.56)

83 (52.5)
27 (17.1)
48 (30.4)

224 (69.8)

0.34 (0.23-0.56)

166 (51.7)
61 (19.0)
94 (29.3)

Khanna A et al. NEJM 2017;377(5):419




Studie ATHOS-3: vysledky

Angiotensin Il Placebo
End Point (N=163) (N=158)
Primary efficacy end point: MAP response 114 (69.9) 37 (23.4)
at hour 3 — no. (%)t
Secondary efficacy end points
Mean change in cardiovascular SOFA -1.75%1.77 -1.28+1.65
score at hour 483
Mean change in total SOFA score at 1.05+5.50 1.04+5.34
hour 48§
Additional end points
Mean change in norepinephrine- -0.03+0.10 0.03+0.23
equivalent dose from baseline to
hour 39
All-cause mortality at day 7 — no. (%) 47 (29) 55(35)
All-cause mortality at day 28 — no. 75 (46) 85 (54)
(%)

Odds or Hazard
Ratio (95% Cl)

Odds ratio, 7.95
(4.76-13.3)

Hazard ratio, 0.78
(0.53-1.16)

Hazard ratio, 0.78
(0.57-1.07)

P Value
<0.001

0.01

0.49

<0.001

0.22

0.12

Mean Arterial Pressure
(mm Hg)

A Mean Arterial Pressure over Time

Angiotensin Il

Placebo

(=]
IN)
&

T T T T T T T T T T T T T T T T T T T T T 1
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Hours since Start of Infusion

Angiotensin Il 163 163 159 157 156 152 153 149 150 149 148 149 148 143 140 141 139 139 136 138 136 132 129 128 123
158 158 157 153 150 148 145 145 143 143 139 136 136 133 130 131 127 132 125 126 128 122 122 119 112

(ug/kg/hr)

Change in Vasopressor Dose

B Change from Baseline in Dose of Vasopressors

Placebo

Angiotensin Il

S S s s sy S S S S Sy S S S S S S S S S p— ]
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Hours since Start of Infusion

161 160 154 151 151 143 141 136 130 125 120 115 112 106 101 100 99 95 93 89 87 84 78 72
158 157 155 152 148 145 145 141 136 133 131 128 122 122 122 120 121 115 110 106 102 99 88 84

Khanna A et al. NEJM 2017;377(5):419




Studie ATHOS-3: post-hoc analyzy

Renin and Survival in Patients Given Angiotensin Il for

Catecholamine-Resistant Vasodilatory Shock
A Clinical Trial

“Rinaldo Bellomo'?, Lui G. Forni®**, Laurence W. Busse®, Michael T. McCurdy®, Kealy R. Ham’, David W. Boldt?,
Johanna Hastbacka®, Ashish K. Khanna'®'!, Timothy E. Albertson'?, James Tumlin'3, Kristine Storey'*,

Damian Handisides'4, George F. Tidmarsh'*'®, Lakhmir S. Chawla'*'®, and Marlies Ostermann'’; on behalf of the
ATHOS-3 Investigators A
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Studie ATHOS-3: post-hoc analyzy

’ Change in Renin at Hour 3

Angiotensinogen

Renin ——_ E| 20- A'-in-A: -0.14 [-0.58 to +o_3:)] | A-in-A: -0.14 [-0.58 to +0.30] '
1.5 A:-0.73[-1.33t0 -0.12] A: -0.59 [-0.73 to -0.44] A: -0.00 [-0.68 to +0.68]
Ang-l
ACE D 1.0"
"V J Ex;genﬁus ;T 0.5+
Ang-lI y § (1 Y1 1 SOOI [ SR — - R I N——
ACEi x ' t
o -0.5-
S |
-1.0+ X
1.5- ' -
2.0+
Pine. = 0.52 Pgrx < 0.0001 Pine. = 0.0193
'25 I I 1 1 1 1
Ang-ll Placebo Ang-ll Placebo Ang-ll Placebo
ACEi No ACEi/ARB ARB

Leisman DE et al. Crit Care 2024,28:130



Studie ATHOS-3: post-hoc analyzy

Angiotensin-Il Initial MAP Response Index of Treatment Effect (AIMRITE)

