Transfuzni trigger — “one fits all”?




Konflikt zajymu

Zadny



Muzi Hb <129 g/L; Zeny Hb <119 g/L

Globalni prevalence cca 30%, hlavni
pricinnou je nedostatek zeleza

PredoperacCni anemie je jasne spojena
s horsim outcome (tkanova hypoxie).

Nicmeéneé i lehce vyresitelna transfuzi

TRANSFUSION
TARGET




Transfuze

Obecne prijimany trigger
je zalozeny na koncentraci Hb

Nejcasteji uvadeny jako 70 g/L

Nicmeéné cilem transfuze by
nemeélo byt ,jen" zvyseniHb ....

... ale zvyseni dodavky kysliku a
zabraneni tkanove hypoxii ...




Tkanova hypoxie

Neschopnost utilizovat kyslik
(cytopaticka hypoxie) Air
Nejen kyanid, ale i sepse ... inhibice L
oxidativni fosforylace ...

------ Effect of hypoventilation

= == == [Fffect of a shunt

Alveolus

Capillary

Snizena dodavky kysliku R =
Nizky CO 2 /'_ e
Snizené mnozstvi kysliku (hypoxicka 50 — Pifuston Shunt Tissue
hypoxie) kit _|
Snizena transportni kapacita
(anemicka hypoxie + abnormni
Atmosphere + Mitochondria

formy Hb)
Arynov et al. BMC Anesthesiology (2024) 24:71



Dodavka O2

DO2=TCxCO 200

TCH1,34 x Hb x SO2|+ (0,031 X
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Efekt krevni transfuze na outcome....

LiYetal

6,752 patients who

Retrospective study underwent cardiac

surgery

Blood transfusion was
associated with worse
outcomes in cardiac
surgery patients

Woldendorp K, et
al.
Meta-analysis of
thirty-nine studies

Thirty-nine studies
with 180,074 patients
after cardiac surgery

Perioperative red blood
transfusion appeared to
be associated with a sig-
nificant reduction in long-

term survival for patients
after cardiac surgery.

Yi Zheng et al.
a systematic review
and meta-analysis

28,797 patients in
intensive care unit

RBC transfusion does
‘ ok of

in-hospital mortality

Suk Yong Jang et
al.

Nationwide Cohort
Study

10,973 patients in the
transfusion group
and

3,771 patients in the
non

transfusion group

Transfusion group did not
show significantly worse
results than the non-
transfusion group

Glance LG. et al.

Retrospective study

10,100 patients
undergoing general,
vascular or orthope-
dic surgery

Intraoperative RBC trans-
fusion was associated
with increased risk of
mortality and morbidity
(septic, thromboembolic
complications, etc.)

Smilowitz N.R. et
al.

Retrospective
cohort study

3,050 patients un-
derwent orthopedic
surgery

Blood transfusion was
associated with increased

mortality.

Wen-Chih Wuet al
retrospective
study

Patients with acute
myocardial infarction,
65 years and older

Blood transfusion is
associated with a lower
short-term mortality rate

Dae won Park et

al.
Propensity-matched
analysis of a pro-
spective observa-

tional database

1,054 patients severe
sepsis and septic
shock.

Red blood cell transfu-
sions were
associated with lower risk

of mortality




One size does not fit all ...

DO, crit

Organova rozdilnost krivky 200
VO2/DO2 ... Critical Do

1501

Vo, supply independent

\

\",, supply

dependent

Tim padem i rozdilna rezerva
vysoko a nizko energetickych
organu ...

100 4
ER75% ER50%

Oxygen uptake (ml min-!)

