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Coagulopathy in Critically Ill Patients
Part 1: Platelet Disorders

Todd W. Rice, MD, MSc; and Arthur P. Wheeler, MD, FCCP

Abnormalities of platelet number and function are the most common coagulation disorders seen
among ICU patients. This article reviews the most frequent causes of thrombocytopenia by
providing an overview of the following most common mechanisms: impaired production;
sequestration; dilution; and destruction. Guidelines for treating thrombocytopenia and platelet
dysfunction are also provided. (CHEST 2009; 136:1622–1630)

Abbreviations: aPTT ! activated partial thromboplastin time; DIC ! disseminated intravascular coagulation;
HELLP ! hemolysis, elevated liver enzymes, and low platelets; HIT ! heparin-induced thrombocytopenia;
HUS ! hemolytic uremic syndrome; PF4 ! platelet factor 4; PT ! prothrombin time; TTP ! thrombotic thrombocy-
topenic purpura; vWD ! von Willebrand disease; vWF ! von Willebrand factor

E ven though coronary, cerebrovascular, and ve-
nous thromboses are the leading killers of adults

in ICUs, clinicians often have greater apprehension
about bleeding than clotting. These concerns may
stem from a sense of responsibility for bleeding
following procedures or anticoagulant therapy, or
perhaps it is the mere fact that hemorrhage is often
visible externally, whereas thrombosis is more clan-
destine. Fortunately, humans are largely protected
from clinically significant bleeding by the following
three hemostatic systems: intact vasculature; plate-
lets; and soluble clotting factors. Significant bleeding
is rare until two of the three systems malfunction,
and then the magnitude of each failure often must be
significant. This article, the initial one in a two-part
series on coagulation disorders in the ICU, focuses
on the causes and treatment of the most common
coagulation disorder in critically ill patients, namely

thrombocytopenia, and it also briefly discusses dis-
orders of platelet function despite normal platelet
counts.

Platelet Disorders

Platelets form the first line of defense when
endothelial surfaces are breached. Exposure of the
subendothelial layer of vessels results in exposure of
tissue factor, collagen, and von Willebrand factor
(vWF), which promote fibrinogen and vWF-mediated
platelet aggregation. In rapid succession, platelets
change shape, degranulate, and expose surface phos-
pholipids that generate small amounts of thrombin,
triggering clotting amplification. Hence, the defi-
ciency or dysfunction of platelets represents a seri-
ous hemostatic problem.

Thrombocytopenia

Thrombocytopenia is the most common coagula-
tion problem in the ICU with an incidence of 15 to
60% depending on the definition used, population
evaluated, and period of ICU stay studied.1–8 About
half of all ICU patients with thrombocytopenia
present with the condition6,9; the remainder acquire
it promptly.9 The highest incidence is seen in pa-
tients with severe sepsis.1,9–12 Surgical and trauma
patients reportedly have a higher frequency than
medical patients.7,8 Patients receiving dialysis sup-
port also frequently exhibit thrombocytopenia.6
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Definition and Implications:Traditionally, thrombocy-
topenia has been defined as a platelet count of
" 150 # 109 /L, but in critically ill patients a threshold of
" 100 # 109 /L has been suggested,13,14 due to the
relatively high incidence and lack of significant
bleeding with counts between 100 and 150 # 109 /L. A
category of severe thrombocytopenia (" 50 # 109 /L)
has also been designated but fortunately is uncommon,
occurring in just 2 to 15% of ICU patients.1–6,8,13

Thrombocytopenia is important because it in-
creases the risk of bleeding, alters plans for care, and
serves as a marker of morbidity and mortality.
Thrombocytopenia may also be a manifestation of a
disease that promotes clotting, such as heparin-
induced thrombocytopenia (HIT) or disseminated
intravascular coagulation (DIC). The threshold at
which bleeding risk increases significantly is debated
but probably lies below, maybe even well below,
100 # 109 /L. In the ICU, counts " 100 # 109 /L
have been associated with a 10-fold increased risk of
bleeding compared to those between 100 and
150 # 109 /L.1 Lower platelet counts are associated
with an even higher risk of hemorrhage, especially
counts below 50 # 109 /L,1,2,13 and although rare,
spontaneous intracerebral hemorrhage is usually a
complication only when platelet counts fall below
10 # 109 /L.15

Tradition largely drives practice with regard to
care of the thrombocytopenic patient. Invasive
procedures are commonly avoided when the
counts are below 50 # 109 /L and sometimes even
when 50 to 100 # 109 /L, especially if the proce-
dure involves the neuraxis or other critical or diffi-
cult-to-access sites.16–18 For patients with intact sol-
uble clotting factors not undergoing invasive
procedures, this practice may be overly conservative.
Surgical bleeding is uncommon with platelet counts
$ 50 # 109 /L,19,20 and oncology data indicate that
the risk of spontaneous bleeding does not increase
until counts fall below 20 # 109 /L and perhaps even
10 # 109 /L.21–23 In patients with aplastic anemia, this
threshold may even be as low as 5 # 109 /L.23 Surpris-
ingly, even among patients with severe sepsis receiving
the anticoagulant activated protein C, significantly
higher bleeding rates are not seen until platelet counts
decline below 30 # 109 /L unless invasive procedures
are performed.24,25

Even though concern for bleeding in thrombocy-
topenic patients is understandable, oftentimes such
patients are unnecessarily exposed to risks of platelet
transfusions.26 Ironically, platelet transfusions de-
crease endogenous platelet production because the
c-Mpl receptor on the surface of transfused platelets
binds and inactivates thrombopoietin produced by
the liver.27 Furthermore, platelet transfusions place

the patient at risk for other complications.17,18 Plate-
lets are obtained from blood donors, and, as such,
they carry a risk, although very small, of transmitting
infections such as HIV or hepatitis viruses. In addi-
tion, transfusion-related acute lung injury can also
occur after platelet transfusions. Finally, platelets
increase the propensity to clot, which is why they are
given to bleeding patients or those at risk for bleed-
ing. However, platelet transfusions may actually
cause excessive clotting or deep vein thromboses in
some patients.

Although platelet transfusions are often used to
increase the absolute platelet count in many crit-
ically ill patients, they may be unnecessary, inef-
fective, or contraindicated in certain patients. In
addition to the complications just listed, platelet
transfusions also can exacerbate clotting in many
of the prothrombotic thrombocytopenic condi-
tions, such as thrombotic thrombocytopenic pur-
pura (TTP) and HIT. In fact, in DIC, where the
thrombocytopenia is a result of excessive formation and
degradation of clots, treatment of the underlying cause
is indicated over platelet transfusion. Likewise, antico-
agulation to prevent clots from forming, concurrently
with discontinuation of the heparin, is also part of the
treatment for HIT.

Independent of bleeding, studies have consistently
demonstrated an association between thrombocyto-
penia and poor clinical outcomes. For example, low
platelet counts have been associated with longer ICU
and hospital lengths of stay3,6,7,28 and are an inde-
pendent predictor of ICU mortality and lower rates
of long-term survival.1,2,6,7,12,29 In fact, data suggest
that the severity of thrombocytopenia is inversely
related to survival in critically ill patients, and that
sustained thrombocytopenia over 4 days is associated
with a fourfold to sixfold increase in mortality.1,9 The
relationship between thrombocytopenia and poor
outcomes is particularly prominent for patients
meeting the formal DIC criteria.24,30 Although the
reasons for the association between thrombocytope-
nia and poor outcomes are speculative, they likely
relate to the seriousness of conditions causing the
thrombocytopenia (eg, severe sepsis and neoplasia).

