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Multifactorial aetiology of preoperative anaemia 



37,3% 29,3% 10,7% 8,2% 





























PBM PROJECT AT IRCCS Policlinico San Donato 
PREOPERATIVE IRON DEFICIENCY CORRECTION 
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<12 g/dL = 22% patient population 
 

220 patients/year  
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Hb ≤ 12 g/dl  nessun trattamento 
NO 

Transferrina/Sat% 
Ferritina 
PCR 
Creatinina/GFR 

SI 

tSat% < 34% 

Creat / GFR Ferritina < 100   

tSat% < 34% 

Ferritina > 100   

tSat% > 34% 

Anemia sideropenica 

Anemia sideropenica  
funzionale 

PCR > 0,5   

GFR < 60 ml/min GFR > 60 ml/min 

Anemia da IRC Vit B12 / Folati 

Vit B12 < 197 pg/ml  
Folati < 3,89 μg/ml 

Anemia da carenza  
di B12 e/o Folati 

Somministrazione  
di B12 e/o Folati 

Eprex  
40.000 U sc 

tSat%  
= 20-34% 

tSat%  
< 20% 

Ferinject  
500 mg 

Ferinject  
1000 mg 

Ferinject  
500 mg 

Eprex  
40.000 U sc 

Al ricovero verranno eseguiti esami di controllo per verificare l’efficacia del trattamento 



HYPOTHESIS 
If we can increase the preoperative Hb value by 1 
mg/dL, the expected transfusion rate will decrease 
by 13% 
 
This accounts for 130 pts/year. 
Given a mean RBC transfusion of 2 units, 
a blood saving of 260 Units 
 
Total saving accounts to 65,000 Euros/yr 
Much more considering the additional costs of 
transfusions (about 100,000 Euros/year) 
 



Anemia correction 
 

 
• Ferrocarboxymalthose 700 mg ± 302 (in 57 pts) 

 
 

 
• Erithropoyetin 40.000 U (in 27 pts) 



ONGOING STUDY 
 
Sixty-one patients received anemia correction 
 
Control patients were 520 (rough data) 
 
After propensity matching, a control group of 174 
was selected 



VARIABLE Anemia 
correction 

Control P value 

Age 72.1±11.4 73.6±5.0 0.314 

Gender male 31.1% 26.4% 0.479 

Weight 64.5±14.2 66.0±11.8 0.420 

Ejection fraction 58.4±7.8 57.0±8.4 0.283 

Serum creatinine 1.2±1.8 1.2±1.3 0.845 

Combined surgery 41% 39% 0.793 

EuroSCORE II 1.7% 1.6% 0.999 

Diabetes 21.3% 21.8% 0.931 

COPD 1.7% 1.6% 0.985 

61                174 
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VARIABLE Anemia correction Control P value 

Transfusion RBC 55.7% 70.7% 0.033 

Transfusion PLT 8.2% 10.3% 0.627 

Bleeding 302±286 430±324 0.007 

LOS 8.2% 17.2% 0.088 

Stroke 1.6% 1.7% 0.99 

F.A. 26.6% 28.7% 0.533 

SEPSI 1.6% 2.3% 0.789 

Mechanical 
Ventilation 

16.5±13.6 33.8±87 0.01 

Days in ICU 2.60±3.82 3.91±8.7 0.065 

Hospitalization 9.4±4.8 11.2±9.0 0.034 

Peak Creatinina 1.10±1.0 1.27±1.30 0.372 

Mortality 1.6% 3.0% 0.415 

OUTCOME 



TOO LITTLE PATIENT 
POPULATION AT PRESENT 

 
HOWEVER, A POSITIVE 

TREND ON OUTCOMES AND 
SIGNIFICANT REDUCTION IN 

RBC TRANSFUSIONS 
 

A LARGE MULTICENTER 
TRIAL IN UK IS ONGOING 
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Transfusion and Organ Injury 

Acute Kidney 

Injury 

Low Cardiac 

Output 

Ranucci et al. JTCVS 2011  







THE TRIAD 

1.ANEMIA: A DISEASE 

 

2.BLEEDING: A SYMPTOM OF A 

DISEASE 

 

3.TRANSFUSION: A THERAPY OF A 

SYMPTOM / DISEASE 



THE TRIAD 

TRANSFUSION: A THERAPY OF A 

SYMPTOM / DISEASE 

 

1. Transfusion is decided by the doctors 

 

2. They can be used or avoided on clinical 

judgement 

 

3. TRANSFUSION IS NOT AN OUTCOME 







QUESTIONS 

1. ARE TRANSFUSIONS HARMFUL IN SURGERY 
 
2. WHAT IS THE LEVEL OF THE EVIDENCE? 

 
3. WHAT IS «liberal» and WHAT IS «restrictive»? 

 
 



WHERE IS THE EVIDENCE 

COMING FROM? 