50+
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Alternativni trigger

Idealni trigger by mel mit:

dostatecnou sensitivitu, specificitu
moznost kontinualni monitorace

reflektovat Uroven kompenzace
organismu

Idealni zatim neni
Nezbyva nez v mezifase hledat spise
organove specifickych cut-off pro Hb

Hlavné pro energeticky narocné
organy — mozek, srdce

O2ER

Snizeni mnozstvi transfuzi, RCT nejsou

SvO2

Ovlivnéno celou fadou jinych faktord:
obéhove selhani, zvysena spotreba
(horecka, krece), hypoxémie

02 A-V diff

Nekonzistentni vysledky
EKG

Nizka specificita
Laktat

Pozdni nastup, jiné priciny
NIRS

Nizka sensitivita, malo dat



Mozek




Traumatic brain injury — NEJM (Turgeon et al,,

2024)

Multicentricky RCT
Tézkeé a stredné tézke TBI
(GCS 3-12)
Anemie (Hb < 100g/L)

Randomizace
Liberalni Hb <100 g/L
Restriktivni Hb <70 g/L

Outcome
GOS-E po 180 dnech
Mortalita, QoL, deprese

124

114

Hemoglobin Concentration (g/dl)

No. at Risk
Liberal strategy
Restrictive strategy

104

Liberal strategy

Restrictive strategy

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 96 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Trial Day

369 360 349 335 309 294 270 254 233 210 196 180 163 144 133 119 99 88 79 77 62 53 52 38 40 30 27 22
367 365 351 340 315 293 271 256 239 214 195 182 166 150 138 121 102 93 79 72 60 59 46 46 40 32 33 26

Figure 1. Lowest Mean Daily Hemoglobin Concentration during the First 28 Days.

I bars indicate 95% confidence intervals.




Vysledky

. V4 . o
Liberal Restrictive
74 2 ra n d O m I Zova nyc h p a C I e ntU Subgroup Strategy Strategy Risk Ratio (95% CI)
. . 7 . v no. of patients/total no. (%) .
V restriktivni skupine ] e - T
Age |
1 Y >55 yr 116/147 (78.9)  114/143 (79.7) — 0.98 (C
VICE Z€N <55 yr 133/217 (61.3)  149/215 (69.3) e 0.88 (C
, Sex i
vice M:I_ V GCS Female 54/88 (61.4) 81109 (74.3) —_ 0.83 (C
Male 195/276 (70.6)  182/249 (73.1) -+ 0.97 (C
4 L. . Severity of traumatic brain injury i
vice bez reaktivity zornic T B =
, Severe 184/266 (69.2)  196/263 (74.5) = 093 (C
vice s epiZOdami hypOtenze Cogmryd 155/232 (66.8)  164/230 (71.3) 0.93 (¢
anada : : —zi— .
United Kingdom 68/90 (75.6)  75/88 (85.2) — 0.88 (C
France 10/22 (45.4)  13/21 (61.9) —_—— 0.77 (C
, v . Brazil 16/20 (80.0) 11/19 (57.9) ! 1.38 (C
Bez rozdilu v nepriznivem outcome oy ofhear s eeon ; .
. ’ s . . s es I . —— I
68,4% liberalni vs 73.5% restriktivni No 233/304 677) 241331 029 - 093
Neurosurgical intervention i
v LI . ! Yes 107/146 (73.3)  98/127 (77.2) — 0.94 (C
RR prO neprlznlvy OUtcome V ||bera|n| No 142/218 (65.1)  165/231 (71.4) -l 0.91 (C
- )4 Previous transfusion i
SkUplne O, 93 (O, 83'104) Yes 35/55 (63.6)  51/65 (78.5) —— 0.82 (¢
. No 214/300 (69.3)  212/293 (72.3) - 0.95 (C
Bez efektu na mortalitu R
Liberal Strategy Better Restrictive Strategy Better




Score on the Extended Glasgow QOutcome Scale

B 1: Death M 2: Vegetative 3: Lower 4: Upper 5: Lower 6: Upper /: Lower [M 8: Upper
state severe severe moderate moderate good good
disability disability disability disability recovery recovery

Liberal Strategy

(N=364) 7

Restrictive Strategy

(N=358) 305 7.5 15.4

Percentage of Patients

Figure 3. Scores on the Glasgow Outcome Scale-Extended at 6 Months According to Trial Group.




Zaver studie

Liberalni transfuzni strategie nesnizuje riziko horsiho outcome
po 6 mesicich.

Ale design necilil na non-inferioritu a riziko restriktivni
strategie tak nelze vyloucit.



