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Thrombozyten
ANZAHL:
150 - 350 G/I = 150.000 - 350.000 /pl

GROSSE:

2-3pum

Thrombozyten-Funktion

Primédre Hamostase
+ Anlagerung an Kollagen
iiber von Willebrand Faktor und GP Ib/IX
+ Aktivierung:
Expression von GP lIb/llla
Freisetzung von Granulainhalt
(Phospholipide, ADP, Ca, Fibrinogen,
Serotonin, F V, Protein S, Fibronectin, etc.)
+ Aggregation
iiber GP llb/llla und Fibrinogen
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Thrombopenie bei Intensivpatienten

Bildung der Thrombozyten

«+ im blutbildenden Knochenmark

« Abschniirungen von Megakaryozyten

« unter dem EinfluR von Thrombopoietin

IPF = Immature Platelet Fraction =
Jugendformen von Thrombozyten

Lebensdauer
8-12 Tage, bei Krankheiten oft viel kiirzer

Abbau
Milz, RES

Thrombopenie

= ERNIEDRIGTE THROMBOZYTENZAHL

BLUTUNGSNEIGUNG:
Petecchien
Rumpel-Leede Phanomen
Epistaxis
Wet purpura

Schleimhautblutungen

Thrombopenie und Blutungsneigung

Inzidenz von spontanen Blutungen
in Abhangigkeit von der Thrombozytenzahl
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Thrombopenie bei Intensivpatienten

Ursachen fiir Thrombopenie

Vermehrter Verbrauch

ITP in der Schwangerschaft
posttransfusionelle Purpura

neonatale Purpura; ITP im Kindesalter
medikamenteninduzierte Purpura (Haptene):

Heparin-induzierte Thrombopenie (HIT Il)
Antiphospholipid-Syndrom
Andere Systemerkrankungen (SLE, etc.)

Chinin/Chinidin, Sulfonamide, Penizilline, Gold, Rifampizin, u.v.a.m.

Ursachen fiir Thrombopenie
I
(IP)

ITP in der Schwangerschaft
posttransfusionelle Purpura

Vermehrter Verbrauch

neonatale Purpura; ITP im Kindesalter
medikamenteninduzierte Purpura (Haptene):
Heparin-induzierte Thrombopenie (HIT I
Antiphospholipid-Syndrom
Andere Systemerkrankungen (SLE, etc.)

Vermehrter Verbrauch

Nicht-immunologisch Hypersplenismus:

Disseminierte intravasale Gerinnung (DIC)
Von Willebrand Syndrom Typ 2b

Mechanische Sequestrierung:

Thrombotische Mikroangiopathie:

Aktivierung und Abbau
Interaktionen mit Zellen oder Fremdoberflachen

Chinin/Chinidin, Sulfonamide, Penizilline, Gold, Rifampizin, u.v.a.m.

portale o

Speicherkrankheiten

Extrakorporale Zirkulation (CYVHF, ECMO, HLM, etc.), kiinstliche
Herzklappen, IABP, Pulmonalis-Katheter, etc.

thrombotisch-thrombopenische Purpura (TTP), hamolytisch-uramisches.

Syndrom (HUS), HELLP Syndrom, EPH-Gestose, schwere Vaskulitis,
maligne Hypertension

Thrombin, Zytokine, Hypoxie, Selectine, Fibronectin, Vitronectin, ICAM,
PECAM, Leukozyten, Endothel, Willebrand Faktor, Kollagen, etc.

