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The coagulation cascade is typically assessed
by measurement of the prothrombin time (PT)
and activated partial thromboplastin time
(aPTT). While these are crude screening tests
for abnormalities of coagulation, they do pro-
vide a rapid way of detecting significant defi-
ciencies in the extrinsic, intrinsic, contact, and
common pathways of coagulation which may
or may not reflect an increased risk of bleed-
ing. Unlike the already described isolated ele-
vations in either the PT or the aPTT (Chaps. 3
and 4), a finding of prolongation of both clot-
ting times implies a defect in the more distal or
common pathway of the coagulation cascade
(Fig. 5.1).

Inherited single or combined defects in this
group of coagulation reactions are among the rar-
est coagulation disorders. Both inherited and
acquired defects discussed in this chapter are
listed in Table 5.1.
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Congenital Fibrinogen Disorders

Clinical Vignette 1

A 52-year-old female with a PMH of diabe-
tes, osteoarthritis, and migraine headaches
referred for preoperative evaluation of pro-
longed clotting times. A total knee replace-
ment was scheduled. She had had previous
minor procedures (endoscopy, skin biopsy)
but no major surgery. She had recurrent epi-
staxis as a child but no menorrhagia or any
other type of excessive bleeding. There was
no history of thrombosis or liver disease. Her
laboratory testing revealed the following:

PT 16.5 (9-13 s)

1:1 mix with normal plasma 12.0 s

aPTT 33.2 (24.4-31.7 s)

Fibrinogen clot 66 (200—400 mg/dL)

Fibrinogen antigen 352 (149-353 mg/dL)

Thrombin time 36.2 (15.1-18.5 s)

Reptilase time >60 (18-22 s)

Factors 11, V, VII, VIII, IX, X, XI, and

XII were within normal limits.

She underwent knee surgery and was
given cryoprecipitate postoperatively as
prophylaxis against bleeding. Her fibrino-
gen level (activity) went up to 217 mg/dL.
She experienced no perioperative bleeding.
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Fig.5.1 Coagulation cascade—com-
mon pathway
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Table 5.1 Causes of a combined prolongation of the PT
and aPTT

Inherited Acquired
Afibrinogenemia Vitamin K deficiency
Dysfibrinogenemia Liver disease

(decreased synthesis

or dysfibrinogenemia)
Prothrombin deficiency Acquired inhibitors:
Prothrombin, factor
V, factor X

Factor X deficiency Amyloidosis

Factor V deficiency
Combined FV and FX deficiencies

Lupus anticoagulant

Fibrinogen is a large glycoprotein (340 kDa)
encoded by three genes located in close proxim-
ity to each other on chromosome 4. It is synthe-
sized in the liver, and its normal plasma
concentration is approximately 250 mg/dL
(Marder et al. 2013). A level of 50-100 mg/dl is
considered adequate to support hemostasis.
Compared to most coagulation factors, it has a
long half-life of 3-5 days, so that replacement
with cryoprecipitate in a patient with congenital
hypofibrinogenemia can be relatively infrequent.
Fibrinogen is a complex molecule, consisting of
three different paired polypeptide chains
expressed as Aa,, Bp,, and vy, that are linked
together by disulfide bonds (Mosesson et al.
2001). During the process of fibrin formation and
stabilization these fibrinopeptides are cleaved by
thrombin, forming fibrin which then polymer-
izes. The fibrin polymers must be cross-linked
through the action of factor XIII (activated by
thrombin) resulting in a stable clot at the site of a
vascular injury. Remodeling of the clot then occurs

through activation of tissue-bound plasminogen
by tissue plasminogen activator, generation of
plasmin, and cleavage of the stabilized fibrin
meshwork within the clot. Besides its function in
the coagulation cascade, fibrinogen facilitates
platelet aggregation via binding to the platelet
glycoprotein IIb/Ila (oyP;) receptor and von
Willebrand factor (Marder et al. 2013).