Acute brain injury —JAMA (Taccone et al. 2024)

GCS S 13 N DRestrictivetransfusionstrategy DLiberaltransfusionstrategy
Trauma, SAK, ICH ... 141 D R
Multicentericky RCT LR,
= 127 ST N B R N e P
2 pore ST ITITITIT
Randomizace %10 HHHMHHHHHHHHHHH H
< 9o g/L liberalni g 4 ?ﬁ% _g_H o HH H
< 70 g/L restriktivni I HN RN NG

Primarni outcome : ! : 12 16 20 24 28
nepriznivy GOS-E za 180 dni



Vysledky

Unfavorable neurological outcome,

No./total No. (%)

Liberal
strategy

Restrictive
strategy

Absolute difference,

% (95% CI)

Relative risk
(95% CI)

246/393 (62.6)

62/124(50.0)
184/269 (68.4)

Type of brain injury
Traumatic brain injury 138/236 (58.5)

57/86 (66.3)

51/71(71.8)

Glasgow Coma Scale score at randomization

Subarachnoid hemorrhage
Intracerebral hemorrhage

3to5 134/186 (72.0)

6to9 85/140 (60.7)

10to 13 27/67 (40.3)
ICP monitoring within first 48 h

No 60/114 (52.6)

Yes 185/277 (66.8)

Salvage therapies for elevated ICP

No
Yes
SOFA score?
<8
=8

191/318 (60.1)
55/75(73.3)

132/229 (57.6)
111/160 (69.4)

300/413 (72.6)

87/137 (63.5)
213/276 (77.2)

161/239 (67.4)
78/102 (76.5)
61/72 (84.7)

147/193 (76.2)
112/147 (76.2)
41/73 (56.2)

83/126 (65.9)
216/284(76.1)

235/328(71.6)
65/85 (76.5)

166/237 (70.0)
131/172 (76.2)

-10.0 (-16.5 t0 -3.6)

-13.5(-25.4to-1.6)
-8.8 (-16.2t0 -1.3)

-8.9(-17.5t0-0.2)
-10.2 (-23.1t02.8)
-12.9(-26.3t00.5)

-4.1(-12.9t04.7)
-15.5(-26.1to-4.9)
-15.9(-32.2t00.5)

-13.2(-25.6 t0-0.9)
-9.3(-16.7 to -1.8)

-11.6 (-18.8to-4.3)
-3.1(-16.6t0 10.3)

-12.4 (-21.1t0-3.7)
-6.8(-16.4t02.8)

0.86 (0.78 t0 0.95)

0.79(0.63100.98)
0.89(0.80t0 0.98)

0.87 (0.76 to 1.00)
0.87 (0.72 to 1.04)
0.85(0.71t0 1.01)

0.95(0.84 t0 1.07)
0.80(0.68 t0 0.94)
0.72(0.50t01.02)

0.80(0.65t00.99)
0.88(0.79t00.98)

0.84(0.751t00.94)
0.96 (0.80t0 1.15)

0.82(0.72 t0 0.95)
0.91(0.80 to 1.04)

0.5

Favors | Favors
liberal strategy restrictive strategy

.

++++++' ok

1
Relative risk (95% Cl)



Komplikace

Liberal strategy

Restrictive strategy

Absolute difference, %

(95% CI)

Relative risk
(95% CI)

Primary outcome

Unfavorable neurological outcome at 180 d,
No./ftotal (%6)"

246393 (62.6)

300/413 (72.6)

-10.0(-16.5to-3.6)

0.86 (0.79-0.94)

Secondary outcomes

28-d Mortality, No./total (%2)
Composite outcome, No./total (%)°
Organ failure, No.ftotal (%)

Intensive care unit length of stay, mean (5D), d

Hospital length of stay, mean (SD), d

82/397 (20.7)
318/397 (80.1)
293/373 (78.6)
21.4(15.7) [n = 397]
42.0(34.8) [n = 397]

047418 (22.5)
328/419(78.3)
314/405(77.5)
22.5(15.6) [n = 417]
45.5(29.3) [n = 417]

-1.8(-7.5t03.8)
1.B(-3.7t0 7.4)

1.0 (-4.8 to 6.8)
-1.19(-3.341t0 0.97)
-3.50(-8.62 10 1.62)

0.95 (0.74-1.22)
1.03 (0.97-1.10)
1.03 {0.96-1.10)