MAPp,1 — MAP
AIMRITE = bl o
Ang-II Dosepr1

—

Measure baseline MAP, immediately prior to Ang-Il initiation

. Start Ang-Il infusion and titrate to MAP > 75mmHg or 10mmHg above baseline

. Maintain all other vasopressor infusions at constant dose
AIMRITE > 0.90 = Responsive

. Calculate and interpret AIMRITE

2
3
4. After 1 hour, measure MAP and Ang-ll dose
5
-1

Anﬁ | ResEonsive Anﬁ-ll Resistant

PATIENT 1 PATIENT 2 PATIENT 3 PATIENT 4
e Measure
g MAP 65mmHg 60mmHg 65mmHg 60mmHg
= =
Measure
MAP 74mmHg 80mmHg 74mmHg 80mmHg
‘: Ang-Ill Dose 2.5 ng/kg/min 20 ng/kg/min 20 ng/kg/min 80 ng/kg/min
=
(=)
25 Calculate
74 —65mmHg 80 -60 mmHg 74 —-65mmHg 80 —60 mmHg
AIMRITE s et e ol e Mo el oo S N e e
2.5ng/kg/min 3.60 20 ng/kg/min 0 20 ng/kg/min 3 80 ng/kg/min 0.25

Highly Sensitive to Ang-II ‘ )f Miniialy Respansi taAlg-d

Leisman DE et al. Crit Care 2025;29:81




Intenzivni medicina: realné zkusenosti s AT Il

= 42 pacientu na ICU
v Distributivni Sok + vazopresoricka podpora NAD =0.3 ug/kg/min + VAS
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Moller Petrun A et al. JCVA 2025;in press



Vliiv AT Il na plicni cévni rezistenci

= Post-hoc analyza

v/ 58 pacientu
v/ KCH vykon s CPB
v' VySSi riziko rozvoje AKI

28
1

26
1

24
1

22
1

20
1

L

18
1

Post CPB Mean Pulmonary Artery Pressure (mm Hg

Angiotensin |l Noradrenaline
Time Intervals = 15 minutely

[oT1 oT2 eT3 eT4 eT5

95% confidence intervals

4.5
1

4
1

3.5
1

Post CPB Ratio (R) MAP/PAMP
3
1

25
1

Angiotensin Il Noradrenaline
Time Intervals = 15 minutely

6Tl oT2 T3 T4 eT5

95% confidence intervals

Original Article

The Effects of Angiotensin II versus Norepinephrine on
Pulmonary Vascular Resistance in Cardiac Surgery:
Post Hoc Analysis of a Randomized Controlled Trial

Jolene Lim, MBBS, MSc, FANZCA™', Kathy Zhang, MD',
Lachlan Miles, PhD, FANZCA",

Rinaldo Bellomo, MD, PhD""- %%,
Tim G. Coulson, PhD, FANZCA "'

Lim J et al. JCVA 2024;38:2950



Metaanalyza: 2918 pacientu

Author, year No. of patients Population Follow-up
Randomized controlled trials

Bennett SR, 20017 20 Cardiac surgery 48 hours

Chawla LS, 2014%° 20 Septic shock 30 days

Khanna A, 2017* 321 Mixed vasodilatory shock 28 days

Coulson TG, 2022° 60 Cardiac surgery Hospital discharge
Sadjadi M, 2024° 63 Cardiac surgery 90 days
Observational studies

Singh S, 1966 50 Septic shock Hospital discharge
Leisman DE, 2020° 29 COVID-19 7 days

Wong A, 20207 * 16 Mixed vasodilatory shock 30 days
Wieruszewski PM, 20217 ** 270 Mixed vasodilatory shock 30 days

Andrews L, 20227 20 Kidney transplant 30 days

Meersch M, 2022 40 Cardiac surgery 28 days

Quan M, 2022°° 147 Septic shock Hospital discharge
Serpa Neto A, 2022° 132 COVID-19 Hospital discharge
Smith SE, 202277 ** 162 Mixed vasodilatory shock 28 days

Ten Lohuis CC, 2022°" ** 78 Cardiac surgery 30 days
Wieruszewski PM, 2023”7 ** 50 Mixed vasodilatory shock 28 days
Wieruszewski PM, 2023 *® 254 Mixed vasodilatory shock Hospital discharge
Smith LM, 2023"" =* 813 Mixed vasodilatory shock 90 days

