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Liebe Kolleginnen  
Liebe Kollegen

Blut ist ein besonderer Saft. Es sollte nicht zu dünn, nicht zu dick sein. 
Zu viel ist nicht gut, zu wenig ganz schlecht. Und schliesslich sollten auch 
die Zutaten stimmen.

Wahrlich eine Herkulesaufgabe für dieses Organ des menschlichen Körpers!

Durch seine physiologischen Eigenschaften fasziniert das Blut gerade uns 
Anästhesisten in besonderem Masse. Die Komplexität der biochemischen 
Prozesse macht ein Verstehen aber nicht immer ganz leicht.

Wir freuen uns, Sie zum Sommersymposium einladen zu dürfen, an dem das 
Blut im Zentrum steht. Unsere Referenten werden Ihnen zur gesamten 
perioperativen Phase spannende Inputs zum Thema Blut geben können:  
Mit Vorträgen über Patient Blood Management in der perioperativen Phase, 
über hämostaseologische Bedsidetests bis hin zum neuen Therapiealgorithmus 
bei Massenblutung der SGAR und schliesslich zur richtigen Gerinnungs-
therapie rund um die modernen kardiologischen Interventionen und Implantate 
haben wir für Sie praktische Themen gewählt, die durchaus auch als  
Entscheidungshilfen dienen.

Gerne erwarten wir Ihr Kommen, wiederum angeregte Diskussionen und 
grüssen Sie bis dahin herzlich!

Dr. med. Daniel Borer
Leitender Arzt
Institut für Anästhesiologie
Kantonsspital Winterthur
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Eröffnung des Symposiums
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Patient Blood Management 
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Was Sie schon immer über POCT wissen wollten  
und sich nie zu fragen getrauten
PD Dr. med. Lars Asmis
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Koronarstents – perioperative Herausforderungen
PD Dr. med. Stefan Blöchlinger

Gerinnungs- und Transfusionsalgorithmus der SGAR
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Die Veranstaltung wird von der SGAR mit 4 Credits anerkannt.
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Agenda
▪ Patient Blood Management 
− The Program, Rationale 

▪ Pillar 1 – Optimise RBC Mass 
− Anemia – Definition, Differential, Pre-operative Workup 
− Iron Deficiency 

▪ Pillar 2 – Blood Loss 

▪ Pillar 3 – Manage Anemia 

▪ Key Facts



PBM – THE PROGRAM



PBM – Patient Blood Management 
Multi-Disciplinary Quality Improvement Program

▪ 3 PILLARS 

▪ 3 TIME POINTS 
− PRE-OP 
− INTRA-OP 
− POST-OP

https://www.nba.gov.au/patient-blood-management-pbm (05/2018)



PBM – RATIONALE



È Outcome È

Disease, Nutrition, BLoss

Anemia 

Transfusions



Pre-op anemia – outcome
▪ Meta-analysis, 24 eligible studies, 949,445 pts, 39% anemic 

▪  Anemia was associated with  
− increased mortality (OR 2.90, 2.30 to 3.68) 
− acute kidney injury (OR 3.75, 2.95 to 4.76)  
− infection (OR 1.93, 1.17 to 3.18) 
− stroke (OR 1.28, 1.06 to 1.55)  
− increased RBC transfusions (OR 5.04, 4.12 to 6.17) 

▪ ?? independent risk factor vs marker of underlying disease ??

Fowler AJ et al. Br J Surg 2015. 102:1314-24



Transfusions – UK Hemovigilance

▪ 1996-2016 cumulative 
reports for SHOT 
categories 
n = 18,258 (50 Mio units) 
 
last 7 yrs ~ 3,500 reports annually  
1 report per 5’000 units transfused 

▪ Majority of incidents 
(90%) are caused by 
human error  

www.shot-uk.org



UK Hemovigilance – pulmonary

www.shot-uk.org

*
2004 male only plasma



UK Hemovigilance – deaths

www.shot-uk.org

▪ 2010-2016 
transfusion-related deaths  
n = 115 
 
last 7 yrs ~ 3,500 reports annually  

▪ Risk of death: 1 in 100’000 components issued



Swiss Hemovigilance 

à 1 Meldung pro 100 Transfusionen (sehr hoch !)

Swissmedic Haemovigilance 2016; www.swissmedic.ch

2016
-25%



Swiss Hemovigilance – serious TR

Swissmedic Haemovigilance 2016; www.swissmedic.ch



Transfusion risks

by courtesy of Spahn DR, USZ

PubMed 05/2018 
«blood transfusion risk» 
à 25,360 search results



 ANEMIA
 Pillar 1



WHO definition of anemia

Women (adult, non-pregnant): hemoglobin < 120 g/L 
Men (adult): hemoglobin < 130 g/L 

▪ 25% of the world’s population  
affected ! 

▪ Iron deficiency is the leading 
cause (80%) of anemia !

WHO Global Database on Anemia, 1993-2005, published 2008



Anemia – etiologies
Microcytic (low mean corpuscular volume, MCV <80 fL)

• Iron deficiency, Thalassemia 
• Other: Sideroblastic (congenital, lead, alcohol, drugs), copper deficiency, zinc poisoning

Normocytic (normal mean corpuscular volume, MCV 80-100 fL)

• Bleeding (acute), Hemolysis 
• Renal insufficiency, Aplastic  
• Infection, chronic disease

Macrocytic (increased mean corpuscular volume, MCV >100 fL)

• Ethanol excessive use 
• Vitamin B12- and/or Folic acid deficiency 
• Myelodysplastic syndromes 
• Reticulocytosis (response to hemolysis, blood loss, hematinic therapy) 
• Other: Hypothyroidism (normo- or macrocytic), liver disease,  

drug-induced (Zidovudin, Azathioprin – Imurek®, Chemotherapeuticals)

Siegenthaler, Differential Diagnosis in Internal Medicine

https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj4qLfavb7ZAhUS3qQKHZXgAg4QjRx6BAgAEAY&url=https://library.med.utah.edu/WebPath/TUTORIAL/IRON/IRON005.html&psig=AOvVaw2MUzJhex1oYCsJYWMMBwZm&ust=1519559309118208