TRANSFUSIONS LEAD 

TO BAD OUTCOMES 

IN CARDIAC SURGERY 



They all share one factor: 

RETROSPECTIVE STUDIES 

Hundreds of studies found 

an association between 

RBC transfusions and bad 

outcomes in cardiac surgery 



RETROSPECTIVE STUDIES 

• ADJUSTED FOR CONFOUNDERS 

 

• PROPENSITY MATCHED 

 

• NEVER CONSIDERING THE CLINICAL 

JUDGEMENT 

 

• TRANSFUSIONS ARE MORE OFTEN USED IF 

THE CLINICIANS FEEL THAT THE PATIENT IS 

LESS ABLE TO TOLERATE ANEMIA 



RETROSPECTIVE STUDIES 

EVERY TIME WE 

RETROSPECTIVELY INVESTIGATE 

THE ASSOCIATION BETWEEN A 

THERAPY AIMED TO CORRECT AN 

ACUTE CONDITION, WE WILL 

INVARIABLY FIND AN ASSOCIATION 

WITH BAD OUTCOMES 



NEED EXAMPLES 

WHENEVER WE DECIDE TO USE: 

1. An inotropic support 

2. An IABP 

3. An ECMO 

4. A ventilatory support 

5. PEEP 

….and dozen of other therapies… 



NEED EXAMPLES 

THOSE WHO ARE IN NEED FOR A 

THERAPY WILL HAVE, WHEN 

RETROSPECTIVELY ANALYZED, 

WORSE OUTCOMES THAN THOSE 

WHO DID NOT REQUIRE IT 

 

Should we stop using inotropes, High 

PEEP, ECMO, because of this? 



RETROSPECTIVE STUDIES 

RETROSPECTIVE STUDIES MAY ONLY FIND 

ASSOCIATION, NOT CAUSATION. 

 

THEY ARE VERY USEFUL TO RAISE  A 

HYPOTHESIS 
 

IF YOU WANT TO CONFIRM THE HYPOTHESIS, YOU 

NEED AN RCT 



THE RANDOMIZED  

CONTROLLED TRIALS 





30% 24% 











TRACS: Outcomes 

Outcome Liberal Restrictive Difference P Value 

Death, 
Major 

Morbidity 

10% 11% 1.5  

(-6% to 4%) 

0.87 

30 Day 
mortality 

5% 6% 0.42 

ARDS 1% 2% 0.99 

RRT 5% 4% 0.99 

Cardiac 
Morbidity 

21% 24% 0.27 

Infection 10% 12% 0.58 

Transfusion 78% 47% !!! <0.001 















Hb 7.5 g/dL   Hb 9 g/dL 













Hb 7.5        Hb 9.5 













QUESTIONS 

1. ARE TRANSFUSIONS HARMFUl IN SURGERY? 
 

NO (unless massive?) 
 

THERE IS NOT A SINGLE RANDOMIZED CONTROLLED TRIAL WHERE  
A LIBERAL STRATEGY ARM HAD A SIGNIFICANT GREATER RATE 

OF EVENTS, SAME FOR POOLED DATA 



QUESTIONS 

SO, IF IT IS TRUE THAT THERE 
ARE NO DANGEROUS RBC  

TRANSFUSIONS… 
 

IT IS TRUE AS WELL THAT THERE 
ARE MANY INAPPROPRIATE 

TRANSFUSIONS 



A LIBERAL STRATEGY DOES NOT 

INDUCE ANY COMPLICATION 

HOWEVER, IN MANY CASES 

MAY TRIGGER AVOIDABLE 

TREATMENT 

A RESTRICTIVE STRATEGY  

IS NOT INFERIOR 

TO A LIBERAL STRATEGY, 

AND THEREFORE AVOIDS 

UNNECESSARY TREATMENTS 



QUESTIONS 

1. ARE TRANSFUSIONS HARMFUL IN SURGERY? 
 
2. WHAT IS THE LEVEL OF THE EVIDENCE? 

 
3. WHAT IS «liberal» and WHAT IS «restrictive»? 

 
 