See EJ , 2023"* 120 Mixed vasodilatory shock 90 days
Blankenship CR, 2024 69 Septic shock 28 days

Case reports and case series

Cohn JN, 19657 28 Septic shock 1 hour after vasopressor

Belle MS, 1965°*
Jackson T, 1993%”
Trilli LE, 199477
Newby DE, 1995""
Yunge M, 20007*
Ahmed M, 2018™*
Chow JH, 2018 **
Bailey DM, 2019
Evans A, 2019"7 *
Wieruszewski PM, 2019°" **
Wieruszewski PM, 2019"
Bobeck KA, 2020
Bui AD, 2020"!
Chatterjee S, 2020""
Coleman PJ, 2020""
Cutler NS, 2020 *
Ferdowsali J, 2020
Heinicke U, 2020
Hylton DJ, 2020"7
Morselli F, 2020""
Trethowan B, 2020*” *»
Wang H, 2020
Wieruszewski PM, 2020”"
Chandra R, 20217
Chow JH, 20217 **
Cutler NS, 20217 "
Ofosu-Barko K, 2021°"
Running K, 20217 "
Smith SE, 202177
Sovic W, 2021 *
Gutierrez GC, 2022
Konkol SB, 2022"
Mohamed A, 2022 *
Bird S, 2023°' *
Johnson AJ, 20237
Sribar A, 2023

Tezel O, 2023
Razdan S, 2024°°

0—NN—SAN—-—-——\l—oi-————-—h—w——N————

—_N W) e
w (==

Cardiogenic shock

Drug overdose

Drug overdose

Drug overdose

Septic shock

Multiple trauma

Septic shock

Septic shock

Cardiac surgery

Cardiac surgery

Heart and liver transplant
COVID-19

Septic shock
Thoracoabdominal aortic surgery
Septic shock

Cardiac surgery

Drug overdose
COVID-19
Pheochromocytoma resection
COVID-19

Cardiac surgery
COVID-19

Mixed vasodilatory shock
Septic shock

Septic shock

Heart transplant
COVID-19

Liver transplantation
Drowning

Cardiac surgery

Drug overdose

Cardiac surgery
Cardiogenic shock
Cardiac surgery

Cardiac surgery

Cardiac surgery

Mixed vasodilatory shock
Bilateral renal agenesis

discontinuation
11 days
20 hours
10 days
Hospital discharge
24 days
Hospital discharge
41 days
10 days
12 days
29 days
Surgery completion
15 days
7 days
18 days
9 days
18 days
9 days
16 days
8 days
28 days
11 days
9 days
5 days
Hospital discharge
37 days
29 days
Hospital discharge
14 days
7 days
30 days
9 days
Hospital discharge
Hospital discharge
30 days
28 days
46 days
7 days
6 months

Kotani Y et al. JCVA 2025;39:653

Author, year Maximal dose Duration
Randomized controlled trials

Bennett SR, 2000” Not reported 24 hours
Chawla LS, 2014%° 40 ng/kg/min 7 days
Khanna A, 2017* 40 ng/kg/min 48 hours
Coulson TG, 2022° 27.2 g/min 217.5 minutes (surgery), 5 hours (ICU)
Sadjadi M, 2024° 80 ng/kg/min 12 hours
Observational studies

Singh S, 1966 12 g/min 105 hours
Wong A, 2020 80 ng/kg/min 15.2 hours
Wieruszewski PM, 2021° 52 ng/kg/min 23 hours
Meersch M, 2022 80 ng/kg/min 8 hours
Quan M, 2022 80 ng/kg/min Not reported
Serpa Neto A, 2022" 32 ng/kg/min 5 days
Smith SE, 2022”7 40 ng/kg/min 25 hours
Ten Lohuis CC, 2022°" 40 ng/kg/min Not reported
Wieruszewski PM, 2023% Not reported 12 hours
Wieruszewski PM, 2023 40 ng/kg/min 47 hours
Smith LM, 2023" Not reported 17 hours
See EJ , 2023" 40 ng/kg/min 43 hours
MM%M

