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Thrombozyten

ANZAHL:
150 – 350 G/l = 150.000 – 350.000 /µl

GRÖSSE: 
2 - 3 µm

Thrombozyten-Funktion

Primäre Hämostase
• Anlagerung an Kollagen

über von Willebrand Faktor und GP Ib/IX
• Aktivierung:

Expression von GP IIb/IIIa
Freisetzung von Granulainhalt

(Phospholipide, ADP, Ca, Fibrinogen, 
Serotonin, F V, Protein S, Fibronectin, etc.)

• Aggregation
über GP IIb/IIIa und Fibrinogen
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Bildung der Thrombozyten

• im blutbildenden Knochenmark

• Abschnürungen von Megakaryozyten

• unter dem Einfluß von Thrombopoietin

IPF = Immature Platelet Fraction = 
Jugendformen von Thrombozyten

Lebensdauer

8-12 Tage,  bei Krankheiten oft viel kürzer

Abbau

Milz, RES

Thrombopenie

= ERNIEDRIGTE THROMBOZYTENZAHL

BLUTUNGSNEIGUNG:

Petecchien

Rumpel-Leede Phänomen

Epistaxis

Wet purpura

Schleimhautblutungen

Thrombopenie und Blutungsneigung
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Ursachen für Thrombopenie

Vermehrter Verbrauch
Immunologisch Autoimmunthrombopenie (ITP)

ITP in der Schwangerschaft

posttransfusionelle Purpura

neonatale Purpura; ITP im Kindesalter

medikamenteninduzierte Purpura (Haptene): Chinin/Chinidin, Sulfonamide, Penizilline, Gold, Rifampizin, u.v.a.m.

Heparin-induzierte Thrombopenie (HIT II)

Antiphospholipid-Syndrom

Andere Systemerkrankungen (SLE, etc.)

Ursachen für Thrombopenie

Vermehrter Verbrauch
Immunologisch Autoimmunthrombopenie (ITP)

ITP in der Schwangerschaft

posttransfusionelle Purpura

neonatale Purpura; ITP im Kindesalter

medikamenteninduzierte Purpura (Haptene): Chinin/Chinidin, Sulfonamide, Penizilline, Gold, Rifampizin, u.v.a.m.

Heparin-induzierte Thrombopenie (HIT II)

Antiphospholipid-Syndrom

Andere Systemerkrankungen (SLE, etc.)

Vermehrter Verbrauch
Nicht-immunologisch Hypersplenismus: 

Splenomegalie, Leberzirrhose, portale Hypertension, Osteomyelofibrose, 
Speicherkrankheiten

Disseminierte intravasale Gerinnung (DIC)

Von Willebrand Syndrom Typ 2b

Mechanische Sequestrierung: Extrakorporale Zirkulation (CVVHF, ECMO, HLM, etc.), künstliche 
Herzklappen, IABP, Pulmonalis-Katheter, etc.

Thrombotische Mikroangiopathie: 
thrombotisch-thrombopenische Purpura (TTP), hämolytisch-urämisches 
Syndrom (HUS), HELLP Syndrom, EPH-Gestose, schwere Vaskulitis, 
maligne Hypertension

Aktivierung und Abbau
Interaktionen mit Zellen oder Fremdoberflächen

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

Ursachen für Thrombopenie

Verminderte Bildung Knochenmarks-Suppression Zytostatika, Medikamente, Chemikalien, Alkohol 

Knochenmarks-Infiltration 
Leukämie, Lymphome, Myelom, myelodysplastisches
Syndrom, Infiltration mit anderen Tumorzellen 
(Knochenmarkskarzinose) 

Aplastische Anämie

Vitamin B12 Mangel, Folsäuremangel

paroxysmale nächtliche Hämoglobinurie

Virusinfekte Hepatitis C, HIV, EBV, CMV, andere 

Knöbl P. [Thrombocytopenia in the intensive care unit : Diagnosis, differential diagnosis, and
treatment]. Med Klin Intensivmed Notfmed. 2016 Jun;111(5):425-33.
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Ursachen für Thrombopenie

Verminderte Bildung Knochenmarks-Suppression Zytostatika, Medikamente, Chemikalien, Alkohol 

Knochenmarks-Infiltration 
Leukämie, Lymphome, Myelom, myelodysplastisches
Syndrom, Infiltration mit anderen Tumorzellen 
(Knochenmarkskarzinose) 

Aplastische Anämie

Vitamin B12 Mangel, Folsäuremangel

paroxysmale nächtliche Hämoglobinurie

Virusinfekte Hepatitis C, HIV, EBV, CMV, andere 

Sonstige Ursachen: Hämodilutionsthrombopenie

Pseudothrombopenie

Präanalytische Fehler, Laborfehler

Schwangerschaft

Vaskulitis

Knöbl P. [Thrombocytopenia in the intensive care unit : Diagnosis, differential diagnosis, and
treatment]. Med Klin Intensivmed Notfmed. 2016 Jun;111(5):425-33.
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COAGULOPATHY AND PLATELET DISORDERS IN CRITICALLY ILL PATIENTS LEVI

(TNF)-α and interleukin (IL)-6, and high concen-
tration of circulating thrombopoietin in patients
with sepsis. These cytokines and growth factors
should theoretically stimulate megakaryopoiesis
in the bone marrow.23 However, in a substantial
number of patients with sepsis, marked hemo-
phagocytosis may occur. This pathologic process
consists of active phagocytosis of megakaryocytes
and other hematopoietic cells by monocytes and
macrophages, hypothetically due to stimulation
with high levels of macrophage colony stimulat-
ing factor (M-CSF) in sepsis.24 Platelet consump-
tion probably also plays an important role in
patients with sepsis, due to the ongoing generation
of thrombin (which is the most potent activator
of platelets in vivo) in its most fulminant form,
known as disseminated intravascular coagulation
(see further). Platelet activation, consumption,
and destruction may also occur at the endothe-
lial cell surface as a result of the extensive endothe-
lial cell-platelet interaction in sepsis, which may
vary among different vascular beds in various
organs.25

Heparin-induced thrombocytopenia (HIT) is
caused by a heparin-induced antibody that binds

to the heparin-platelet factor IV complex on the
platelet surface.26 This may result in massive
platelet activation and, as a consequence, con-
sumptive thrombocytopenia and arterial and
venous thrombosis occur. A consecutive series of
critically ill ICU patients who received heparin
displayed HIT at an incidence of 1%.27 Notably,
unfractionated heparin carries a higher risk of
HIT than low molecular weight heparin.
Thrombosis may occur in 25% to 50% of patients
with HIT (with fatal thrombosis in 4-5%).28 The
diagnosis of HIT is based on the detection of HIT
antibodies in combination with the occurrence
of thrombocytopenia in a patient receiving
heparin, with or without concomitant arterial or
venous thrombosis. It should be mentioned that
the ELISA commonly used for HIT antibodies
has a high negative predictive value (100%) but
a very low positive predictive value (10%).27 The
gold standard for the diagnosis of HIT is a sensi-
tive platelet activation assay, however, this test is
usually not routinely available. Normalization in
the number of platelets within 1-3 days after the
discontinuation of heparin further supports the
diagnosis of HIT. 

TABLE I.— Differential diagnosis of thrombocytopenia in the ICU.