Anemia – pathogenesis

Bleeding (acute vs. chronic – reticulocytes high)

Hemolysis – increased RBC destruction (reticulocytes high)

• Corpuscular: Defect in Membranes, Enzymes, Hemoglobins  
• Extracorpuscular: Antibodies, Drugs/Poisoning, Infections, Microangiopathic

Maturation disturbed – decreased effective RBC production (reticulocytes =)

• Lack of nutrients  
• Myelodysplastic syndromes 
• Thalassemia, Sideroblastic (congenital, lead, alcohol, drugs)

Proliferation disturbed – decreased overall RBC production (reticulocytes low)

• Severe lack of nutrients  
• Renal insufficiency, Aplastic  
• Infection, chronic disease  

Siegenthaler, Differential Diagnosis in Internal Medicine

https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj4qLfavb7ZAhUS3qQKHZXgAg4QjRx6BAgAEAY&url=https://library.med.utah.edu/WebPath/TUTORIAL/IRON/IRON005.html&psig=AOvVaw2MUzJhex1oYCsJYWMMBwZm&ust=1519559309118208


IRON DEFICIENCY



Pre-op Hb levels and iron status 
3’342 consecutive pts, major cardiac and non-cardiac surgery, over 7 yrs – Spain  

Muñoz M et al. Anaesthesia 2017, 72, 826–34 

Hb levels  Iron status

Hb ≥130

Hb <130

Prevalence of anemia 36%

Low iron stores 
Ferritin 30-100 ug/L, TSAT >20% 
5% of pts with Hb <130

Absolute iron deficiency 
Ferritin <30 ug/L, CRP normal 
62% of pts with Hb <130

Iron sequestration 
Ferritin >100 ug/L, TSAT <20% 
10% of pts with Hb <130



Iron metabolism

▪ 1 g Hb = 3.4 mg iron 
Hb 140 g/L à 1L blood = 476 mg iron 

▪ Rule of thumb 

2 mL blood ~ 1 mg iron 

monthly loss of 60 mL 
~ 30 mg iron loss 

blood loss of 1 L  
~ 500 mg iron loss

www.ironatlas.com



Iron metabolism – resorption

▪ regulation mainly through 
blockade of enteral resorption

www.ironatlas.com



Lab tests in iron deficiency
Normal Iron deficiency, 

no anemia
Iron deficiency,  
intermediate

Iron deficiency, 
severe

Hemoglobin  
g/L

Normal Normal 90 to 120 60 to 70

Ferritin  
µg/L 

40 to 200 <40 <20 <10

Serum iron (Fe)  
µmol/L

10.7 to 26.7 10.7 to 26.7 <10.7 <7.1

Transferrin (~TIBC)  
µg/dL

300 to 360 300 to 390 350 to 400 >410

TF saturation (TSAT)  
% 

20 to 50 30 <15 <10

UpToDate 2018

❖ Ferritin:  Infection, chronic disease à Ferritin h 
❖ Transferrin:   Iron deficiency à TF h à TFsat may be falsely low 
 Infection, chronic disease à TF i à TFsat may be falsely high 
❖ TSAT  calculation: Fe / 2xTF (µM) or Fe / TF (µg/dL) x 70.9



Iron deficiency anemia

Simplified cut-off 
values in most PBM 

programs: 

▪ Hb <130 g/L 

▪ Ferritin <100 µg/L 

▪ TSAT  <20 % 

2018 UpToDate



Iron deficiency syndromes

Goodnough LT et al. Anesth Analg 2013; 116:15-34

Supply, Demand, 
Loss 

Infection,  
Chronic Disease 

Erythropoietin- 
Stimulated 

Erythropoiesis

Iron 
 Sequestration 

Absolute 
 Iron Deficiency 

Functional 
 Iron Deficiency 



Absolute iron deficiency

Andrews NC. N Engl J Med 1999; 341:1986-95

Conditions
Iron supply i
• Inadequate diet

Iron absorption i
• Celiac disease, HP infection, auto-immune atrophic gastritis

Iron demand h
• Growth / development, pregnancy, breast-feeding

Blood (iron) loss h
• GI loss (NSAID’s, ulcers, diverticulosis, neoplasm, IBD, parasites) 
• GYN / URO loss (menstrual, post-menopausal, neoplasm) 
• Severe bleeding, Blood donation

Prevalence (developed countries) 36% of geriatric population



Functional (relative) iron deficiency
▪ Endogenous EPO response à moderate erythropoiesis 
− Serum iron, TFsat adequately maintained by storage iron 

− Little / no benefit of oral or iv iron supplementation 

▪ EPO response after ESA therapy à massive erythropoiesis 
− Serum iron, TFsat decline despite ‘adequate’ 

storage iron (development of functional iron 
deficiency) 

− Oral or iv iron mandatory !

Goodnough LT et al. Anesth Analg 2013; 116:15-34



Iron sequestration – Hepcidin
▪ Hormone, secreted by the hepatocyte 

▪ Central regulator of iron absorption / distribution  
− Iron h (plasma & storage) à Hepcidin h 
− State of inflammation à IL6/STAT3 pathway à Hepcidin h 

à iron trapping in enterocytes and RES cells (Ferroportin 
internalized) à i absorption and i release from internal 
storage 

à hypoferremia à iron-restricted erythropoiesis  
à decreased responsiveness to ESA therapy

Andrews NC. N Engl J Med 2012; 366:376-77



Hepcidin, Anemia of chronic disease
In contrast to ferritin levels, changes in hepcidin concentrations are 
the cause of, rather than the result of, iron disorders 

??? Hepcidin antagonists may be 
an effective treatment for pts with 
iron-refractory iron-deficient anemia 
(IR-IDA) or anemia of chronic 
disease in the future ??? 

