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INTRODUCTION

Deficiencies of coagulation factors have been recognized for centuries. Patients with genetic deficiencies of plasma
coagulation factors exhibit life-long recurrent bleeding episodes into joints, muscles, and closed spaces, either
spontaneously or following an injury. The most common inherited factor deficiencies are the hemophilias, X-linked
diseases caused by deficiency of factor (F) VIII (hemophilia A) or FIX (hemophilia B). Rare congenital bleeding
disorders due to deficiencies of other factors, including FII (prothrombin), FV, FVII, FX, FXI, and FXIII, and fibrinogen
are commonly inherited in an autosomal recessive manner (Table 141-1). Advances in characterization of the
molecular bases of clotting factor deficiencies have contributed to better understanding of the disease phenotypes
and may eventually allow more targeted therapeutic approaches through the development of small molecules,
recombinant proteins, or cell and gene-based therapies.



aValues within normal range (−) or prolonged (+).

bNo risk for bleeding; treatment is not indicated.

TABLE 141-1

Genetic and Laboratory Characteristics of Inherited Coagulation Disorders

Clotting

Factor

Deficiency

Inheritance

Prevalence

in General

Population

Laboratory Abnormalitya Minimum

Hemostatic

Levels

Treatment

Plasma

Half-

LifeaPTT PT TT

Fibrinogen AR 1 in

1,000,000

+ + + 100 mg/dL Cryoprecipitate 2–4 d

Prothrombin AR 1 in

2,000,000

+ + − 20–30% FFP/PCC 3–4 d

Factor V AR 1 in

1,000,000

+/− +/− − 15–20% FFP 36 h

Factor VII AR 1 in

500,000

− + − 15–20% FFP/PCC 4–6 h

Factor VIII X-linked 1 in 5,000 + − − 30% FVIII concentrates 8–12 h

Factor IX X-linked 1 in 30,000 + − − 30% FIX concentrates 18–24

h

Factor X AR 1 in

1,000,000

+/− +/− − 15–20% FFP/PCC 40–60

h

Factor XI AR 1 in

1,000,000

+ − − 15–20% FFP 40–70

h

Factor XII AR ND + − − b b 60 h

HK AR ND + − − b b 150 h

Prekallikrein AR ND + − − b b 35 h

Factor XIII AR 1 in

2,000,000

− − +/− 2–5% Cryoprecipitate/FXIII

concentrates

11–14

d
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Abbreviations: aPTT, activated partial thromboplastin time; AR, autosomal recessive; FFP, fresh-frozen plasma; HK, high-

molecular-weight kininogen; ND, not determined; PCC, prothrombin complex concentrates; PT, prothrombin time; TT, thrombin

time.

Commonly used tests of hemostasis provide the initial screening for clotting factor activity (Fig. 141-1), and disease
phenotype o�en correlates with the level of clotting activity. An isolated abnormal prothrombin time (PT) suggests
FVII deficiency, whereas a prolonged activated partial thromboplastin time (aPTT) indicates most commonly
hemophilia or FXI deficiency (Fig. 141-1). The prolongation of both PT and aPTT suggests deficiency of FV, FX, FII, or
fibrinogen abnormalities. The addition of the missing factor at a range of doses to the subject’s plasma will correct
the abnormal clotting times; the result is expressed as a percentage of the activity observed in normal subjects.

FIGURE 141-1

Coagulation cascade and laboratory assessment of clotting factor deficiency by activated partial prothrombin time
(aPTT), prothrombin time (PT), thrombin time (TT), and phospholipid (PL).

Acquired deficiencies of plasma coagulation factors are more frequent than congenital disorders; the most common
disorders include hemorrhagic diathesis of liver disease, disseminated intravascular coagulation (DIC), and vitamin K
deficiency. In these disorders, blood coagulation is hampered by the deficiency of more than one clotting factor, and
the bleeding episodes are the result of perturbation of both primary (e.g., platelet and vessel wall interactions) and
secondary (coagulation) hemostasis.

The development of antibodies to coagulation plasma proteins, clinically termed inhibitors, is a relatively rare
disease that o�en a�ects hemophilia A or B and FXI-deficient patients on repetitive exposure to the missing protein
to control bleeding episodes. Inhibitors also occur among subjects without genetic deficiency of clotting factors
(e.g., in the postpartum setting as a manifestation of underlying autoimmune or neoplastic disease or
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idiopathically). Rare cases of inhibitors to thrombin or FV have been reported in patients receiving topical bovine
thrombin preparation as a local hemostatic agent in complex surgeries. The diagnosis of inhibitors is based on the
same tests as those used to diagnose inherited plasma coagulation factor deficiencies. However, the addition of the
missing protein to the plasma of a subject with an inhibitor does not correct the abnormal aPTT and/or PT tests
(known as mixing tests). This is the major laboratory di�erence between deficiencies and inhibitors. Additional tests
are required to measure the specificity of the inhibitor and its titer.

The treatment of these bleeding disorders o�en requires replacement of the deficient protein using recombinant or
purified plasma-derived products or fresh-frozen plasma (FFP). Therefore, it is imperative to arrive at a proper
diagnosis to optimize patient care without unnecessary exposure to suboptimal treatment and the risks of
bloodborne disease.

HEMOPHILIA

PATHOGENESIS AND CLINICAL MANIFESTATIONS

Hemophilia is an X-linked recessive hemorrhagic disease due to mutations in the F8 gene (hemophilia A or classic
hemophilia) or F9 gene (hemophilia B). The disease a�ects 1 in 10,000 males worldwide, in all ethnic groups;
hemophilia A represents 80% of all cases. Male subjects are clinically a�ected; women, who carry a single mutated
gene, are generally asymptomatic. Family history of the disease is absent in ~30% of cases, and in these cases, 80%
of the mothers are carriers of the de novo mutated allele. More than 500 di�erent mutations have been identified in
the F8 or F9 genes of patients with hemophilia A or B, respectively. One of the most common hemophilia A mutations
results from an inversion of the intron 22 sequence, and it is present in 40% of cases of severe hemophilia A.
Advances in molecular diagnosis now permit precise identification of mutations, allowing accurate diagnosis of
women carriers of the hemophilia gene in a�ected families.

Clinically, hemophilia A and hemophilia B are indistinguishable. The disease phenotype correlates with the residual
activity of FVIII or FIX and can be classified as severe (<1%), moderate (1–5%), or mild (6–30%). In the severe and
moderate forms, the disease is characterized by bleeding into the joints (hemarthrosis), so� tissues, and muscles
a�er minor trauma or even spontaneously. Patients with mild disease experience infrequent bleeding that is usually
secondary to trauma. Among those with residual FVIII or FIX activity >25% of normal, the disease is discovered only
by bleeding a�er major trauma or during routine presurgery laboratory tests. Typically, the global tests of
coagulation show only an isolated prolongation of the aPTT assay. Patients with hemophilia have normal bleeding
times and platelet counts. The diagnosis is made a�er specific determination of FVIII or FIX clotting activity.