Differential diagnosis Relative incidence Additional diagnostic clues

Sepsis

DIC*

Massive blood loss

Thrombotic microangiopathy

Heparin-induced thrombocytopenia

Immune thrombocytopenia

Drug-induced thrombocytopenia

52.4%

25.3%

7.5%

0.7%

1.2%

3.4%

9.5%

Positive (blood) cultures, positive sepsis criteria, hematophagocytosis in bone mar-
row aspirate

Prolonged aPTT and PT, increased fibrin split products, low levels of physiological
anticoagulant factors (antithrombin, protein C)

Major bleeding, low hemoglobin, prolonged aPTT and PT

Schistocytes in blood smear, Coombs-negative hemolysis, fever, neurologic sym-
ptoms, renal insufficiency

Use of heparin, venous or arterial thrombosis, positive HIT test (usually ELISA for
heparin-platelet factor IV antibodies), rebound of platelets after cessation of hepa-
rin

Anti-platelet antibodies, normal or increased number of megakaryocytes in bone mar-
row aspirate, thrombopoeitin (TPO) decreased

Decreased number of megakaryocytes in bone marrow aspirate or detection of drug-
induced anti-platelet antibodies, rebound of platelet count after cessation of drug

Seven major causes of thrombocytopenia (platelet count <150x109/L) are listed. Relative incidences are based on two studies in consecutive ICU
patients.1, 6 Patients with hematological malignancies were excluded. * Patients with sepsis and DIC are classified as DIC. Le
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Thrombopenie als Prädiktor der Mortalität

Levi M, et al: Coagulopathy and platelet disorders in critically ill patients. Minerva Anestesiol 2010;76:851-9
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the pathogenesis of many systemic inflammatory
states observed in critically ill patients. Endothelial
cells and natural anticoagulant pathways have a
central position at the crossroads of coagulation
and inflammation pathways. Therefore the restora-
tion of defective anticoagulant pathways in patients
with sepsis has received considerable attention.8
There is ample evidence that extensive cross-talk
between inflammation and coagulation exists,
whereby inflammation not only leads to the acti-
vation of coagulation, but coagulation also marked-
ly affects inflammatory activity.9Procoagulant
activity is regulated by three important anticoag-
ulant pathways: antithrombin, the protein
C/thrombomodulin system and tissue factor path-
way inhibitor (TFPI). Notably, activated protein
C (APC) appears to play a central role in the patho-
genesis of sepsis and associated organ dysfunc-
tion.10 There is ample evidence that insufficient
functioning of the protein C pathway contributes
to the derangement of coagulation in sepsis.11, 12

The circulating zymogen protein C is activated
by endothelial cell-bound thrombomodulin once
activated by thrombin.13 APC acts in concert with
its co-factor protein S and is able to proteolytical-
ly degrade the activated co-factors V (FVa) and
VIII (FVIIIa) essential for coagulation; hence, it is
an effective anticoagulant. The endothelial pro-
tein C receptor (EPCR) not only accelerates the
activation of protein C several-fold, but also serves
as a receptor for APC, and binding of APC to this
receptor may amplify its anticoagulant and anti-
inflammatory effects.14 In patients with sepsis,
plasma levels of the zymogen protein C are low

or very low, due to impaired synthesis, consump-
tion, and degradation by proteolytic enzymes, such
as neutrophil elastase.15-17Furthermore, a signif-
icant down-regulation of thrombomodulin, caused
by proinflammatory cytokines such as tumor
necrosis factor-α and interleukin-1, has been
demonstrated. Such down-regulation results in
diminished protein C activation.18, 19Low levels of
free protein S may further compromise effective
function of the protein C system. In plasma, 60%
of the cofactor protein S is complexed to a com-
plement regulatory protein, C4b binding protein
(C4bBP). Increased plasma levels of C4bBP as a
consequence of the acute phase reaction in inflam-
matory diseases may result in a relative protein S
deficiency, which further contributes to a proco-
agulant state during sepsis. Finally, but important-
ly, the EPCR has proven to be down-regulated in
sepsis, and this may further negatively affect the
function of the protein C system.20 Interestingly,
all three anticoagulant systems are in principal
located at the endothelial surface, where they can
direct both anticoagulant and anti-inflammatory
functions. During inflammation-induced activa-
tion of coagulation, the function of all three path-
ways can be impaired.21 Proinflammatory cytokines
and chemokines as well as endothelial cell pertur-
bation affect all physiological anticoagulant mech-
anisms. Conversely, activated coagulation proteas-
es and physiological anticoagulants can modulate
inflammation through specific cell receptors.

Causes of thrombocytopenia

There are many causes for thrombocytopenia
in critically ill patients. Table I summarizes the
diagnoses that occur most frequently. 

Sepsis is a clear risk factor for thrombocytope-
nia in critically ill patients and the severity of sep-
sis correlates with the decrease in platelet count.22

The principal factors that contribute to throm-
bocytopenia in patients with sepsis are impaired
platelet production or increased consumption,
destruction, or sequestration of platelets in the
spleen or along the endothelial surface. Impaired
production of platelets within the bone marrow
may seem contradictory to the high levels of
platelet production-stimulating pro-inflamma-
tory cytokines, such as tumor necrosis factor
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Complement activation. Immune complexes may activate the
classical pathway, and bacterial cell walls may activate the alter-
native pathway of the complement cascade. Complement can bind
and activate platelets, contributing to platelet destruction in sepsis.19

Complement activation and completion of the membrane attack
complex is a powerful platelet activator and contributor of platelet
destruction.6

Thrombocytopenia in sepsis
Sepsis is a common clinical problem, accounting for 10% of ICU
admissions and roughly 50% of all thrombocytopenias in critically ill
patients, yet the mechanisms underlying thrombocytopenia in sepsis
are poorly understood.20,21 Several pathological processes likely
contribute to thrombocytopenia in sepsis (Figure 1). Thrombocyto-
penia may also independently modify the host immune response to
infection.22 Consideration of the contributing mechanisms suggests
directions for possible therapeutic trials.

Thrombin
Sepsis is a well-recognized trigger of DIC, largely driven by the
upregulation of tissue factor expression on monocytes and other cells in
response to inflammatory mediators such as endotoxin. Even in the
absence of overt DIC, markers of coagulation activation (eg, thrombin-
antithrombin complexes, prothrombin fragment 1.2) are increased.
Several anticoagulants, including tissue factor pathway inhibitor, anti-
thrombin, and activated protein C have been evaluated in the treatment
of sepsis, with negative or mixed results.23 Comparedwith prophylactic-
dose unfractionated heparin or no thromboprophylaxis, the use of
low-molecular- weight heparin for venous thromboprophylaxis has been
shown to be associated with lower risk of moderate thrombocytopenia
(hazard ratio, 0.62; 95% confidence interval, 0.47-0.84).3 Data from
published randomized trials indicate the potential for heparin to improve
clinical outcomes in sepsis.24 To better define the role of heparin in

sepsis, the HALO (Heparin AnticoaguLation to improve Outcomes in
septic shock) research program investigators have recently completed
a feasibility pilot randomized trial of unfractionated heparin in septic
shock and are preparing to commence an international trial of heparin in
septic shock.25

Hemophagocytosis
Unfortunately, high-quality evidence to inform the optimal treatment
of sepsis-associated HPS in adult patients is lacking. Recommended
therapies target T cells (steroids, cyclosporine) and macrophages
(etoposide).26 Intravenous immunoglobulin (IVIG) to support de-
fective humoral immunity and reduce systematic inflammation has
also been suggested.26 Data from randomized trials suggest a po-
tential survival benefit of IVIG in patients with sepsis.27 Whether the
potential beneficial effects of IVIG correlate with the presence of
HPS is unknown.

ADAMTS13 deficiency
The possible contribution of ADAMTS13 deficiency to thrombo-
cytopenia and microvascular injury in sepsis should lead to con-
sideration of future trials evaluating plasma exchange28 or infusion
of recombinant ADAMTS13.

Complement
A coming wave of targeted complement inhibitors, of which ecu-
lizumab is a prototype, should permit elucidation of the comple-
ment’s contribution to the thrombocytopenia and other pathologies
of sepsis.

How we approach thrombocytopenia in the critically
ill patient
In assessing a critically ill patient with thrombocytopenia, there are
3 time frames to consider. First, the past: what is the context of the ICU
admission, and what was the platelet count profile prior to the current
illness? Second, the present: what is the trajectory of the platelet count,
and how does it relate to the patient’s clinical course; how severe is the
thrombocytopenia; and is there evidence of thrombosis? Third, the

Figure 1. Mechanisms of thrombocytopenia in sepsis. Multiple
mechanisms have been proposed to contribute to the thrombocytopenia of
sepsis. The relative contribution of each potential mechanism may vary
among patients and within a given patient over time. DIC, disseminated
intravascular coagulation.

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
thrombotic thrombocytopenic purpura, hemophagocytic syn-
drome, or acute leukemia?

• 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 course?

• How low is the platelet count?
• Is there thrombosis?
Future:
• Is the platelet count following the expected trajectory, given
your analysis of the cause?