Ursachen fiir Thrombopenie

Bildung  Knodl
Knochenmarksnfiltration

Aplastische Anamie
Vitamin 812 Mangel, Folsauremangel
paroxysmale nichtliche Hamoglobinurie

Virusinfekte

© P.Knobl, Med.Univ.Wien

Zytostatika, Medikamente, Chemikalien, Alkohol

Leukéimie, Lymphome, Myelom, myelodysplastisches
Syndrom, Infiltration mit anderen Tumorzellen
(Knochenmarkskarzinose)

Hepatitis C, HIV, EBV, CMV, andere
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Thrombopenie bei Intensivpatienten

Ursachen fiir Thrombopenie
1 e

Schwangerschaft

Vaskulitis

Pseudothrombopenie

Bildung pp: Zytostatika, Medikamente, Chemikalien, Alkohol

Leukiimie, Lymphome, Myelom, myelodysplastisches

Knochenmarks-Infiltration Syndrom, Infiltration mit anderen Tumorzelien
(Knochenmarkskarzinose)

Aplastische Anamie

Vitamin B12 Mangel, Folsauremangel

paroxysmale nichtliche Hamoglobinurie

Virusinfekte Hepatitis C, HIV, EBV, CMV, andere

Sonstige Ursachen: Hamodilutionsthrombopenie

Préanalytische Fehler, Laborfehler

25.5.2019
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TabE L Diffial disgnssfhrombocyopenia i he ICU

pic* 253%  Prolonged aPTT and PT, increased fibrin split products, low levels of physiological

Msive ol s 75% Vo leing o hmoglbin,preonged s snd T

Heparin-induced thrombocytopenia  1.2%  Use of heparin, venous or arcerial thrombosis, posicive HIT test (usually ELISA for
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Thrombopenie als Pradiktor der Mortalitat
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Figure 1.—Distribution of nadir platelet count (black bars) and
survival (striped bars) in a pooled analysis of four clinical studies
of consccutive groups of patients admitted to the ICU.1 346
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Thrombopenie bei Intensivpatienten

Box 2. Questions to ask when evaluating

thrombocytopenia in the ICU patient

Past:

* What is the context of the patient’s ICU admission?

« Is there evidence of a preexisting illness or the use of a drug
known to cause thrombocytopenia?

« Could the ICU admission have been precipitated by a cata-
strophic illness associated with thrombocytopenia, such as

ic purpura, syn-

P
drome, or acute leukemia?

o Was there major trauma or surgery that would consume
platelets, or transfusion and fluid resuscitation that would
cause dilution?

Present:

« What is the trajectory of the platelet count, and how does it
relate to the patient’s clinical cours

« How low is the platelet count?

« Is there thrombosis?

Future:

o Is the platelet count following the expected trajectory, given
your analysis of the cause?

25.5.2019

Platelet count less than 100X 10/ | — Exclude laboratory artefacts

[ Acutedrop (more than 50% in 24-48 h)__|———> [ Druginduced e, wr, pre |

Clear evidence of sepsis (¢.g, culture +ve) |————> | Sepsis-associated thrombocytopenia

‘ Abnormal coagulation profile (PT/APTT) ‘*ﬂ Sepsis, DIC, Liver disease

p Diayss, Cardiac assst device or
‘ Blood contact with devices }—> ‘ T MO raiawd

Differentialdiagnosen der Thrombopenie bei kritisch Kranken

Fig 2. Clues for the diagnosis of thrombocy-

topenia in critically-ill patients. ITP, immune

Recent extensive thrombosis }—> ‘ Clot thrombocytopenia ‘

thrombocytopenia, PTP, post-transfusion pur
pura; PT, prothrombin time; APTT, activated
partial thromboplastin time; DIC, disseminated

intravascular coagulation.