Etiology

The cause of thrombocytopenia in most ICU
patients is multifactorial, involving some combina-
tion of the following four mechanisms: increased
destruction or consumption; decreased production;
dilution; and sequestration (Table 1).31

Spurious Thrombocytopenia:The initial step in eval-
uating thrombocytopenia should always be to make
sure the laboratory result really reflects a low
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platelet count. Spurious thrombocytopenia, or
pseudothrombocytopenia, arises from platelets
clumping in the collection tubes due to either
ethylenediaminetetraacetic acid-dependent anti-
bodies or insufficient anticoagulant. The reasons
for the development of antibodies are in question.
The process, however, seems to be most common
among patients with severe sepsis, or autoimmune,
neoplastic, or liver diseases.32 As a result, automated
counters fail to recognize clumped platelets as such
due to their abnormally large size, resulting in a
falsely decreased reported platelet count. If spurious
thrombocytopenia is suspected because the labora-
tory finding does not fit the clinical picture or
clumped platelets are seen on the peripheral smear,
blood should be redrawn in heparin or citrate-
containing collection tubes and assayed again for
platelet count using the automated counter and/or
examined microscopically. The examination of plate-
let size may also provide clues to the etiology of
thrombocytopenia. Larger platelets are usually asso-
ciated with diseases of increased platelet turnover
and adequate marrow production (eg, idiopathic

thrombocytopenic purpura), whereas small platelets
are more likely to be associated with production
disorders.33

Increased Platelet Destruction or Consumption

Increased platelet destruction is the most common
mechanism for thrombocytopenia and may occur
through immune-mediated and non–immune-mediated
mechanisms.34 Nonimmune causes include DIC as
seen with some malignancies, severe sepsis, trauma,
or obstetrical catastrophes, and physical destruction
as seen with cardiopulmonary bypass or giant hem-
angiomas.35,36 The physical destruction is thought
not to be mediated by specific antibodies, but some
of the conditions may indeed occur via an unknown
immune-mediated process. In addition, some of the
thrombocytopenia in these conditions may simply
reflect the consumption of platelets in the overexu-
berant formation of clots.

DIC, TTP, and Hemolysis, Elevated Liver Enzymes,
Low Platelets Syndrome:DIC is usually associated

Table 1—Categories of Thrombocytopenia

Category Pathophysiology Diseases
Degree of

Thrombocytopenia
Other

Cytopenias Treatment

Spurious
thrombocytopenia

Pseudothrombocytopenia
caused by clumping of
platelets in collection
tubes

Laboratory error Variable Unlikely Redraw specimen in
heparin or citrate
tube; repeat
automated count
or manual count

Increased platelet
destruction

Non–immune-mediated DIC

TTP
HELLP

Variable but usually
severe

Anemia Treat underlying
cause;
anticoagulation

Plasma exchange
Delivery of infant

Immune-mediated
(drug)

Drugs (see Table 3) Variable Unlikely Stop offending drug
Type 2 HIT Mild to moderate None Stop heparin

therapy; direct
thrombin
inhibitor

Immune-mediated
(nondrug)

ITP Mild to moderate Unlikely Steroids; IV Ig;
splenectomy

Dilutional
thrombocytopenia

Platelet count diluted by
administration of
massive amounts of
non-platelet-
containing blood
products and IV fluids

Trauma after massive
transfusions

Variable, can be
severe

With or without
anemia;
leukopenia

Platelet transfusion;
supportive care

Distributional
thrombocytopenia

Platelets sequestered in
spleen and not in
circulation

Splenomegaly; portal
hypertension

Mild to moderate Unlikely Supportive care;
splenectomy

Decreased platelet
production

Bone marrow
suppression

Nutritional deficiencies
Drugs (see Table 3); toxins
Viral infections
Metastases

Variable, but can
be severe

With or without
anemia; with
or without
leukopenia

Replete deficiencies
Stop offending agent
Supportive care
Chemotherapy;

radiation therapy

ITP ! idiopathic thrombocytopenic purpura.
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with other signs of accelerated clot formation and
dissolution, such as reduced fibrinogen levels, ele-
vated levels of d-dimer or other fibrin split products,
and possibly an increased activated partial thrombo-
plastin time (aPTT) or prothrombin time (PT) [see
following]. Although rare to develop in the ICU,
patients may also present with other thrombotic
microangiopathies, such as TTP-hemolytic uremic
syndrome (HUS). In these cases, thrombocytopenia
results from platelets aggregating with abnormally
large vWF multimers that result from a deficiency in
a vWF-cleaving protease.37 The often profound
thrombocytopenia is accompanied by elevated serum
lactate dehydrogenase levels and the presence of
schistocytes on the peripheral smear representing
mechanical destruction of erythrocytes.38 Only mi-
croangiopathic hemolytic anemia and thrombocyto-
penia are required for the diagnosis, despite the
description of a “classic pentad” of TTP-HUS, which
also includes renal dysfunction, neurologic abnor-
malities, and low-grade fever.39 Numerous condi-
tions, including cancer, pregnancy, autoimmune
conditions such as antiphospholipid antibody syn-
drome, and pneumococcal infection can be associ-
ated with “TTP-like” syndromes. Likewise, medica-
tions, such as cyclosporine, clopidogrel, and some
chemotherapeutic agents, can produce a similar
syndrome.14 The absence of an increased aPTT or
PT in patients with TTP-HUS can sometimes help
differentiate it from DIC, which also can have
schistocytes on the peripheral smear. Unfortunately,
increased coagulation parameters are not universally
present in DIC, making the distinction difficult at
times. Low fibrinogen levels and prolonged throm-
bin times are also commonly present in patients with
DIC but rarely occur with TTP-HUS (Table 2). A
temperature $ 39°C (102°F) may also help to dis-
tinguish DIC from TTP-HUS because fever, when
present in the latter condition, is almost always low
grade.40 Hemolysis, elevated liver enzymes, and low
platelets (HELLP) syndrome of pregnancy repre-
sents another condition with hemolysis and throm-
bocytopenia that may be difficult to discriminate
from TTP-HUS14 (Table 2). Elevated liver enzymes
may be helpful in differentiating the two, but the
pregnant state itself is less helpful because it is
also a risk factor for TTP. However, HELLP
primarily occurs during the third trimester, so
thrombocytopenia prior to 20 weeks of gestation is
almost never HELLP syndrome. Because HELLP
syndrome usually resolves within 72 h of delivery,
continued worsening of thrombocytopenia beyond
this time should prompt the strong consideration
of TTP.

Immune-Mediated Damage

Drug-Induced, Immune-Mediated Thrombocytopenia:
Immune-mediated thrombocytopenia occurs via the
production of platelet antibodies with subsequent
destruction. The antibodies can be idiopathic or
induced by drugs,41–43 infections (eg, cytomegalovi-
rus, HIV, Epstein-Barr virus, or parvovirus), or
alloimmune disease following transfusion or trans-
plantation. Many drugs have been implicated as
causes of thrombocytopenia. Table 3 presents a
partial list of nonchemotherapeutic agents (a more
extensive list can be found at http://moon.ouhsc.edu/
jgeorge/DITP.html). In the ICU, drug-induced throm-
bocytopenia can be overlooked because its onset
often occurs a week or more after beginning therapy
with the medication,42 there are no distinguishing
clinical features, and numerous other possible etiol-
ogies for thrombocytopenia exist. Nonetheless, rec-
ognition is important because the problem may
sometimes be reversed by simply discontinuing the

Table 2—Comparison of DIC, TTP-HUS, and HELLP
Syndromes

Variables DIC TTP-HUS HELLP

Platelets Low Extremely low Low to
extremely
low

Anemia MAHA MAHA MAHA
Schistocytes Usually Always Always
INR/PT Normal or

prolonged
Normal Normal

aPTT Normal or
prolonged

Normal Normal

Thrombin
time

Prolonged Normal Normal

Fibrinogen Low Normal Normal
FDP Elevated Normal Normal
Liver

enzymes
Normal or

slightly
elevated

Normal Elevated

Underlying
disorders

Sepsis Usually
idiopathic

Always
pregnancy or
postpartum

Malignancy Rarely
pregnancy

Obstetric
complications

Medication

LDH Elevated Markedly
elevated

Elevated

Fever Present; may be
high

If present, low
grade

Variable

Associated
features*

Diarrhea, renal
failure,
neurologic
symptoms

Proteinuria
hypertension

FDP ! fibrin degradation products; INR ! international normalized
ratio; LDH ! lactate dehydrogenase; MAHA ! microangiopathic
hemolytic anemia.
*Not universally present.
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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
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erbate, HIT, including flushes for IV or arterial lines,
use in dialysis machines, or subcutaneous dosing for
deep venous thrombosis prophylaxis. Low-molecular-
weight heparins can also incite HIT, although much
less frequently,50 and now there is even a case
report51 of HIT resulting from the factor Xa inhibitor
fondaparinux.

In patients with no, or distant, previous heparin
exposure, the fall in platelet counts can take 5 to 10
days. However, in patients with a history of recent
exposure, the process can occur within hours. Plate-
let counts below 10 # 109 /L and bleeding are both
exceedingly rare in patients with HIT.48 In fact, the
biggest risk for patients with HIT is thrombosis,
which is 30 times more likely than in the general
population.52 The clots that result from HIT do not
have to be unusual; in fact, the most common
presentation of HIT is deep venous thrombosis.

