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Blood 
menagement

in ICU



Red blood cell 
physiology 
• 5 milion erythrocytes per uL- 

25% of total cells in the body
• Small cells: 7-8micrometers –no 

nucleus and no mitochondria
• 2 milion per sec
• Lifespan =120 days



Red blood cell 
physiology 

• Almost all vertebrates contain hemoglobin
• Made of proteins and iron
• Contains four globin proteins each of which 
    is bound to one of the iron containing pigment       

heme
• A single erythrocyte can contain 300 milion Hb 

molecules and thus more than 1 bilion oxygen 
molecules

• Transport oxygen , CO2 ( may scavenge NO)



Anemia in ICU

• Anemia is common in ICU patients 
(25-30%) and appears early in the 
ICU course ( sepsis>others)

• 50% on admission below „normal 
range”

• Different definition than in healthy 
populations



Blood transfusion 
in ICU

• 3908 (3643) patients, 
• 233 centers,  
• 30 countries/6 continents



Blood transfusion in 
ICU



Blood transfusion in ICU



Blood transfusion in ICU

N=4892,44%/3days;Hb9

23, 
57%



Why anemia is so frequent?



Decrease in hemoglobin 
concentration (Hb) in non-acutely 
ill and acutely ill patients



Coagulation abnormalities  

(factors and platelets)



Staricova et al. Curr. Issues 
Mol. Biol. 2025,



Anemia in ICU

• Anemia may lead to SEVERAL CONSEQUENCES as prolonged 

weaning, AKI, myocardial ischemia (MORTALITY)

• Anemia menagment should instead be focused on causal anemia 

treatment and minimization of patient blood loss





Blood 
transfusion

Red blood cel transfusion (RBCT) is one of the 
most frequently performer hospital procedures

Transfusion decision making represents a 
common challenge to critical care physicians

Use of RBCT is more frequent in NON-BLEEDING 
patients-less availability

Around 30-40% of ICU patients receive RBCT 
during their ICU stay



Transfusion complications
Early
• Haemolytic reactions (immediate, delayed)

• Non-haemolytic febrile reactions

• Allergic reactions (proteins, IgA)

• TRALI (Transfusion-related acute lung injury)

• Bacterial contamination/sepsis

• Circulatory overload (TACO)

• Air embolism

• Thrombophlebitis

• Hyperkalaemia

• Citrate toxicity

• Hypothermia

• Clotting abnormalities (massive transfusion)

Late
• Transmission of infection:

 Viral: hepatitis A, B, C; HIV; CMV

 Bacterial: Treponema pallidum,

Salmonella

 Parasitic: malaria, toxoplasma

• Graft-versus-host disease

• Iron overload (chronic transfusions)

• Immune sensitization (e.g., Rhesus D

antigen)



Adverese events Carson, N Engl J Med. 2017

LEUKOREDUCTION





Tolerance of anemia -DO2/VO2

Volume status

Dynamics of anemia

Redistribution of flow

Physiological reserve

Increased EO2R





Indications based on Hb concentration





Transfusion strategies in non bleeding critically ill 
adults: a clinical practice guideline from ESICM



JL Vincent



Incresed DO2





Systematic review and Meta Analysis of effects of 
transfusion on hemodynamic and oxygenation 
variables





Storage damage 



”TIME IS LIFE IN SEVERE BLEEDING!”



First Author Year ICU / Post-Surgery Key Findings

Lyu et al. 2024  ICU patients (not all surgical)
Incidence: 1.4–10.9% had major bleeding. Causes: Coagulopathy, 
anticoagulants, organ failure. Impact: Mortality 39.4% (with bleeding) vs 14.3% 
(without).

Halme et al. 2024  Post-surgical cohort, not ICU-specific Incidence: 11.6% had major bleeding in 30 days. Timing: 42.7% in first 24h; 
77.7% in 7 days. Impact: Higher mortality, transfusions, reoperations.

Salenger et al. 2025  Cardiac surgery (typically ICU patients) Focus: Transfusions, quality metrics in cardiac surgery. Impact: Increased 
mortality, LOS, transfusions. Causes: Surgical and hemostatic factors.

Besnier et al. 2024  Cardiac ICU population Tool: Developed POBS-Card risk score. Impact: Severe bleeding = worse 
outcomes. Risk Factors: Age, surgery type, clinical profile.

Plötzl et al. 2025  General surgery, not ICU-specific Incidence: 1.6% of 43,360 surgeries. Causes: Male sex, age, surgery 
characteristics. Focus: Risk mitigation strategies.

Vigneron et al. 2024  ICU patients with hematologic 
malignancies

Incidence: 10.8% had ICU-acquired bleeding. Causes: Renal disease, PT, 
SOFA. Impact: ↑ ICU stay and mortality.