Serious adverse events, No./total (%)

Sepsis 45/397 (11.3) 64/423 (15.1) 0.75 (0.53-1.07)
Severe hypotension 42/397 (10.6) 40/423 (9.5) 1.06 (0.83-1.30)
Cerebral ischemia 35/397 (8.8) 57/423(13.5) 0.65 (0.44-0.97)
Acute respiratory distress syndrome 20/397 (7.3) 36 /423 (8.5) 0.86 (0.54-1.37)
Venous thromboembaolism 19/397 (4.8) 17/423 (4.0) 1.19({0.63-2.26)
Severe hypertension 11/397 (2.8) 13/423(3.1) 0.90(0.41-1.99)
Intestinal ischemia 4/397 (1.0) 5/423 (1.2} 0.85 (0.23-3.15)
Brain tissue hypoxia® 54397 (1.3) 31/423 (0.7) 1.78 (0.43-7.38)
Transfusion-associated cardiovascular overload 2/397 (0.5) 27423 (0.5) 1.02 (0.15-7.53)
Acute peripheral limb ischemia 1/397 (0.3) 2/423 (0.5) 0.53 (0.05-5.85)
Anaphylaxis 2/397 (0.5) 0 5.33(0.26-110.61)
Transfusion-associated acute lung injury 0 2/423 (0.5) 0.21 (0.01-4.42)
Acute myocardial infarction 0 1/423 (0.2) 0.36 (0.01-8.69)




Zaver studie

| E

1 []2 3 P4 5 6 7

GOS-E score at 180 d

<€ >
Death No symptoms
Liberal strat S
iberal strategy
(n=393) 28.5 | 12.2
Restrictive strategy T
(n=413) 31.2 12.3
3.1
0 10 20 30 40 50 60 70 80 90 100

Patients, %

Nepriznivy outcome byl mené pravdepodobny ve skupiné s
liberalni strategii. Mortalita bez rozdilu.



Srdce




Myocardial infarction — NEJM (Carson et al. 2023)

Multicentricky RCT
Aklftnl M A Hemoglobin Level
Anémie s Hb < 100g/L -
. 114 Liberal
Randomizace = oul stratery Lo
) 10.1
Liberalni <100 g/L £ |
Restriktivni < 70-80 g/L F ool ] [ T [
O] ~ ol 2.8 8.9 Restrictive 8.9
I g ll 8.6 l J strategy J
Primarni outcome
V4 7 I I [ [
composite AMI a mortalita /30 dni Baseline 1 2 3
Days

3500 pacientU



Vysledky

Restrictive Liberal Risk Ratio
Outcome Strategy Strategy (95% Cl) _
no. of patients/total no. (%) After adJUStment P=OIO7
Primary outcome
Myocardial infarction or death 295/1749 (16.9)  255/1755 (14.5) —il— 1.16 (1.00-1.35)
Secondary outcomes
Death 173/1749 (9.9)  146/1755 (8.3) - 1.19 (0.96-1.47)
Myocardial infarction 149/1749 (8.5) 126/1755 (7.2) -+ 1.19 (0.94-1.49)
Death, myocardial infarction, revascularization, 342/1749 (19.6)  305/1755 (17.4) +—— 1.13 (0.98-1.29)
or rehospitalization
Other outcomes
Heart failure 102/1749 (5.8) 111/1755 (6.3) L 0.92 (0.71-1.20)
Death, myocardial infarction, or unstable angina 338/1749 (19.3)  300/1755 (17.1) i 1.13 (0.98-1.30)
Unscheduled revascularization 43/1749 (2.5) 39/1755 (2.2) L 1.11 (0.72-1.70)
Cardiac death 97/1749 (5.5) 56/1755 (3.2) —> 174 (1.26-2.40)
Stroke 30/1749 (1.7) 26/1755 (L.5) i 1.16 (0.69-1.95)
Pulmonary embolism or deep venous thrombosis 26/1749 (1.5) 34/1755 (1.9) = O 0.77 (0.46-1.27)
Pneumonia or bacteremia 166/1749 (9.5) 153/1755 (8.7) —— 1.09 (0.88-1.34)
D,ISD O,ISD 1.0 210