662 American Society of Hematology

Zarychanski R. et al: Assessing thrombocytopenia in the 
intensive care unit: the past, present, and future. Am Soc

Hematol Educ Program. 2017 Dec 8;2017(1):660-666.

Differentialdiagnosen der Thrombopenie bei kritisch Kranken

thrombocytopenia unless the platelet count is very low

(<10 9 109/l) or the patient is bleeding. In postoperative

patients, the drop in platelet count is the result of combina-

tion of platelet consumption from tissue injury/wound heal-

ing and blood losses, as well as haemodilution. These are

expected to be compensated by the bone marrow in the fol-

lowing days. In a prospective study of nearly 600 patients

who underwent cardiac surgery, platelet counts fell below

normal in 56!3% of patients and below 50 9 109/l in 2!9%
of patients within 10 days after surgery (Selleng et al, 2010).

The lowest level was recorded typically between days 1–4
after surgery with the count increasing to the pre-surgery

level soon after. Similar mechanisms in an exaggerated man-

ner may explain the thrombocytopenia in trauma patients

although haemodilution from generous blood-product

replacement can be an additional factor. The 2–3 day delay

in thrombopoietic response mirrors platelet production

kinetics where megakaryocytes take up to 3 days to release

large number of platelets from the bone marrow (Kaushan-

sky, 2009), with the platelet count expected to rise to levels

approximately 2–3-times baseline by day 14.

It is well-known to the journal readers that the onset of

heparin-induced thrombocytopenia (HIT) is at least 5 days

after beginning an immunizing heparin exposure, although

recent heparin exposure (within the previous 100 days) may

cause rapid-onset HIT upon heparin re-exposure, if the

recent exposure had resulted in immune-sensitization. The

explanation for the association between recent heparin expo-

sure and rapid-onset HIT is the characteristic transience of

platelet-activating HIT antibodies, which are usually no

longer detectable >100 days following an episode of HIT

(Warkentin & Kelton, 2001).

Thrombocytopenia in combination with thrombosis

When thrombocytopenia develops in conjunction with large-

vein or artery thrombosis, the differential diagnosis narrows.

HIT is the classic disorder characterized by the combination

of thrombocytopenia and large-vessel venous or arterial

thrombosis. A recent review by Warkentin (2015c) gives an

overview of HIT presentation in critically-ill patients, includ-

ing DIC-associated venous limb gangrene. Cancer-associated

DIC can also present with this combination, sometimes even

mimicking HIT (Warkentin, 2015a; Warkentin et al, 2015a).

Antiphospholipid syndrome can present with macrovascular

thrombosis and thrombocytopenia. An unusual and over-

looked cause of thrombocytopenia is the massive-clot throm-

bocytopenia, where patients with pulmonary embolism (~3%
of cases) have large numbers of platelets incorporated into

the extensive thrombi (Kitchens, 2004).

Thrombocytopenia with combined macro- and microvas-

cular thrombosis points to disorders such as severe HIT

with HIT-associated DIC, as well as the catastrophic variety

of antiphospholipid syndrome (CAPS). Definite CAPS is

defined as thromboses in three or more organs developing

in less than a week, microthrombosis in at least one organ

and persistent antiphospholipid screen positivity (Cervera

et al, 2013). Many patients with CAPS have moderate or

severe thrombocytopenia (even though thrombocytopenia is

not one of the criteria of CAPS). Patients with overt DIC

of numerous aetiologies can develop microthrombosis;

indeed, DIC and resulting microthrombosis is the key

pathophysiological process that explains acral-limb ischae-

mic necrosis (“symmetrical peripheral gangrene”) in ITU

patients.

Fig 2. Clues for the diagnosis of thrombocy-
topenia in critically-ill patients. ITP, immune
thrombocytopenia; HIT, heparin-induced
thrombocytopenia, PTP, post-transfusion pur-
pura; PT, prothrombin time; APTT, activated
partial thromboplastin time; DIC, disseminated
intravascular coagulation.

Review

30 ª 2016 John Wiley & Sons Ltd
British Journal of Haematology, 2017, 177, 27–38
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offending agent. The drug-induced destruction of
platelets usually occurs via the formation of anti-
platelet antibodies, which bind normal platelets in
the presence of the sensitizing drug.42,44 Only a few
drugs, such as procainamide, induce autoantibodies
that react with platelets even in the absence of
the drug.45 Although specific drug platelet-associated
antibodies have been demonstrated for numerous
compounds, in vitro testing is usually not helpful
because it lacks sensitivity and specificity.46 A third
mechanism of drug-induced thrombocytopenia in-
volves a direct interaction between drug and plate-
lets, resulting in immune destruction. Tirofiban, for
example, interacts with the glycoprotein IIb/IIIa
receptor on platelets, changing their shape and
thereby facilitating antibody recognition.47

HIT:Heparin is thought to be the most common
noncytotoxic drug associated with thrombocytope-
nia. Although it is fairly common for platelet counts
to reversibly decline modestly in the first few days
after starting therapy with heparin (sometimes called
type 1 HIT), the term HIT describes a specific
syndrome of antibody formation, low platelets, and
thrombosis.48,49 Occasionally referred to as type 2
HIT, the incidence of this syndrome varies widely by
population studied with the highest rates seen
among patients given high doses of unfractionated
heparin on multiple occasions. Although well known
for its devastating thrombotic complications, type 2
HIT occurs in ! 5% of patients treated with unfrac-
tionated heparin for up to 7 days.48 Any exposure to
any amount or form of heparin can cause, or exac-

Table 3—Nonchemotherapeutic Drugs Commonly Used in the ICU Associated With Thrombocytopenia

Drugs Mechanism (If Known)

Antibiotics
Penicillins Hapten-dependent antibody
Vancomycin Drug-dependent antibody
Linezolid Myelosuppression
Daptomycin Unknown
Meropenem Interference with folate metabolism by inhibition of dihydrofolate reductase

and/or drug-specific antibody
Trimethoprim/sulfamethoxazole
Nitrofurantoin Unknown
Ganciclovir Unknown
Valganciclovir Unknown
Fluconazole Unknown
Rifampin Drug-dependent antibody

Heparins and low-molecular-weight heparins
Unfractionated heparin Forms immune complex with platelet factor 4
Enoxaparin

Histamine 2 receptor blockers
Cimetidine Drug-specific antibody
Ranitidine Drug-specific antibody

Salicylates/nonsteroidal antiinflammatory drugs
Aspirin Drug-dependent antibody
Diclofenac Drug-dependent antibody
Ibuprofen Drug-dependent antibody

Glycoprotein IIb/IIIa inhibitors
Abciximab Preexisting antibodies specific for murine structural elements of abciximab
Tirofiban Reacts with glycoprotein IIb/IIIa to induce neoepitope
Eptifibatide
Ticlopidine Thrombotic microangiopathy
Clopidogrel

Antiarrhythmics
Procainamide Induction of autoantibodies
Amiodarone Drug-dependent antibody/bone marrow granulomas

Antiepileptics
Valproate Drug-dependent antibody
Carbamazepine Drug-dependent antibody
Phenytoin Drug-dependent antibody

Miscellaneous
Digoxin Unknown
Furosemide Drug-dependent antibody
Thiazides Drug-dependent antibody
Haloperidol Unknown
Morphine Drug-dependent antibody

1626 Recent Advances in Chest Medicine

Downloaded From: http://journal.publications.chestnet.org/ by a Medizinische Universitat Wien User  on 12/02/2015

Rice TW, Wheeler AP (2009) Coagulopathy in critically
ill patients: part 1: platelet disorders. 

Chest 136:1622–30

which contains Fab fragments specific for
platelet GPIIIa, causes a drug-specific an-
tibody formation. Antibodies react with
the murine containing components of
the chimeric molecule and result in
platelet destruction. Gold salts and pro-
cainamide are capable of inducing plate-

let-specific autoantibodies that result in a
clinical presentation similar to that of
spontaneous autoimmune TCY. On occa-
sion, antibodies can persist, resulting in
prolonged TCY. Immune complex is the
last mechanism of immune-mediated
DIT. Heparin and low-molecular-weight
heparin can bind to platelet factor 4
(PF4), producing an antigenic complex.
Some patients form immunoglobin (Ig) G
antibodies that bind to this complex and
the Fc receptor on platelets. This binding
results in platelet activation and destruc-
tion.