Etiology of anemia of chronic disease – hypoferremia (hepcidin) PLUS 
direct suppression of BM through inflammatory cytokines

Andrews NC. N Engl J Med 2012; 366:376-77



OPTIMISE RBC MASS
Pre-operative workup



Pre-op flow chart – USZ approach 
Elective cases at risk for bleeding complications (FOCUS: estimated BL >0.5 L or Trisk >10 %) 
à Pre-op Hemoglobin (Hb), Ferritin, Transferrin saturation (TFSAT)

modified after Spahn DR et al. Schweiz Med Forum 2017; 17: 1145-47

Severe Anemia 
Hb <100 g/L 

Mild Anemia 
Hb <130 g/L 

No Anemia 
Hb ≥130 g/L 

Normal iron stores

Post-pone Surgery, 
Go to Hematologist

Pre-op optimization, 
Surgery

Go to Surgery 

if surgery within 5 d 
Fe-Carboxymaltose iv 
+ ESA + VB12 + FA

Fe-Carboxymaltose iv 
if surgery within 5 d 
+ ESA + VB12 + FA

ESA  
if Ferritin <1000 µg/L 

+ Fe-Carboxymaltose iv

Ferritin <100 µg/L  
or TFSAT <20 % 

 
à Iron deficiency

Crea Cl <50 mL/min 
Ferritin ≥100 µg/L 
and TFSAT ≥20 % 

à Renal

CRP > 5 mg/L 
Ferritin ≥100 µg/L 
and TFSAT ≥20 % 

à Chronic disease

à Etiology unclear 
Consult Hematologist,  

if possible 

ESA  
if Ferritin <1000 µg/L 

+ Fe-Carboxymaltose iv

− Ferric-Carboxymaltose (e.g. Ferinject®) 20 mg/kg, max. 1’000 mg i.v.: 70 kg à 1’000 mg in 250 mL NaCl 0.9% over 30 min 
− ESA (Erythropoiesis Stimulating Agent): Erythropoietin alpha (e.g. Eprex®) 600 U/kg s.c. à 70 kg à 40’000 U s.c. 
− VB12 (Vitamin B12, e.g. Vitarubin®-superconc.) 1 mg s.c. 1x (weekly up to every 2nd day) and FA (Folic Acid, e.g. Acidum folicum) 5 mg p.o. daily

No Anemia 
Hb ≥130 g/L 

Low iron stores

Pre-op optimization,  
Surgery

Fe-Carboxymaltose iv 
 

 
Ferritin <100 µg/L 
 or TFSAT <20 % 

 
à Iron deficiency 



IV iron preparations

Muñoz M et al. Consensus Statement PBM. Anaesthesia 2017; 72: 233-47



http://www.swissmedicinfo.ch (accessed 05/2018)



Iron supplementation in CKD 
IV versus PO ± ESA

▪ Pts. with chronic kidney 
disease and iron deficiency 

▪ Fe-oxytol IV (2x510 mg) vs Fe PO 
(200 mg/d) for 21d; ±EPO (500U/kg/wk) 

▪ Hb measured after 4 and 5 
weeks

Spinowitz BS et al. J Am Soc Nephrol 2008; 19:1599-605



Select your patients !

Wilson MJ et al. Medical Hypotheses 2018. 110: 110-13



 BLOOD LOSS
 Pillar 2



Blood loss – focus on

▪Optimal peri-op anti-coagulation 

▪Surgical / coagulopathic bleeding 

▪Neglected sources of blood loss



Anemia and Blood Transfusion in CC 
Blood Sampling Sub-Study

▪ Prospective observational study, 146 ICU’s in EU, 3,534 pts  

▪ 2 aims – blood  sampling and anemia / blood transfusion on ICU 

▪ Mean (SD) daily blood volume for blood draws = 41.1 (39.7) mL 
− 46% of pts had ≥5 blood samples drawn daily 
− Significant correlation: organ dysfunction and number of blood 

draws (P<.001) and total volume drawn (P<.001)

Vincent JL et al. JAMA 2002. 288: 1499-507



 MANAGE ANEMIA
 Pillar 3



Restrictive Hb threshold

▪ 31 trials, involving 12,587 pts 

▪ Restrictive Hb 7-8 g/dL transfusion 
threshold decreased the proportion of 
pts (broad clinical range) exposed to 
RBC transfusion by 43% 

▪ Good evidence that transfusions with 
allogeneic RBCs can be avoided in most 
pts with Hb levels >7 g/dL

Carson JL et al. Cochrane Database Syst Rev 2016 Oct 12;10: CD002042 
confirmed by Mazer CD et al. N Engl J Med 2017 377: 2133-44 (TRICCS III)



Anemia in critical illness

▪ Iron IV – to be discussed, weak evidence so far  
Hb increased, transfusion rate not reduced (IRONMAN studies), 
infections ? 

▪ ESA – resistance to EPO, no outcome benefit, thrombotic ? 

▪ Transfusion threshold  
− 7 g/dL in general 
− TBD for TBI, sepsis, co-existing cardiovascular disease

Docherty AB et al. Transfus Med 2018 Jan 25. [Epub ahead of print]



Swiss medical boards

▪ SGI (Schweiz. Gesellschaft für Intensivmedizin) 

▪ SGAR (Schweiz. Gesellschaft für Anästhesiologie, Reanimation)

http://www.smartermedicine.ch/

4 Vermeide eine Bluttransfusion, falls  
das Hämoglobin ≥ 70 g/L ist  
dies gilt für Patienten ohne relevante  
Systemerkrankung, bei denen die Blutung  
kontrolliert ist 
 
Verbesserung des Patientenoutcomes  
Einsparen von Ressourcen (Blutprodukten)  
Reduktion von Kosten



KSW 2017, SUMMARY



EC Transfusion bei 7 / 1’000 Patienten 
KSW 2017: 17’199 Anästhesien / 123 transfundierte Patienten / 301 EC

2017 Bluttransfusion (Fremdblut) notwendig: 
Erythrozyten, Anzahl Beutel während Anästhesie am KSW
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1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106 111 116 121