The pathophysiology of HIT is complex and has
been well reviewed elsewhere.48 Briefly, heparin
binds platelet factor 4 (PF4) forming a heparin-PF4
immune complex. Antibodies then bind to this im-
mune complex and destroy platelets. An enzyme-
linked immunosorbent assay is available for the
detection of heparin-PF4 antibodies, and although
highly sensitive, the assay has low specificity. Most
patients with PF4-heparin antibodies do not have
HIT.53 Functional assays, which measure platelet
degranulation in response to PF4-heparin com-
plexes, have higher specificity but are not widely
available.53 Treatment recommendations, largely
stemming from expert advice because randomized
large-scale trials are lacking, consist of the discontin-
uation of all forms of heparin and the initiation of
therapy with a direct thrombin inhibitor at least until
improvement of the platelet count. Once the platelet
count has demonstrated at least partial recovery (eg,
$ 100 # 109 /L), warfarin therapy can be started and
should be continued for at least 3 months.48 Treatment
with a direct thrombin inhibitor should be continued
until therapeutic anticoagulation from the warfarin has
been achieved. Controversy exists regarding the safety
of reexposure of HIT victims to heparin, but it is safe to
say that reexposure should not occur for several
months, and then only after heparin-PF4 antibodies are
undetectable.

Dilutional Thrombocytopenia

Dilutional thrombocytopenia and concurrent sol-
uble clotting factor deficiencies occur following
massive blood product administration through the
following two mechanisms: simple loss; and con-
sumption without adequate replacement. There are
no absolute rules for the volume of transfusion
required for this problem to emerge, but replace-

ment of the entire blood volume within a day, or half
within 3 to 4 h, is often sufficient to precipitate a
dilutional coagulopathy. The occurrence of dilutional
coagulopathy is so variable that a strategy advocating
a fixed recipe of blood product replacement proba-
bly does not make sense. Although one might sus-
pect mild thrombocytopenia would result from dilu-
tion, surprisingly in cases where ! 20 units of blood
products are transfused, platelet counts below
50 # 109 /L are not uncommon.2 Dilutional coagu-
lopathy is also commonly compounded by hypother-
mia resulting from patient exposure and the infusion
of large volumes of cool fluids,54 by acidosis resulting
from underperfusion and the transfusion of acidic
fluids, and by the presence of DIC in some patients.
The contribution of hypothermia to coagulopathy
can be significant because hypothermia impairs
platelet activation, adhesion, and aggregation,55 as
well as the enzymatic activity of soluble clotting
factors.54

Distributional Thrombocytopenia:Sequestration
in patients with marked splenomegaly resulting from
portal hypertension or splenomegaly from other
causes can result in distributional thrombocytopenia.
The mechanism for the thrombocytopenia is likely
multifactorial, including “pooling in the spleen,”
decreased production, and immune platelet destruc-
tion (especially in idiopathic thrombocytopenic pur-
pura).56 Patients with cirrhosis-induced portal hyper-
tension may also have decreased platelet production
because of reduced levels of thrombopoietin, nor-
mally produced by the liver57 or from the toxic
effects of ethanol on the marrow.58

Decreased Platelet Production

Bone marrow suppression results in a reduction in
all cell lines, but it often manifests as thrombocyto-
penia because of the relatively short lifespan of
platelets, especially if consumption is increased. Be-
cause drugs are the main culprit causing bone mar-
row suppression (Table 3), all medicines, including
nonprescription drugs, should be thoroughly re-
viewed and potential offenders discontinued, if pos-
sible. Clinicians recognize chemotherapeutic or
immunosuppressive agents as causing dose-depen-
dent hematosuppression. However, nonchemo-
therapeutic agents, like the antibiotic linezolid,
may also result in decreased platelet produc-
tion.59 – 61 Some medications often mentioned as
potential agents of thrombocytopenia (eg, proton
pump inhibitors), actually have little evidence to
support such a claim. Other etiologies, such as
viral infections (eg, HIV, parvovirus, Epstein-Barr
virus, or varicella), toxins (eg, alcohol or radiation
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therapy), metastases, and nutritional deficiencies
(eg, vitamin B12, folic acid, or iron) can also result
in bone marrow suppression.13

Disorders of Platelet Function

Disorders of platelet function occur when platelet
numbers are normal but activity is impaired by
medications; the platelet environment, as in renal
failure; or intrinsic platelet defects. These disorders
are not readily apparent via simple examination of
the platelet count from the CBC. Clinically, patients
with dysfunctional platelets characteristically dem-
onstrate abnormal mucosal or cutaneous bleeding,
manifested as epistaxis, gingival bleeding, cutaneous
petechiae, superficial ecchymoses, or menorrhagia.31

If platelet dysfunction is suspected, specialized
platelet function studies, which test the ability of
platelets to aggregate and form a clot, should be
ordered. The simplest of these is bleeding time,
where the interaction between platelets and the
blood vessel wall is measured by the time needed to
stop bleeding after a cut in the skin. Unfortu-
nately, bleeding time is poorly reproducible, in-
sensitive, and time consuming. Newer studies of
platelet function have been developed that mea-
sure the ability of platelets to aggregate in re-
sponse to the addition of an external stimulus.
Many of these tests are performed only in special-
ized laboratories and are not available clinically. A
complete discussion of platelet aggregation testing
is beyond the scope of this review and has been
detailed elsewhere.62– 64

Medications that cause platelet dysfunction in-
clude aspirin, which irreversibly inhibits platelet
aggregation, and a host of cyclooxygenase inhibitors
that reversibly inhibit platelet function. The glycop-
rotein IIb/IIIa inhibitors, abciximab, tirofiban, and
eptifibatide alone, or in combination with aspirin,
are commonly used to deter rethrombosis after
percutaneous coronary interventions.42 Although
all of these agents significantly impair platelet
function, the effects of abciximab persist until new
platelets are produced. Clopidogrel, a functionally
related compound, inhibits adenosine diphosphate-
induced platelet aggregation, preventing activation
of the IIb/IIIa mechanism. In bleeding patients
exposed to these medications, discontinuation of the
drug may not be sufficient to return platelet function
to normal, and transfusion of platelets may be
needed to restore hemostasis.

Although patients with end-stage renal disease
may have mild thrombocytopenia, more often they
have a number of normal, but dysfunctional, plate-
lets.65 The pathophysiology behind this “uremic co-

agulopathy” has yet to be fully elucidated but is likely
multifactorial.65 Some speculate that decreased cir-
culating RBCs resulting from reduced erythropoietin
production cause platelets to travel in a more mid-
stream position within vessels, rendering them fur-
ther away and less likely to react to endothelial
damage.66 In addition, uremic toxins result in dys-
functional vWF and vWF-factor VIII complex, and
impaired platelet aggregation. The treatment of long-
term dialysis patients who are bleeding may require a
multifaceted approach, including short-term dialysis to
remove uremic toxins,66 IV desmopressin to release
factor VIII from endothelial storage sites and minimize
the effect of dysfunctional vWF,67,68 IV conjugated
estrogens (in men and women) to promote coagula-
tion,69 and in some cases, the administration of cryo-
precipitate to increase the proportion of functional
factor VIII, vWF, and fibrinogen.70 Obviously, if the
patient is significantly thrombocytopenic, platelet trans-
fusions are also indicated.

A triad of very rare intrinsic platelet disorders
can also result in functional thrombocytopenia, as
follows: Bernard-Soulier syndrome, in which the
glycoprotein Ib portion of the receptor is absent;
Glanzmann thrombasthenia, in which the entire
glycoprotein IIb/IIIa receptor is absent; and Hermansky-
Pudlak syndrome, which is a platelet storage pool
disease. In contrast to these rare conditions, von
Willebrand disease (vWD) is a relatively common
disorder that pathophysiologically bridges platelet
and soluble clotting factor disorders. Fortunately,
clinically significant bleeding is rare in almost all
types of vWD, and when bleeding occurs it is usually
confined to mucosal surfaces. vWD has several major
types, and multiple subtypes are classified according
to the quantity or functionality of vWF or its binding
to platelet glycoprotein Ib receptors. A complete
discussion of vWD is beyond the scope of this review
and has been done nicely by others.71 Suffice it to say
that clinicians entertaining a diagnosis of vWD in a
patient with easy bruising, skin bleeding, and pro-
longed bleeding from mucosal surfaces should con-
sult a specialist in coagulation.