Early in life, bleeding may present a�er circumcision or rarely as intracranial hemorrhages. The disease is more
evident when children begin to walk or crawl. In the severe form, the most common bleeding manifestations are the
recurrent hemarthroses, which can a�ect every joint but mainly a�ect knees, elbows, ankles, shoulders, and hips.
Acute hemarthroses are painful, and clinical signs are local swelling and erythema. To avoid pain, the patient may
adopt a fixed position, which leads eventually to muscle contractures. Very young children unable to communicate
verbally show irritability and a lack of movement of the a�ected joint. Chronic hemarthroses are debilitating, with
synovial thickening and synovitis in response to the intraarticular blood. A�er a joint has been damaged, recurrent
bleeding episodes result in the clinically recognized “target joint,” which then establishes a vicious cycle of bleeding,
resulting in progressive joint deformity that in critical cases requires surgery as the only therapeutic option.
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Hematomas into the muscle of distal parts of the limbs may lead to external compression of arteries, veins, or nerves
that can evolve to a compartment syndrome.

Bleeding into the oropharyngeal spaces, central nervous system (CNS), or retroperitoneum is life threatening and
requires immediate therapy. Retroperitoneal hemorrhages can accumulate large quantities of blood with formation
of masses with calcification and inflammatory tissue reaction (pseudotumor syndrome) and also result in damage to
the femoral nerve. Pseudotumors can also form in bones, especially long bones of the lower limbs. Hematuria is
frequent among hemophilia patients, even in the absence of genitourinary pathology. It is o�en self-limited and may
not require specific therapy.

TREATMENT

TREATMENT Hemophilia

Without treatment, severe hemophilia has a limited life expectancy. Advances in the blood fractionation industry
during World War II resulted in the realization that plasma could be used to treat hemophilia, but the volumes
required to achieve even modest elevation of circulating factor levels limit the utility of plasma infusion as an
approach to disease management. The discovery in the 1960s that the cryoprecipitate fraction of plasma was
enriched for FVIII, and the eventual purification of FVIII and FIX from plasma, led to the introduction of home
infusion therapy with factor concentrates in the 1970s. The availability of factor concentrates resulted in a dramatic
improvement in life expectancy and in quality of life for people with severe hemophilia. However, the contamination
of the blood supply with hepatitis viruses and, subsequently, HIV resulted in widespread transmission of these
bloodborne infections within the hemophilia population; complications of HIV and of hepatitis C are now the leading
causes of death among U.S. adults with severe hemophilia. The introduction of viral inactivation steps in the
preparation of plasma-derived products in the mid-1980s greatly reduced the risk of HIV and hepatitis, and the risks
were further reduced by the successful production of recombinant FVIII and FIX proteins, both licensed in the 1990s.
It is uncommon for hemophilic patients born a�er 1985 to have contracted either hepatitis or HIV, and for these
individuals, life expectancy is approximately 65 years. In fact, since 1998, no evidence of new infections with viral
hepatitis or HIV has been reported in patients using blood products. Factor replacement therapy for hemophilia can
be provided either in response to a bleeding episode or as a prophylactic treatment. Primary prophylaxis is defined
as a strategy for maintaining the missing clotting factor at levels ~1% or higher on a regular basis in order to prevent
bleeds, especially the onset of hemarthroses. Hemophilic boys receiving regular infusions of FVIII (3 days/week) or
FIX (2 days/week) can reach puberty without detectable joint abnormalities. Prophylaxis has become gradually more
common in young patients. The Centers for Disease Control and Prevention reported that 51% of children with
severe hemophilia who are younger than age 6 years receive prophylaxis, increasing considerably from 33% in 1995.
Although highly recommended, the high cost and di�iculties in accessing peripheral veins in young patients and the
potential infectious and thrombotic risks of long-term central vein catheters are important limiting factors for many
young patients. Emerging data show that prophylaxis is also increasing among adults with severe hemophilia.

General considerations regarding the treatment of bleeds in hemophilia include the following: (1) Treatment should
begin as soon as possible because symptoms o�en precede objective evidence of bleeding; because of the superior
e�icacy of early therapeutic intervention, classic symptoms of bleeding into the joint in a reliable patient,
headaches, or automobile or other accidents require prompt replacement and further laboratory investigation. (2)
Drugs that hamper platelet function, such as aspirin or aspirin-containing drugs, should be avoided; to control pain,
drugs such as ibuprofen or propoxyphene are preferred. FVIII and FIX are dosed in units. One unit is defined as



amount of FVIII (100 ng/mL) or FIX (5 μg/mL) in 1 mL of normal plasma. One unit of FVIII per kilogram of body weight
increases the plasma FVIII level by 2%. One can calculate the dose needed to increase FVIII levels to 100% in a 70-kg
severe hemophilia patient (<1%) using the simple formula below. Thus, 3500 units of FVIII will raise the circulating
level to 100%.

The doses for FIX replacement are di�erent from those for FVIII, because FIX recovery a�er infusion is usually only
50% of the predicted value. Therefore, the formula for FIX replacement is as follows:

The FVIII half-life of 8–12 h requires injections twice a day to maintain therapeutic levels, whereas the FIX half-life is
longer, ~24 h, so that once-a-day injection is su�icient. In specific situations such as a�er surgery, continuous
infusion of factor may be desirable because of its safety in achieving sustained factor levels at a lower total cost.

Cryoprecipitate is enriched with FVIII protein (each bag contains ~80 IU of FVIII) and was commonly used for the
treatment of hemophilia A decades ago; it is still in use in some developing countries, but because of the risk of
bloodborne diseases, this product should be avoided in hemophilia patients when factor concentrates are available.

Mild bleeds such as uncomplicated hemarthroses or superficial hematomas require initial therapy with factor levels
of 30–50%. Additional doses to maintain levels of 15–25% for 2 or 3 days are indicated for severe hemarthroses,
especially when these episodes a�ect the “target joint.” Large hematomas, or bleeds into deep muscles, require
factor levels of 50% or even higher if the clinical symptoms do not improve, and factor replacement may be required
for a period of 1 week or longer. The control of serious bleeds including those that a�ect the oropharyngeal spaces,
CNS, and the retroperitoneum require sustained protein levels of 50–100% for 7–10 days. Prophylactic replacement
for surgery is aimed at achieving normal factor levels (100%) for a period of 7–10 days; replacement can then be
tapered depending on the extent of the surgical wounds. Oral surgery is associated with extensive tissue damage
that usually requires factor replacement for 1–3 days coupled with oral antifibrinolytic drugs.