Belle MS, 1965° 250 mg/day 7 days

Cohn JN, 19657 60 g/min Not reported
Jackson T, 1993 18 g/min 4 hours and 50 minutes
Trilli LE, 19947 9.0 g/min 120 hours
Newby DE, 1995”' 100 g/h 30 hours
Yunge M, 2000”" 800 ng/kg/min 7 days
Ahmed M, 2018 15 ng/kg/min 51 hours
Chow JH, 2018 80 ng/kg/min 36.5 hours
Bailey DM, 2019"° 39.1 ng/kg/min 80 hours
Evans A, 2019" 40 ng/kg/min 13 hours
Wieruszewski PM, 2019™ 50 ng/kg/min 20 hours
Bobeck KA, 2020"" Not reported 8 days

Bui AD, 2020"' 20 ng/kg/min 6 days
Chatterjee S, 2020 80 ng/kg/min 40 hours
Coleman PJ, 2020" 40 ng/kg/min 4 days
Cutler NS, 2020 15 ng/kg/min 24 hours
Ferdowsali J, 2020" 10 ng/kg/min 72 hours
Hylton DJ, 20207 38 ng/kg/min 42 hours
Trethowan B, 2020 40 ng/kg/min 17.5 hours
Wang H, 2020 10 ng/kg/min 1 day
Wieruszewski PM, 2020"" 30 ng/kg/min 16 hours
Chandra R, 20217 40 ng/kg/min Not reported
Chow JH, 2021 80 ng/kg/min 65 hours
Cutler NS, 2021 80 ng/kg/min 34 hours
Running K, 2021 Not reported 16 hours
Smith SE, 2021°7 50 ng/kg/min 14.5 hours
Sovic W, 20217" 25 ng/kg/min 42 hours
Gutierrez GC, 2022" 80 ng/kg/min 48 hours
Konkol SB, 20227 80 ng/kg/min 20 hours
Bird S, 2023 80 ng/kg/min 58.5 hours
Johnson AJ, 2023" 80 ng/kg/min 9.4 hours
Sribar A, 2023% Not reported 24 hours
Tezel O, 2023 80 ng/kg/min 27 hours
Razdan S, 2024°° 40 ng/kg/min 10 days




Metaanalyza: 2918 pacientu

Original Article

The Efficacy and Safety of Angiotensin II for
Treatment of Vasoplegia in Critically Ill Patients:
A Systematic Review

Yuki Kotani, MD*, Martina Lezzi, MD', Carlotta Pia Murru, MD',
Ashish K Khanna, MD, ECCP, FCCM**"',
Alexander Zarbock, MD, PhDY,
Rinaldo Bellomo, MD, PhD, FRACP, FCICM*# T+,
Giovanni Landoni, MD "85

Conclusions: Intravenous angiotensin I has been reported in almost 3000 critically ill patients with diverse types of shock. Despite unclear mortal-

ity impacts, angiotensin II seems to confer beneficial effects on several organ systems and RAS derangements, without increasing adverse events.