Conclusion

Thrombocytopenia is commonly seen in critically
ill patients. In addition, some patients, such as those
with uremia or vWD, may have dysfunctional plate-
lets despite normal counts. When mild, thrombocy-
topenia may not increase the bleeding risk substan-
tially, but severe thrombocytopenia is associated with
both increased bleeding risk and higher mortality. As
the most common coagulopathy in the ICU, the
etiology of low platelet counts is often multifactorial
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resulting from the underlying disease state, medica-
tions, or as a result of consumption of thrombi.
Although thrombocytopenia often improves with
treatment of the underlying illness, an in-depth
understanding of the causes of thrombocytopenia
and subsequent action may raise platelet counts and
prevent unnecessary deferment of invasive proce-
dures or exposure to platelet transfusion risks in
critically ill patients.
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     Concerns about the risk of bleeding in critically 
ill patients are common. This apprehension may 

stem from a sense of responsibility for bleeding fol-
lowing procedures or anticoagulant therapy, or 
perhaps the fact that hemorrhage is often visible 
externa lly. In addition, the clinical laboratory may 
raise awareness by offering tests that clinicians think 
provide information about impaired clotting. Unfor-
tunately, many intensivists are not skilled or trained in 
carrying out assessments of coagulation testing or dis-
orders. As the second of a two-part series on coagu-
lopathy in critically ill patients, this article reviews 
soluble clotting factors and the most frequent coagu-
lation disorders seen among adults in the ICU. 
Although this article does not discuss thrombophilia 
in detail, it does provide a framework for understanding 
hemostatic testing and interpreting common coagula-
tion tests. 

 Evaluating Classic Clotting Pathways 

 Many critical care physicians have little more than 
superfi cial knowledge of clotting pathways because 
they are hard to remember, with confusing nomencla-
ture and redundant terminology ( Table 1  ). In addition, 
in-depth knowledge is usually not necessary on a daily 
basis. Clotting factors were numbered in the order of 
their discovery, adding to the seemingly nonsensical 
sequence of activation. Furthermore, the historically 
taught concept that there are  two  distinct pathways by 
which blood clots is an artifi cial and misleading con-
struct. In the body, physiologic clotting is the result of 
the activation of the tissue factor pathway (formerly 
called the extrinsic pathway), a process that is ampli-
fi ed by the contact activation pathway (formerly called 
the intrinsic pathway). Two separate, merging path-
ways were popularized predominately for purposes of 
understanding the sequence of clotting events in the 
laboratory. Nonetheless, comprehending these path-
ways is necessary to accurately interpret laboratory 
values, avoid acting on spurious results, and forgo 
unnecessary testing. For example, the activated partial 
thromboplastin time (aPTT) and the prothrombin time 
(PT) are habitually linked in some clinicians’ minds, 
resulting in unnecessary testing and confusing results. 

 Common Laboratory Assays 

 The PT monitors the tissue factor pathway and 
common portions of the clotting pathway ( Fig 1  ). The 

 This manuscript provides an overview of how to interpret  in vitro   clotting studies and how to 
selec t studies to evaluate patients with bleeding disorders in the ICU. It provides a practical 
approa ch to understanding the complex subject of clotting factor abnormalities, including the 
most common problems of preanalytical error and anticoagulation therapy. Limitations and pit-
falls of diagnostic testing are highlighted.   CHEST 2010; 137(1):185Ð194 

  Abbreviations:  ACT  5  activated clotting time; aPTT  5  activated partial thromboplastin time; DIC  5  disseminated intra-
vascular coagulation; FDP  5  fi brin degradation product; HMWK  5  high-molecular-weight kininogen; INR  5  interna-
tional normalized ratio; LMWH  5  low-molecular-weight heparin; PT  5  prothrombin time; rhAPC  5  human recombinant 
activated protein C; TT  5  thrombin time; UFH  5  unfractionated heparin 
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factor) is added, followed by reversal of the citrate 
effe ct with calcium. As shown in  Figure 2  , the particu-
late activates factor XII, which activates factor XI, 
then IX, and VIII, which then activates the common 
sequence of factor X through fi brin formation. As with 
the PT, the result is reported in seconds. Maybe 
becau se the sequence is lengthier or the concentra-
tion of each factor is lower, single factors unique to 
the contact activation pathway must decline to only 
15% to 30% of normal before the aPTT is prolonged. 
Milder defi ciencies of multiple factors can also pro-
long the aPTT, and as a result it is usually a more sen-
sitive measure of factor changes, especially factors 
VIII and IX. Prekallikrein, high-molecular-weight 
kinino gen (HMWK), antiphospholipid antibodies, 
and factor XII defi ciencies will also prolong the aPTT, 
but the former two are rare, and none of the four 
increa ses the risk of bleeding, despite altering the 
aPTT. In fact, patients with antiphospholipid antibodies 

PT is relatively easy to understand: citrate anticoagu-
lated plasma is centrifuged to remove platelets (cen-
trifugation removes the effect of platelets on clotting, 
isolating the role of soluble clotting factors), then tis-
sue factor (a  complete  thromboplastin) and calcium 
are added to activate clotting. This procedure prefer-
entially activates factor VII, which in turn activates 
factors X, V, and II (prothrombin), which converts 
fi brino gen (factor I) to fi brin, which is detected using 
optical or electrical methods and reported in seconds. 
Perhaps because there are fewer steps in the sequence 
or because factor VII circulates in the highest concen-
tration of any factor, the PT is relatively resistant to 
change, typically requiring single-factor levels to fall 
to 10% of normal or less before becoming prolonged. 
As seen in  Figure 1 , there is only a single factor unique 
to this pathway, and selective factor VII defi ciency 
is the only way the PT can be prolonged without 
impacti ng the aPTT. Because the sensitivity of 
reagen ts varies between laboratories and sometimes 
even within a hospital over time, PT is referenced to 
an international standard (the international normal-
ized ratio [INR]).  1   Use of the INR allows patients who 
are therapeutically anticoagulated with warfarin to 
have their anticoagulation intensity interpreted in a 
standardized fashion. Because the INR calibration 
was developed using patients with stable warfarin 
anti coagulation, its applicability to other causes of an 
elevated PT, like liver failure, is uncertain.  2   

 The aPTT is more complex, but hints to under-
standing this test, which monitors the contact activa-
tion and common pathways, are apparent from its 
name. A particulate contact activator (eg, ellagic acid, 
kaolin, celite, or silica), is added to platelet-poor, cit-
rated plasma substrate, hence the designation “acti-
vated.” A “partial thromboplastin” (lacking tissue 

 Table 1Ñ Clotting Pathway Nomenclature and 
Terminology  

Factor  Alternative Name

I Fibrinogen
Ia Fibrin
II Prothrombin
IIa Thrombin
III Tissue factor, CD142
IV Not used
V Proaccelerin, labile factor
VI Not used
VII Proconvertin
VIII Antihemophilic factor
IX Christmas factor
X Stuart-Prower factor
XI Hemophilia C factor
XII Hageman factor
XIII Fibrin-stabilizing factor
HMWK Fitzgerald factor
Prekallikrein Fletcher factor

HMWK  5  high-molecular-weight kininogen.

  Figure   1. Overview of the tissue factor and common clotting 
pathways.   

  Figure   2. Overview of the contact activation and common clot-
ting pathways. HMWK 5 high-molecular-weight kininogen.   
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mality can be detected using additional tests: the 
RussellÕs viper venom assay, and the thrombin time 
(TT) or Reptilase time assays. The viper venom assay 
direct ly activates factor X, testing the complete com-
mon pathway. The TT and Reptilase time determine 
the speed with which Þ brinogen is converted to Þ brin 
in response to exogenous thrombin; hence, they test 
only the sufÞ ciency and functionality of Þ brinogen 
and help distinguish patients with hypoÞ brinogenemia 
or dysÞ brinogenemia.  5   The main difference betw een 
the TT and the Reptilase time is that the latter is not 
altered by the presence of heparin. Alternatively, the 
quantity of Þ brinogen can also be evaluated by direct 
assay. Such tests can sometimes be useful following mas-
sive transfusion when hypoÞ brinogenemia is suspected. 