Establishing the diagnosis of DIT is
challenging because hundreds of medica-
tions have been implicated (7). When DIT
is suspected, nondrug related causes
must be evaluated and excluded, includ-
ing pseudothrombocytopenia, an in vitro
clumping of platelets without clinical sig-
nificance (2, 7, 9, 10) (Table 2). Once DIT
is suspected, clinicians should identify the
start date of medications to establish a clear
understanding of the timeline of develop-
ment. The likelihood of each medication
causing TCY must be evaluated utilizing
available literature. For noncytotoxic
agents, George et al (4) developed a system-
atic approach for evaluating the causal na-
ture of published cases of DIT. Results of
this analysis are updated regularly and posted
online at http://www.ouhsc.edu/platelets.

Currently, the drug classes most often
implicated in causing DIT include the
GPIIb/IIIa inhibitors, cinchona alkaloids
(quinidine and quinine), antibiotics, in-
cluding sulfamethoxazole, and vancomy-
cin, anticonvulsants, and sedatives (5).
Other medications frequently suspected
of causing DIT include heparin-related
compounds, antineoplastic agents, etha-
nol, gold salts, antidiabetic agents, anti-
retrovirals, histamine 2 receptor antago-
nists (H2RAs), penicillin, and rifampin
(3, 7, 9).

DIT is often suspected in clinical prac-
tice. Unfortunately, data evaluating med-
ications causing DIT are often limited to
retrospective or observational data. This
review focuses on immune-mediated DIT
caused by medications commonly used in
the critically ill patient.

Heparin

Heparin is the medication most com-
monly associated with DIT (8). A nonim-
mune-mediated and an immune-medi-
ated form of TCY occur from heparin.
Nonimmune-mediated TCY occurs in
10% to 20% of patients receiving unfrac-
tionated heparin 1 to 4 days after initia-
tion. Platelets typically do not decrease to
!100 " 109/L. Nonimmune-mediated
TCY is not associated with hemorrhagic
or thrombotic consequences, and heparin

Table 1. Mechanisms of immune-mediated drug-induced thrombocytopenia

Mechanism Description
Clinical

Consequence
Special Laboratory

Testinga Prototype Drugs

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

Hemorrhage Drug-dependent platelet
antibody assay

Penicillin, cephalosporins

Drug-glycoprotein complex
(quinine-type)

Drug interacts noncovalently with platelet
membrane glycoprotein; antibody bonds

Hemorrhage Drug-dependent platelet
antibody assay

Quinine, quinidine,
nonsteroidal
anti-inflammatory
drugs, sulfonamides

Ligand-induced binding
site (fiban-type)

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

Hemorrhage Drug-dependent platelet
antibody assay

Eptifibatide, tirofiban,
lotrafiban

Drug-specific antibody Drug consists of chimeric Fab fragments
against GPIIIa with a murine component
that is recognized by antibody

Hemorrhage Drug-dependent platelet
antibody assay

Abciximab

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

Hemorrhage Anti-platelet antibody
assay (nonspecific)

Gold salts, procainamide

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

Thrombosis Heparin-platelet factor 4
antibody assay

Unfractionated heparin,
low- molecular-weight
heparins

aSee text for details regarding testing modalities.
Reprinted with permission from Archives of Pathology & Laboratory Medicine (7). Copyright 2009. College of American Pathologists.

Table 2. Nondrug causes of thrombocytopenia

Alcoholism
Anemia
Antiphospholipid syndrome
Blood transfusions/massive transfusion
Burns
Cardiopulmonary bypass
Disseminated intravascular coagulation
Extracorporeal membrane oxygenation
Hemolytic uremic syndrome/uremia
Human immunodeficiency virus
Hyperthyroidism
Hypothermia
Idiopathic thrombocytopenic purpura
Intra-aortic balloon pump
Liver disease/hypersplenism
Myelodysplastic or metastatic disease
Nutritional deficiencies
Paroxysmal nocturnal hemoglobinuria
Pregnancy
Primary hematologic disorder
Pseudothrombocytopenia
Renal replacement therapy
Sepsis/infection
Systemic lupus erythematosus
Thrombotic thrombocytopenic purpura
Vasculitis

Collated from references 2, 7, 9, and 10.

S146 Crit Care Med 2010 Vol. 38, No. 6 (Suppl.)

Priziola JL et al: Drug-induced thrombocytopenia in critically ill patients. Crit Care Med 2010; 38[Suppl.]:S145–S154

Immunologische Thrombopenien

• Immunologische Begleitphänomene bei Infektionen oder Autoimmunerkrankungen  

(entspricht einer typ. Autoimmunthrombopenie (ITP))

• Transfusionsthrombopenie (Antikörperbildung gegen HPA-1a als Reaktion auf 

Erythrozyten- oder Thrombozyten-Transfusionen): 

oft sehr niedrige Thrombozytenzahlen (< 1G/l) und schwere klinische Blutungsneigung, 

hohe Mortalität, keine Behandlungsmöglichkeit. 

Dauer: ca. 2-3 Wo.

Knöbl P. [Thrombocytopenia in the intensive care unit : Diagnosis, differential diagnosis, and
treatment]. Med Klin Intensivmed Notfmed. 2016 Jun;111(5):425-33.
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Theapiemöglichkeiten für immunologische Thrombopenien

• Wait & watch

• Steroide

• Hochdosierte iv. Immunglobuline

• Thrombopoietinrezeptor-Agonisten

• Rituximab

• Splenectomie

Knöbl P. [Thrombocytopenia in the intensive care unit : Diagnosis, differential diagnosis, and
treatment]. Med Klin Intensivmed Notfmed. 2016 Jun;111(5):425-33.

Thrombotic microangiopathy (TMA)

Hemolysis
• Low hemoglobin and RBC 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 symptoms rare
Central Hematology Laboratory Hemostasis Research 

Laboratory Bern University Hospital & University of Bern [CC 
BY-SA 4.0 (http://creativecommons.org/licenses/by-sa/4.0)], 

via Wikimedia Commons

result does not necessarily exclude aHUS. Additionally,
the results from such tests may take weeks, which is not
compatible with the urgent care setting of the ICU, where
rapid treatment decisions and administration of urgent
therapy are necessities.

Distinguishing aHUS From STEC-HUS and
Pneumococcal HUS

Culture-based assays (serology or polymerase chain
reaction) for Shiga toxin-producing Escherichia coli
(STEC), using a stool or rectal swab, in patients with
diarrhea can diagnose STEC-HUS and clearly
differentiate it from aHUS. Although E coli is not the
only source of Shiga toxin, STEC-HUS, previously
referred to as typical HUS or diarrhea-positive HUS, is
the most commonly used terminology today and is used
here to refer to this subset of HUS. The presence of
diarrhea alone has been used in the past to differentiate
between the conditions; however, this cannot be relied
on because up to one-third of aHUS cases also involve
diarrhea; therefore, so the presence of Shiga toxin must
be analyzed in patients with diarrhea.27 Pneumococcal
HUS is linked to the evidence of invasive pneumococcal
infection. Bacterial culture from sterile bodily fluids is
required for confirmation of pneumococcal infection,
and pneumococcal HUS is—in contrast with aHUS and
TTP—often associated with a positive Coombs test.21

Further Tests to Consider in the Workup of a Patient
Presenting With TMA

Patients presenting with TMA may require further
testing to rule out additional associated conditions.
Disseminated intravascular coagulopathy and sepsis
may present with TMA features but can be ruled out by
measuring coagulation parameters, which are all normal

in aHUS and TTP.14 Pregnancy can result in
complications of TMAs; TMA often leads to fetal death,
and TMA therapy may have an influence on the fetus.
Therefore, a pregnancy test should be performed in
women of childbearing age.22 Viral infections,
including HIV, hepatitis B virus, hepatitis C virus,
cytomegalovirus, and Epstein-Barr virus, can also cause
TMA and therefore must be investigated.1,22 Serology
tests, such as antinuclear antibodies and anti-DNA-
antibodies to neutrophil cytoplasmic antigens, must be
considered to rule out systemic diseases,1 and basal
organ testing, including a brain and lung CT scan,
troponin levels, blood glucose levels, and serum lipase
levels, is also recommended.22 Although a negative
direct antiglobulin test (Coombs test) can confirm
TMA, a positive result may be indicative of autoimmune
hemolytic anemia, Evans syndrome (when in
conjunction with immune-mediated thrombocytopenia),
or pneumococcal HUS. A full medical history should be
acquired to determine underlying conditions, such as
malignancies and drug- or medication-associated
TMAs,1,22 for example heparin-induced thrombocyto-
penia.43 Family history of TMA or renal injury should
also be evaluated considering the important genetic
component of aHUS.