Conversion of fibrinogen to fibrin by thrombin
is the most distal step in the coagulation cascade.
In the laboratory this step is measured in isolation
by either the thrombin or the reptilase times. The
thrombin time is sensitive to the presence of
heparin, whereas heparin has no effect on the rep-
tilase time in which the reagent used to initiate
the reaction is a snake venom enzyme, reptilase.
This allows assessment of fibrinogen function
even in the presence of heparin. Both the throm-
bin time and reptilase times will be elevated in
either hypofibrinogenemia or dysfibrinogenemia,
but the thrombin time is more sensitive for detect-
ing dysfibrinogenemia (Hayes, 2002). Although
an absence of fibrinogen will affect both coagula-
tion times (PT and aPTT), dysfibrinogemia
appears to have a preferential effect on the pro-
thrombin time (Hayes 2002).

Two major methods are used to quantify the
level of functional fibrinogen, the PT-derived
method and the Clauss assay. Both of these are
clot-based methods, and the detection limit is
variable (20-60 mg/dL). In a comparison study,
the PT-derived method correlated with the fibrin-
ogen antigen concentration, whereas the Clauss
method correlated best with functional coagula-
tion tests such as the reptilase time, thrombin
time, and prothrombin time. It was therefore
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recommended that the Clauss assay be used in
the management of hypofibrinogenemic patients
who are bleeding (Miesbach et al. 2010).

While quantitative and qualitative abnormali-
ties of fibrinogen are the most common heritable
causes of a combined PT and aPTT elevation,
they themselves are rare. Afibrinogenemia occurs
with a frequency of 0.0001 % and hypo- and dys-
fibrinogenemia at a somewhat higher frequency
(Acharya et al. 2004). The latter are difficult to
quantify because many patients, especially with
dysfibrinogenemia, are asymptomatic.

Afibrinogenemia, defined by the complete
absence of measurable fibrinogen activity and
antigen, is inherited in an autosomal recessive
fashion with variable penetrance (Asselta et al.
2006). The majority of the causal mutations have
been discovered in the fibrinogen Aa, or FGA
gene, but others have been found in the Bf and -y
chains resulting in either a complete loss of
expression or production of abnormal proteins
that are retained within the cell. The gene defects
include deletions, frameshift, nonsense, or splic-
ing mutations (de Moerloose and Neerman-Arbez
2009). Homozygous mutations usually lead to the
most severe hemorrhagic tendency. However, cor-
relations between phenotype and genotype are not
always predictable. Hypofibrinogenemic patients
(fibrinogen activity levels below 150 mg/dL with
a proportionate decrease in fibrinogen antigen)
are usually heterozygous for the same mutations
found in afibrinogenemia.

Dysfibrinogenemia results from production of
a qualitatively dysfunctional fibrinogen mole-
cule. It is transmitted with an autosomal domi-
nant mode of inheritance. Dysfibrinogenemia can
also be acquired in patients with liver disease. In
the inherited form, causative mutations, mostly in
FGA, cause defective cellular release or abnor-
mal fibrin polymerization and cross-linking. In
typical cases the fibrinogen functional activity is
low, but the immunological measurement reveals
a normal amount of fibrinogen antigen, usually
twice that of the activity level. Other laboratory
findings include correction of the abnormal PT
and aPTT in mixing studies, elevations in both
the thrombin and reptilase times, and normal
levels of coagulation factors in the extrinsic and
intrinsic pathway.
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Clinical Manifestations

The bleeding symptoms in afibrinogenemia are
more severe than in either hypofibrinogenemia or
dysfibrinogenemia but generally less severe than
in hemophilia. The types of bleeding also differ
in that there is a lower incidence of joint and
muscle bleeds and a higher incidence of mucosal
bleeding than in hemophiliacs. The most com-
mon kinds of bleeds in afibrinogenemic patients
include umbilical cord bleeding (85 %), muscle
hematoma (72 %), mucosal bleeding (including
epistaxis, oral cavity, and menorrhagia) in 72 %,
hemarthrosis (54 %), and CNS hemorrhage
(10 %) (Lak et al. 1999). Posttraumatic hemato-
mas are also common in these patients. This dis-
tribution of bleeding sites is similar to that of
more recent series of 90 patients in Iran (Lak
et al. 2010). Afibrinogenemia is also associated
with thrombotic events and an increased inci-
dence of spontaneous abortion, particularly in the
first trimester.