 KSW A-QUA Report 2017, Teil 2



EC Transfusion – Patientenkollektiv  
KSW 2017: EC Transfusion «elektiv» bei 3 / 1’000 Patienten

 KSW A-QUA Report 2017, Teil 2



PBM – ⬆ patient outcome and ⬇costs

▪ West Australia, 4 sites, 605,064 pts 

▪ Achievements over 6 yrs: 
− Pre-op anemia 20.8 à 14.4% 
− Transfusion allog products -41% 
− Hosp-acquired Infections -21% 
− LOS -15% 
− Mortality -28% 

▪ Savings $ 6.8-29 Mio yearly 

Leahy MF et al. Transfusion 2017. 57: 1347-58



Blutverbrauch Zürcher Spitäler

▪ Keine aktuellen 
KSW Daten nach 
Klinik (Navision) 

▪ Spitäler Kt. ZH  
minus 41%  
(Zeitraum 7 Jahre)

http://www.zhbsd.ch (Accessed 05/2018)



PBM – Key Facts

1. Anemia – diagnose and treat, start pre-operatively 

2. Blood loss – minimize peri-operatively 

3. Anemia tolerance – accept low hb levels  

4. Blood products – think twice, act rationally 
only use restrictive, individualized and targeted (algorithms)



Slides available @

https://www.ksw.ch/klinik/anaesthesiologie/



ORPHAN



Pre-op anemia in non-cardiac surgery

▪ National Surgical Quality Improvement Program (U.S.), 2008 

▪ 227,425 pts, major non-cardiac surgery 
− 30.4% have pre-op anemia 

▪ Aim – effect of pre-op anemia on 30-day post-op composite morbidity 
(cardiac, respiratory, CNS, urinary tract, wound, sepsis, venous 
thrombo-embolism) and mortality 

▪ Classification of anemia into 2 classes:  
moderate-to-severe (≤29%), mild (>29–<39% [m] –<36% [w])

Musallam KM et al. Lancet 2011; 378:1396-407



Musallam KM et al. Lancet 2011; 378:1396-407

h morbidity   
in pts with pre-op 
anemia (mild and 
moderate-severe) 

adjusted OR 
1.35 (1.30–1.40)

h mortality in 
pts with pre-op 
anemia (mild and 
moderate-severe) 

adjusted OR 
1.42 (1.31–1.54)



Anemia – etiologies
Microcytic (low mean corpuscular volume, MCV <80 fL)

• Iron deficiency, Thalassemia 
• Other: Sideroblastic (congenital, lead, alcohol, drugs), copper deficiency, zinc poisoning

Normocytic (normal mean corpuscular volume, MCV 80-100 fL)

• Bleeding (acute), Hemolysis 
• Renal insufficiency (chronic), Aplastic (bone marrow suppression, invasion) 
• Infection, chronic disease (inflammation, malignancy)

Macrocytic (increased mean corpuscular volume, MCV >100 fL)

• Ethanol excessive use 
• Vitamin B12- and/or Folic acid deficiency 
• Myelodysplastic syndromes 
• Reticulocytosis (response to hemolysis, blood loss, hematinic therapy) 
• Other: Hypothyroidism (normo- or macrocytic), liver disease,  

drug-induced (Zidovudin, Azathioprin – Imurek®, Chemotherapeuticals)

Siegenthaler, Differential Diagnosis in Internal Medicine

https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj4qLfavb7ZAhUS3qQKHZXgAg4QjRx6BAgAEAY&url=https://library.med.utah.edu/WebPath/TUTORIAL/IRON/IRON005.html&psig=AOvVaw2MUzJhex1oYCsJYWMMBwZm&ust=1519559309118208


Anemia – pathogenesis
Bleeding (acute vs. chronic – reticulocytes high)

Hemolysis – increased RBC destruction (reticulocytes high)

• Corpuscular: Defect in Membranes (Spherocytosis, Elliptocytosis, PNH), Enzymes (G6PDH or 
Pyruvate kinase deficiencies), Hemoglobins (Sickle cell disease, Thalassemia) 

• Extracorpuscular: Antibodies (iso, auto), Drugs/Poisoning (dapsone, nitrites, hypotonic solutions; 
lead, copper, snake bites), Infections (malaria, clostridium), Microangiopathic (valve, TTP/HUS)

Maturation disturbed – decreased effective RBC production (reticulocytes =)

• Lack of nutrients (iron, vitamin B12, folic acid) 
• Myelodysplastic syndromes 
• Thalassemia, Sideroblastic (congenital, lead, alcohol, drugs), 

Proliferation disturbed – decreased overall RBC production (reticulocytes low)

• Severe lack of nutrients (iron, vitamin B12, folic acid) 
• Renal insufficiency (chronic), Aplastic (bone marrow suppression, invasion) 
• Infection, chronic disease (inflammation, malignancy) 
•

Siegenthaler, Differential Diagnosis in Internal Medicine

https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj4qLfavb7ZAhUS3qQKHZXgAg4QjRx6BAgAEAY&url=https://library.med.utah.edu/WebPath/TUTORIAL/IRON/IRON005.html&psig=AOvVaw2MUzJhex1oYCsJYWMMBwZm&ust=1519559309118208


Transfusion threshold – ICU vs OR

▪ Meta-analyses, 27 RCT, 
10,797 pts, sub-grouped  
ICU – OR (Perioperative) 

▪ 1° 30d mortality (I) 

▪ 2° myocardial infarction, 
stroke (I), renal failure, 
allogeneic blood exposure (I/
O), and length of stay (I)

Chong MA et al. Crit Care Med 2018 46: 252-63

30 d mortality



PBM – key facts
Pre-op anemia, blood loss and allogeneic blood transfusions are 
independently associated with worse clinical outcome 

▪ Focus group = anticipated BL >0.5 L, transfusion risk >10% 
look for (Hb, TF, TSAT), work up and correct anemia pre-op 