NONTRANSFUSION THERAPY IN HEMOPHILIA

DDAVP (1-Amino-8-d-Arginine Vasopressin)

DDAVP is a synthetic vasopressin analog that causes a transient rise in FVIII and von Willebrand factor (VWF), but not
FIX, through a mechanism involving release from endothelial cells. Patients with moderate or mild hemophilia A
should be tested to determine if they respond to DDAVP before a therapeutic application. DDAVP at doses of 0.3
μg/kg body weight, over a 20-min period, is expected to raise FVIII levels by two- to threefold over baseline, peaking
between 30 and 60 min a�er infusion. DDAVP does not improve FVIII levels in severe hemophilia A patients, because
there are no stores to release. Repeated dosing of DDAVP results in tachyphylaxis because the mechanism is an
increase in release rather than de novo synthesis of FVIII and VWF. More than three consecutive doses become
ine�ective, and if further therapy is indicated, FVIII replacement is required to achieve hemostasis.

Antifibrinolytic Drugs

Bleeding in the gums, gastrointestinal tract, and during oral surgery requires the use of oral antifibrinolytic drugs
such as ε-amino caproic acid (EACA) or tranexamic acid to control local hemostasis. The duration of the treatment
depending on the clinical indication is 1 week or longer. Tranexamic acid is given at doses of 25 mg/kg three to four
times a day. EACA treatment requires a loading dose of 200 mg/kg (maximum of 10 g) followed by 100 mg/kg per
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dose (maximum 30 g/d) every 6 h. These drugs are not indicated to control hematuria because of the risk of
formation of an occlusive clot in the lumen of genitourinary tract structures.

COMPLICATIONS

Inhibitor Formation

The formation of alloantibodies to FVIII or FIX is currently the major complication of hemophilia treatment. The
prevalence of inhibitors to FVIII is estimated to be between 5 and 10% of all cases and ~20% of severe hemophilia A
patients. Inhibitors to FIX are detected in only 3–5% of all hemophilia B patients. The high-risk group for inhibitor
formation includes severe deficiency (>80% of all cases of inhibitors), familial history of inhibitor, African descent,
mutations in the FVIII or FIX gene resulting in deletion of large coding regions, or gross gene rearrangements.
Inhibitors usually appear early in life, at a median of 2 years of age, and a�er 10 cumulative days of exposure.
However, intensive replacement therapy such as for major surgery, intracranial bleeding, or trauma increases the
risk of inhibitor formation for patients of all ages and degree of clinical severity, which requires close laboratory
monitoring in the following weeks.

The clinical diagnosis of an inhibitor is suspected when patients do not respond to factor replacement at therapeutic
doses. Inhibitors increase both morbidity and mortality in hemophilia. Because early detection of an inhibitor is
critical to a successful correction of the bleeding or to eradication of the antibody, most hemophilia centers perform
annual screening for inhibitors. The laboratory test required to confirm the presence of an inhibitor is an aPTT with a
mix (with normal plasma). In most hemophilia patients, a 1:1 mix with normal plasma completely corrects the aPTT.
In inhibitor patients, the aPTT on a 1:1 mix is abnormally prolonged, because the inhibitor neutralizes the FVIII
clotting activity of the normal plasma. The Bethesda assay uses a similar principle and defines the specificity of the
inhibitor and its titer. The results are expressed in Bethesda units (BU), in which 1 BU is the amount of antibody that
neutralizes 50% of the FVIII or FIX present in normal plasma a�er 2 h of incubation at 37°C. Clinically, inhibitor
patients are classified as low responders or high responders, which provides guidelines for optimal therapy. Therapy
for inhibitor patients has two goals: the control of acute bleeding episodes and the eradication of the inhibitor. For
the control of bleeding episodes, low responders, those with titer <5 BU, respond well to high doses of human or
porcine FVIII (50–100 U/kg), with minimal or no increase in the inhibitor titers. However, high-responder patients,
those with initial inhibitor titer >10 BU or an anamnestic response in the antibody titer to >10 BU even if low titer
initially, do not respond to FVIII or FIX concentrates. The control of bleeding episodes in high-responder patients can
be achieved by using concentrates enriched for prothrombin, FVII, FIX, FX (prothrombin complex concentrates [PCCs]
or activated PCCs [aPCCs]), and more recently recombinant activated factor VII (FVIIa) known as “bypass agents”
(Fig. 141-1). The rates of therapeutic success have been higher for FVIIa than for PCC or aPCC. For eradication of the
inhibitory antibody, immunosuppression alone is not e�ective. The most e�ective strategy is the immune tolerance
induction (ITI) based on daily infusion of missing protein until the inhibitor disappears, typically requiring periods
longer than 1 year, with success rates of approximately 60%. The management of patients with severe hemophilia
and inhibitors resistant to ITI is challenging. The use of anti-CD20 monoclonal antibody (rituximab) combined with
ITI was thought to be e�ective. Although this therapy may reduce the inhibitor titers in some cases, sustained
eradication is uncommon and may require two to three infusions weekly of clotting factor concentrates.

Novel Therapeutic Approaches in Development for Hemophilia

Clinical studies using long-acting clotting factors with prolonged half-lives are in the late phase of clinical testing,
and these new-generation products (for FVIII and FIX) may facilitate prophylaxis by requiring fewer injections to
maintain circulating levels above 1%.



The use of recombinant interleukin 11 in patients with moderate or mild hemophilia A unresponsive to DDAVP has
been tested in early-phase clinical trials and may be an alternate therapeutic strategy for clinical situations that
require transient increases in FVIII levels.

Gene therapy trials for hemophilia B using adeno-associated viral vectors are ongoing, and initial data are promising
(Chap. 91e).

INFECTIOUS DISEASES

Hepatitis C virus (HCV) infection is the major cause of morbidity and the second leading cause of death in hemophilia
patients exposed to older clotting factor concentrates. The vast majority of young patients treated with plasma-
derived products from 1970 to 1985 became infected with HCV. It has been estimated that >80% of patients older
than 20 years of age are HCV antibody positive as of 2006. The comorbidity of the underlying liver disease in
hemophilia patients is clear when these individuals require invasive procedures; correction of both genetic and
acquired (secondary to liver disease) deficiencies may be needed. Infection with HIV also swept the population of
patients using plasma-derived concentrates two decades ago. Co-infection of HCV and HIV, present in almost 50% of
hemophilia patients, is an aggravating factor for the evolution of liver disease. The response to HCV antiviral therapy
in hemophilia is restricted to <30% of patients and even poorer among those with both HCV and HIV infection. End-
stage liver disease requiring organ transplantation may be curative for both the liver disease and for hemophilia.