Medikamenteninduzierte Thrombopenie

© P.Knobl, Med.Univ.Wien
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Tuble 5 Nonchemotherapeatic Drugs Commonly Ured in the 1CU Assaciated With Thrombocytapenia

Uk
D dependent snh
D dependent b

Rice TW, Wheele
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Table 1. Mechanisms of im

imune-mediated drug-induced thrombocytopenia

Mechanism

Description

Clinical
Consequence

Special Laboratory
esting’

Prototype Drugs

Hapten-dependent

Drug-glycoprotein complex
(quinine-type)

Ligand-induced binding
site (fban-type)

Drug-specific antibody

Autoantibody

Immune complex

Drug (hapten) binds covalently to platelet
membrane glycoprotein producing a
neoepitope recognized by antibody

Drug interacts noncovalently with platelet
membrane glycoprotein; antibody bonds

Drug binds to platelet GPIIb/llla
complex inducing conformational change
elsewhere and formation of a neoepitope
recognized by antibody

Drug consists of chimeric Fab fragments
against GPIlla with a murine component
that s recognized by antibody

Drug induces an autoantibody that reacts with
a platelet surface glycoprotein in the absence
of the drug

Drug reacts with platelet factor 4 to produce
an antigenic complex against which
antibodies react; resultingimmune complexes
bind to platelet Fe receptors resulting
in platelet activation

Hemorrhage

Hemorrhage

Hemorrhage

Hemorrhage

Hemorrhage

Thrombosis

Drug-dependent platelet
antibody assay

Drug-dependent platelet
antibody assay

Drug-dependent platelet
antibody assay

Drug-dependent platelet
antibody assay
Anti-platelet antibody
 (nonspecific)

Heparin-platelet factor 4
antibody assay

Penicllin, cephalosporins

Quinine, quinidine,
nonsteroidal
anti-inflammatory
drugs, sulfonamides

Eptifibafide, tirofiban,
lotrafiban

Abciximab

Gold salts, procainamide

Unfractionated heparin,
low- molecular-weight

Immunolog

ische Thrombopenien

Dauer: ca. 2-3 Wo.

© P.Knobl, Med.Univ.Wien

(entspricht einer typ. Autoimmunthrombopenie (ITP))

Immunologische Begleitphanomene bei Infektionen oder Autoimmunerkrankungen

Transfusionsthrombopenie (Antikérperbildung gegen HPA-1a als Reaktion auf
Erythrozyten- oder Thrombozyten-Transfusionen):

oft sehr niedrige Thrombozytenzahlen (< 1G/I) und schwere klinische Blutungsneigung,
hohe Mortalitat, keine Behandlungsmaéglichkeit.
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Theapiemdglichkeiten fiir immunologische Thrombopenien

Wait & watch

Steroide

Hochdosierte iv. Inmunglobuline

Thrombopoietinrezeptor-Agonisten

Rituximab

Splenectomie

Thrombotic microangiopathy (TMA)

Hemolysis

Low hemoglobin and REC counts

High reticulocyte counts

High LDH

Low (consumed) haptoglobin

Red cell fragmentation (schistocytes) in blood smear
Non-immunologic, direct antiglobin test (DAT) negative

Thrombocytopenia
« Consumption thrombocytopenia
+ any range of platelet counts, but rarely very low
+ “hyperactive” platelets, bleeding rare

Organ involvement in TMA

CNs:
Cardiovascular: Irritability, drowsiness, convulsions,
Cardiomyopathy, myocardial encephalopathy, diplopia, cortical
infarction, myocarditis and blindness, hemiparesis or
arhythmia, heart failure hemiplegia, stupor and coma
ECG deviations, sudden cardiac death agitation, psychosis
Skin: Pulmonary:

Pulmonary hypertension,
pulmonary hemorrhage,
pulmonary edema

Purpuric rash

ak
Diarrhea, abdominal colics,
constipation, abdominal distension,
strictures, occlusions, intestinal

Renal:

Renal impairment, end stage renal disease
Elevated creatinine, reduced urine output

perforations, pancreatitis, Skeletal muscle:
intestinal bleeding, hepatic cytolysis Rhabdomyolysis

Figure 3 - Frequency of organ involvement in atypical hemolytic uremic syndrome.” See Figure 2 legend for expansion of abbreviations

Modified from Azoulay E, f C e

© P.Knobl, Med.Univ.Wien 7
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Pathophysiology-based classification of TMA