▪ Peri-operative blood loss, minimize 
surgical technique, minimize risk for bleeding (low CVP, avoid hypertension), cell salvage and re-
transfusion, normothermia, goal-directed coagulation management with advanced coagulation testing 
and algorithms, avoid  coagulopathy/hypercoagulability, avoid unnecessary blood draws 

▪ Anemia tolerance, rationale transfusion management 



Iron deficiency after ICU stay

▪ Prospective, multicenter, observational study in France 

▪ Anemic pts at discharge from ICU – follow up 1M and 6M 

à Watch for ID 
(increased fatigue) 
after ICU stay ! ID 
increases from 8% 
to 35% 6M after 
discharge from ICU

Lasocky S et al. Crit Care 2014. 18: 542



Anemia and Blood Transfusion in ICU 
Anemia and Blood transfusion Sub-Study

▪ Hb mean at ICU admission 
11.3 (2.3), 29% <10 g/dL 

▪ Transfusion rate 37%

Vincent JL et al. JAMA. 2002 Sep 25;288(12):1499-507



Anemia and Blood Transfusion in ICU 
Anemia and Blood transfusion Sub-Study

Vincent JL et al. JAMA. 2002 Sep 25;288(12):1499-507

older and sicker

=



MASSIVE BLEEDING



Bleeding Protocol @ KSW 



Bleeding Protocols / SOPs @ KSW 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POCT

Überblick 
➢ Einführung 
➢ Plättchenfunktion 
➢ ACT 
➢ Viskoelastische Tests 
➢ Zusammenfassung und Schlussfolgerungen   
➢ Diskussion



POCT

Definition 
➢ Patienten-nahe Labordiagnostik  

- gemäss Wikipedia (aber es ist ja eben gerade nicht im 
Labor…) 

➢ «Bed-side»  
- aber auch im Schockraum, OP, andere Orte 

➢ «Ready to use» 
- keine Reagenzien, die man lange vorbereiten muss 

➢ Möglichst wenige Pipettierschritte 
- durchführbar von «jedermann» 

➢ Möglichst einfach gewinnbares Probenmaterial  
- bei Blut (Vollblut: mit oder ohne Antikoagulans)



POCT

Historische Beispiele 
➢ Blutung per se als Lebenszeichen 
➢ Blutsenkung 
➢ Kupfersulfat Test (Hb > 125 g/l, ρ=1.053) 
➢ Blutzucker und kapillärer Quick 
➢ uvam…



POCT

Vorteile 
➢ Turn around Zeit 

 wenige Minuten

Nachteile 
➢ Präzision & Genauigkeit 

http://www.google.ch/url?sa=i&rct=j&q=accuracy+and+precision&source=images&cd=&cad=rja&docid=dqTmij5WpAMLeM&tbnid=G_Q3JtwF2w0q2M:&ved=0CAUQjRw&url=http://www.yorku.ca/psycho/en/postscript.asp&ei=npGxUej_KMTrPNqLgMgH&psig=AFQjCNH6nz3TQj_8bOPEWtLkfaoA6rMJ3w&ust=1370677930556702


POCT

Organisation

POCT Schnittstelle

Andere	
Datenbanken

Klinik-	oder	
Praxis	IS

Labor 
Informationss

ystem

Benutzer	
Anmeldung

Patienten	
Identifikation

Proben	
Identifikation

Reagenzien	
Identifikation

Qualitäts	
Kontroll	ID

Rückverfolgbarkeit 
(Akkreditierung)



POCT

Abrechenbarkeit 
➢ Grundsätzlich ja, aber 

Fähigkeitsausweis Praxis Labor oder FAMH Titel  
Qualab ! (externe und interne Qualitätskontrollen) 

➢ Ambulantes setting  
ja  

➢ Hospitalisiertes setting 
«schwierig» 
bei allgemein Versicherten fällt das unter Tagespauschale bzw  
in Fallkosten inkludiert  
bei Halb-privat und Privaten Patienten kann man es separat 
abrechnen



Initiation 
-	Adhäsion

Extension	
-	Sekretion	(ADP,	 
	 TxA2,	VWF) Stabilisation	

-	Aggregation 
-	Konsolidation

1.	POCT:	1°	Hämostase	(Plättchenfunktion)



Images	by	A	Calatzis,	personal	communication.	
D.	Sibbing	et	al,	Thromb	Haemost.	2008	Jan;99(1):121-6.	

Messprinzip

Parameter 

Area under curve  
(arbitrary units (AU))

Multiplate (1° Hämostase)



		Lars	Asmis

Multiplate (1° Hämostase)

Plättchen Adhäsion (als Teil der Tc-Funktion)  
➢  Area under the curve (AUC)  

 Aspi Test: Cyclooxygenase abhängige Stimulation (AS)  
 ADP Test: P2Y12 abhängige Stimulation (ADP)  
 TRAP Test: “Thrombin” abhängige Stimulation (TRAP)  
 (vWF Test: gibt es leider nicht mehr)  

➢  Messung sensitiv auf  
 verschiedene Aggregationshemmer  
 GPIIbIIIa Funktion 
 Thrombozytenzahl (falls <100 G/l) 
 Hämatorkit 

➢  Messung nicht sensitiv auf  
 (Thrombozytenzahl solange > 100 G/l, vWF),  FXIII 



2.	POCT:	Gerinnungsmonitoring	(vorw.	plasmatisch)

FX

FVa

Fibrinogen Fibrins Fibrini

Prothrombin Thrombin (FIIa)

FXIII

HK

FVII

Tissue factor (FIII)

FIX

FVIIIa

FXI

FXII

PK

PL

PL

Ca++

Ca++ Ca++

Ca++

aPTT PT/Quick



		Lars	Asmis

Activated clotting time (ACT)

Vollblut PTT 

Start

Stopp

Anti	FIIa

Anti	FXa



		Lars	Asmis

Activated clotting time (ACT)

Vollblut PTT 
➢  Gerinnungszeit  

 Start: Aktivator der Kontaktphase bzw FXII (Kaolin) 
 Stopp: Bewegungseinschränkung des Rührers  
 man misst die Zeit dazwischen in Sekunden  

➢  Messung sensitiv auf  
 Hämatokrit (s. Vollblut) 
 anti FIIa: sowohl indirekte (~AT) auch direkte Antikoagulantien  
 anti FXa: s.o. 