 The bleeding time is a relatively crude test in which 
a standardized skin wound is made with a lancet and 
the time for blood to clot is recorded as the lesion is 
gently dabbed with gauze. It is alleged to measure 
the combined effects of tissue integrity, platelet func-
tion, and soluble clotting factor adequacy, with an 
emphasis on adequacy of platelet function. This test 
is highly subject to variations in technique, and cor-
relates poorly with other  in vitro  tests, except that it 
can be guaranteed to be prolonged when platelet 
counts decline below 50  3  10 9 /L.  6   Bleeding time test-
ing has largely been abandoned in the ICU because it 
is difÞ cult to perform, labor intensive, and a poor 
predictor of bleeding in the clinical setting. 

 Tests of Fibrinolysis 

 The term ÒÞ brin degradation productÓ (FDP) is a 
general one that describes the breakdown products of 
Þ brin  and  Þ brinogen generated by the enzymatic 
action of plasmin. The D-dimer is a more speciÞ c 
FDP resulting only from degradation of Þ brin from 
an intact clot, whereas a nonspeciÞ c FDP or Þ brin 
split-product assay could be positive without a clot. 
Unfortunately, both assays lack speciÞ city and are 
positive not only in patients with thrombotic diseases 
(eg, venous thromboembolism, myocardial infarction, 
and disseminated intravascular coagulation [DIC]), 
but can also be elevated in surgical, cancer, and preg-
nant patients. Because of impaired hepatic clearance, 
chronic liver disease can also result in elevated FDPs. 
Given this list of conditions, FDP assays are usually 
not very helpful in ICU patients. Commercially available 
assay methods differ signiÞ cantly (ie, latex or red blood 
cell agglutination or enzyme-linked immunosorbant 
assays), resulting in widely divergent sensitivities. If 
using a D-dimer assay as an adjunctive test for ruling 
out thromboembolic disease, it is imperative to use an 
ultrasensitive assay to avoid false-negative results. 
Tests using latex agglutination methods tend to be the 
least sensitive, with enzyme-linked immunosorbant 

are prone to thrombotic events despite having an 
elevated aPTT. 

 One test being used with increasing frequency beca-
use of the popularity of low-molecular-weight heparin 
(LMWH) therapy is the anti-Xa activity assay. The 
anti-Xa assay may have another advantage in that it is 
also less susceptible to inß uence by acute phase reac-
tants, especially factor VIII, than the aPTT. The meth-
odology is straightforward but unfamiliar to most 
physi cians: an excess of factor Xa and antithrombin are 
added to platelet-poor, citrated patient plasma. If there 
is any heparinoid in the patient sample, it binds to the 
exogenous antithrombin and inhibits the activity of the 
added Xa. This inhibition of Xa is detected as a decrea se 
in the cleavage of an added chromogenic substrate 
 relative to the amount cleaved without the patient 
plasma. The primary reason the anti-Xa assay exists 
is because LMWHs and direct Xa inhibitors such 
as fondaparinux bind to antithrombin through a 
5-oligosaccharide seque nce, but do not have sufÞ cient 
length to bind to thrombin (factor IIa). For this reason, 
the aPTT is less sensitive to LMWH than to unfraction-
ated heparin (UFH). Contrary to common belief, anti-
Xa inhibitors do prolong the aPTT and PT minimally 
(on average 1-4 s), but because these drugs cannot efÞ -
ciently bind thrombin, clotting times are not altered 
as much as with UFH. Because of the predictability of 
anticoagulation using weight-based LMWH therapy, 
monitoring is rarely necessary. Potential candidates 
for whom anti-Xa monitoring might be considered 
are patients at the extrem es of weight, those with a 
glomerular Þ ltration rate  ,  30-50 mL/min, and 
patien ts with higher renal clearance than expected as 
a result of increased cardiac output (eg, pregnant 
women and neonates).  3,4   

 Specialized Assays 

 In locations like the cardiac catheterization labora-
tory, where a real-time estimate of clotting is neces-
sary, the activated clotting time (ACT) is often used, 
especially to monitor UFH or bivalirudin activity. 
The ACT is a nonspeciÞ c test that reports the time 
for an activating agent (eg, celite, kaolin, glass parti-
cles) to produce a clot in whole blood, thereby evalu-
ating soluble factor and platelet function  in toto . 
Because neither the reagents nor the clot detection 
method (eg, resistance to mechanical deformation of 
a clot or changes in the electrical or mechanical prop-
erties of the blood) are standardized, results of differ-
ent assay systems are not equivalent, and the ACT 
correlates poorly with aPTT, PT, and anti-Xa assays. 

 As shown in  Figure 2 , abnormalities of factors X, V, 
II, and Þ brinogen alter both the PT and aPTT by 
impairi ng the shared common pathway. If   clinically 
important, a speciÞ c common factor pathway abnor-
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transferring blood from a syringe to an anticoagulant-
containing tube, or failure to mix blood in with the 
anticoagulant all will artificially prolong the PT and 
aPTT. Conversely, hemolysis or excessively vigorous 
agitation of blood with citrate will artifi cially shorten the 
PT and aPTT.  12   Excessive tourniquet time will elevate 
von Willebrand Factor   and factor VIII levels, result-
ing in falsely shortened PT and aPTT assay results. 
Because factor VII is temperature sensitive, cooling 
will also falsely shorten the PT, but will leave the aPTT 
unaffected, unless the patient is receiving heparin.  13   
Since both the aPTT and PT are performed on platelet-
depleted plasma, thrombocytopenia does not alter their 
 in vitro  value. 

 Soluble Clotting Factor Disorders 

 Introduction 

 The prevalence of inherited defi ciencies of single 
clotting factors ranges from 0.5 to 2 per million 
persons.  14,15   Many of these congenital disorders are 
diagnosed in childhood following a major bleeding 
episode. However, patients with von Willebrand dis-
ease   may not present with a bleeding diathesis until 
adulthood. In addition, some clotting factor defi cien-
cies resulting in thrombophilia, such as protein C or 
protein S defi ciencies, in addition to factor V leiden, 
may not become apparent until adulthood. 

 Most soluble clotting disorders in the adult ICU 
are acquired and involve multiple clotting factor 
abnormalities. As a result, the majority of these acquired 
conditions, including those caused by the use of 
exogenous anticoagulants, will alter both the PT and 
the aPTT. All clotting test abnormalities must be 
evaluated in the clinical context as there is no unique 
interpretation of a laboratory result. The hemostatic 
laboratory values seen in some of the more common 
critical illnesses are compared in  Table 3  . In addition, 
there are numerous situations in which prolongation 
of an  in vitro   clotting test either has no influence 
on clinical bleeding or actually may increase the ten-
dency for thrombosis. For example, the rare defi -
ciency of the cofactor HMWK dramatically prolongs 
the aPTT but has no effect on bleeding predilection, 
while antiphospholipid antibody syndrome also pro-
longs the aPTT but predisposes patients to thrombo-
ses. Thus, not all PT and aPTT prolongations  in vitro   
equate to an increased bleeding tendency. On the 
other hand, defi ciencies in other soluble factors, such 
as protein C or protein S, may predispose patients to 
abnormal clot formation. The prevalence of a heredi-
tary propensity for clotting is substantial but often 
not evaluated. A discussion of inherited thrombo-
philia is beyond the scope of this article and can be 
found elsewhere.  16,17   

assay methods being more sensitive but also more 
time consuming and expensive. 