EMERGING CLINICAL PROBLEMS IN AGING HEMOPHILIA PATIENTS

There has been continuous improvement of the management of hemophilia since the increase in the population of
adults living beyond middle age in the developing world. The life expectancy of a patient with severe hemophilia is
only ~10 years shorter than the general male population. In patients with mild or moderate hemophilia, life
expectancy is approaching that of the male population without coagulopathy. Elderly hemophilia patients have
di�erent problems compared to the younger generation; they have more severe arthropathy and chronic pain, due
to suboptimal treatment, and high rates of HCV and/or HIV infections.

Early data indicate that mortality from coronary artery disease is lower in hemophilia patients than the general male
population. The underlying hypocoagulability probably provides a protective e�ect against thrombus formation, but
it does not prevent atherogenesis. Similar to the general population, these patients are exposed to cardiovascular
risk factors such as age, obesity, and smoking. Moreover, physical inactivity, hypertension, and chronic renal disease
are commonly observed in hemophilia patients. In HIV patients on combined antiretroviral therapy, there may be a
further increase in the risk of cardiovascular disease. Therefore, these patients should be carefully considered for
preventive and therapeutic approaches to minimize the risk of cardiovascular disease.

Excessive replacement therapy should be avoided, and it is prudent to slowly infuse factor concentrates. Continuous
infusion of clotting factor is preferable to bolus dosing in patients with cardiovascular risk factors undergoing
invasive procedures. The management of an acute ischemic event and coronary revascularization should include the
collaboration of hematologists and internists. The early assumption that hemophilia would protect against occlusive
vascular disease may change in this aging population. Cancer is a common cause of mortality in aging hemophilia
patients because they are at risk for HIV- and HCV-related malignancies. Hepatocellular carcinoma (HCC) is the most
prevalent primary liver cancer and a common cause of death in HIV-negative patients. The recommendations for
cancer screening for the general population should be the same for age-matched hemophilia patients. Among those
with high-risk HCV, a semiannual or annual ultrasound and α fetoprotein are recommended for HCC. Screening for
urogenital neoplasm in the presence of hematuria or hematochezia may be delayed due to the underlying bleeding
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disease, thus preventing early intervention. Multidisciplinary interaction should facilitate the attempts to ensure
optimal cancer prevention and treatment recommendations for those with hemophilia.

MANAGEMENT OF CARRIERS OF HEMOPHILIA

Usually hemophilia carriers, with factor levels of ~50% of normal, have not been considered to be at risk for
bleeding. However, a wide range of values (22–116%) have been reported due to random inactivation of the X
chromosomes (lyonization). Therefore, it is important to measure the factor level of carriers to recognize those at
risk of bleeding and to optimize preoperative and postoperative management. During pregnancy, both FVIII and FIX
levels increase gradually until delivery. FVIII levels increase approximately two- to threefold compared to
nonpregnant women, whereas an FIX increase is less pronounced. A�er delivery, there is a rapid fall in the
pregnancy-induced rise of maternal clotting factor levels. This represents an imminent risk of bleeding that can be
prevented by infusion of factor concentrate to levels of 50–70% for 3 days in the setting of vaginal delivery and up to
5 days for cesarean section. In mild cases, the use of DDAVP and/or antifibrinolytic drugs is recommended.

FACTOR XI DEFICIENCY

Factor XI is a zymogen of an active serine protease (FIXa) in the intrinsic pathway of blood coagulation that activates
FIX (Fig. 141-1). There are two pathways for the formation of FXIa. In an aPTT-based assay, the protease is the result
of activation by FXIIa in conjunction with high-molecular-weight kininogen and kallikrein. In vivo data suggest that
thrombin is the physiologic activator of FXI. The generation of thrombin by the tissue factor/factor VIIa pathway
activates FXI on the platelet surface that contributes to additional thrombin generation a�er the clot has formed and
thus augments resistance to fibrinolysis through a thrombin-activated fibrinolytic inhibitor (TAFI).

Factor XI deficiency is a rare bleeding disorder that occurs in the general population at a frequency of one in a
million. However, the disease is highly prevalent among Ashkenazi and Iraqi Jewish populations, reaching a
frequency of 6% as heterozygotes and 0.1–0.3% as homozygotes. More than 65 mutations in the FXI gene have been
reported, whereas fewer mutations (two to three) are found among a�ected Jewish populations.

Normal FXI clotting activity levels range from 70 to 150 U/dL. In heterozygous patients with moderate deficiency, FXI
ranges from 20 to 70 U/dL, whereas in homozygous or double heterozygote patients, FXI levels are <1–20 U/dL.
Patients with FXI levels <10% of normal have a high risk of bleeding, but the disease phenotype does not always
correlate with residual FXI clotting activity. A family history is indicative of the risk of bleeding in the propositus.
Clinically, the presence of mucocutaneous hemorrhages such as bruises, gum bleeding, epistaxis, hematuria, and
menorrhagia are common, especially following trauma. This hemorrhagic phenotype suggests that tissues rich in
fibrinolytic activity are more susceptible to FXI deficiency. Postoperative bleeding is common but not always
present, even among patients with very low FXI levels.

FXI replacement is indicated in patients with severe disease required to undergo a surgical procedure. A negative
history of bleeding complications following invasive procedures does not exclude the possibility of an increased risk
for hemorrhage.

TREATMENT

TREATMENT Factor XI Deficiency
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The treatment of FXI deficiency is based on the infusion of FFP at doses of 15–20 mL/kg to maintain trough levels
ranging from 10 to 20%. Because FXI has a half-life of 40–70 h, the replacement therapy can be given on alternate
days. The use of antifibrinolytic drugs is beneficial to control bleeds, with the exception of hematuria or bleeds in the
bladder. The development of an FXI inhibitor was observed in 10% of severely FXI-deficient patients who received
replacement therapy. Patients with severe FXI deficiency who develop inhibitors usually do not bleed
spontaneously. However, bleeding following a surgical procedure or trauma can be severe. In these patients, FFP
and FXI concentrates should be avoided. The use of PCC/aPCC or recombinant activated FVII has been e�ective.

RARE BLEEDING DISORDERS

Collectively, the inherited disorders resulting from deficiencies of clotting factors other than FVIII, FIX, and FXI (Table
141-1) represent a group of rare bleeding diseases. The bleeding symptoms in these patients vary from
asymptomatic (dysfibrinogenemia or FVII deficiency) to life-threatening (FX or FXIII deficiency). There is no
pathognomonic clinical manifestation that suggests one specific disease, but overall, in contrast to hemophilia,
hemarthrosis is a rare event and bleeding in the mucosal tract or a�er umbilical cord clamping is common.
Individuals heterozygous for plasma coagulation deficiencies are o�en asymptomatic. The laboratory assessment
for the specific deficient factor following screening with general coagulation tests (Table 141-1) will define the
diagnosis.