Diagnosing aHUS in the ICU Setting

Data on the clinical presentation and diagnosis of aHUS,
particularly in the ICU setting, are limited by the small
number of patients with this condition reported in the
ICU literature.31 Furthermore, findings relating to aHUS
are mostly published in nephrology and hematology
journals, with limited reach to the ICU specialist. An
industry-supported global aHUS registry was initiated in
2012, and data on the baseline demographics and

CNS:
Irritability, drowsiness, convulsions,
encephalopathy, diplopia, cortical
blindness, hemiparesis or
hemiplegia, stupor and coma

Cardiovascular:
Cardiomyopathy, myocardial

infarction, myocarditis and
heart failure

Skin:
Purpuric rash

GI:
Diarrhea, abdominal colics,

constipation, abdominal distension,
strictures, occlusions, intestinal

perforations, pancreatitis,
intestinal bleeding, hepatic cytolysis

Pulmonary:
Pulmonary hypertension,
pulmonary hemorrhage,
pulmonary edema

Renal:
Renal impairment, end stage renal disease

Skeletal muscle:
Rhabdomyolysis

Figure 3 – Frequency of organ involvement in atypical hemolytic uremic syndrome.9 See Figure 2 legend for expansion of abbreviations.

430 Contemporary Reviews in Critical Care Medicine [ 1 5 2 # 2 CHES T A UGU S T 2 0 1 7 ]

arhythmia,
ECG deviations, sudden cardiac death

Elevated creatinine, reduced urine output

agitation, psychosis

Organ involvement in TMA

Modified from Azoulay E, et al. Expert Statements on the Standard of Care in Critically Ill Adult Patients With
Atypical Hemolytic Uremic Syndrome. Chest. 2017 Aug;152(2):424-434.
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Pathophysiology-based classification of TMA
TMA with ADAMTS13 deficiency = TTP

Genetic defects causing ADAMTS13 deficiency Upshaw-Schulman Syndrome
Autoantibodies causing ADAMTS13 deficiency Spontaneous autoimmune TTP 

= M. Moschcowitz Secondary autoimmune TTP 
(after infections, pregnancy, drugs, cancer, etc.)

TMA with complement dysregulation(some of them called atypical HUS, aHUS)
Genetic defects causing complement overexpression Familial HUS
Antibodies blocking complement factors Spontaneous autoimmune HUS

= Autoimmune-type of acquired HUS Secondary autoimmune HUS 
(after infections, pregnancy, drugs, cancer, etc.)

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 clopidogrel, 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 syndrome, hypertension, vasculitis, etc.

P. Knöbl, Inherited and Acquired Thrombotic Thrombocytopenic Purpura (TTP) in Adults, Semin Thromb Hemost 2014, p.493–502

Therapie der TTP

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

• Cortison (1 mg/kg/d)

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

• Rituximab zur Immunsuppression 

• Symptomatische Organprotektion (Intensivmedizin)

• KEINE Thrombozytenkonzentrate

P. Knöbl, Inherited and Acquired Thrombotic Thrombocytopenic Purpura (TTP) in Adults, Semin Thromb Hemost 2014, p.493–502

Other therapy for TMA
Therapeutic option Indication Dose Mechanism of action

Immunomodulators
(bortezomib, MMF, cyclosporine, 
cyclophosphamide)

Autoantibody-induced TTP
(4th line immunotherapy)

As indicated Immunosuppression

Anti-platelet agents (ASS, 
clopidogrel, prasugrel, ticagrelor)

TTP with severe organ damage Clopidogrel: 
75-150 mg/d

Inhibition of platelet aggregation

Splenectomy Refractory TTP
(after rituximab failure)

unknown. 
elimination of memory cells?

Eculizumab Complement-mediated TMA 900 mg weekly Complement inhibition

Supportive therapy Anemia: RBC transfusion
organ failure: ICU

As indicated (details: see text)

P. Knöbl, Inherited and Acquired Thrombotic Thrombocytopenic Purpura (TTP) in Adults, Semin Thromb Hemost 2014, p.493–502
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Heparin-assoziierte Thrombopenie

4T Score für HIT

Warkentin TE: Heparin-Induced Thrombocytopenia in Critically Ill Patients. Semin Thromb Hemost 2015;41:49–60

with HIT, for example, thrombocytopenia and/or thrombosis
bearing a temporal relationshipwith a preceding immunizing
exposure to heparin (“clinical”) and (2) the patient’s serum
(or plasma) is shown to contain heparin-dependent platelet-
activating antibodies (“pathological”). One recommended
framework14 for defining HIT is a clinical picture judged to
be at least intermediate probability (e.g., scoring at least 4
points in the 4Ts pretest probability scoring system15–17) and
detectability of heparin-dependent, platelet-activating anti-
bodies (e.g., positive serotonin-release assay (SRA)18,19 or
heparin-induced platelet activation test20,21 with a corrobo-
rating positive test for anti-PF4/heparin antibodies by a PF4-
dependent immunoassay, most often an enzyme immunoas-
say (EIA).22

Clinical Picture of Heparin-Induced
Thrombocytopenia: 4Ts Perspective

To distinguish HIT from non-HIT thrombocytopenic disorders, it
is important to appreciate the clinical picture ofHIT, hereviewed
through a widely used scoring system, the 4Ts (►Table 1).15–17

Thrombocytopenia
The first “T,” Thrombocytopenia, is characterized by large-
magnitude declines in the platelet count (usually, at least 50%)
that, however, do not usually reach very low values. Indeed, in
the 4Ts, 0 points are given for a platelet count value
< 10 ! 109/L, and only 1 point for a platelet count result
between 10 and 19 ! 109/L, whereas a > 50% platelet

count fall with nadir " 20 ! 109/L scores as 2 points.
(Only #10% of patients with HIT develop a platelet count
nadir < 20 ! 109/L.23) This (usual) lack of very severe
thrombocytopenia probably reflects the fundamental
platelet-activating nature of HIT, as other platelet-activating
disorders such as DIC are also characterized by moderate
thrombocytopenia, whereas destructive thrombocytopenia
caused by platelet-reactive autoantibodies or drug-dependent
antibodies often reach platelet count nadirs < 20 ! 109/L.24

Therefore, themagnitude of theplatelet count fall is usually not
helpful in distinguishing HIT from non-HIT thrombocytopenia
in critically ill patients.