ADAMTS13 defici

Upshaw-Schulman Syndrome

Autoantibodies causing ADAMTS13 deficiency Spontaneous autoimmune TTP
= Secondary autoimmune TTP
=M. Moschoowitz after infections, drugs. cancer
TMA with complement dysregulation(some of them called atypical HUS, aHUS)
i i i Familial HUS
Antibodiies blocking factor: HUS
e i Secondary autoimmune HUS
= Autoimmune-type of acquired HUS after inZZﬁons drugs, cancer.
Other forms of TMA|
Idiopathic / spontaneous No trigger identified
Organ transplantation kidneys, hematopoetic stem cells, lung, heart, liver, etc.
Infections EBV, CMV, HIV, etc.
Drugs dlopidogrel, ticlopidine, cyclosporin, quinine, mitomycine C, etc.
Malignancy Disseminated cancer, bone marrow infiltration
Pregnancy HELLP Syndrome, preeclampsia
Toxines Diarrhea-associated HUS: E.Coli, Shigella, etc.
Sytemic diseases

SLE, Antiphospholipid syndrorme, hypertension, vasculs, efc.

25.5.2019

Therapie der TTP

Cortison (1 mg/kg/d)

Rituximab zur Immunsuppression

KEINE Thrombozytenkonzentrate

Plasma-Austausch (1 - 1,5 faches Plasmavolumen) taglich bis Thrombozyten >150 G/L

Caplacizumab (Cablivi®) 10 mg/d sc. bis ADAMTS13 normalisiert

Symptomatische Organprotektion (Intensivmedizin)

Other therapy for TMA
Therapeutic Dose Mechanism of action
Immunomodulators duced TTP
o As indicated Immunosuppression
cyclophosphamide) (4" line immunotherapy)
Anti-platelet agents (Ass, ; Clopidogrel o .
Cloplimarel. pradugrel tesarelor) | TTP With severe organ damage 75 150 mgld Inhibition of platelet aggregation
Refractory TTP unknown.
Splenectomy (after rituximab failure) elimination of memory cells?
Eculizumab Complement-mediated TMA 900 mg weekly Complement inhibition
. Anemia: RBC transfusion ol o
Supportive therapy orgen fallres ICU As indicated (details: see text)

© P.Knobl, Med.Univ.Wien
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Heparin-assoziierte Thrombopenie

25.5.2019

4T Score fiir HIT

Points (0, 1, or 2 for each of four categories: maximum possible score — 8)
2 1 0

Thrombocytopenia > 50% platelet fall to nadir > 20 | 30-50% platelet count fall | < 30% platelet fall; or
(or > 50% directly resulting | nadir < 10

from surgery); or nadi 10-19

Timing® of platelet count | Days 5-10 onset* (typical] Consistent with days 5-10 | Platelet count fall < 4 days
fall, thrombosis, or other | delayed-onset HIT); or < 1 day | fall, but not clear (e.g., miss- | (unless picture of rapid-
sequelae (15t dayof putative | (with recent heparin exposure | ing platelet counts); or, < 1 | onset HIT—see two left boxes)
immunizing exposure to | within past 30 days (rapid-onset | day (heparin exposure within

heparin — day 0) HIT) past 31-100 days) (rapid-

onset HIT); or, platelet fall
after day 10

Thrombosis o other se- Proven new thrombosis; or skin | Progressive or recurrent None
quelae (e.g., skin lesions, | necrosis (at injection site); or | thrombosis; or erythematous
anaphylactoid reactions) | postintravenous heparin bolus | skin lesions (at injection site);
anaphylactoid reaction or suspected thrombosis (not
proven); hemofilter
thrombosis
OTher cause for No explanation for platelet Possible other cause is Definite other cause is
thrombocytopenia count fallis evident evident present