Replacement therapy using FFP or prothrombin complex concentrates (containing prothrombin, FVII, FIX, and FX)
provides adequate hemostasis in response to bleeds or as prophylactic treatment. The use of PCC should be
carefully monitored and avoided in patients with underlying liver disease, or those at high risk for thrombosis
because of the risk of DIC.

FAMILIAL MULTIPLE COAGULATION DEFICIENCIES

There are several bleeding disorders characterized by the inherited deficiency of more than one plasma coagulation
factor. To date, the genetic defects in two of these diseases have been characterized, and they provide new insights
into the regulation of hemostasis by gene-encoding proteins outside blood coagulation.

Combined Deficiency of FV and FVIII

Patients with combined FV and FVIII deficiency exhibit ~5% of residual clotting activity of each factor. Interestingly,
the disease phenotype is a mild bleeding tendency, o�en following trauma. An underlying mutation has been
identified in the endoplasmic reticulum/Golgi intermediate compartment (ERGIC-53) gene, a mannose-binding
protein localized in the Golgi apparatus that functions as a chaperone for both FV and FVIII. In other families,
mutations in the multiple coagulation factor deficiency 2 (MCFD2) gene have been defined; this gene encodes a

protein that forms a Ca2+ dependent complex with ERGIC-53 and provides cofactor activity in the intracellular
mobilization of both FV and FVIII.

Multiple Deficiencies of Vitamin K–Dependent Coagulation Factors

Two enzymes involved in vitamin K metabolism have been associated with combined deficiency of all vitamin K–
dependent proteins, including the procoagulant proteins prothrombin, VII, IX, and X and the anticoagulant proteins
C and S. Vitamin K is a fat-soluble vitamin that is a cofactor for carboxylation of the gamma carbon of the glutamic



acid residues in the vitamin K–dependent factors, a critical step for calcium and phospholipid binding of these
proteins (Fig. 141-2). The enzymes γ-glutamylcarboxylase and epoxide reductase are critical for the metabolism and
regeneration of vitamin K. Mutations in the genes encoding the γ-carboxylase (GGCX) or vitamin K epoxide reductase
complex 1 (VKORC1) result in defective enzymes and thus in vitamin K–dependent factors with reduced activity,
varying from 1 to 30% of normal. The disease phenotype is characterized by mild to severe bleeding episodes
present from birth. Some patients respond to high doses of vitamin K. For severe bleeding, replacement therapy
with FFP or PCC may be necessary to achieve full hemostatic control.

FIGURE 141-2

The vitamin K cycle. Vitamin K is a cofactor for the formation of γ-carboxyglutamic acid residues on coagulation
proteins. Vitamin K–dependent γ-glutamylcarboxylase, the enzyme that catalyzes the vitamin K epoxide reductase,
regenerates reduced vitamin K. Warfarin blocks the action of the reductase and competitively inhibits the e�ects of
vitamin K.

DISSEMINATED INTRAVASCULAR COAGULATION

DIC is a clinicopathologic syndrome characterized by widespread intravascular fibrin formation in response to
excessive blood protease activity that overcomes the natural anticoagulant mechanisms. There are several
underlying pathologies associated with DIC (Table 141-2).
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TABLE 141-2

Common Clinical Causes of Disseminated Intravascular Coagulation

Sepsis Immunologic Disorders

• Bacterial:

 Staphylococci, streptococci, pneumococci, meningococci, gram-

negative bacilli

• Viral

• Mycotic

• Parasitic

• Rickettsial

• Acute hemolytic transfusion reaction

• Organ or tissue transplant rejection

• Immunotherapy

• Gra�-versus-host disease

Trauma and Tissue Injury Drugs

• Brain injury (gunshot)

• Extensive burns

• Fat embolism

• Rhabdomyolysis

• Fibrinolytic agents

• Aprotinin

• Warfarin (especially in neonates with protein C

deficiency)

• Prothrombin complex concentrates

• Recreational drugs (amphetamines)

Vascular Disorders Envenomation

• Giant hemangiomas (Kasabach-Merritt syndrome)

• Large vessel aneurysms (e.g., aorta)

• Snake

• Insects

Obstetrical Complications Liver Disease

• Abruptio placentae • Fulminant hepatic failure

• Amniotic fluid embolism • Cirrhosis

• Dead fetus syndrome • Fatty liver of pregnancy

• Septic abortion

Cancer Miscellaneous

• Adenocarcinoma (prostate, pancreas, etc.)

• Hematologic malignancies (acute promyelocytic leukemia)

• Shock

• Respiratory distress syndrome

• Massive transfusion
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The most common causes are bacterial sepsis, malignant disorders such as solid tumors or acute promyelocytic
leukemia, and obstetric causes. DIC is diagnosed in almost one-half of pregnant women with abruptio placentae or
with amniotic fluid embolism. Trauma, particularly to the brain, can also result in DIC. The exposure of blood to
phospholipids from damaged tissue, hemolysis, and endothelial damage are all contributing factors to the
development of DIC in this setting. Purpura fulminans is a severe form of DIC resulting from thrombosis of extensive
areas of the skin; it a�ects predominantly young children following viral or bacterial infection, particularly those with
inherited or acquired hypercoagulability due to deficiencies of the components of the protein C pathway. Neonates
homozygous for protein C deficiency also present high risk for purpura fulminans with or without thrombosis of
large vessels.

The central mechanism of DIC is the uncontrolled generation of thrombin by exposure of the blood to pathologic
levels of tissue factor (Fig. 141-3). Simultaneous suppression of physiologic anticoagulant mechanisms and
abnormal fibrinolysis further accelerate the process. Together, these abnormalities contribute to systemic fibrin
deposition in small and midsize vessels. The duration and intensity of the fibrin deposition can compromise the
blood supply of many organs, especially the lung, kidney, liver, and brain, with consequent organ failure. The
sustained activation of coagulation results in consumption of clotting factors and platelets, which in turn leads to
systemic bleeding. This is further aggravated by secondary hyperfibrinolysis. Studies in animals demonstrate that
the fibrinolytic system is indeed suppressed at the time of maximal activation of coagulation. Interestingly, in
patients with acute promyelocytic leukemia, a severe hyperfibrinolytic state o�en occurs in addition to the
coagulation activation. The release of several proinflammatory cytokines such as interleukin 6 and tumor necrosis
factor α plays a central role in mediating the coagulation defects in DIC and symptoms associated with systemic
inflammatory response syndrome (SIRS).