Timing
In contrast, the second “T,” Timing of onset of thrombocyto-
penia (or thrombosis) in relation to a proximate (preceding)
heparin exposure, is much more useful. Most critically ill
patients—whether admitted to ICU immediately postsurgery,
or directly from the community with acute illness—evince
early-onset thrombocytopenia. Indeed, even with elective
surgery, early postoperative thrombocytopenia is expected,
with nadir platelet counts between postoperative days 1 and
4 (median, day 2).25

In contrast, ►Fig. 1 shows “typical-onset” HIT developing
in a critically ill postcardiac surgery patient: here, the unex-
pected thrombocytopenia that began 5 days postsurgery—
with intraoperative exposure to unfractionated heparin
(UFH) and postoperative thromboprophylaxis with low-
molecular-weight heparin (LMWH)—places HIT firmly in

Table 1 4Ts scoring system

Points (0, 1, or 2 for each of four categories: maximum possible score ¼ 8)

2 1 0

Thrombocytopenia > 50% platelet fall to nadir " 20 30–50% platelet count fall
(or > 50% directly resulting
from surgery); or nadir 10–19

< 30% platelet fall; or
nadir < 10

Timinga of platelet count
fall, thrombosis, or other
sequelae (1st day of putative
immunizing exposure to
heparin ¼ day 0)

Days 5–10 onseta (typical/
delayed-onset HIT); or % 1 day
(with recent heparin exposure
within past 30 days (rapid-onset
HIT)

Consistent with days 5–10
fall, but not clear (e.g., miss-
ing platelet counts); or, % 1
day (heparin exposure within
past 31–100 days) (rapid-
onset HIT); or, platelet fall
after day 10

Platelet count fall % 4 days
(unless picture of rapid-
onset HIT—see two left boxes)

Thrombosis or other se-
quelae (e.g., skin lesions,
anaphylactoid reactions)

Proven new thrombosis; or skin
necrosis (at injection site); or
postintravenous heparin bolus
anaphylactoid reaction

Progressive or recurrent
thrombosis; or erythematous
skin lesions (at injection site);
or suspected thrombosis (not
proven); hemofilter
thrombosis

None

OTher cause for
thrombocytopenia

No explanation for platelet
count fall is evident

Possible other cause is
evident

Definite other cause is
present

Pretest probability score: 6–8 ¼ high; 4–5 ¼ intermediate; 0–3 ¼ low

Abbreviation: HIT, heparin-induced thrombocytopenia.
Note: The scoring system shown above includes minor modifications compared with previously published versions.
aFirst day of immunizing heparin exposure considered day 0; the day the platelet count begins to fall is considered the day of onset of
thrombocytopenia (it generally takes 1–3 more days until an arbitrary threshold that defines thrombocytopenia is passed). Usually, heparin
administered at or near surgery is the most immunizing situation (i.e., day 0).

Seminars in Thrombosis & Hemostasis Vol. 41 No. 1/2015

Heparin-Induced Thrombocytopenia in Critically Ill Patients Warkentin50
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Probleme des 4T-Scores bei kritisch Kranken

• Niedrige Sensitivität und Spezifität bei kritisch Kranken, oft können Kriterien nicht klar 

definiert werden 

• Patienten haben oft viele andere Gründe für Thrombopenie (100% aller Pat. mit 

nachgewiesener HIT) 

• Patienten haben oft andere Gründe für Thromboembolie

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

• Nur 7,5 % von kritisch kranken Patienten mit Verdacht auf HIT haben tatsächlich eine HIT

Harada MY, et al: Overtreatment of Heparin- Induced Thrombocytopenia in the Surgical ICU. Crit Care Med 2017; 45:28–34. 
Knoebl P. Is It HIT? Crit Care Med. 2017 Jan;45(1):132-134.
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on the agent and definition of TCY (ab-
ciximab, 0.4%–5.5%; tirofiban, 0.3%
–1.5%; eptifibatide, 1.2%). The in-
creased incidence with abciximab com-
pared to the other agents is thought to
be related to the chimeric Fab frag-
ments (24 –27). TCY on re-exposure can
occur with any GPIIb/IIIa inhibitor, al-
though it is more frequent with abcix-
imab (28–30). In a registry of 1342 patients
receiving abciximab, 5% had TCY (platelets
!100 " 109/L) and 2% had profound TCY
(platelets !20 " 109/L). Patients with ab-
ciximab exposure within the previous 30
days had an increased incidence and sever-
ity of TCY (31). The administration of epti-
fibatide or tirofiban to patients with a his-
tory of abciximab-induced TCY does not
appear to be associated with an increased
risk of TCY (24, 32).

The decrease in platelet count from
GPIIb/IIIa inhibitors is usually severe and
occurs rapidly, within hours of initial ex-
posure (24, 32, 33). This rapid decrease in
platelets is in contrast to most types of
DIT (24, 33). Eptifibatide and tirofiban
are reversible platelet inhibitors and are
rapidly cleared from circulation after dis-
continuation. In contrast, abciximab is an

irreversible platelet inhibitor and can be
detected on circulating platelets for up to
2 wks after therapy. Therefore, TCY may
occur several days after abciximab admin-
istration (6, 24, 32, 33). GPIIb/IIIa inhib-
itor-induced TCY may be accompanied by
other systemic side effects, such as fever,
chills, dyspnea, hypotension, and anaphy-
laxis (24).

Patients using GPIIb/IIIa inhibitor
therapy should have their platelet
count monitored frequently during
therapy. Platelet count monitoring 2, 6,
12, and 24 hrs after initiation should
identify most cases of acute TCY (24,
34). Because TCY may occur several
days after discontinuation of abciximab,
patients should receive discharge coun-
seling on signs and symptoms of bleed-
ing. Outpatient platelet monitoring is
not routinely recommended (35). A low
platelet count in patients receiving ab-
ciximab should be confirmed to rule
out pseudothrombocytopenia (23, 24,
31). In clinical trials, pseudothrombo-
cytopenia occurred in approximately
2% of patients. There are no reports of
pseudothrombocytopenia related to ep-
tifibatide or tirofiban (35).

Most patients with GPIIb/IIIa inhibitor
associated TCY have no severe sequelae.
However, TCY in a patient with decreased
platelet function can pose the risk of se-
rious bleeding. Bleeding ranges from
none to a few petechiae, to oozing from
sites of vascular access, to rare life-
threatening bleeding such as intracranial
hemorrhage (24, 32, 33, 36). Eptifibatide
and tirofiban are reversible inhibitors of
platelet aggregation and are cleared from
the body within hours after discontinua-
tion. Platelet recovery occurs rapidly,
which explains the low incidence of clin-
ically significant bleeding (24, 32, 33).
Because abciximab is an irreversible in-
hibitor of platelet aggregation, related
TCY may persist for 2 to 5 days after
discontinuation (24, 25, 32). If TCY oc-
curs (platelets !100 " 109/L), then the
GPIIb/IIIa inhibitor should be discontin-
ued, platelets should continue to be
monitored, and TCY should be properly
managed utilizing platelet transfusions if
necessary for significant bleeding (24, 32,
34). In addition to discontinuing the
GPIIb/IIIa inhibitor, it may be necessary
to discontinue anticoagulants and anti-
platelets during the period of TCY to
reduce potential bleeding (26, 37). In ad-
dition to bleeding complications, tirofi-
ban- and eptifibatide-induced TCY with
subsequent thrombosis has been reported
(38, 39). Patients with GPIIb/IIIa inhibi-
tor-induced TCY have increased morbid-
ity and mortality compared to patients
who do not have TCY (34, 37).

Data evaluating the use of corticoste-
roids or intravenous immunoglobulin
(IVIG) for GPIIb/IIIa inhibitor-induced
TCY are limited (35, 37). For life-
threatening bleeding that has not re-
sponded to other interventions, emergent
hemodialysis, charcoal hemoperfusion,
and plasmapheresis may be considered
for eptifibatide and tirofiban. Abciximab
binds too tightly to the GPIIb/IIIa recep-
tor and little free drug is present to be
removed by these methods (37).

Screening for antibodies may decrease
the incidence of TCY, because preexisting
and naturally occurring antibodies may
increase the risk (24). A positive human
anti-chimeric antibody test at baseline in
patients re-administered abciximab was
associated with a significant increase in
the incidence (14% vs. 4%; p # .002) and
severity of TCY (31). However, laboratory
screening for antibodies is not routinely
available. Screening is unlikely to be
cost-effective secondary to the low inci-
dence of TCY, limited alternatives to

Table 3. Probability of HIT in the intensive care unit

Probability of HIT Clinical and Laboratory Findings Recommended Action

Very unlikely No TCY or other clinical features Maintain heparin
Positive PF4 EIA Monitor platelet counts

Avoid antibody testing with low
probability

TCY and/or new thrombosis Check other causes of TCY
Negative PF4 EIA Ensure adequate anticoagulation

Avoid repeat antibody testing
unless TCY worsens

HIT is not ruled out Platelet decrease may be
explained by comorbidity

Switch to alternate anticoagulant
in prophylactic dose

Weak positive PF4 EIA (optical
density !1.0)

If DTI used start with 25%–50%
of expected dose, adjust by aPTT

Functional assay result negative or
not available

Guide treatment by response to
alternate anticoagulant

Confirm HIT with functional assay
HIT is probable Unexplained platelet decrease Stop heparin

Initiate therapeutic dose PF4 EIA
optical density $1.0, alternate
anticoagulation

Reduce dose if high bleeding risk
Confirm HIT with functional assay

HIT very likely New thrombosis and TCY with
appropriate timing and
without other causes

Positive PF4 EIA

Stop heparin
Initiate therapeutic dose, alternate

anticoagulation
Reduce dose if high bleeding risk
Confirm HIT with functional assay

HIT, heparin-induced thrombocytopenia; TCY, thrombocytopenia; PF4, platelet factor 4; EIA,
enzyme immunoassay; DTI, direct thrombin inhibitors; aPTT, activated partial thromboplastin time.