Kotani Y et al. JCVA 2025;39:653



Transplantace srdce

mm Case Summary

Case 1 Case 2 Case 3 Case 4
Age (y), sex 62, male 61, male 69, male 60, male
Primary diagnosis NICM ICM ICM NICM
Prior treatment HM3 LVAD BTT CABG, HM3 LVAD BTT CABG twice, HM3 LVAD BTT
long-term milrinone
Sternotomy # 2 3 3 3
Ischemia time 259 min 181 min 194 min 226 min
Just prior to starting ANG-2:
‘ Vasopressor support NE 0.29 pg/kg/min NE 0.11 pg/kg/min NE 0.29 pg/kg/min NE 0.06 pg/kg/min
AVP 0.06 units/min AVP 0.04 units/min AVP 0.03 units/min AVP 0.04 units/min
EPI 0.03 pg/kg/min EPI 0.06 pg/kg/min EPI 0.04 p.g/kg/min
MAP (mean of last 3) 59 mmHg 59 mmHg 70 mmHg 71 mmHg
ANG-2:
Time initiated 1 h after wean from CPB 1.5 h before wean from CPB 10 hours after ICU arrival, 45 min after wean
13 h after CPB from CPB
Dose range 10-60 ng/kg/min 2.5-60 ng/kg/min 5-30 ng/kg/min 5-80 ng/kg/min
Duration 12h 34h 20h 29h
‘ Adjunctive therapies for vasoplegia:
Prior to ANG-2 - - Hydroxocobalamin 5 g -
After ANG-2 Methylene blue, 2 mg/kg Methylene blue, 1.5 mg/kg - -
Hydroxocobalamin, 5 g
Other hemodynamic support IABP IABP IABP
required during ICU stay Milrinone Milrinone Milrinone Milrinone
Dobutamine Inhaled epoprostenol Inhaled epoprostenol Inhaled epoprostenol
Epinephrine
Inhaled epoprostenol
Major complications Open chest owing to Re-exploration (bleeding) Liver injury Agitated delirium
poor hemodynamics Open chest owing to
Ischemic optic neuropathy poor hemodynamics
Subdural hematoma Renal failure
IABP insertion site Respiratory failure, reintubation
pseudoaneurysm VAP
Femoral cannulation site dehiscence
‘ Discharge date POD 28 POD 49 POD 15 POD 22

Contents lists available at ScienceDirect

Journal of Cardiothoracic and Vascular Anesthesia

journal homepage: wwiw.jcvaoniine.com

Case Report
Angiotensin II for Critically 11 Patients With Shock ®
After Heart Transplant
Nathan S. Cutler, MD™", Bridget M. Rasmussen, MSN, NP-C',

Joseph F. Bredeck, PharmD', Adrian L. Lata, MD",
Ashish K. Khanna, MD, FCCP, FCCM "™

“Department of Anesthesia, Se

rest Baprist Medical Center, Wake

W NC
"Department of Internal Medicine, Se ine, Wake Forest Baprist Medical Center,

‘Departmens
“Department of Cardiot

JCVA 2021,35:2756



Protokoly pro kardiochirurgické pacienty

Cardiac surgery patient
with MAP < 65 mmHg

Is the patient on > 10 mcg/min of
NE and 0.03 units/min of AVP?*

Optimized cardiac function?

Patient excluded

NG Patient excluded

Y

v Yes

Start ANG-2 at 20 ng/kg/min

Y

Y

Is the MAP sustained > 65 mmHg?

Yes

A

No

1

Titrate down other vasopressors
while maintaining ANG-2

Y
If ANG-2 > 40 ng/kg/min after 3 hours,

decrease by 5 ng/kg/min every 5 min
to 40 ng/kg/min

Y

Y

Increase ANG-2 by 10-15 ng/kg/min
every 5 min to max of 80 ng/kg/min
in first 3 hours

Y

Is patient unable to sustain MAP > 65

mmHg despite max dose ANG-27?

Y

If unable to sustain MAP > 65 mmHg on 40

vasopressors & titrate down ANG-2 by
5 ng/kg/min every 5 min**

ng/kg/min at hours 4-48, increase background

1. Titrate down ANG-2 by 5 ng/kg/min
every 5 min**

2. Increase other vasopressors as needed

3. Consider adding methylene blue and
or hydroxocobalamin

Chow JH et al. J Thorac Cardiovasc Surg 2022;163:1407



Protokoly pro kardiochirurgické pacienty

Proposal for the use of angiotensin II in distributive
shock after extracorporeal circulation - position paper
of the Section of Intensive Care Medicine and the Section
of Cardiothoracic Anaesthesiology of the Polish Society
of Anaesthesiology and Intensive Therapy

tukasz J. Krzych1.23.45 Pawet Nadziakiewicz!*5, Ewa Kucewicz-Czechl>

IDepartment of Anaesthesiology and Intensive Care, Silesian Centre for Heart Diseases, Zabrze, Poland

2Department of Acute Medicine, Faculty of Medical Sciences in Zabrze, Medical University of Silesia, Katowice, Poland
3Section of Intensive Care Medicine, Polish Society of Anaesthesiology and Intensive Therapy

“Department of Cardiac Anaesthesiology and Intensive Care, Faculty of Medical Sciences in Zabrze, Medical University
of Silesia in Katowice, Poland