Patients with congenital dysfibrinogenemia
have a milder disease. Approximately 55 % may
be asymptomatic and go undiscovered until
screening coagulation testing is done in prepara-
tion for surgery. About 25 % have a bleeding
tendency, and 20 % have thromboembolic com-
plications (de Moerloose et al. 2010).

Management

Management of the patient with congenital afi-
brinogenemia consists of prophylactic replace-
ment of fibrinogen. This typically consisted of
regularly scheduled infusions of cryoprecipitate
for both prophylaxis and at the time of a bleed
or a procedure. In Europe and now the USA, a
plasma-derived fibrinogen concentrate is
approved for use for acute bleeding episodes in
afibrinogenemic patients (RiaSTAP®). The
fibrinogen concentrates are favored since dosing
is more defined, extraneous coagulation pro-
teins (factor VIII, von Willebrand factor, factor
XIII) are avoided, and they are virally inacti-
vated. However, thrombosis has been associated
with the administration of such concentrates
(Bornikova et al. 2011).
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In general, there is a good correlation between
the functional fibrinogen level and the occurrence
of bleeding, with the accepted hemostatic level of
50 % (Castaman 2008). However, the optimal
dosage and target level of fibrinogen for prophy-
laxis are unknown. The severity and frequency of
bleeding must be taken into account when decid-
ing on the need for secondary prophylactic
replacement therapy. A prior CNS bleed or fre-
quent spontaneous bleeding are the two most
common indications for prophylaxis. Fibrinogen
concentrate or cryoprecipitate are given with
variable frequency, from every week to every 2
weeks to monthly (Peyvandi et al. 2006). In a
large review of case reports of treated patients, a
fibrinogen level of 50-100 mg/dL was most com-
monly used as a goal of replacement for nonsur-
gical patients and 100-200 mg/dL in surgical
cases (Bornikova et al. 2011). For epistaxis or
dental extractions, antifibrinolytics such as epsi-
lon aminocaproic acid (EACA) or tranexamic
acid can be used as adjunctive therapy.

There are several reports of success with
fibrinogen replacement to prevent miscarriage in
afibrinogenemic women (Frenkel et al. 2004).
Again, the schedule and target level of fibrinogen
are not well defined, although a target trough
level was typically above 60 mg/dL (Bornikova
et al. 2011).

Prothrombin, Factor V, and Factor X
Deficiencies

Clinical Vignette 2

RT is a 64-year-old female admitted for left
lower quadrant pain, nausea, and vomiting.
She gave the history of multiple bleeding
episodes since she was a child, including
umbilical cord hemorrhage and severe
bleeding when she was losing her baby
teeth. She was hospitalized on several occa-
sions and required transfusion. As an adult,
she had severe bleeding after dental extrac-
tion treated with EACA and topical thrombin.
She has had multiple episodes of hemarthrosis
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in her knees, wrists, ankles, and elbows. She
was managed only with bed rest. She had
severe menorrhagia from the time of men-
arche and had to be transfused with PRBCs
and plasma in the past. Depoprovera was
given to suppress her periods. Her brother
had had multiple episodes of hemarthrosis
and also bleeding with the loss of teeth. They
were both given vitamin K as children for
bleeding episodes. She is one of 12 children,
but none of her siblings had a bleeding
diathesis.

There was no history of cardiac, pulmo-
nary, renal, hepatic, and thyroid disease;
diabetes; or hypertension. She is GO, PO.

Laboratory testing: PT >76.9 (8.4-13 s)

1:1 mix with normal plasma, 11.9 s

aPTT 76.3 (23-32.4 5)

Fibrinogen clot 784 (200—400 mg/dL)

Thrombin time 18.3 (<18.6 s)

Factor X <1 % (73-163 %)

Factor I1 70 % (71-138 %)

She received two units of FFP in prepa-
ration for colonoscopy. She did not require
surgery.