➢  Messung nicht sensitiv auf  
 Thrombozytenzahl und -funktion, vWF, FXIII 

➢ Tipp 
 interne Kalibrierung “Eurer” aPTT, TZ, antiFXa vs ACT  
 verwendbar für Heparine aber auch zB DTI (HIT!) 



TF
Va

EC,	Mono

X

VIIa Xa

1.	Initiation

VIIaTF

II

activated  
platelet

IX

Va

X

Xa

VIIIaIXa

IIa
IX

XIa

3.	Propagation

Fbg

IIa

II

vW
F

XIIIa

VIIIa

XIII

VIII vWF

XIaXI

resting platelet
Va V

2.Amplifikation

Fn

Fibrini
4.	Stabilisation

VET	Grundlage:	das	zelluläre	Modell	der	Gerinnung



2.	POCT:	Viskoelastische	Tests	(vorw.	plasmatische	H.)

Johannson	PI	et	al.:	Thromboelastography	and	thromboelastometry	in	
assessing	coagulopathy	in	trauma	Scand	J	Trauma	Resusc	Emerg	Med	2009;	

17:45	(guter	Review,	open	access)

Korrelation	zelluläres	Modell	–	TEG/TEM	
-	R/CT		 	 Initiation	
-	K/CFT	 	 Amplifikation	
-	alpha	angle:	 Thrombin	burst	
-	Ly30/CL30	 Fibrinolyse



		Lars	Asmis

Publikationen* seit Erstbeschreibung*: total ~ 8043 
 *Hartert H, 1948.

*PubMed search (gestern): „Thromboelastography or thromboelastometry or 
thromboelastogram or TEG or ROTEM“

3.	Viscoelastische	Tests



		Lars	Asmis

ROTEM 
- rotierender Zylinder 
- Ruhender cup

TEG 
- ruhender Zylinder 
- rotierender Cup

Detektion

Heizelement 
 (37°C)

Voll Blut 
+ Antikoaguans 
+ Aktivator

Viskolastische	Tests:	Basics



		Lars	Asmis

www.haemonetics.com

Thromboelastography	(TEG)

http://www.haemonetics.com/


		Lars	Asmis

www.pentapharm.de

Rotational	thromboelastometry	(ROTEM)



TEG      TEM 

➢  r-value: 0.3-0.8min    coagulation time 100-240s 
    time from adding activator to start of clot formation 

➢  k-value: 0.1-0.3min   clot formation time 30-110s 
    time from start to amplitude of 20mm 

➢  α angle 55-78°   α angle 70-83° 
     slope of curve  

➢  Maximale amplitude 51-69mm max. clot firmness 50-72mm 

➢  Lysis index 30min   Lysis index 60min  
     compares amplitude or AUC after 30 or 60 minutes

Viscoelastische	Tests:

Johannson	PI	et	al.:	Thromboelastography	and	thromboelastometry	in	
assessing	coagulopathy	in	trauma	Scand	J	Trauma	Resusc	Emerg	Med	2009;	

17:45	

Die Tests sind ähnlich in der Konzeption,  
aber nicht direkt übertragbar!



		Lars	Asmis

Beispiele	(ROTEM)



		Lars	Asmis

Beispiele	(ROTEM)

Fibrinogen Mangel

	x	Daumen	Regel:  
1g	Fibrinogen	Konzentrat	
erhöht	Fibtem	MCF	um	2mm	
erhöht	Fbg	(Clauss)	um	0.3	g/l  
(in	70kg	pt;) 
 



		Lars	Asmis

Examples	(TEM)

Thrombocytopenie

	x	Daumen	Regel	:  
1	Tc	Konzentrat	
erhöht	Intem	MCF	um	10mm 
(bei	Tc	<50	G/l;	31→43	G/l)  
Flisberg	P.	Anaesth	Analg	2009;	108:1430) 



		Lars	Asmis

Examples	(TEM)

Hyperfibrinolyse



		Lars	Asmis

Examples	(TEM)

Heparin effect



Pathophysiologie		
-	Das	Hiippala	paper!	

Results   

◆ Fbg intial 3.7 g/l  
      1.0 after 142% (117-169) 

◆ Plt initial 257 G/l 
      50 after 230 (169-294) 

◆ FII: 201% (160-244) 

◆ FV: 229% (167-300) 

◆ FVII: 236% (198-277)



Point of care testing (POCT)

Take home messages  

➢ Form der Patienten- und Zeit-nahen (Labor) Diagnostik 

➢ Sinnvoll überall da,  
 wo rasch therapeutische Entscheide gefällt warden müssen 

➢ Risiko/Nutzen Abwägung 
 pro: Zeitgewinn 
 contra:  Genauigkeit und Präzision 

➢ Bedingt ein organisiertes Setting  
 Gewährleistung der Nachverfolgbarkeit  
 Fokus: QualitätskontrollePOCT

Laborleiter/In

Danke für Ihre Aufmerksamkeit



Koronarstents, DAPT, 
perioperatives Management

Symposium Blut und Gerinnung
19.06.2018

PD Dr. med. Dr. sc. nat. Stefan Blöchlinger
FMH Kardiologie, Intensivmedizin &

Allgemeine Innere Medizin
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Inhalt

Einführung
Stenttypen – Sicherheit und Effektivität
Doppelte Tc-Aggregationshemmung (DAPT)
Richtlinien – perioperative Handhabung

19.06.2018, S. Blöchlinger
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Die 10 Haupttodesursachen weltweit
(WHO 2011)

19.06.2018, S. Blöchlinger



4 19.06.2018, S. Blöchlinger

Kardiovaskuläre Mortalität & medizinischer Fortschritt
Nabel, E.M. & Braunwald, E.; N Engl J Med 2012;366:54-63
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Nonoperative Dilatation of Coronary-Artery Stenosis –
Percutaneous Transluminal Coronary Angioplasty
Andreas R. Grüntzig, M.D., Åke Senning, M.D., and Walter E. Siegenthaler, M.D.