>Section of Cardiothoracic Anaesthesiology, Polish Society of Anaesthesiology and Intensive Therapy

Kardiochirurgia i Torakochirurgia Polska 2024; 21 (2): 96-98

Haemodynamic criteria of inclusion:
MAP < 65 mm Hg + SVR < 500 dyn + NED > 0.2 (0.3) pug/kg/min

Haemodynamic criteria of exclusion: Cl < 2.2 |/min/m?
or mPAP > 45 mm Hg

Solution preparation: 2.5 mg AT in 500 ml 0.9% Nacl (5,000 ng/ml)
2

Starting AT dose: (10) 20 ng/kg/min + escalation to reach
MAP 75 mm Hg
Maximum AT dose: 80 ng/kg/min in 3 h

Maintenance AT dose: < 40 ng/kg/min up to 48 h to reach MAP
+75 mm Hg + reduction of vasoactive drugs until
NED 0.1 pg/kg/min
2

AT de-escalation: 5 ng/kg/min every 5 min if MAP > 65 mm Hg

Krzych JL et al. Kardiochir Torakochirurgia Pol 2024;21(2):96



V.

Doporucené postupy

Indikace a podavani angiotensinu Il
6. Nitrozilni podani ang-Il prlkazné snizuje potiebu katecho-

laminC u pacientl s vazoplegickym Sokem nereagujicich na
standardni |écebné postupy (zahrnuje obvykle podavani
noradrenalinu v kombinaci s vazopresinem).

NitrozZilnf podani ang-Il by mélo byt zvdZeno u pacientl

a) s klinickym fenotypem vazoplegie (hypotenze, nizka systémo-
va vaskularni rezistence, normalni nebo zvy3eny srdecni vydej),
b) nereagujicich na standardni vazopresory a

¢) kde jsou vylouceny viechny ostatni odstranitelné pficiny

s moznym podilem na rozvoji vazoplegie.

Soucasny stav odborného poznani neumoznuje formulovat
jednoznacné stanovisko k méfenf hladin reninu v procesu sta-
noveni indikace podavani ang-Il.

Pfed zahajenim podavani ang-Il by mélo byt vzdy vyhodnoceno
aktudlni individudlIni riziko hluboké Zilni trombozy a zvdzen
pomér pfinosu a rizika zahdjeni profylaxe tromboembolické
choroby.

Angiotensin II - mechanismus u¢inku,
soucasna evidence a stanovisko mezioborové
pracovni skupiny k jeho pouziti na
pracovistich intenzivni péce

Balik M.’, Benes J.2, Cerny V.38, Kula R.’, Maté&jovi¢ M."°, Riha H.", Tencer T.2

MAP < 65 mmHg
NAD > 0,5 pg/kg.min InicidInf davka:
AVP > 0,04 IU/kg.h 2-20 ng/kg.min, titrace
Zvyiena hladina reninu — v 5min intervalech do - Udrzovacf dévka °d. 3h:
Lécba ACEI max. 80 ng/kg.min po 1:25-40 ng/kg.min
VA-ECMO prvni3 h
EGC

Balik M et al. Anest Intenziv Med 2025;36(1):46



Nase zkusenosti

= 24 pacientu (10/2023 - 09/2025)

= VSechny typy KCH vykonu
v V-A ECMO 8x

v HM3 LVAD 4x

v OTS 5x

— RES (vs. operacni sal [behem CPB])

— Zahajeni infuze: davka ostatnich vazopresort (NAD + VAS)
— Deélka trvani infuze: 12-48 h (72-96 h)

— Davka po inicialni stabilizaci hemodynamiky: 10-30 ng/kg/min
— Uginek

Predbézné, neauditované udaje



Angiotensin Il

v Poloas AT Il 15 s @th D
v Pologas Giapreza® <1 min T
Hy DN' ; f__rd"
H—Asp — Arg — Val — Tyr — lle — His — Pro —Phe—OH I~ gt -

— Komu v kardiochirurgii podavat AT 17
— Kdy zahajit aplikaci AT |l (davka noradrenalinu/vazopresinu)?
— Vazopresor 1./2./3. linie (multimodalni strategie)?

— Dostupnost rychlého stanoveni plazmaticke koncentrace reninu?