Prothrombin, factor V, and factor X are all
positioned in the common distal pathway of
coagulation, and their deficiencies lead to com-
bined elevations in both the PT and aPTT (see
Fig. 5.1). Because of their rarity these deficien-
cies have been considered as part of a group of
“rare bleeding disorders” (RBD) or “rare inher-
ited coagulation disorders” (RICD). All have an
autosomal recessive inheritance pattern and
occur with a prevalence of <1:1,000,000 in
homozygous forms, which are frequently associ-
ated with consanguinity. The gene mutations or
deletions that have been identified usually lead to
quantitatively defective synthesis of each corre-
sponding factor (i.e., a type 1 deficiency). In
combined factor VIII and V deficiency, however,
the defect is neither of these gene sequences, but
rather in a gene responsible for intracellular
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Fig.5.2 Activation of factor V and formation of the pro-
thrombinase complex. (a) Inactive factor V binds to the
phospholipid surface. (b) Factor V is activated to factor
Va by thrombin (Ila). (¢) Factor Va binds to factor Xa
forming the prothrombinase complex which cleaves pro-

transport and secretion of the factors from the
cell. These genes are MCFD1 or LMANTI, and
the end result of the mutation is a decrease in FV
and FVIII activities to approximately 5-30 %
accompanied by a moderate bleeding disorder.
Inherited combined deficiencies of all vitamin
K-dependent (VKD) factors have also been
reported. In the few patients that have been
described, the molecular defects have been found
in the y-glutamyl carboxylase gene necessary for
the carboxylation step in the posttranslational
modification of all VKD factors and in the vita-
min K epoxide reductase gene, responsible for
regeneration of reduced vitamin K (Brenner
2000). Interestingly, in animal models the defect

thrombin (II) to thrombin (Ila). (d) Activated protein C
(APC) cleaves at three sites of the factor Va molecule,
rendering it inactive (Vai). The resulting product (factor
Vai) is unable to generate thrombin (adapted from Mann
and Kalafatis 2003)

caused by defective carboxylation can be
bypassed by supplemental vitamin K.

Prothrombin and factor X are synthesized in
the liver and circulate as precursors to a serine
protease. Factor V is also thought to be synthe-
sized in the liver, but there is evidence of synthe-
sis in megakaryocytes as well. Approximately
20 % of plasma factor V is stored in platelet
a-granules (Tracy et al. 1982). Their activities
intersect within the prothrombinase complex
where factor Xa cleaves prothrombin to thrombin
in the presence of factor Va, calcium, and phos-
pholipid (Fig. 5.2). Factor Va increases the activ-
ity of factor Xa by about 5 orders of magnitude
(Mann and Kalafatis 2003).
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Clinical Manifestations

While these factors play essential roles within the
coagulation cascade, their deficiency, even when
severe, is not always manifested by a bleeding
diathesis. The bleeding complications are quite
variable. As with afibrinogenemia, the distribu-
tion of bleeding sites varies from that of hemo-
philia with a lower incidence of joint, muscle,
and CNS bleeding (Mannucci et al. 2004).
Menorrhagia is common in women with these
deficiencies as are other types of mucosal bleed-
ing (oral cavity, epistaxis).

Factor V deficiency, initially known as “para-
hemophilia,” mainly presents with platelet-type
bleeding such as ecchymoses, epistaxis, menor-
rhagia, and bleeding after surgery. This is perhaps
due to the involvement of platelets as a source
of factor V for the prothrombinase complex.
The complete absence of factor V in mice causes
severe hemorrhage, but in humans with levels of
plasma factor V activity of <2 % there may be no
bleeding tendency. In a registry of RBD in North
America, a cohort of 18 patients with severe defi-
ciency (median factor V level of <0.01 U/ml)
had spontaneous hemorrhage including hemar-
throsis and intramuscular and intracranial bleeds.
In those who were heterozygous (median factor
V level of 0.35 U/ml), there was a lower inci-
dence of spontaneous skin, mucous membrane,
musculoskeletal, and genitourinary bleeding
(Acharya et al. 2004).