Adapted from Selleng et al (14).

S148 Crit Care Med 2010 Vol. 38, No. 6 (Suppl.)
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HIT - Algorithmus

should always be considered, especially if (a) thrombocytope-

nia begins approximately 1–2 weeks after initiating heparin

exposure, (b) thrombosis occurs (either in the device or else-

where), or (c) anaphylactoid reactions occur during initiation

of haemodialysis with bolus heparin administration (Perbet

et al, 2015).

Heparin-induced thrombocytopenia

It is likely that HIT is both over and under-diagnosed in the

ITU. Many studies show that the incidence of “true” HIT is

<1% in the ITU population despite the fact that majority of

the patients get exposed to heparin. It is important that the

4Ts score is calculated in all patients and reliable laboratory

assays are performed to confirm or exclude HIT (see Fig 3).

Thrombosis that begins 5 or more days after receiving heparin

should always prompt consideration of HIT (Warkentin,

2006); indeed, in approximately one-half of HIT patients,

thrombosis is the presenting feature of HIT (Warkentin & Kel-

ton, 1996), with thrombocytopenia becoming apparent only

over the ensuing days (Greinacher et al, 2005). Hypotension

in an ITU patient with possible HIT should prompt considera-

tion of acute adrenal failure (adrenal vein thrombosis causing

bilateral adrenal haemorrhagic necrosis); initiation of corticos-

teroid therapy can be life-saving in this situation (Warkentin

et al, 2015b). Detailed discussion of HIT has recently been

published in the journal by Scully et al (2016).

Bone marrow disorders

Haematological malignancies can be a cause of thrombocy-

topenia and may present acutely with associated severe infec-

tions or anaemia which may require circulatory support.

Myelodysplastic syndromes can present with isolated throm-

bocytopenia but with heightened susceptibility to infections

as the presenting symptom needing intensive care admission.

Bone marrow examination is required in these cases espe-

cially if the blood film shows abnormalities in the erythrocyte

and leucocyte lineages. It may also be helpful in distinguish-

ing from TMA.

Thrombocytopenia as a marker of organ
impairment in critically ill

It is widely recognised that platelets are the key cellular com-

ponent of the haemostatic mechanism. But increasingly, it is

Fig 3. Algorithm for laboratory assessment for heparin induced thrombocytopenia. *Denotes practice in places where serotonin release assay
(SRA) is not available (JT approach). **Preferred approach especially if SRA is available (TEW approach). ***“HIT likely” status based upon
ELISA positivity may only indicate ~50–75% probability of true HIT, so if an SRA is available, this test should be considered (especially if the
4Ts is only intermediate). ELISA, enzyme linked immunosorbent assay; HIT, heparin-induced thrombocytopenia; OD, optical density.

Review

32 ª 2016 John Wiley & Sons Ltd
British Journal of Haematology, 2017, 177, 27–38
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Persönliche Empfehlung

• Klinische Situation und HIT-Wahrscheinlichkeit abschätzen

• Typischen Zeitverlauf beachten (HIT unwahrscheinlich <5d 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 für HIT frühzeitiger 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 für sc. Therapie
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Therapeutische Möglichkeiten bei Thrombopenie
DOSIS INDIKATION KONTRAINDIKATION

Thrombozyten-Konzentrate 1-2/d
Bildungsstörung, 

Hämodilution, DIC, prä-
interventionell

Absolute KI: TTP, TMAs, HIT
Relative KI: ITP

Thrombopoietinrezeptor-
Agonisten 

Romiplostin
Elthrombopag

1-9 µg/kg/Wo. sc.
50-150 mg/d po.

ITP, Bildungsstörung Relative KI: alle off-label 
Anwendungen

Corticosteroide 1 mg/kg/d ITP, TTP

Immunglobuline 1 g/kg iv d1+2 ITP und lebensbedrohliche 
Blutungen

Immunsuppression, Rituximab ? ITP, TTP
Splenectomie ITP, TTP, TMA

Desmopressin 0,4 µg/kg KI direkt vor 
Thrombozyten-Konzentrat

Refraktäre Thrombopenie 
und lebensbedrohliche 

Blutungen 

Nierenversagen, akutes 
Coronarsyndrom

Rek. FVIIa (Novoseven) 90 µg/kg iv (alle 2 h)
Ultima Ratio bei 

lebensbedrohlichen 
Blutungen

DIC=disseminierte intravaskuläre Koagulopathie; HIT=Heparin-induzierte Thrombopenie; 
TMA=thrombotische Mikroangiopathie; TTP=thrombotisch-thrombopenische Purpura

Knöbl P.: Thrombocytopenia in the intensive care unit. 
Med Klin Intensivmed Notfmed. 2016 Jun;111(5):425-33

Randomized trials of transfusion strategies to treat or prevent bleeding
in thrombocytopenic ICU patients have not been conducted, and a
conservative approach seems warranted.

Therapeutic platelet transfusion
In the context of massive transfusion, treatment of bleeding with a
1:1:1 or a 1:2:1 ratio of red cells, plasma, and platelets is supported
by clinical studies and widely recommended in clinical guidelines
to prevent severe thrombocytopenia or hemodilution of coagulation
factors. The optimal ratio of platelet concentrates in this setting
remains unknown.39 Caring for patients requiring massive trans-
fusion is complex; comprehensive transfusion protocols can help
achieve transfusion goals and improve outcomes.40 In general medical-
surgical ICU patients with severe bleeding and, in the absence of
informative clinical trials, current guidelines recommend that platelet
transfusion be considered if the platelet count is ,50 3 109/L or if
significant platelet dysfunction is suspected or confirmed (Table 1).38

Platelet dysfunction is relatively common in the ICU and may be
aggravated by factors including uremia, liver failure, antiplatelet agents,
and extracorporeal circuits. The extent to which platelet transfusion can
overcome these effects is unclear.

Prophylactic platelet transfusion
Most platelet units in an ICU are transfused to prevent clinical
bleeding. Clinical trials to guide best practice are needed, and con-
siderable practice variability exists. Extrapolating from randomized
trials evaluating prophylactic platelet transfusion in hospitalized adult
patients with chemotherapy-induced hypoproliferative thrombocyto-
penia, the American Association of Blood Banks (AABB) and
the Society for Critical Care Medicine (SCCM) 2016 Surviving
Sepsis Guideline recommends prophylactic platelet transfusion below
a threshold of 10 3 109/L.33,38 This extrapolation, however, may not
be valid; in patients admitted to medical-surgical ICUs, thrombocy-
topenia is frequently multifactorial and may be accompanied by ac-
quired platelet dysfunction but also increased platelet turnover.
Furthermore, posttransfusion platelet increments and the durability
of platelet increases are known to be attenuated in ICU patients. In
observational studies, the median increase in platelet count per platelet
transfusion was 153 109/L.41 It should also be recognized that major

hemorrhage is a recognized consequence of critical illness with
multiple organ failure and can occur at any platelet count.

Periprocedural platelet transfusion
Platelet transfusion is recommended to minimize bleeding during
placement of an elective central venous catheter if the platelet
is ,20 3 10/L38,42 (Table 1). Data to support this recommendation
come from observational studies, of which a subset of patients were
admitted to an ICU. In 2 large observational studies, only patients
with a preprocedural platelet count of,20 or 253 109/L were at risk
for bleeding.43,44 Central venous catheters should ideally be placed
under ultrasound guidance and by expert operators to reduce the risk
of bleeding. With the use of bedside ultrasound and clear vascular
windows, the incremental benefit of platelet transfusion is uncertain.
In absence of informative trials, practice variability exists. Rec-
ommended platelet thresholds for lumbar puncture and surgical
procedures are itemized in Table 1.