 Causes of Abnormal Clotting Assays 

 Surprisingly, the most common cause of an abnor-
mal clotting assay is not a physiologic problem, or even 
a laboratory mistake, but rather an improperly 
obtained sample. There are several common causes of 
this so-called “preanalytical error” ( Table 2  ). Accurate 
results from aPTT and PT tests require a specifi c ratio 
(9:1) of plasma to an anticoagulant, typically sodium 
citrate, in a “blue-stoppered” tube. If the tube is under-
fi lled, both results will be prolonged. Conversely, if 
the tube is forcefully overfi lled, clotting times will be 
shortened.  7   In addition, if polycythemia is present, the 
amount of plasma in the sample will be reduced com-
pared with that of a patient with a normal hematocrit. 
This will result in a relative excess of the citrated anti-
coagulant solution and artifi cial prolongation of the clot-
ting times.  8   Another potential source of error is blood 
contaminated with another anticoagulant during col-
lection. This error occurs in one of two ways: the blood 
is drawn from a heparin-containing catheter without 
removal of suffi cient volume to clear the dead space,  9-11   
or blood is placed into the wrong tube and then trans-
ferred to the correct tube. For example, blood initially 
drawn into a “purple-top” ethylenediaminetetraacetic 
acid  -containing tube or a “green-top” heparin-containing 
tube and then transferred to a citrate tube will yield 
prolonged PT and aPTT values. Another problem 
results when blood is not  promptly and gently  mixed 
with citrate. For example, initial collection of blood 
into a tube not containing anticoagulant, delay in 

 Table 2Ñ Preanalytical Coagulation Abnormalities  

Error Effect

Inadequate plasma in sodium citrate tube Prolonged aPTT and PT
 Incompletely fi lled tube
 Polycythemia resulting in relative 

plasma defi ciency
Contamination with exogenous 

anticoagulant
Prolonged aPTT  .   PT

 Indwelling line
 Initial collection in heparin- or EDTA-

  containing tubes.
Delayed assay,  .   3 h Unpredictable effects, 

 shortened aPTT and 
 PT, prolonged aPTT 
 and PT

 Platelet factor 4 release in heparinized 
samples

 Factor VIII degradation
Clotting activation Shortened aPTT 

 and PT Hemolysis
 Excessive sample agitation
 Prolonged tourniquet application
 Failure to mix blood with citrate
 Factor VIII level elevations
Chilled sample Shortened PT
 Factor VII activation

aPTT  5  activated partial thromboplastin time; PT  5  prothrombin time; 
EDTA  5  ethylenediaminetetraacetic acid.
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argatroban, or human recombinant activated protein 
C (rhAPC). Heparin is the prototypical example as it 
binds to antithrombin and thereby inhibits the actions 
of factors XII, XI, IX, X, and II. Because three of these 
factors (IX, XI, XII) are exclusive to the contact activa-
tion pathway and are more sensitive to heparin effects 
than the two factors in the common pathway (X and 
II), heparin alters the aPTT to a greater degree than 
the PT. In the event one suspects inadvertent contam-
ination of a specimen with heparin (or LMWH), it is 
possible to add heparinase as an  in vitro  reversing 
agent. Heparin as a cause for a prolonged aPTT can 
also be effectively ruled out with a normal TT; since 
the TT is very sensitive to heparin, a normal result is 
exclusionary. Very high heparin levels, as might occur 
shortly after an UFH bolus or with an accidental over-
dose, will inhibit factors II and X, resulting in a prolon-
gation of both the PT and aPTT. Endogenous clotting 
disorders rarely result in an aPTT greater than 100 s; 
hence, when aPTT of that magnitude is encountered, 
the cause is almost always heparin. When approv ed 
for the treatment of severe sepsis with high risk of 
death, rhAPC represents a special case in that it has a 
half-life of between 10 and 15 min, so that aPTT test-
ing performed quickly after the specimen is obtained 
is substantially more prolonged than when the same 
specimen is tested as little as 15 to 30 min later.  19   

 Although common experience suggests an asso-
ciation between bleeding risk and degree of aPTT 
prolongation, scant data are available conÞ rming this 
correlation. An excessive amount of any anticoagu-
lant may cause bleeding, and the treatment is intuitive; 

 Isolated PT Abnormalities 

 As shown in  Figure 1 , an isolated abnormality of 
the tissue factor (extrinsic) pathway, measured by the 
PT assay, can only result from a factor VII abnormal-
ity. Although an autosomal recessive factor VII deÞ -
ciency has been reported, it is exceedingly rare.  18   
Since factor VII is synthesized in the liver and has a 
half-life of just 4 to 6 h, incipient liver failure or the 
initial stages of warfarin anticoagulation can cause a 
transient isolated PT abnormality. However, within 
days of liver failure onset or warfarin use, both the 
aPTT and PT will be prolonged as other hepatically 
produced factors IX, X, and II will also be depleted, 
despite having longer half lives. Since the production 
of factor VII is highly dependant on vitamin K, mild 
vitamin K deÞ ciency, secondary to poor nutrition or 
prolonged use of broad spectrum antibiotics, may 
prolong only the PT and not the aPTT. However, in 
more severe vitamin K deÞ ciency, both the PT and 
aPTT will be prolonged as a result of the effect on the 
other vitamin K-dependent clotting factors. 

 Isolated aPTT Abnormalities 

 Currently, aPTT methods are not standardized in a 
manner similar to the INR. As such, differences in 
local instrument calibrations and reagents result in 
variations in testing results, and clinicians should be 
familiar with the normal values for their local laborato-
ries. In a properly collected sample, the most common 
cause of an isolated aPTT prolongation (contact acti-
vation pathway) is the presence of UFH, hirudin, 

 Table 3— Comparison of Hemostatic Testing Found With Common Medications and Disease States in 
Critically Ill Patients  

Condition PT aPTT Fibrinogen FDP Platelets BT TT

UFH  Normal or prolonged  a  Prolonged Normal Normal Normal Normal Prolonged
LMWHs Normal or prolonged  a  Normal or minimally 

 prolonged
Normal Normal Normal Normal Normal or 

 minimally 
 prolonged

Direct factor Xa 
inhibitors

Normal or prolonged  a  Normal or minimally 
 prolonged

Normal Normal Normal Normal Normal

Direct thrombin 
inhibitors

Prolonged Prolonged Normal Normal Normal Normal Prolonged

Coumadin Prolonged Normal or prolonged  b  Normal Normal Normal Normal Normal
Vitamin K deÞ ciency Prolonged Prolonged Normal Normal Normal Normal Normal
Hepatic InsufÞ ciency Prolonged Normal or prolonged Low or normal Normal or 

 elevated
Low Normal or 

 prolonged
Prolonged

DIC Normal or prolonged Normal or prolonged Normal or low Elevated Low Prolonged Prolonged
Dilution Prolonged Prolonged Low or normal Normal Low Normal or 

 prolonged
Normal or 
 prolonged

von Willebrand Disease Normal Prolonged Normal Normal Normal Prolonged Normal
Lupus anticoagulant Normal or prolonged Prolonged Normal Normal Normal Normal Normal
Thrombocytopenia Normal Normal Normal Normal Low Normal or 

 prolonged
Normal

BT  5  bleeding time; DIC  5  disseminated intravascular coagulation; FDP  5  Þ brin degradation product; LMWH  5  low-molecular-weight heparin; 
TT  5  thrombin time; UFH  5  unfractionated heparin. See Table 2 for expansion of other abbreviations.
  a  At supratherapeutic dosages.
  b  Early in coumadin treatment.
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can be used to treat factor IX deÞ ciency. Outside the 
United States, factor XI and XIII concentrates are 
also available options.  20   Any clinician caring for a 
patie nt with a suspected or proven single-factor deÞ -
ciency should consult a coagulation specialist because 
the treatment is complex, expensive, and potentially 
dangerous. 

 Combined PT and aPTT Abnormalities 

 Most clotting disorders will affect both the PT and 
aPTT because components of the common pathway 
will either be inadequately produced or consumed in 
excess of their production. The easiest disorders to 
understand are those in which there is simple under-
production. Since all clotting proteins except factor 
VIII are produced by the liver, logically, hepatic fail-
ure is a common cause of dual assay abnormalities. 
Likewise, dietary deÞ ciency or warfarin exposure will 
impair hepatic production of vitamin K-dependent 
proteins (II, VII, IX, X), three of which are in the 
common pathway. Simply replacing the missing fac-
tors with fresh-frozen plasma will correct the clotting 
test of either condition. However, if established liver 
failure is the cause, correction will be transient, last-
ing only about one day, as the clotting factors are 
consumed without the production of new ones. In 
contrast, nutritional deÞ ciency or warfarin effect is 
promptly reversed by replacing vitamin K. Differenti-
ating warfarin use from hepatic insufÞ ciency is usually 
easily done with a clinical history. However, the two 
conditions can also be distinguished by measuring 
clot degradation products (eg, Þ brin split products, 
D-dimer) or Þ brinogen levels or activity (see  Table 3 ). 
All should be normal with warfarin use. In distinction, 
severe hepatic disease often results in the inability to 
clear clot degradation products, raising D-dimer levels. 
Even when synthetic deÞ cits are corrected, this 
impaired clearance activity can produce  in vitro  clot-
ting study prolongations. Elevated bilirubin and 
transam inase levels with reduced albumin concentra-
tions also support a diagnosis of liver disease. 