TRANSFUSION RATE RESTRICTIVE ARM: 

 

Bracey   41% 

Shehata   44% 

Hajjar (TRACS)   47% 

Mazer (TRICS II)  53% 

Koch     54% 

Murphy (TITRE 2) 64%  
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TRANSFUSION PROTOCOL 

Algoritmo condiviso per la gestione dell'emorragia pz CCH 

 Hb (g/dL)  HCT (%) RBC transfusion 

≥ 10 ≥30 NO 

≥ 8, <10 ≥24, <30 Only in case of clinical indication* 

≥7, <8 ≥21, <24 Could be considered 

<7 <21 YES 

*Clinical indications: 
• Lactates > 4mMol/L 
• SVO2 < 65% 
• O2 ER > 40% 
• Low C.O. (despite inotropic drugs / IABP) 

• Active bleeding 
• End organ ischemia 
• Age 





PREOPERATIVE 

 
• Correct preoperative absolute iron deficiency 

anemia with ferrocarboxymalthose; consider 

EPO for functional iron deficiency or CRD 

anemia 

• Consider RBC transfusion in severe anemia 

(Hb < 10 g/dL) 

• ASPIRIN: do not discontinuate 

• P2Y12 inhibitors: discontinue 

                           TICAGRELOR 3 days 

       CLOPIDOGREL 5 days 

       PRASUGREL 7 days 

                           TICOPLIDINE 7 days 

• If Multiplate® available; admit to surgery 

regardless of withdrawal time if ADPtest ≥30 U 

• Stop warfarin, bridge with LMWH and admit to 

surgery when the INR ≤ 1.5 

• Discontinue DOACs at least 48 hours before 

surgery. Apply longer discontinuation times (up 

to 96 hours) based on creatinine clearance. 

Consider direct titration with diluted thrombin 

time (dabigatran) or calibrated anti FXa activity 

(rivaroxaban, apixaban, edoxaban) 

• Stop LMWH at least 12 hours before surgery 

• Stop fondaparinux at least 24 hours before 

surgery. Longer discontinuation time based on 

serum creatinine clearance. Consider direct 

titration with calibrated Anti FXa activity 

 

 

INTRAOPERATIVE 

 
• Always use tranexamic acid according to the 

institutional protocol, however not less than a 

total dose of 30 mg/kg 

• Anticoagulation: to establish the heparin dose, 

use Heparin Monitoring Systems if available, 

and start CPB at an ACT > 450 seconds 

• Reduce intraoperative hemodilution as much 

as possible, using retro-prime, vacuum 

assisted venous return, and an ideal CPB 

priming volume target at 1,000 mL. Avoid 

hydroxyethyl starches in the priming. 

• Consider RBC transfusion during CPB if the 

HCT < 21% and the SvO2 < 68% 

• Always transfuse RBC if the HCT on CPB < 

18% 

• Establish the protamine dose using Heparin 

Monitoring Systems is available; otherwise 

start with a 1:1 ratio protamine:heparin loading 

dose. 

• Use of cell saver and ultra-filtration according 

to the local policies. 

 

 

 

 

 

 

 

 

 

 

POST-CARDIOPULMONARY 

BYPASS and ICU 
• Apply the following VET-based bleeding 

management in actively bleeding patients 

1. Protamine (25-50 mg) if CT Intem > 300 and 

CT Heptem < 80% CT Intem (ROTEM®) or R 

time at TEG® with heparinase is 3 minutes 

shorter than R time standard 

2. Fibrinogen concentrate (2 grams) if Fibtem 

MCF < 8 mm or Functional Fibrinogen < 6 

mm. Target value Fibtem MCF 14 mm or 

Clauss fibrinogen 2.5 g/L 

3. Desmopressin 0.3 μg /Kg and/or Platelet 

concentrate transfusion (1 unit) when 

fibrinogen is normalized  and one of the 

following: platelet count < 100,000 cells/ μL; 

P2Y12 inhibitors not whitdawn; ADPtest < 12 U 

4. Additional dose of tranexamic acid + 1 gram 

fibrinogen concentrate if signs of 

hyperfibrinolysis at VET 

5. Prothrombin complex concentrate (better 4-

factors) 20 IU/kg if CT Extem > 90 seconds or 

R time at TEG with heparinase > 15 minutes. 