N Engl J Med 1979;301:61-68

19.06.2018, S. Blöchlinger

1977 2000

16. September 1977, Zürich; 1. PTCA durch A. Grüntzig: 
38-jähriger Patient mit isolierter proximaler RIVA-Stenose
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Percutaneous Coronary Intervention (PCI)

19.06.2018, S. Blöchlinger

März 1986, Frankreich; erste 
koronare Stentimplantation durch 

Jacques Puel
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Koronare Stentimplantation
Carrié, D. et al.; Am J Cardiol. 2000 Jan 1;85(1):95-8

19.06.2018, S. Blöchlinger

Restenose nach PTCA

Wallstent

Unmittelbar nach Implantation

Nachkontrolle nach 11 Jahren
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Koronare Stentimplantation

19.06.2018, S. Blöchlinger
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Koronarstents – Bare-metal (BMS) vs. Drug-eluting (DES)
Stefanini, G.G. and Holmes, D.R.; N Engl J Med 2013;368:254-65

19.06.2018, S. Blöchlinger
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Koronarstents – Restenose
Stettler, D. et al.; Lancet 2007;370:937-48

19.06.2018, S. Blöchlinger

n = 18023  70%
 58%
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30 Tage 12 Monate Zeit

Koronarstents – Stentthrombose

19.06.2018, S. Blöchlinger
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«spät»«früh» «sehr spät»

BMS

0.5% 0.1%/Jahr

0.5%/Jahr

30 Tage 12 Monate Zeit
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Koronarstents – Stentthrombose

Stefanini, G.G. et al.; Lancet 2011;378:1940-8
Wenaweser, P. et al.; J Am Coll Cardiol 2008;52:1134-40

19.06.2018, S. Blöchlinger
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Drug-eluting Stents – Entwicklung
Stefanini, G.G. et al.; Heart 2014 Jul;100(13):1051-61

19.06.2018, S. Blöchlinger

«ältere Generation DES» «neuere Generation DES»
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Myokardiale Revaskularisation: STEMI, NSTEMI, stabile 
KHK

2014 ESC guidelines, European Heart Journal (2014) 35, 2541–2619 

19.06.2018, S. Blöchlinger
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BMS – Verwendung
Beispiel

19.06.2018, S. Blöchlinger
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BRS (bioresorbable scaffold) stents – Absorb
Byrne, R.A. et al.; European Heart Journal (2017); epub ahead of print

Yamaji, K. et al.; J Am Coll Cardiol. 2017 Nov 7;70(19):2330-2344

19.06.2018, S. Blöchlinger
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BRS (bioresorbable scaffold) stents – Absorb
Byrne, R.A. et al.; European Heart Journal (2017); epub ahead of print

19.06.2018, S. Blöchlinger

In patients who have already been treated with BRS, there are two scenarios to be 
considered:

In patients who remain on DAPT without clinical events, it is recommended to 
continue DAPT for the duration of bioresorption expected on the basis of existing 
non-clinical and clinical studies (e.g. at least 36 months in case of the Absorb 
pBRS). 

In patients who have discontinued DAPT prior to this time point, a decision to 
re-initiate DAPT should be made on a case-by-case basis after evaluation of the 
thrombotic and bleeding risks.



18 19.06.2018, S. Blöchlinger

Patientenbeispiel
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Mortalität bei Patienten mit Herzinfarkt

19.06.2018, S. Blöchlinger
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Historische Perspektive: Stents & Stentthrombose

19.06.2018, S. Blöchlinger

24

7.6
6

3.5
1.4 0.5 1.5 0.9 1.6 1 0.4 0.3

ASS & Ticlopidine

ASS / orale Antikoagulation

ASS & Clopidogrel

Neue Generation
DES

ASS &
Prasugrel /
Ticagrelor
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Thrombozytenaggregationshemmer
Tantry, U.S. et al., Progress in Cardiovascular Disease 60 (2018) 60, 460–470

19.06.2018, S. Blöchlinger

Acetylsalicylsäure (ASS)

x

DAPT (dual antiplatelet therapy)

- ASS & Clopidogrel

- ASS & Ticagrelor

- ASS & Prasugrel
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Duale Thrombozytenaggregationshemmung (DAPT)
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger
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P2Y12 Inhibitoren
Tantry, U.S. et al., Progress in Cardiovascular Disease 60 (2018) 60, 460–470

19.06.2018, S. Blöchlinger
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Prasugrel vs. Clopidogrel bei ACS (TRITON TIMI 38)
Wiviott, S.D. et al.; N Engl J Med (2007) 15;357(20):2001-15

19.06.2018, S. Blöchlinger
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P2Y12 Inhibitoren
Tantry, U.S. et al., Progress in Cardiovascular Disease 60 (2018) 60, 460–470

19.06.2018, S. Blöchlinger
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Ticagrelor vs. Clopidogrel
Tantry, U.S. et al., Progress in Cardiovascular Disease 60 (2018) 60, 460–470

19.06.2018, S. Blöchlinger



27

Ticagrelor vs. Clopidogrel
Tantry, U.S. et al., Progress in Cardiovascular Disease 60 (2018) 60, 460–470

19.06.2018, S. Blöchlinger
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Ticagrelor vs. Clopidogrel bei ACS (PLATO)
Wallentin L. et al., N Engl J Med (2009);361:1045-57

19.06.2018, S. Blöchlinger

11.7% vs. 9.8%
HR 0.84, 95%CI 0.77-0.92

p<0.001
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Ticagrelor vs. Clopidogrel bei ACS (PLATO)
Wallentin L. et al., N Engl J Med (2009);361:1045-57

19.06.2018, S. Blöchlinger

Clopidogrel (%) Ticagrelor (%)

!
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P2Y12 Inhibitoren
Tantry, U.S. et al., Progress in Cardiovascular Disease 60 (2018) 60, 460–470

19.06.2018, S. Blöchlinger

i.v. Verabreichung

Tc-Hemmung nach wenigen min

t1/2 3-6min: normale Tc-Funktion 
nach 30-60min

Clopidogrel / Prasugrel 30min 
vor Stopp Infusion beginnen
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2017 ESC Focused Update on Dual Antiplatelet Therapy in 
Coronary Artery Disease developed in collaboration with 

EACTS
Eur Heart J. 2018 Jan 14;39(3):213-260. 