 As mentioned in the ÒIsolated aPTT AbnormalitiesÓ   
section, heparin, in low doses, has the greatest effect on 
factors XII, XI, and IX. Hence, the aPTT is preferen-
tially affected over the PT. Large heparin doses, how-
ever, also inhibit both factor Xa and thrombin-mediated 
conversion of Þ brinogen to Þ brin. Both of these inhibi-
tions disrupt the common pathway of the coagulation 
cascade, resulting in prolongation of both the PT and 
aPTT. In some laboratories, heparinase is routinely 
added to blood undergoing PT testing to neutralize any 
heparin effects. A clinical history alone is almost always 
sufÞ cient to distinguish heparin exposure from that of 
warfarin or liver disease, but if laboratory conÞ rmation 
is needed, heparin exposure is associated with normal 

stopping the medication in most cases reverses anti-
coagulation in minutes to hours. If there is urgency 
to reverse the effects of UFH or to a lesser extent 
LMWH, protamine sulfate can be used as an anti-
dote. Typically, doses of 1 mg of protamine for each 
100 units of residual heparin are recommended, but 
practically, it is difÞ cult to determine how much hep-
arin activity remains. Protamine does not reverse the 
effects of fondaparinux. 

 The aPTT will also be prolonged by inhibitors to 
contact activation pathway components. Such inhibi-
tors are usually antibodies directed against phospho-
lipid   (ie, lupus anticoagulant, anticardiolipin) or, less 
commonly, speciÞ c clotting factors. Inhibitors can be 
detected by performing a mixing study in which the 
patient sample is mixed with an equal volume of nor-
mal plasma. However, since the presence of an antico-
agulant mimics the presence of an inhibitor, care 
should be taken to ensure samples sent for mixing 
studies are not contaminated with anticoagulants. If 
the sample contains inhibiting antibodies, the aPTT of 
the mixture will remain abnormal, whereas the aPTT 
will normalize if a simple deÞ ciency exists. (A deÞ -
ciency state is corrected because the mixing study pro-
duces at least a 50% concentration of each factor, a 
quantity sufÞ cient for a normal aPTT). The one excep-
tion to this rule is that mixing studies typically result in 
an initially normal aPTT in the presence of antifactor 
VIII antibodies, but with prolonged incubation, the 
aPTT becomes prolonged. If clinically beneÞ cial, 
speciÞ c-factor assays can be performed to identify the 
deÞ ciency. It is sometimes a clinical challenge to mon-
itor heparin anticoagulation in patients with antiphos-
pholipid antibodies because the aPTT may be prolonged 
at baseline or may demonstrate an exaggerated 
prolongation when heparin is started. In either case an 
anti-Xa activity assay can be used for UFH monitoring. 

 As can be seen from  Figure 2 , an inhibitor or deÞ -
ciency of factors VIII (hemophilia A), IX (hemophilia 
B), XI, or XII may also produce an isolated aPTT 
abnormality, but probably only if levels are sufÞ ciently 
low. In theory, such deÞ ciencies can be corrected 
using fresh-frozen plasma, but doing so is inefÞ cient 
and exposes recipients to risks of infection, volume 
overload, and transfusion reaction. Although cryo-
precipitate is a more concentrated source of factor 
VIII and von WillebrandÕs factor, recombinant fac-
tors VIII or IX are commercially available and free of 
human plasma, and thus free from infection trans-
mission risks. In addition, since these can be given in 
a small volume, they have become the preferred 
therapies. For patients who have acquired antibodies 
to factor VIII, bypassing agents or human recombi-
nant activated factor VII can overcome the functional 
deÞ ciency of factor VIII. In addition, prothrombin 
complex, available in 15 or more brands worldwide, 

 © 2010 American College of Chest Physicians
 by guest on June 11, 2011chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


www.chestjournal.org CHEST / 137 / 1 / JANUARY, 2010  191

For severe sepsis, use of rhAPC has been shown to 
decrease markers of infl ammation and accelerated 
coagulation, and that action is associated with improv ed 
clinical outcomes.  23   Acute promyelocytic leukemia is 
the most common cancer associated with DIC and is 
another example in which specifi c therapy is available. 
In acute promyelocytic leukemia, promyelocytes 
bear a surface tissue factor-like molecule that acti-
vates the tissue factor pathway and also expre ss 
a receptor for plasminogen, resulting in primary 
fi brinolysis.  24,25   In addition to supportive therapy with 
platelet and clotting factor transfusions (either using 
cryoprecipitate or fresh-frozen plasma), all- trans -
retinoic acid therapy has been shown to shorten the 
duration of the coagulopathy. All- trans -retinoic acid 
therapy accelerates the differentiation of the malig-
nant cells, resulting in a downregulation of the ex-
pression of the tissue factor and other procoagulant 
surface antigens.  26-28   

 Dilutional coagulopathy also can result in prolonga-
tion of both the PT and aPTT since all clotting factors 
are diluted. Although commonly reported in trauma 
patients, dilution of the clotting factors can result 
from any major bleed that requires massive transfu-
sions. Correction of the PT and aPTT can be accom-
plished by replacing the clotting factors through the 
use of fresh-frozen plasma or fresh whole blood. 

 Monitoring Acute Therapeutic 
Anticoagulation 

 Monitoring Warfarin 

 Although warfarin depletes factor VII within 24 h, 
thereby prolonging the PT, the patient remains at 
risk for clot propagation or recurrence until all vita-
min K-dependent clotting proteins are depleted, 
including factor IX (t   1/2 of 24 h), factor X (t 1/2 of 
48 h), and factor II (t 1/2 of nearly 60 h). For this 
reason, some form of heparin or factor Xa inhibitor is 
necessary for at least a few days.  29   The PT is indexed 
to a worldwide standard and reported as the INR to 
allow direct comparisons between laboratories.  30   The 
risks of bleeding and PT prolongation are reasonably 
correlated, but the correlation does not appear to be 
linear. For example, the risk is relatively low until the 
INR exceeds 3 but increases exponentially when the 
INR exceeds 10.  31   Numerous other factors come into 
play: defi ciencies of platelet numbers or function, 
advanc ed age, alcoholism, heart failure, and hyper-
tension all appear to signifi cantly increase the risk of 
bleeding with a prolonged PT.  32-36   

fi brinogen levels and FDPs (unlike liver disease), and 
warfarin exposure is associated with a normal TT 
(unlike heparin). In addition, the effects of heparin 
can be neutralized  in vitro  with heparinase, if needed 
to help make the differentiation. 

 In the ICU, DIC is probably the single most com-
mon cause of dual pathway abnormalities. It is a con-
dition in which clotting factors and platelets are 
consumed, clot degradation products are released, and 
eventually even anticlotting proteins are exhausted.  21   
Regardless whether triggered by severe sepsis, 
trauma, or tumor, the initial stimulus to clot results 
in the progressive depletion of all clotting factors 
through consumption. FDPs also interfere with plate-
let function and fi brin formation, and in this way, fur-
ther aggravate the accelerated clotting process. 
As platelets are destroyed, platelet factor 4 can be 
release d, and in some settings, this can lead to diagnos-
tic confusion between DIC and heparin-induced 
thrombocytopenia  .  21   Although DIC is typically viewed 
as a bleeding problem, it is the formation of microvas-
cular thrombi that can damage red blood cells, form-
ing schistocytes, and insidiously lead to tissue 
ischemia. Thrombosis in DIC is initially offset by key 
anticlotting protein systems: tissue factor pathway 
inhibit or counteracts effects of activated factor IX and 
X, the protein C-S complex inhibits activity of activated 
factors V and VIII, and general proteinase inhibition is 
accomplished by antithrombin and other lesser pro-
teins. Simulta neously, activation of endogenous throm-
bolytic pathways, including plasminogen, occurs in an 
attempt to dissolve these thrombi. However, unless 
the stimulus is corrected, progressive clotting factor 
consumption occurs, eventually leading to a  severe 
defi cie ncy state. 

 By depleting all clotting factors, DIC can increase 
both the PT and aPTT values, reduce fi brinogen lev-
els, and elevate levels of clot degradation products. It 
has been empirically observed that the PT is prolonged 
more than the aPTT,  22   possibly as the result of the 
short half-life of factor VII. In a substantial percentage 
of DIC cases, however, the process is suffi ciently tame 
that neither the PT nor the aPTT is prolonged and 
fi brino gen levels can remain in the normal range. 
FDPs and/or D-dimer levels should be elevated in all 
cases of DIC. A vast array of other markers of acceler-
ated coagulation are available, including prothrombin 
fragment 1.2, fi brinopeptide A, fi brin monomers, and 
thrombin-antithrombin complexes, but it is not clear 
whether any of these tests augment clinical care. The 
same can be said for tests of fi brinolysis such as plas-
minogen and antiplasmin levels. 