FIGURE 141-3

The pathophysiology of disseminated intravascular coagulation (DIC). Interactions between coagulation and
fibrinolytic pathways result in bleeding and thrombosis in the microcirculation in patients with DIC. FDP, fibrin
degradation product.
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Clinical manifestations of DIC are related to the magnitude of the imbalance of hemostasis, to the underlying
disease, or to both. The most common findings are bleeding ranging from oozing from venipuncture sites, petechiae,
and ecchymoses to severe hemorrhage from the gastrointestinal tract, lung, or into the CNS. In chronic DIC, the
bleeding symptoms are discrete and restricted to skin or mucosal surfaces. The hypercoagulability of DIC manifests
as the occlusion of vessels in the microcirculation and resulting organ failure. Thrombosis of large vessels and
cerebral embolism can also occur. Hemodynamic complications and shock are common among patients with acute
DIC. The mortality ranges from 30 to >80% depending on the underlying disease, the severity of the DIC, and the age
of the patient.

The diagnosis of clinically significant DIC is based on the presence of clinical and/or laboratory abnormalities of
coagulation or thrombocytopenia. The laboratory diagnosis of DIC should prompt a search for the underlying
disease if it is not already apparent. There is no single test that establishes the diagnosis of DIC. The laboratory
investigation should include coagulation tests (aPTT, PT, thrombin time [TT]) and markers of fibrin degradation
products (FDPs), in addition to platelet and red cell count and analysis of the blood smear. These tests should be
repeated over a period of 6–8 h because an initially mild abnormality can change dramatically in patients with
severe DIC.

Common findings include the prolongation of PT and/or aPTT; platelet counts μ100,000/μL, or a rapid decline in
platelet numbers; the presence of schistocytes (fragmented red cells) in the blood smear; and elevated levels of FDP.
The most sensitive test for DIC is the FDP level. DIC is an unlikely diagnosis in the presence of normal levels of FDP.
The d-dimer test is more specific for detection of fibrin—but not fibrinogen—degradation products and indicates that

the cross-linked fibrin has been digested by plasmin. Because fibrinogen has a prolonged half-life, plasma levels
diminish acutely only in severe cases of DIC. High-grade DIC is also associated with levels of antithrombin III or
plasminogen activity <60% of normal.

Chronic DIC
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Low-grade, compensated DIC can occur in clinical situations including giant hemangioma, metastatic carcinoma, or
the dead fetus syndrome. Plasma levels of FDP or d-dimers are elevated. aPTT, PT, and fibrinogen values are within

the normal range or high. Mild thrombocytopenia or normal platelet counts are also common findings. Red cell
fragmentation is o�en detected but at a lower degree than in acute DIC.

Di�erential Diagnosis

The di�erential diagnosis between DIC and severe liver disease is challenging and requires serial measurements of
the laboratory parameters of DIC. Patients with severe liver disease are at risk for bleeding and manifest laboratory
features including thrombocytopenia (due to platelet sequestration, portal hypertension, or hypersplenism),
decreased synthesis of coagulation factors and natural anticoagulants, and elevated levels of FDP due to reduced
hepatic clearance. However, in contrast to DIC, these laboratory parameters in liver disease do not change rapidly.
Other important di�erential findings include the presence of portal hypertension or other clinical or laboratory
evidence of an underlying liver disease.

Microangiopathic disorders such as thrombotic thrombocytopenic purpura present an acute clinical onset of illness
accompanied by thrombocytopenia, red cell fragmentation, and multiorgan failure. However, there is no
consumption of clotting factors or hyperfibrinolysis.

Over the last few years, several clinical trials on immune therapies for neoplasias using monoclonal antibodies or
gene-modified T cells targeting tumor-specific antigens showed unwanted inflammatory responses with increased
cytokine release. These complications are sometimes associated with increased d-dimers and decreased fibrinogen

levels, cytopenias, and liver dysfunction; thus, careful screening tests for DIC are indicated.

TREATMENT

TREATMENT Disseminated Intravascular Coagulation

The morbidity and mortality associated with DIC are primarily related to the underlying disease rather than the
complications of the DIC. The control or elimination of the underlying cause should therefore be the primary
concern. Patients with severe DIC require control of hemodynamic parameters, respiratory support, and sometimes
invasive surgical procedures. Attempts to treat DIC without accompanying treatment of the causative disease are
likely to fail.

MANAGEMENT OF HEMORRHAGIC SYMPTOMS

Administration of FFP and/or platelet concentrates is indicated for patients with active bleeding or at high risk of
bleeding, such as in preparation for invasive procedures or a�er chemotherapy. The control of bleeding in DIC
patients with marked thrombocytopenia (platelet counts <10,000–20,000/μL) and low levels of coagulation factors
will require replacement therapy. The PT (>1.5 times the normal) provides a good indicator of the severity of the
clotting factor consumption. Replacement with FFP is indicated (1 unit of FFP increases most coagulation factors by
30% in an adult without DIC). Low levels of fibrinogen (<100 mg/dL) or brisk hyperfibrinolysis will require infusion of
cryoprecipitate (plasma fraction enriched for fibrinogen, FVIII, and VWF). The replacement of 10 U of cryoprecipitate
for every 2–3 U of FFP is su�icient to correct the hemostasis. The transfusion scheme must be adjusted according to
the patient’s clinical and laboratory evolution. Platelet concentrates at a dose of 1–2 U/10 kg body weight are
su�icient for most DIC patients with severe thrombocytopenia. Clotting factor concentrates are not recommended



for control of bleeding in DIC because of the limited e�icacy a�orded by replacement of single factors (FVIII or FIX
concentrates) and the high risk of products containing traces of aPCCs that further aggravate the disease.

REPLACEMENT OF COAGULATION OR FIBRINOLYSIS INHIBITORS

Drugs to control coagulation such as heparin, antithrombin III (ATIII) concentrates, or antifibrinolytic drugs have all
been tried in the treatment of DIC. Low doses of continuous-infusion heparin (5–10 U/kg per h) may be e�ective in
patients with low-grade DIC associated with solid tumor, acute promyelocytic leukemia, or in a setting with
recognized thrombosis. Heparin is also indicated for the treatment of purpura fulminans during the surgical
resection of giant hemangiomas and during removal of a dead fetus. In acute DIC, the use of heparin is likely to
aggravate bleeding. To date, the use of heparin in patients with severe DIC has no proven survival benefit. The use of
antifibrinolytic drugs, EACA, or tranexamic acid to prevent fibrin degradation by plasmin may reduce bleeding
episodes in patients with DIC and confirmed hyperfibrinolysis. However, these drugs can increase the risk of
thrombosis, and concomitant use of heparin is indicated. Patients with acute promyelocytic leukemia or those with
chronic DIC associated with giant hemangiomas are among the few patients who may benefit from this therapy. The
use of protein C concentrates to treat purpura fulminans associated with acquired protein C deficiency or
meningococcemia has been proven e�icacious. The results from the replacement of ATIII in early-phase studies are
promising but require further study.

Guidance for diagnosis and treatment of DIC had been proposed by the International Society of Thrombosis and
Haemostasis. This initiative will permit more detailed clinical data on diagnosis and treatment of DIC. The clinical
utility of these scoring systems and therapeutic recommendations contained in these guidelines is not yet known.