Pretest probability score: 6-8 — high; 4-5 low

intermediate; 0-3

Probleme des 4T-Scores bei kritisch Kranken

Niedrige Sensitivitat und Spezifitat bei kritisch Kranken, oft konnen Kriterien nicht klar

definiert werden

Patienten haben oft viele andere Grinde fiir Thrombopenie (100% aller Pat. mit

nachgewiesener HIT)

Patienten haben oft andere Griinde fir Thromboembolie

Art des Heparins und Verlauf der Thrombozyten oft unklar / nicht definierbar

« Nur 7,5 % von kritisch kranken Patienten mit Verdacht auf HIT haben tatsachlich eine HIT

overtr

© P.Knobl, Med.Univ.Wien
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“Table 3. Probablity of HIT in the intensive care unit

. Pty o Tl and Lboratory P Rommenied At
HIT - Algorithmus
= 5010t o sl s i b
it S
b g ith o

probability
TCY andlor new thrombosis Che of TCY
Negative PPA EIA Ensure adequate anticoagulation

Avoid repeat anibody testing
unless TCY worsens
HIT s not ruled out Platelet decrease may be Switch ate anticoagulant
explained
Weak positive
density <10)

morbidity
4 EIA (optical

25%-50%
just by i

tment by response (o
alternate anficoagulant
Confirm HIT with functional assay
HIT is probable Unexplained platelet decrease Stop heparin
Initiate therapeutic dose PP EIA
optical density 1.0, alernate
anticoagulation
Reduce dose if high bleeding risk
Confirm HIT with functional assay

HIT very likely New thrombosis and TCY with Stop heparin
sppropriate timing,and Initiate therapeutic dose, alternate
without other causes anticoagulation
Positive PF4 EIA Reduce dose if high bleeding risk

Confirm HIT with functional assay

HIT, heparin-induced thrombocytopenia; TCY, thrombocytopeni; PPA, platell factor 4 EIA,
enzyme immunoassay; DT, direct thrombin inhibitors; aPTT, activated partal thromboplastin time
Adapted from Sellen e al (14).

HIT - Algorithmus

Less than/equalto 3

aormare
Negative
Startalternative HIT polyconal ELISA HIT unlkely
anticoagulant

positve

TG ELISA® Serotonin Relesse Assay®*

Personliche Empfehlung

+ Klinische Situation und HIT-Wahrscheinlichkeit abschéitzen

Typischen Zeitverlauf beachten (HIT unwahrscheinlich <Sd oder >20 d nach Beginn von
Heparin

HIT-Ak Testung in >80% falsch positiv. Wenn negativ oder nur niedrige OD dann ist HIT
praktisch ausgeschlossen

Bei hoher klinischer Wahrscheinlichkeit fiir HIT frihzeitiger Wechsel auf alternatives
Antikoagulans, vor allem bei kritischen Konditionen (ECMO, CVVHF, VAD, etc. )

Argatroban (Argatra®) ist auf der ICU gut zu managen und meist die beste Wahl,

Fondaparinux (Arixtra®) oder Danaparoid (Orgaran®) als Alternativen fur sc. Therapie

© P.Knobl, Med.Univ.Wien
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Therapeutische Moglichkeiten bei Thrombopenie
[ T DOSs T INDIKATION | KONTRAINDIKATION |
Bildungsstorung,

Hémodilution, DIC, pra-
interventionell

Thrombozyten-Konzentrate 1-2/d

Thrombopoietinrezeptor-
Agonisten
Romiplostin 1-9 pg/kag/Wo. sc.
Elthrombopag 50-150 mg/d po.
1 mgh/d i, TTP

n ITP und lebensbedrohliche
Immunglobuline 1 g/kgivdi+2 Hleeas

Immunsuppress iximab ? ITP, TTP
Splenectomie

ITP, TTP, TMA
. Refraktére Thrombopenie .
Desmopressin 0,4 ug/kg Kl direkt vor und o akutes
i Blutungen Coronarsyndrom
Ultima Ratio bei
Rek. FVila (Novoseven) 90 pg/kg v (alle 2 h) lebensbedrohlichen
Blutungen