Patients who are homozygous for factor X
deficiency have a median factor X level of
<0.01 U/ml and have a similar incidence of cuta-
neous and mucous membrane bleeding (45 %)
and musculoskeletal bleeding (27 %) but a
slightly higher rate of CNS bleeding (15 %) com-
pared to severely deficient factor V patients
(Acharya et al. 2004). Most patients have mis-
sense mutations (Mannucci et al. 2004; Herrmann
et al. 2006). This distribution of bleeding sites is
based on a small number of patients. Herrmann
et al. described a larger cohort correlating the
clinical and laboratory phenotype with muta-
tional analysis of the factor X gene (Herrmann
et al. 2006). Spontaneous bleeding was seen in
both homozygous and heterozygous patients, but
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severe hemorrhage (CNS, GI, hemarthrosis)
occurred only in patients with factor X levels of
<2 %. For heterozygous patients, factor X coagu-
lation activity in the plasma correlates imper-
fectly with clinical bleeding. For example, even
though the mean factor X level of the heterozy-
gous patients was 50.7 %, 13 % of them were
symptomatic with spontaneous epistaxis, menor-
rhagia, and bruising. However, none had the
severe forms of bleeding seen in homozygous
patients. This is somewhat higher than the previ-
ously reported incidence of bleeding in heterozy-
gous patients (Uprichard and Perry 2002).

Deficiency of prothrombin is the rarest of the
congenital bleeding disorders. Severe deficiency
(median activity of 0.03 U/ml) resulted in either
spontaneous or trauma-induced bleeding with a
distribution of sites similar to that of FV defi-
ciency: skin, mucous membrane, musculoskele-
tal, GI, GU, and CNS. Those with moderate
deficiency (less than 0.25 U/ml) had bleeding
episodes which were in the skin and mucous
membranes (Acharya et al. 2004). The PT and
aPTT are sensitive enough to detect factor V, fac-
tors V + VIII, and factor X deficiencies but may
be normal in prothrombin deficiency.

Management

Specific replacement of the deficient factor in the
rare bleeding disorders is the ideal treatment for
bleeding episodes as it is in hemophilia A and B.
Unfortunately, neither concentrates nor recombi-
nant proteins are available for these rare deficien-
cies. The most specific replacement at this time
for the VKD factors is with prothrombin complex
concentrates (PCCs), containing either 3 (II, IX,
and X) or 4 (I, VII, IX, and X) coagulation fac-
tors. PCCs were originally licensed for treatment
of hemophilia B but are now used for warfarin
reversal and as bypass agents in the treatment of
factor VIII inhibitors, either acquired or in hemo-
philiacs. The 4-factor PCC available in North
America, FEIBA®, is in an activated form, but all
PCCs are thrombogenic, especially after high
cumulative doses. Monitoring of the nonessential
factors is recommended to avoid levels of >150 %
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Table 5.2 Hemostatic levels and half-lives of coagula-
tion factors

Deficient factor =~ Hemostatic level Plasma half-life
Fibrinogen 50-100 mg/dL 24 days
Prothrombin 20-30 % 3—4 days
Factor V 15-20 % 36 h

Factor X 15-20 % 40-60 h

Modified from Mannucci et al. (2004)

(Mannucci et al. 2004). They have the advantage
over plasma of delivering a more precise amount
of either prothrombin or factor X (although
labeled in units of factor IX, amounts of other
factors are available from the manufacturer).
Another advantage is that less volume is required
compared to plasma.