Pang et al. 2023  Postoperative patients, not ICU-specific Focus: Secondary hemorrhage post-abdominal surgery. Risks: OR time >5h, 
delay to re-op. Impact: Hemorrhagic + septic shock, MODS.

Pinchuk et al. 2024  Neurosurgical patients, not ICU-specific Focus: ASA and bleeding post-glioma surgery. Incidence: 2.7% (ASA group) vs 
1.3%. Impact: Lower GCS/KPS.



Bleeding Parameters, Transfusion Forms, Protocols, and Clinical 

Outcomes in Post-Surgical ICU Patients





Blood Transfusion Practices in Intensive Care

Use of MTPs in practice MTPs were implemented nine times among six patients (0.7% 
of studied patients)

Thresholds / Pre-transfusion triggers

They measured the pre-transfusion hemoglobin for RBCs, 
platelet count for platelets, INR for FFP, fibrinogen level for 
cryoprecipitate. 

Viscoelastic hemostatic VHA - available in many ICUs but used as guidance: only in 
~9.3% of non-RBC transfusions. 

Consistency with national guidelines LACK OF STANDARDIZED PRACTICE RATHER THAN 
DEFINING A PROTOCOL.



Comparison of Guidelines (STS, ESAIC, EACTS/EACTAIC) 
on Post-Surgical ICU Bleeding Management

Guideline
Hemoglobin 

Thresholds

Use of 

Antifibrinolytics
MTP Triggers Viscoelastic Assays

STS 2021 - Restrictive

Routine use of TXA 

in cardiac surgery 

recommended -

Advocates for structured 

protocols but 

does not define 

universal MTP triggers 

- transfusion decisions 

when available

ESAIC 

2022
Restrictive

Strong 

recommendation for 

TXA in all major 

surgery

Emphasizes structured 

MTPs

-Strongly recommended 

- Prefer viscoelastic 

testing  over 

conventional labs for 

dynamic bleeding 

monitoring

EACTS / 

EACTAIC 

2024

Restrictive

- Recommends 

routine TXA use in 

cardiac surgery 

Recommends having 

formal MTP in place 
- recommended



Outcomes in Patients Receiving Ultra-
Massive Transfusion (UMT)

Outcome / Comparison Risk Ratio (RR) 95% CI P value Conclusion

24-hour mortality (UMT) 6.00 4.79–7.52 < .001 Increased risk

Index hospitalization mortality 
(UMT)

3.99 3.34–4.75 < .001 Increased risk

Complications (UMT) 1.67 1.44–1.94 < .001 More frequent complications

Multiple organ failure (UMT) 2.78 2.20–3.52 < .001 Increased risk

30–44 RBC units vs 20–29 units 1.32 0.93–1.87 .12 No significant difference

≥45 RBC units vs 20–29 units 1.59 1.12–2.25 .009 Significantly higher risk of death

Beyond 45 RBC units – – – No survival benefit

Effects on mortality, length of stay (LOS), mechanical ventilation (MV), and complications. 



Massive Transfusion Protocol (MTP) 
Triggers in Guidelines for Postoperative 
Bleeding

Trigger 

Category
ESAIC STS

EACTS/EA

CTAIC

>1500 mL 

rapid blood 

loss

 Yes
 

Possible

 

Situational

>4 units 

RBCs 

within hours

 Yes
 Not 

fixed

 

Situational

Hemodyna

mic 

instability 

(shock)

 Yes  Yes  Yes

Coagulopat

hy (e.g., 

INR >1.5)

 Yes  Implied
 VHA-

dependent

Institutional 

discretion

 

Encouraged

 

Encouraged

 

Encouraged

TOOLS 

HYPOPERFUSION





1. Massive 
bleeding

2. No 
massive 
bleeding



MASSIVE 
BLEEDING



-use of high-ratio transfusion strategies (at least one unit plasma per two units of 

packed red blood cells) vs. low-ratio transfusion strategies in critically ill patients 

with massive bleeding due to trauma

-no recommendation regarding the use of fixed high-ratio transfusion strategies in 

critically ill patients with non-traumatic massive bleeding



High FFP: transfusion and high platelet ratios 1:1:2 compared to

1:1:1

The pooled results did not result in a mortality benefit at 24 h 

(RR 0.75, 95% CI 0.52–1.08; RD − 4.2%, 95% CI − 8.1 to 1.4%, moderate certainty) and 30 days (RR 0.93, 95% CI 0.72–

1.2; RD − 1.7%, 95% CI − 7 to 5)

Higher transfusion ratios may result in better clinical hemostasis, reducing 

probability of death by exsanguination 

(RR 0.7, 95% CI 0.51–0.96, RD − 23.7%,95% CI − 38.8 to − 3.2, low certainty)