DiC: intravaskulire
Mik

Relative KI: alle off-label
Anwendungen

TP, Bildungsstorung

Purpura

Table 1. Thresholds for platelet transfusion in critical illness®"***
Indication Platelet threshold* Strength of recommendation  Quality of evidence
Severe bleeding Maintain PLT > 50 x 10°/L; Strong Low
consider using an MTP
Prophylaxis in adults 10 X 10°/L Moderate Low
Prior to elective central venous catheter 20 % 10°Lt Weak Low
Prior to chest tube insertion or thoracentesis 50 x 10°/L Weak Low
Prior to bronchoscopy with lavage 20 x 10°/L Weak Low
Prior to paracentesis. Not routinely required Weak Low
Prior to bone marrow biopsy Not routinely required Weak
Prior to elective diagnostic lumbar puncture 50 x 10°/L Weak Very low
Prior to urgent diagnostic lumbar puncture 20 x 10°L Weak Very low
Prior to major elective surgery (excluding neurosurgery) 50 x 107/L Weak Very low
Prior to neurosurgery 100 x 10°/L Weak Very low
Traumatic brain injury, intracranial hemorrhage 100 x 10°/L Weak ow
Prior to insertion of an intraventricular drain 100 x 10°/L Weak Very low

MTP, massive transfusion protocol; PLT, platelet count.
*May be modified by several factors including platelet dysfunction or other risk factors for bleeding, indication for the procedure, urgency, and medical comorbidities.
% 10° periter. C

to platelet transfusion.

Table 1. The impact of platelet on pl increment in critically ill patients with
Reference N Population Study design Results Study quality®
Adults
4 1923 Medical ICU Prospective cohort Median increase was 15 x 10°/L (IQR, Low
235 X 10°0)
2 350 Dengue fever Prospective cohort Median PLT count yeldf was 12.4% higher than Low
baseline afer transiusion (range, ~3.9%-67.1%)
s 216 Medicalisurgical ICU Retrospective cohort Median increase after single PLT transfusion was, Moderate
14 10°L (1QR, ~2-30 X 10°)
11 147 Surgical ICU Prospeciive cohort PLT count rose above 40-50 x 10%/L (but never Low
100 x 10°) after transfusion
10 72 Surgical ICU Case-control study Platelet ransfusion led to sustained correction Low

of thrombocytopenia in 8/16 patients; the remainder
had only transient improvement
Neonates

15 422 Preterm neonates Retrospective cohort study  Platelet transiusion resulted in good, but less sustained, Low
fise in platelet count for neonates with severe
thrombocytopenia (data not shown)

14 194 Neonates. Prospective cohort Fifty-nine percent of transfusions increased counts Moderate
=40 % 10°IL; 8% of transfusions increased counts.
<20 x 10%/L; median platelet count increase from
27 X 10°L (1R, 19:36  10°L) t0 79 X 10°L.
(IQR, 47-126 X 10°)

8 152 Preterm neonates RCT Significant increase by 95 x 10°IL in the Intervention Low
group (PLT transiusions for platelets <150  10°L)

ill patients with thrombocytopenia. Blood. 2014 Feb 20;123(8):1146-51

© P.Knobl, Med.Univ.Wien 11
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Zusammenfassung

Eine Thrombopenie ist haufig bei kritisch kranken Patienten und kann eine Vielzahl von

Ursachen haben.

Nur ein strukturiertes Aufarbeiten der Differenzialdiagnosen ermglicht eine sinnvolle

Behandlung.

Die Konsultation von erfahrenen Hamatologen/Hamostaseologen ist dabei oft hilfreich.

Das unbedingte Erzielen von bestimmten Thrombozytengrenzwerten ist nicht durch

klinische Studien belegt.

Die unkritische Substitution von Thrombozytenkonzentraten kann lebensbedrohliche

Nebeneffekte haben.
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