Vitamin K Deficiency

Vitamin K–dependent proteins are a heterogenous group, including clotting factor proteins and also proteins found
in bone, lung, kidney, and placenta. Vitamin K mediates posttranslational modification of glutamate residues to γ-
carboxylglutamate, a critical step for the activity of vitamin K–dependent proteins for calcium binding and proper
assembly to phospholipid membranes (Fig. 141-2). Inherited deficiency of the functional activity of the enzymes
involved in vitamin K metabolism, notably the GGCX or VKORC1 (see above), results in bleeding disorders. The
amount of vitamin K in the diet is o�en limiting for the carboxylation reaction; thus recycling of the vitamin K is
essential to maintain normal levels of vitamin K–dependent proteins. In adults, low dietary intake alone is seldom
reason for severe vitamin K deficiency but may become common in association with the use of broad-spectrum
antibiotics. Disease or surgical interventions that a�ect the ability of the intestinal tract to absorb vitamin K, either
through anatomic alterations or by changing the fat content of bile salts and pancreatic juices in the proximal small
bowel, can result in significant reduction of vitamin K levels. Chronic liver diseases such as primary biliary cirrhosis
also deplete vitamin K stores. Neonatal vitamin K deficiency and the resulting hemorrhagic disease of the newborn
have been almost entirely eliminated by routine administration of vitamin K to all neonates. Prolongation of PT
values is the most common and earliest finding in vitamin K–deficient patients due to reduction in prothrombin, FVII,
FIX, and FX levels. FVII has the shortest half-life among these factors that can prolong the PT before changes in the
aPTT. Parenteral administration of vitamin K at a total dose of 10 mg is su�icient to restore normal levels of clotting
factor within 8–10 h. In the presence of ongoing bleeding or a need for immediate correction before an invasive
procedure, replacement with FFP or PCC is required. The latter should be avoided in patients with severe underlying
liver disorders due to high risk of thrombosis. The reversal of excessive anticoagulant therapy with warfarin or
warfarin-like drugs can be achieved by minimal doses of vitamin K (1 mg orally or by intravenous injection) for
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asymptomatic patients. This strategy can diminish the risk of bleeding while maintaining therapeutic
anticoagulation for an underlying prothrombotic state.

In patients with life-threatening bleeds, the use of recombinant factor VIIa in nonhemophilia patients on
anticoagulant therapy has been shown to be e�ective at restoring hemostasis rapidly, allowing emergency surgical
intervention. However, patients with underlying vascular disease, vascular trauma and other comorbidities are at
risk for thromboembolic complications that a�ect both arterial and venous systems. Thus, the use of factor VIIa in
this setting is limited to administration of low doses given for only a limited number of injections. Close monitoring
for vascular complications is highly indicated.

Coagulation Disorders Associated with Liver Failure

The liver is central to hemostasis because it is the site of synthesis and clearance of most procoagulant and natural
anticoagulant proteins and of essential components of the fibrinolytic system. Liver failure is associated with a high
risk of bleeding due to deficient synthesis of procoagulant factors and enhanced fibrinolysis. Thrombocytopenia is
common in patients with liver disease, and may be due to congestive splenomegaly (hypersplenism) or immune-
mediated shortened platelet lifespan (primary biliary cirrhosis). In addition, several anatomic abnormalities
secondary to underlying liver disease further promote the occurrence of hemorrhage (Table 141-3).
Dysfibrinogenemia is a relatively common finding in patients with liver disease due to impaired fibrin
polymerization. The development of DIC concomitant to chronic liver disease is not uncommon and may enhance
the risk for bleeding. Laboratory evaluation is mandatory for an optimal therapeutic strategy, either to control
ongoing bleeding or to prepare patients with liver disease for invasive procedures. Typically, these patients present
with prolonged PT, aPTT, and TT depending on the degree of liver damage, thrombocytopenia, and normal or slight
increase of FDP. Fibrinogen levels are diminished only in fulminant hepatitis, decompensated cirrhosis, or advanced
liver disease, or in the presence of DIC. The presence of prolonged TT and normal fibrinogen and FDP levels suggest
dysfibrinogenemia. FVIII levels are o�en normal or elevated in patients with liver failure, and decreased levels
suggest superimposing DIC. Because FV is only synthesized in the hepatocyte and is not a vitamin K–dependent
protein, reduced levels of FV may be an indicator of hepatocyte failure. Normal levels of FV and low levels of FVII
suggest vitamin K deficiency. Vitamin K levels may be reduced in patients with liver failure due to compromised
storage in hepatocellular disease, changes in bile acids, or cholestasis that can diminish the absorption of vitamin K.
Replacement of vitamin K may be desirable (10 mg given by slow intravenous injection) to improve hemostasis.
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Abbreviations: DIC, disseminated intravascular coagulation; EACA, ε-aminocaproic acid.

TABLE 141-3

Coagulation Disorders and Hemostasis in Liver Disease

Bleeding

Portal hypertension

 Esophageal varices

Thrombocytopenia

 Splenomegaly

 Chronic or acute DIC

Decreased synthesis of clotting factors

 Hepatocyte failure

 Vitamin K deficiency

Systemic fibrinolysis

DIC

Dysfibrinogenemia

Thrombosis

Decreased synthesis of coagulation inhibitors: protein C, protein S, antithrombin

 Hepatocyte failure

 Vitamin K deficiency (protein C, protein S)

Failure to clear activated coagulation proteins (DIC)

Dysfibrinogenemia

Iatrogenic: Transfusion of prothrombin complex concentrates

 Antifibrinolytic agents: EACA, tranexamic acid



Treatment with FFP is the most e�ective to correct hemostasis in patients with liver failure. Infusion of FFP (5–10
mL/kg; each bag contains ~200 mL) is su�icient to ensure 10–20% of normal levels of clotting factors but not
correction of PT or aPTT. Even high doses of FFP (20 mL/kg) do not correct the clotting times in all patients.
Monitoring for clinical symptoms and clotting times will determine if repeated doses are required 8–12 h a�er the
first infusion. Platelet concentrates are indicated when platelet counts are <10,000–20,000/μL to control an ongoing
bleed or immediately before an invasive procedure if counts are <50,000/μL. Cryoprecipitate is indicated only when
fibrinogen levels are less than 100 mg/mL; dosing is six bags for a 70-kg patient daily. Prothrombin complex
concentrate infusion in patients with liver failure should be avoided due to the high risk of thrombotic
complications. The safety of the use of antifibrinolytic drugs to control bleeding in patients with liver failure is not
yet well defined and should be avoided.