Treatment dosage and schedule depend upon
the type of bleeding or surgical procedure as well
as the target level and projected half-life of the
factor being replaced. Prothrombin and factor X
deficiencies can be treated with PCCs or FFP
(Mathias et al. 2010). Prothrombin has a long
half-life (see Table 5.2), so dosing is less fre-
quent. The recommended dose of PCC for major
surgery is 20-30 U/kg and for FFP, 15-20 ml/kg
for both prothrombin and factor X deficiencies
(Mannucci et al. 2004). Factor V deficiency can
only be replaced with FFP since no concentrate is
available. The recommended dose is 15-20 ml/
kg to raise the factor V level to >20 % (Mannucci
et al. 2004). The half-life of factor V, 36 h, allows
once-a-day dosing with FFP. Recombinant factor
VIIa (rFVIIa) has also been used in factor
V-deficient patients.

Acquired Defects Prolonging
the PT and APTT

Liver Disease

Since the liver is the sole site of synthesis for all
coagulation factors with the exception of factor
VII and VWE, it stands to reason that hepatic dys-
function will lead to reduced factor synthesis and
prolongation of the screening coagulation tests.
Despite the addition of thrombocytopenia and
numerous other hemostatic abnormalities, this
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does not necessarily imply an increased bleeding
risk. Conversely, protection from thrombosis can-
not be assured because of the concomitant reduc-
tions in protein C, protein S, and antithrombin
production as well as other prothrombotic changes
that occur in liver failure. Indeed thrombosis is not
uncommon in advanced hepatic disease, ranging
in incidence from 0.5 to 1.9 % and up to 6.3 % in
hospitalized patients (Dabbagh et al. 2010;
Rodriguz-Castro et al. 2012).

In liver disease, either acute hepatitis or more
chronic conditions, the PT is more sensitive to
the effects of the coagulopathy perhaps due to the
greater proportionate decrease in factor VII com-
pared to the other VKD factors, II and X, which,
in turn, are decreased to a greater degree than fac-
tor IX. This is due to alterations in synthesis as
well as impaired utilization of vitamin K result-
ing in decreased carboxylation of factor II
(Corrigan et al. 1982; Blanchard et al. 1981).
Abnormalities of fibrinogen, either hypofibrino-
genemia as a result of impaired synthesis or dys-
fibrinogenemia, are seen mainly in chronic
hepatitis and cirrhosis. This form of acquired
dysfibrinogenemia has been related to an abnor-
mal sialic acid content (Marder et al. 2013). The
fibrinogen level is less than normal but usually
greater than 100 mg/dL. Thrombin and reptilase
times will be prolonged.

Vitamin K Deficiency

Vitamin K is a critical cofactor in the synthesis
of the phospholipid-dependent coagulation fac-
tors II, VII, IX, and X and the endogenous inhib-
itors, protein Z and protein C and its cofactor
protein S. It allows for the posttranslational
modification of glutamic acid residues to
y-carboxylated glutamyl or Gla residues at the
N-terminal regions of these molecules through
the action of y-glutamyl carboxylase. This
enables the VKD factors to bind calcium, a nec-
essary step in their activation. Vitamin K is also
important in the modification and activation of
other Gla proteins important in bone metabolism
(osteocalcin), inhibition of arterial calcification
(matrix Gla protein or MGP), and cellular growth
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Fig.5.3 Vitamin K acts as a cofactorin the y-carboxylation
of glutamic acid residues within coagulation factors and
other Gla-containing proteins. Source: Lichtman MA,
Beutler E, Kipps TJ, Seligsohn U, Kaushansky K, Prchal

regulation (growth-arrest-sequence protein 6 or
Gas6). Vitamin K deficiency has been implicated
in postmenopausal bone loss and in atheroscle-
rosis (Berkner and Runge 2004). In total 17 Gla
proteins have been discovered at this time
(Berkner and Runge 2004).

The reduced form of vitamin K (vitamin K
hydroquinone or KH?2) serves as the cofactor for
y-glutamyl carboxylase and is recycled to vita-
min K epoxide. Vitamin K epoxide is then con-
verted back to KH2 by vitamin K oxidoreductase
or VKOR (see Fig. 5.3).