Consider FFP as second option only. 

6. Uncontrolled, life-threating bleeding: FFP 15 

mL/kg;  normalize platelet count, administer 

fibrinogen concentrate to a target Fibtem MCF 

of 22 mm or Clauss fibrinogen level 3.5 g/L 

7. If ongoing bleeding with negative VET tests, 

consider surgical re-exploration 

 

 

THE GRANDUCATO PATIENT BLOOD  

MANAGEMENT ALGORITHM 

ANEMIA CORRECTION     BLOOD-SAVING MEASURES     BLEEDING CONTROL 
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Condizione Intervento suggerito 

Anemia da deficit di ferro (assoluto): 
Saturazione transferrina < 34% 
Ferritina < 100 ng/ml 

Ferrocarbossimaltosio e.v. 
500 mg (se Sat Transferrina 20-

33%) 
1000 mg (se Sat Transferrina < 

20%) 

Anemia da deficit di ferro (funzionale): 
Saturazione transferrina < 34% 
Ferritina ≥ 100 ng/ml 
Aumento indici infiammazione 

 

Ferrocarbossimaltosio e.v. 
500 mg (se Sat Transferrina 20-

33%) 
1000 mg (se Sat Transferrina < 

20%) 
Eritropoietina 40.000 U s.c. 

Anemia da insufficienza renale cronica 
Saturazione transferrina ≥ 34% 

Clearance creatinina > 60 ml/min/1.73m2 
 

Eritropoietina 40.000 U s.c. 
 

Anemia grave (Hb < 10 g/dL) 
Considerare trasfusione globuli 

rossi prima della CEC 

Correzione anemia pre-operatoria (se valutata almeno 2 settimane prima della 
chirurgia) 

PREOPERATORIO 
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INTRAOPERATORIO – Post protamina- sanguinamento microvascolare 

Algoritmo condiviso per la gestione 
dell'emorragia pz CCH 

Step Se ROTEM o TEG Trattamento 

1) Eparina residua 
CT INTEM >300’’ e CT HEPTEM/CT INTEM  <0.8 

25-50 mg protamina 
R Hep < 3’ vs R standard 

2) Fibrinogeno 
(se CEC < 90’ effettuare i 
test) 

FIBTEM MCF < 8 mm Fibrinogeno Concentrato 2 g , 
ripetibile (target FIBTEM 14mm, 
Fibrinogenemia Clauss 250 mg/dL) FF < 8 mm 

3) Piastrine Se Fibrinogeno nella norma e 1 dei seguenti: 
- PLT preoperatorie <100.000/µL 
- Inibitori P2Y12  non sospesi nei tempi consigliati 
- ADP test Multiplate postoperatorio < 12 U 

Desmopressina 0.3 μg /Kg 
Se permane sanguinamento 
microvascolare, 1 unità Piastrine 
concentrate 

4) Iperfibrinolisi Test viscoelastici significativi Acido tranexamico + Fibrinogeno 
Concentrato 

5) Generazione 
trombina (dopo 

eventuali correzioni 
punti 2-4) 

CT EXTEM > 90’’ 1° scelta: PCC 20UI/kg (preferibile 4 
Fattori) 
2° scelta: FFP 15 mL/kg 

R Hep >15’0’’ 

6) Se Fibrinogeno e PLT normali/corretti ed 
emorragia non controllata con pericolo di vita 

Mantenimento volemia con FFP + 
ulteriore correzione con Fibrinogeno 
(target FIBTEM >22mm, Clauss >350 
mg/dL) + eventuale rFVIIa 

7) Se parametri normali/corretti Emostasi chirurgica 



COMING SOON… 

GRANDUCATO II 
 

LIBERAL vs RESTRICTIVE  BLEEDING 
CONTROL ALGORITHM  

 
NON-INFERIORITY TRIAL 

 
Restrictive targets (i.e. FIBTEM < 6 mm) vs 

Liberal targets (i.e. FIBTEM < 9 mm) for 
pro-coagulants administration 