The Task Force for the Management of Dual Antiplatelet Therapy in Coronary Artery 
Disease of the European Society of Cardiology (ESC) and of the European Association 

for Cardio-Thoracic Surgery (EACTS)

ESC Chairperson: Marco Valgimigli (Bern, Switzerland).

19.06.2018, S. Blöchlinger
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DAPT Algorithmus nach PCI
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger
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DAPT - Risikoevaluation
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger



34

DAPT – Aortokoronare Bypasschirurgie
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger

Keine Indikation für
DAPT in Patienten mit
stabiler KHK ausser

eine Begleitindikation
ist gegeben (z.B. PCI)
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DAPT – Wechsel zwischen oralen P2Y12-Inhibitoren
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger

Recommendations Clas
s

Lev
el

In patients with ACS who were previously exposed 
to clopidogrel, switching from clopidogrel to 
ticagrelor is recommended early after hospital 
admission at a loading dose of 180 mg irrespective 
of timing and loading dose of clopidogrel, unless 
contra-indications to ticagrelor exist.

I B

Additional switching between oral P2Y12 inhibitors 
may be considered in cases of side effects/drug 
intolerance according to the proposed algorithms.

IIb C
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DAPT – Wechsel zwischen oralen P2Y12-Inhibitoren
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger

Ticagrelor LD (180 mg)
24h after last Prasugrel dose

Prasugrel LD (60 mg)
24h after last Ticagrelor dose

CLOPIDOGREL

TICAGRELORPRASUGREL

ACUTE
SETTING

ALWAYS RELOAD
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DAPT – Patienten mit oraler Antikoagulation
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger
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P2Y12-Unterbrechung: elektive Operationen
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger

P2Y12 inhibitor interruption after PCI for elective non-cardiac surgery

ACS at index PCI or other high ischaemic risk features?

Class III B

Class IIa B

Class I B

Time from DAPT
initiation

1 mo.

6 mo.

No Yes

Class III B

Class IIb C

Class I B
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Zeitpunkt / Dauer P2Y12-Unterbrechung: 
elektive Operationen

Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger

Minimal delay for P2Y12 interruption

//….9…….8….…7…….6….…5…….4….…..3……..2…… ….0……………………………… 1-4

Days after surgery

PRASUGREL

CLOPIDOGREL

TICAGRELOR

PRASUGREL2

CLOPIDOGREL

TICAGRELOR2

ASPIRIN1

STOP

STOP

STOP

= Expected average platelet function recovery
1 Decision to stop aspirin throughout surgery should be made on a single case basis 

taking into account the surgical bleeding risk.
2 In patients not requiring OAC. 
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P2Y12-Unterbrechung: elektive Operationen
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger

Recommendations Class Level

, especially if surgery
has to be performed within 1 month after stent implantation.

IIb C

Cangrelor
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Blutungen unter DAPT +/- OAK
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger

• Reassure the patient.

• Identify and discuss with the patient possible preventive 
strategies.

• Counsel patient on the importance of drug-adherence.

• Continue DAPT.
TRIVIAL BLEEDING

Any bleeding not requiring medical 
intervention or further evaluation

e.g. skin bruising or ecchimosis,
self-resolving epistaxis, minimal

conjunctival bleeding 

• Consider OAC continuation or skip one single next pill.

DAPT management

OAC management

General recommendations

Legend
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Blutungen unter DAPT +/- OAK
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger

• Identify and possibly treat concomitant conditions associated 
with bleeding (e.g. peptic ulcer, haemorrhoidal plexus, 
neoplasm).

• Add PPI if not previously implemented.

• Counsel patient on the importance of drug-adherence.

• Continue DAPT.

• Consider shortening DAPT duration or switching to less potent 
P2Y12 inhibitor (i.e.from ticagrelor/ prasugrel to clopidogrel), 
especially if recurrent bleeding occurs.

MILD BLEEDING

Any bleeding that requires medical 
attention without requiring 

hospitalization

e.g. not self resolving epistaxis,
moderate conjunctival bleeding,

genitourinary or upper/lower
gastrointestinal bleeding without

significant blood loss,
mild haemoptysis

• In case of triple therapy consider downgrading to dual 
therapy, preferably with clopidogrel and OAC.

DAPT management

OAC management

General recommendations

Legend
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Blutungen unter DAPT +/- OAK
Eur Heart J. 2018 Jan 14;39(3):213-260.

19.06.2018, S. Blöchlinger

LIFE-THREATENING BLEEDING

Any severe active bleeding putting 
patient’s life immediately at risk

e.g. massive overt genitourinary,
respiratory or upper/lower
gastrointestinal bleeding,

active intracranial,
spinal or intraocular haemorrhage,

or any bleeding causing
haemodynamic instability.

• Immediately discontinue all antithrombotic medications.

•Once bleeding has ceased, re-evaluate the need for 
DAPT or SAPT, preferably with the P2Y12 inhibitor 
especially in case of upper GI bleeding.

• Stop and reverse OAC.

• Fluid replacement if hypotension.

• Consider RBC transfusion irrespective of HB values.

• Platelet transfusion.

• Consider i.v. PPI if GI bleeding occurred.

• Urgent surgical or endoscopic treatment of bleeding 
source if deemed possible.

DAPT management

OAC management

General recommendations

Legend



Vielen Dank für
Ihre Aufmerksamkeit
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