Conclusion
Thrombocytopenia in the ICU is common, especially among those
with septic shock, and correlates with an adverse prognosis. Multiple
mechanisms may contribute to thrombocytopenia, and differentiating
the pertinent cause (or causes) in individual patients is challenging.
Looking back at the patient’s medical history and presenting illness,
while observing the platelet trajectory and the clinical course, offers
clues to the diagnosis and prognosis. Pragmatic guidelines are pre-
sented; however, optimal platelet transfusion strategies to prevent or
treat bleeding in thrombocytopenic ICU patients remain to be defined.
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Table 1. Thresholds for platelet transfusion in critical illness21,38,42

Indication Platelet threshold* Strength of recommendation Quality of evidence

Severe bleeding Maintain PLT . 50 3 109/L;
consider using an MTP

Strong Low

Prophylaxis in adults 10 3 109/L Moderate Low
Prior to elective central venous catheter 20 3 109/L† Weak Low
Prior to chest tube insertion or thoracentesis 50 3 109/L Weak Low
Prior to bronchoscopy with lavage 20 3 109/L Weak Low
Prior to paracentesis Not routinely required Weak Low
Prior to bone marrow biopsy Not routinely required Weak Low
Prior to elective diagnostic lumbar puncture 50 3 109/L Weak Very low
Prior to urgent diagnostic lumbar puncture 20 3 109/L Weak Very low
Prior to major elective surgery (excluding neurosurgery) 50 3 109/L Weak Very low
Prior to neurosurgery 100 3 109/L Weak Very low
Traumatic brain injury, intracranial hemorrhage 100 3 109/L Weak Low
Prior to insertion of an intraventricular drain 100 3 109/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.
†Inserted with bedside ultrasound and by experienced personnel. Avoid noncompressible vessels if platelets are,503 109 per liter. Choosing a compressible site is preferable
to platelet transfusion.

Hematology 2017 665

Zarychanski R. et al: Assessing thrombocytopenia in the intensive care unit: the past, present, and future. 
Am Soc Hematol Educ Program. 2017 Dec 8;2017(1):660-666.

including5% to10%withplatelet counts,503 109/L.3 In contrast
to patients with chemotherapy-induced thrombocytopenia, ICU-
associated thrombocytopenia is multifactorial and develops as a result
of infection, inflammation, and coagulation factor consumption.
Platelet turnover is often increased in critical illness, which may
pose less of a hemostatic risk than patients with bone marrow failure;
conversely, complex comorbidities may add to the overall risk of
bleeding. The principal treatment of ICU-associated thrombocytope-
nia is to treat the underlying cause.

Platelet transfusions are often used to treat thrombocytopenia in
the ICU4 despite the lack of high-quality published evidence sug-
gesting benefit. Local clinical guidelines and recommendations for
platelet transfusion thresholds for critically ill patients vary and are
based largely on expert opinion. The benefits of platelet transfusions
on clinical outcomes such as bleeding avoidance and survival are
uncertain. The objectives of this focused review were to systemat-
ically review the literature on the effect of platelet transfusions on
platelet count increment, bleeding, and mortality and to formulate
recommendations for or against the use of platelet transfusions for
nonbleeding critically ill neonates, children, and adults with severe
(platelet count,50 3 109/L)1 thrombocytopenia.

Methods

Our research team was composed of transfusion medicine specialists including
1 adult hematologist, 3 pediatric hematologists, and 2 methodologists.
Investigators had experience in platelet transfusion studies and research in
ICU-associated thrombocytopenia. We also elicited feedback from 3 adult,
1 pediatric, and 1 neonatal ICU physicians, all with experience in research
methodology.

Search strategy and study selection

We searched Medline and Embase for relevant articles published until
November 2012 using the keywords “critical illness,” “thrombocytopenia,”

and “platelet transfusions” (supplemental Appendix A; see the Blood Web
site). We manually searched reference lists of primary articles and relevant
reviews and solicited additional articles from authors. Studies were eligible if
the study population was critically ill patients of any age who had throm-
bocytopenia and received platelet transfusions and if at least one of the
following was reported as a study outcome: platelet count increment, bleeding,
or mortality. We included all experimental and observational study designs.
We excluded studies of specific thrombocytopenic syndromes such as drug-
induced immune thrombocytopenia, primary immune thrombocytopenia, or
neonatal alloimmune thrombocytopenia; cardiac ICU studies only; studies
with fewer than 10 patients; review articles; redundant publications; abstract-
only publications; and non-English-language articles. One reviewer screened
titles for relevance, and a second reviewer assessed abstract and full texts for
eligibility. Six reviewers independently performed the data abstraction.

Quality assessments

The methodologic quality of individual studies was evaluated using criteria
established for the reporting of randomized controlled trials (RCTs) and
nonrandomized studies.5,6 Each article was assessed independently by all 6
reviewers and then discussed as a team. During the discussion, we refined the
quality assessment criteria to suit the topic by adding a criterion (adjustment of
confounding) and providing explicit definitions of appropriateness of patient
selection, outcome, exposure, and follow-up pertinent to platelet transfusion
studies. For RCTs, the adequacy of randomization, allocation concealment,
blinding, follow-up, outcome assessment, and analysis were assessed.5 We
added applicability to our assessment of overall study quality to gauge the
extent to which the study addressed our research question. The methodologic
quality of all studies was reexamined in pairs and determined by consensus
(supplemental Appendix B).

GRADE recommendations

Our intent was to formulate recommendations for or against the use of platelet
transfusions using Grading of Recommendations Assessment, Development,
and Evaluation, which incorporates the quality of the evidence, benefits and
risks, and resource utilization.7 Grade 1 recommendations are considered
strong; grade 2 recommendations areweak. A, B, and C denote high, moderate,
or low quality of evidence, respectively. Once our systematic review was

Table 1. The impact of platelet transfusions on platelet-count increment in critically ill patients with thrombocytopenia

Reference N Population Study design Results Study quality*

Adults

4 1923 Medical ICU Prospective cohort Median increase was 15 3 109/L (IQR,

2-35 3 109/L)

Low

12 350 Dengue fever Prospective cohort Median PLT count yield† was 12.4% higher than

baseline after transfusion (range, 23.9%-67.1%)

Low

9 216 Medical/surgical ICU Retrospective cohort Median increase after single PLT transfusion was

14 3 109/L (IQR, 22-30 3 109/L)

Moderate

11 147 Surgical ICU Prospective cohort PLT count rose above 40-50 3 109/L (but never

.100 3 109/L) after transfusion

Low

10 72 Surgical ICU Case-control study Platelet transfusion led to sustained correction

of thrombocytopenia in 8/16 patients; the remainder

had only transient improvement

Low

Neonates

15 422 Preterm neonates Retrospective cohort study Platelet transfusion resulted in good, but less sustained,

rise in platelet count for neonates with severe

thrombocytopenia (data not shown)

Low

14 194 Neonates Prospective cohort Fifty-nine percent of transfusions increased counts

.40 3 109/L; 8% of transfusions increased counts

,20 3 109/L; median platelet count increase from

27 3 109/L (IQR, 19-36 3 109/L) to 79 3 109/L

(IQR, 47-126 3 109/L)

Moderate

8 152 Preterm neonates RCT Significant increase by 95 3 109/L in the intervention

group (PLT transfusions for platelets ,150 3 109/L)

Low

IQR, interquartile range; PLT, platelet.
*Study quality included applicability to the research question.
†PLT yield is the platelet count increase after transfusion corrected for body weight and platelet dose.
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Zusammenfassung

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

Ursachen haben.

• Nur ein strukturiertes Aufarbeiten der Differenzialdiagnosen ermöglicht eine sinnvolle 

Behandlung.

• Die Konsultation von erfahrenen Ha ̈matologen/Hämostaseologen 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.