 Although the age-old maxim that the best treat-
ment of DIC is to reverse the underlying cause is true, 
it is often not feasible. Nonetheless, specifi c treat-
ments exist for DIC arising from certain etiologies. 
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may better refl ect the actual level of anticoagulation. 
The pharmacokinetic profi le of LMWH in critically 
ill patie nts is uncertain, with some reports indicat-
ing impai red bioavailability  41,42   and others report-
ing that renal insuffi ciency does not lead to drug 
accu mulation.  43   

 Hirudin, lepirudin, bivalirudin, and argatroban 
inhib it activated factor II (thrombin) and can thus be 
monitored using the aPTT. Although it can be moni-
tored using the aPTT, bivalirudin is used predomi-
nately in cardiac and vascular interventions, and as 
such is more commonly monitored using the ACT. 
Furthermore, in the absence of renal insuffi ciency, 
monitoring of anticoagulation with bivalirudin is 
rarely necessary. Data suggest an imperfect relation-
ship between drug concentrations and the aPTT, 
with the test becoming less responsive at high drug 
concentrations. The clinician must become familiar 
with the drug specifi cs before using any of these com-
pounds, but as a general rule an aPTT similar to that 
of UFH (1.5-3 times the mean baseline) is the goal. 
Monitoring is usually started approximately 3 to 4 h 
after initiating dosing and performed less frequently 
as the aPTT enters the goal range and stability is 
demonstrated. Once stabilized, daily monitoring is 
suffi cient, provided renal function is unchanging. 
Like heparins, hirudin and lepirudin doses need to 
be reduced in the presence of renal insuffi ciency. 
Bivalirudin is predominately cleared by plasma pep-
tidases with an additional renal component, allowing 
more freedom of dosing in renal insuffi ciency. In 
contrast, argatroban is cleared largely by the liver 
and needs dose reductions for patients with hepatic 
insuffi ciency. 

 Coagulation Tests and Procedures 

 One of the common uses of hemostatic testing is to 
evaluate the adequacy of coagulation and appropri-
ateness of a patient for either surgery or invasive pro-
cedures. This is especially true for patients taking 
anticoagulant medicines and those with conditions 
known to produce abnormalities in these laboratory 
tests, such as hepatic insuffi ciency. The “acceptable” 
level of coagulation (or anticoagulation) for a proce-
dure is dependent on both the nature of the procedure 
(ie, elective operation vs emergent bedside proce-
dure) and the ease and safety in which the coagula-
tion abnormality can be corrected. Since patien ts 
hardly ever undergo elective surgical procedures 
while they are critically ill, the following discussion 
will focus on urgent and emergent procedures. The 
safety of correcting the abnormality must include an 
evaluation of both the risk of bleeding from antico-
agulation during the procedure as well as the risk of 
clotting while off anticoagulation for the procedure in 

 Monitoring Heparinoid Therapy 

 In addition to its diagnostic value, the aPTT is also 
commonly used to monitor the effects of several anti-
coagulants, including heparin, hirudin, lepirudin, 
bivalirudin, and argatroban. The aPTT is monitored 
during UFH infusions because a UFH-antithrombin 
complex inhibits the actions of factors II, IX, X, XI, 
and XII. Clinicians are sometimes puzzled that hepa-
rin does not prolong the PT, even though it inhibits 
the actions of factors X and II, which are both part 
of the tissue factor pathway; the explanation is not 
simple, some PT assay systems contain a heparin-
neutralizing compound, and in assays that do not remove 
heparin, heparin interacts with more components of 
the contact activation pathway than the tissue factor 
pathway. The aPTT is not an ideal monitoring tool for 
heparinoids because it is subject to numerous non-
heparin infl uences. For example, many acute phase 
reactants, includ ing fi brinogen, can bind and neutral-
ize UFH. In addition, factor VIII is not only an acute 
phase reactant, but also shortens the aPTT  in vitro  , 
occasionally leading clinicians to conclude that 
patients are resistant to the effects of UFH. In these 
cases, an anti-Xa assay or heparin level assay reveals 
whether the patient is adequa tely anticoagulated. 
Heparin resistance can occu r in patients with anti-
thrombin defi ciency. However, the appearance of 
heparin resistance is much more likely to be the 
result of inadequate dosing or nonspecific acute 
phase reactants than from antithrombin defi ciency.  37   
Although there is some variation by laboratory, the 
typical aPTT target is 1.5 to 2.5 times the average 
normal aPTT and roughly corresponds to an anti-Xa 
level of 0.3 to 0.7 units/mL. Checking an initial aPTT 
roughly 6 h after initiating therapy is importa nt to 
ensure prompt adequate anticoagulation. The use of 
a heparin dosing protocol, especially if adminis tered 
by a dedicated anticoagulation service, is a key to 
rapid, safe, effective anticoagulation.  38,39   All forms of 
heparin are subject to at least partial renal clearance; 
hence, dose reductions are necessary when glomeru-
lar fi ltration rates fall below 30 to 50 mL/min. For the 
LMWHs, dose reductions should follow the manu-
facturer’s recommendations, and an anti-Xa assa y 
must be performed if monitoring is desired.  40   Since 
LMWHs inactivate factor Xa with little effect on 
thrombin, they will not prolong (much) the aPTT, 
which is prone to variability due to alterations to non-
thrombin components. However, laboratory moni-
toring is usually not required because the anticoagulant 
response to a fi xed-dose LMWH is highly correlated 
with the patient’s body weight. Following the aPTT is 
usually suffi cient for UFH, but when seemingly high 
heparin doses are required, checking either an anti-
Xa activity assay or directly measuring heparin levels 
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 Conclusion 

 Tests of coagulation are often abnormal in criti-
cally ill patients. Unfortunately, many of these 
abnormal results are artifactual. When true, clotting 
test abnormalities can be associated with bleeding or 
clotting complications and are associated with worse 
patient outcomes. Abnormalities in soluble clotting 
factors are less common than thrombocytopenia, but 
also occur in this population. Low platelet counts 
and/or prolonged clotting times predispose criti-
cally ill patients to bleeding and may result in avoid-
ance of diagnostic and therapeutic procedures. An 
in-depth understanding of the causes, limitations, and 
results of clotting time assays will help the clinician 
better identify and treat coagulopathy in critically 
ill patients. 
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patients receiving treatment of thrombotic disorders.  44   
The risk of bleeding is dependent on a number 
of factors, including age, comorbidities, intensity of 
anticoagulant therapy, and type of surgery or pro-
cedure.  45   Patients undergoing prolonged, complex, 
or emergent procedures are at increased risk of sig-
nifi cant bleeding compared with those undergoing 
short, minor, or bedside procedures. Likewise, 
patients undergoing endoscopy may be at low risk for 
bleeding if only inspection and simple biopsy are 
undertaken, as opposed to a higher risk of bleeding 
for placement of percutaneous tubes, dilations, sphinc-
terotomies, and fi ne needle aspirations.  46   In cases 
where the exact procedures required will not be 
known until endoscopy allows visualization, coagula-
tion parameters should be managed to accommodate 
the most invasive procedure possible. Patients with 
signifi cant thrombotic disorders or dispositions may 
require reversal of therapeutic anticoagulation and 
bridging with short-lived anticoagulation during the 
periprocedure period.  47-49   Monitoring during this 
periprocedure period requires frequent hemostatic 
testing. 

 Because of the complexity of the issue, the val-
ues of PT, INR, and aPTT for which procedures 
are considered safe are largely driven by clinical 
opinion. Usually, an INR of 1.5 or lower is desired 
for surgery and many invasive bedside procedures. 
Some bedside procedures, such as paracenteses, 
thoracenteses, and nonsubclavian central venous 
catheter may be undertaken with higher INR lev-
els, especially if required emergently. However, 
performance of even these procedures should be 
avoided if at all possible in patients with INR levels 
above 2. The INR can be lowered by administra-
tion of exogenous clotting factors, such as fresh-
frozen plasma, administration of vitamin K, or a 
combination of the two. Administration of vitamin 
K can be especially useful if the elevated INR is 
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