Fibrynogen
Observational data: hypofibrinogenemia linked to coagulopathy & worse outcomes
• RCTs:

• Fibrinogen concentrate ↑ fibrinogen levels & FIBTEM
• Possible ↓ transfusion needs in low fibrinogen patients

• Unclear:
• Early/empirical vs test-guided strategy
• Optimal dose & target fibrinogen level

   

Possible association of high fibrinogen levels with mortality & thrombosis

• Greatest benefit likely in patients with low fibrinogen lab values
• Threshold may vary across populations
• If early fibrinogen strategy is used → should include rapid  testing to avoid unnecessary 

use



NON MASSIVE BLEEDING
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No recommendation for restrictive vs 

liberal plasma transfusion strategy



Only one retrospective cohort study

Compared:
1.ICH + ↓ platelet activity (aspirin test) + 
platelets
2.ICH + platelets
vs controls (aspirin responders / no platelets)

No effect on hematoma size (RR 0.71) or 
expansion (RR 1.44)

2 RCTs → no benefit with platelet 
transfusion 
PATCH trial (n=190):

• ICH, GCS > 8, on antiplatelet 
drugs

• Higher death/dependence at 3 
months with platelet transfusion 
(RR 2.05, p=0.014)

• No significant difference in 
mortality alone

PLATELET TRANSFUSION



Platelet 
transfusion 
in non 
bleeding 
patients

-No recommendation for 
restrictive vs liberal platelet 
transfusion thresholds 

-Define lower limits for 
prophylactic platelet transfusion, 
regardless of bleeding

Restrictive strategy (no 
transfusion) suggested for:

• Spontaneous or traumatic 
ICH

• Patients on antiplatelet 
therapy 

• No recommendation for 
restrictive vs liberal 
transfusion in: Critically ill 
patients with non-massive 
bleeding on antiplatelet 
therapy

INDIVIDUAL PATIENT 
CHARACTERISTICS



Fibrynogen

• Suggest empiric fibrinogen 
concentrate in critically ill 
patients with non-massive 
bleeding after cardiac surgery

• No recommendation for 
empiric fibrinogen in other 
critically ill patients with non-
massive bleeding



We suggest using either viscoelastic testing or conventional coagulation testing to 

guide transfusion in patients with massive and non-massive bleeding due to 

cirrhosis, in liver transplant recipients, or in critically ill trauma patients.

Although viscoelastic testing may improve certain outcomes (e.g. TRALI, ARDS), the limited number 

of studies, heterogeneity, and imprecision → overall low certainty of evidence.

Viscoelastic testing



Clinical Case 1

Patient: Male, 75 years old

Diagnosis: Severe aortic stenosis

Procedure: Elective aortic valve 

replacement (AVR)

Duration of surgery: 118 minutes

Aortic cross-clamp time: 35 minutes

Medical history:

Arterial hypertension

Type 2 diabetes mellitus

Severe aortic stenosis

No other significant comorbidities

Regular medication: ASA, 

antihypertensive

Intraoperative course:
• Procedure completed without 

technical complications
• No blood or blood product 

transfusions
• According to the surgeon: “closed 

dry,”
• Hemodynamics stable during 

surgery

Postoperative blood gas analysis:
• Hemoglobin: 10.1 g/dl
• Hematocrit: 29%
• Upon arrival to ICU:
• Continuous mediastinal drainage 

output of approximately 100 
ml/hour

• Hemodynamically stable
• No signs of tamponade or acute 

instability



Clinical Question

Persistent mediastinal 
bleeding of ~100 ml/hour 
after AVR 

What should be done 
next?



Continuous Noninvasive Hemoglobin Monitoring 

(Total Hemoglobin SpHb)

HEMODYNAMIC 
MONITORING,

01
BLOOD GAS 
ANALYSES, 

02
MORPHOLOGY 
AND  STANDARD 
LABORATORY 
TESTS

03

https://pmc.ncbi.nlm.nih.gov/articles/PMC4708068/


Limitations of 
Conventional 

Coagulation 
Tests (CCT)

Tests: PT, INR, PTT, platelet count, fibrinogen

Drawbacks: plasma only, not trauma-specific, 
incomplete cascade picture

PT/PTT stop when only ~5% of thrombin is 
generated

Cannot distinguish functional vs 
nonfunctional fibrinogen

Slow turnaround: median 88 min (up to 235 
min)



„Upon withdrawal from cardiopulmonary bypass, we suggest the 
use of heparin monitoring to avoid protamine-to-heparin dosing 
ratios above 1 .

Activated Clotting Time (ACT)

Limitations: nonlinear at high heparin levels; influenced by hypothermia, hemodilution, thrombocytopenia.



Monitoring 

• HMS PLUS HEMOSTASIS 

MANAGEMENT SYSTEM

• ANTI-XA ASSAYS

• VISCOELASTIC  TESTING 

WITH HEPARINASE CHANNELS.