LIVER DISEASE AND THROMBOEMBOLISM

The clinical bleeding phenotype of hemostasis in patients with stable liver disease is o�en mild or even
asymptomatic. However, as the disease progresses, the hemostatic balance is less stable and more easily disturbed
than in healthy individuals. Furthermore, the hemostatic balance is compromised by comorbid complications such
as infections and renal failure (Fig. 141-4). Based on the clinical bleeding complications in patients with cirrhosis and
laboratory evidence of hypocoagulation such as a prolonged PT/aPTT, it has long been assumed that these patients
are protected against thrombotic disease. Cumulative clinical experience, however, has demonstrated that these
patients are at risk for thrombosis, especially those with advanced liver disease. Although hypercoagulability could
explain the occurrence of venous thrombosis, according to Virchow’s triad, hemodynamic changes and damaged
vasculature may also be a contributing factor, and both processes may potentially also occur in patients with liver
disease. Liver-related thrombosis, in particular, thrombosis of the portal and mesenteric veins, is common in
patients with advanced cirrhosis. Hemodynamic changes, such as decreased portal flow, and evidence that inherited
thrombophilia may enhance the risk for portal vein thrombosis in patients with cirrhosis suggest that
hypercoagulability may play a role as well. Patients with liver disease develop deep vein thrombosis and pulmonary
embolism at appreciable rates (ranging from 0.5 to 1.9%). The implication of these findings is relevant to the
erroneous exclusion of thrombosis in patients with advanced liver disease, even in the presence of prolongation of
routine clotting times, and caution should be advised on overcorrection of these laboratory abnormalities.

FIGURE 141-4

Balance of hemostasis in liver disease. TAFI, thrombin-activated fibrinolytic inhibitor; t-PA, tissue plasminogen
activator; VWF, von Willebrand factor.
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Acquired Inhibitors of Coagulation Factors

An acquired inhibitor is an immune-mediated disease characterized by the presence of an autoantibody against a
specific clotting factor. FVIII is the most common target of antibody formation, and is sometimes referred to as
acquired hemophilia A, but inhibitors to prothrombin, FV, FIX, FX, and FXI are also reported. Acquired inhibitor to
FVIII occurs predominantly in older adults (median age of 60 years), but occasionally in pregnant or postpartum
women with no previous history of bleeding. In 50% of patients with inhibitors, no underlying disease is identified at
the time of diagnosis. In the remaining patients, the causes are autoimmune diseases, malignancies (lymphomas,
prostate cancer), dermatologic diseases, and pregnancy. Bleeding episodes occur commonly in so� tissues, the
gastrointestinal or urinary tracts, and skin. In contrast to hemophilia, hemarthrosis is rare in these patients.
Retroperitoneal hemorrhages and other life-threatening bleeding may appear suddenly. The overall mortality in
untreated patients ranges from 8 to 22%, and most deaths occur within the first few weeks a�er presentation. The
diagnosis is based on the prolonged aPTT with normal PT and TT. The aPTT remains prolonged a�er mixture of the
test plasma with equal amounts of pooled normal plasma for 2 h at 37°C. The Bethesda assay using FVIII-deficient
plasma as performed for inhibitor detection in hemophilia will confirm the diagnosis. Major bleeding is treated with
bypass products such as PCC/aPCC or recombinant FVIIa. In contrast to hemophilia, inhibitors in nonhemophilic
patients are typically responsive to immune suppression, and therapy should be initiated early for most cases. The
first choice includes steroid or a combination of steroid with cytotoxic therapy (e.g., cyclophosphamide), with
complete eradication of the inhibitors in more than 70% of patients. High-dose intravenous γ-globulin and anti-CD20
monoclonal antibody have been reported to be e�ective in patients with autoantibodies to FVIII; however, there is
no firm evidence that these alternatives are superior to the first line of immunosuppressive drugs. Notably, relapse



of the inhibitor to FVIII is relatively common (up to 20%) within the first 6 months following withdrawal of
immunosuppression. Thus, a�er eradication, patients should be followed up regularly for early therapeutic
intervention when indicated or prior to invasive procedure.

Topical plasma-derived bovine and human thrombin are commonly used in the United States and worldwide. These
e�ective hemostatic sealants are used during major surgery such as for cardiovascular, thoracic, neurologic, pelvic,
and trauma indications, as well as in the setting of extensive burns. The development of antibody formation to the
xenoantigen or its contaminant (bovine clotting protein) has the potential to show cross-reactivity with human
clotting factors that may hamper their function and induce bleeding.

Clinical features of these antibodies include bleeding from a primary hemostatic defect or coagulopathy that
sometimes can be life threatening. The clinical diagnosis of these acquired coagulopathies is o�en complicated by
the fact that the bleeding episodes may be detectable during or immediately following major surgery and could be
assumed to be due to the procedure itself.

Notably, the risk of this complication is further increased by repeated exposure to topical thrombin preparations.
Thus, a careful medical history of previous surgical interventions that may have occurred even decades earlier is
critical to assessing risk.

The laboratory abnormalities are reflected by combined prolongation of the aPTT and PT that o�en fails to improve
by transfusion of FFP and vitamin K. The abnormal laboratory tests cannot be corrected by mixing a test with equal
parts of normal plasma that denotes the presence of inhibitory antibodies. The diagnosis of a specific antibody is
obtained by the determination of the residual activity of human FV or other suspected human clotting factor. There
are no commercially available assays specific for bovine thrombin coagulopathy.

There are no established treatment guidelines. Platelet transfusions have been used as a source of FV replacement
for patients with FV inhibitors. Frequent injections of FFP and vitamin K supplementation may function as co-
adjuvant rather than an e�ective treatment of the coagulopathy itself. Experience with recombinant FVIIa as a
bypass agent is limited, and outcomes have been generally poor. Specific treatments to eradicate the antibodies
based on immunosuppression with steroids, intravenous immunoglobulin, or serial plasmapheresis have been
sporadically reported. Patients should be advised to avoid any topical thrombin sealant in the future.

Novel plasma-derived and recombinant human thrombin preparations for topical hemostasis have been approved
by the U.S. Food and Drug Administration. These preparations have demonstrated hemostatic e�icacy with reduced
immunogenicity compared to the first generation of bovine thrombin products.

The presence of lupus anticoagulant can be associated with venous or arterial thrombotic disease. However,
bleeding has also been reported in lupus anticoagulant; it is due to the presence of antibodies to prothrombin,
which results in hypoprothrombinemia. Both disorders show a prolonged PTT that does not correct on mixing. To
distinguish acquired inhibitors from lupus anticoagulant, note that the dilute Russell’s viper venom test and the
hexagonal-phase phospholipids test will be negative in patients with an acquired inhibitor and positive in patients
with lupus anticoagulants. Moreover, lupus anticoagulant interferes with the clotting activity of many factors (FVIII,
FIX, FXII, FXI), whereas acquired inhibitors are specific to a single factor.
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