— [
=7 =

Restrictive Better Liberal Better



Mortality

A Composite Outcome of Myocardial Infarction or Death B Death from Any Cause
100+ 100-
30 30+
90— 7] a0-
X 80- ® 80+
@ 20- 69 g 20
b4 704 Restrictive strategy ; g 01
% 60 10 14.7 'g 60 104 Restrictive strategy 9.9
£ 501 = £ 504 8.4
.g 401 iberal strategy E 404 0 Liberal strategy
S 0 = g T T 1
2 307 0 10 20 30 3 30 0 10 20 30
S 20+ 6 20
104 10—
0 T T 1 0+ I T ]
0 10 20 30 0 10 20 30
Days since Randomization Days since Randomization
No. at Risk No. at Risk
Restrictive strategy 1749 1565 1503 1439 Restrictive strategy 1749 1654 1605 1566

Liberal strategy 1755 1605 1532 1467 Liberal strategy 1755 1679 1621 1585



Zaver studie

U pacientU s anemie a M, liberalni strategie nevede ke
nizsimu riziku umrti, re-infarktu.

Nicmene liberalni strategie nejspise skryva benefit.



Myocardial infarction - JAMA (Ducrocq et al, 2021)

Multicentericky RCT
668 Adults with acute myocardial infarction and anemia
U I C e n e rl C y eligible for randomization (stratified by center)
I
Akutni Ml
2 Excluded
1 No consent (form lost and patient

Aném|e S Hb < 1009/'. declined to reconsent)

1 Withdrawal of consent just after
randomization and before transfusion

Randomizace
Liberalni <100 g/L

666 Randomized and consented

. . 7 342 Randomized to restrictive transfusion strategy 324 Randomized to liberal transfusion strategy
Re StI’I kt |Vn | < 80 g/l_ group (triggered by hemoglobin <8 g/dL?) group (triggered by hemoglobin <10 g/dL)
328 Underwent transfusion as planned 323 Underwent transfusion as planned
(including 1 with exclusion criterion) (including 1 with exclusion criterion)
13 Underwent transfusion at >8 g/dL hemoglobin 1 Did not undergo transfusion

threshold (including 1 with exclusion criterion)

n I I
1 Underwent repeat transfusion despite reaching
P rl m a rn I O Utco m e target hemoglobin level after initial transfusion
MACE (re-infarkt,
. . 342 Included in as-randomized analyses 324 Included in as-randomized analyses
327 Included in as-treated anal 322 Included in as-treated anal
revaSkU|ar|Zacel mOI’ta|Ita, ncluded in as-treated analyses ncluded in as-treated analyses
I
stroke)/ 30 dni



Primary outcome

No. (%) Difference Relative risk
Outcome Restrictive Liberal (95% Cl), % (1-sided 97.5% Cl)
Primary (major adverse cardiovascular events),
No./total No. (%) [95% CI]°
As-treated population 36/327(11.0) 45/322(14.0) -3.0(-8.4t02.4) 0.79(0.00t01.19)
[7.5t014.6] [10.0to17.9]
As-randomized population 38/342(11.1) 46/324(14.2) -3.1(-8.4t02.3) 0.78(0.00to1.17)

[7.6to14.6] [10.2to018.2]

Bez rozdilu.



0.2
Log-rank P=.21

Liberal group

;
Restrictive group

Rate of major adverse
cardiovascular events
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Zaver studie

U pacientU s AMI a anémii je restriktivni pristup je non-
inferiorni k liberalnimu.

Ale 25% hranice non-inferiority muze skryvat potencionalni
ujmu.



Co si odnasim ja?

Hb neni idealni trigger pro podani transfuze, ale zatim neni lepsi
(ani kombinace)

Individualizovany Hb trigger na zaklade organoveho poskozeni by
zatim mohl pomoci

Liberalni strategie (Hb< 100 g/L) pro pacienty s postizenim mozku
a srdce se zdaji byt opodstatnéene

| pres ne zcela konzistentni vysledky velkych RCT



Dekuji za pozornost
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CITiM, JAK SE JA MAM ZASE
MI ZLEPSUJE CHUT BEHAT
SOUSTREDEN MARATON!