Anti -Xa assays

Population Key Protocol Details Target Range 

O’Meara et al., 2015 Pediatric ECMO Protocol titrating UFH infusion 
directly to anti-Xa

Target: 0.4–0.8 IU/ml; ATIII 
supplementation often required

Levy et al.,2022 Adult & pediatric 
ECMO

Review of anticoagulation 
strategies

Recommends anti-Xa monitoring with 
target 0.3–0.7 IU/ml; advises combining 

with global hemostasis tests

Helms et al., 2023 Adult ECMO Expert guidance document
Recommends anti-Xa–based protocols; 

emphasizes individualized targets 
(commonly 0.3–0.7 IU/ml)

Rodrigues et al., 
2024 Adult VV-ECMO Review of monitoring strategies Anti-Xa 0.3–0.7 U/ml suggested; use in 

combination with ACT/aPTT

Ruggeri et al.,  2021 Adult ECMO Observational data comparing 
assays

Showed anti-Xa better correlates with UFH 
than aPTT; suggested 0.3–0.5 IU/ml safe 

range



Our 
proposition 

protocol

Phase Action Target Values Monitoring Frequency 

Initiation
UFH bolus at cannulation, 

start infusion
0.3–0.7 IU/ml

Anti-Xa 1–2 h after 

bolus/dose change; 

parallel aPTT/ACT

Maintenance
Adjust UFH infusion based 

on anti-Xa (+aPTT/ACT)

Maintain anti-Xa in 

range

Anti-Xa q4–6 h; once 

stable q12 h

Discordant 

results

Anti-Xa in range but aPTT 

low → ↑ UFH - aPTT 

therapeutic but Anti-Xa > 1 

IU/ml → ↓ UFH

Maintain balance 

between assays
Use UFH sliding scale

Special 

situations

Bleeding, thrombosis, 

oxygenator change, 

heparin resistance, low 

ATIII

Target anti-Xa per above 

+ check ATIII, consider 

TEG/ROTEM

More frequent 

monitoring (q2–4 h)

Escalation

Persistent 

sub/supratherapeutic 

values

Consider ATIII 

supplementation, adjust 

bolus, revise targets

Individualize by 

patient risk



Anti-Xa: Advantages & Limitations

Advantages

Direct measure of UFH effect (inhibition of factor Xa)

Better correlation with plasma UFH concentration

Less influenced by biologic confounders

•Faster time to therapeutic range
•More stable therapeutic levels
•Fewer dose adjustments
•Fewer tests performed overall

Clinical benefits:

Limitations

• Higher cost, less available in some 

centers

• Inter-laboratory variability due to 

different reagents

• Not yet fully standardized globally



Conventional coagulation tests vs 

viscoelastic testing

algorithms reduce unnecessary 
plasma/platelet 
transfusions compared to conventional 
coagulation tests.



Clinical case 
2

Patient: Male, 26 years old
Mechanism of injury: Fall 
from height
Time from injury to 
admission: ~8 hours

Diagnoses:
• Head trauma
• Intracranial hematoma after 

decompressive craniectomy
• Kidney injury
• Spinal injury (post-surgical)
• Hypothermia on admission

Severely injured 

polytrauma patient, post 

craniectomy and 

abdominal/spinal surgery, 

hypothermic, admitted 8 

hours after trauma

What should be done 
next in the ICU?



Principles of Managing Coagulopathy

• Multidimensional assessment: clinical, laboratory, point-of-care
• Essential preconditions of hemostasis:
• pH > 7.25
• Ionized calcium > 1 mmol/L
• Body temperature > 34 °C
• Minor bleeding: may pause anticoagulant, close monitoring
• Major bleeding: urgent damage control surgery → ICU 

stabilization → definitive surgical repair



Bleeding Post traumatic coagulopathy

Immediate detection and management of traumatic coagulopathy improves outcomes of severely injured patients.

TIME 



[p87w32p-0ik





Case 3

What is the next step??

ACT 183

Patient: Male, 67 years old
Procedure: CABG (LIMA-LAD, RCA)

Duration of surgery: 128 minutes
Aortic cross-clamp time: 43 minutes

Medical history:

Arterial hypertension

Type 2 diabetes mellitus

Chronic heart desease

Regular medication: ASA, antihypertensive





What should we do?

ACT 
193



1

2



Take-home messages

• Post-surgical bleeding and anemia remain major 
ICU challenges.

• Restrictive transfusion strategies are generally safe 
for non-bleeding patients.

• Goal-directed, viscoelastic-guided transfusion 
improves outcomes in massive bleeding.

• Transfusion decisions must be individualized, 
considering patient condition, comorbidities, and 
institutional protocols.



Thank you for your attention!
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