Carboxylation of the glutamic acid residues in
the VKD coagulation factors is necessary for
binding to anionic phospholipids on whose sur-
face the central reactions of the coagulation cas-
cade take place, i.e., formation of the tenase and
prothrombinase complexes. Without vitamin K,
those factors are still present but nonfunctional
and known as Proteins Induced by Vitamin K
Absence, or PIVKA.

Rare combined deficiencies of the VKD fac-
tors occur with hereditary deficiency of either
y-glutamyl carboxylase or VKOR. These patients
have very low levels of factors II, VII, IX, and X.
Severely affected individuals have life-
threatening intracranial or umbilical cord bleed-
ing in infancy or spontaneous joint and soft tissue
bleeding in childhood if factor levels are below

JT: Williams Hematology, seventh Edition: http://www.
accessmedicine.com. Copyright © The McGraw-Hill
Companies, Inc. All Rights Reserved

5 U/dL (Brenner et al. 2009). Skeletal changes
and mental retardation can occur. Both the PT
and PTT are prolonged without evidence of liver
disease or nutritional insufficiency.

Acquired coagulopathy due to vitamin K defi-
ciency occurs in various settings, most com-
monly in the hospitalized, severely ill patient
who has poor nutritional intake, malabsorption,
inflammatory bowel disease after extensive intes-
tinal resection, biliary obstruction or undergoing
broad-spectrum antibiotic therapy. Infants are
most susceptible due to poor placental transport
of vitamin K and the low concentration of the
vitamin in breast milk (Lippi and Franchini
2011). However, production of vitamin K by
intestinal bacteria, once thought to be an impor-
tant source of the vitamin, is now felt to be
insufficient for the normal requirement and pos-
sibly not available for use in hemostatic and other
reactions. Moreover the normal intestinal flora
does not produce enough vitamin K to replace
that lost when there is a decrease in delivery of
bile salts into the intestinal tract (Berkner and
Runge 2004; Lippi and Franchini 2011).

Compared to the non-hemostatic functions
supported by vitamin K, the amount necessary
for adequate hemostasis is relatively small, and
some would argue that the minimum daily
requirement (100 pg per day) should be increased
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(Berkner and Runge 2004). This is especially
true in hemodialysis patients who have high lev-
els of non-carboxylated MGP on 140 pg vitamin
K, a situation which may put them at risk of
increased arterial calcification and vascular dis-
ease (Cranenburg et al. 2012).

Assessment of vitamin K status in hospital-
ized patients is usually by means of global coagu-
lation tests, the PT and aPTT. However, these are
very insensitive to vitamin K deficiency since the
prothrombin level needs to be only 40-50 % of
normal to result in a normal PT. Both increased
levels of the non-carboxylated, nonfunctional
form of prothrombin (PIVKA-II) and phylloqui-
none can be measured and used as indicators of
vitamin K deficiency (Shearer 2009). In liver dis-
ease this becomes more complex since it is not
possible to separate, by measurement of the PT
and aPTT, defective synthesis of coagulation fac-
tors due to hepatic failure from the reduced VKD
factor activity due to vitamin K deficiency.
Phylloquinone levels may be useful in this cir-
cumstance but are not readily available. An easier
approach is to first do mixing studies on the PT
and aPTT to rule out inhibitory activity. Once an
inhibitor is ruled out, measurements of represen-
tative VKD factors can be compared to factor V,
a non-VKD factor synthesized in the liver. If the
level of a VKD factor (I, VII, or X) is low but
factor V is normal, the diagnosis is vitamin K
deficiency. If both are low, deficient factor syn-
thesis from liver failure is more likely.

Replacement of vitamin K can be done in vari-
ous ways. Oral replacement is adequate provided
the patient has a functional GI (and biliary) tract. In
hepatic parenchymal disease, oral vitamin K was
less effective than IV when assessed by phylloqui-
none and PIVKA-II levels (Pereira et al. 2005).
Similarly, postoperative or severely ill patients in
the ICU have GI absorptive defects, so vitamin K
must be given parentally. Subcutaneous or intrave-
nous dosing, 1-10 mg, is sufficient. While anaphy-
lactic reactions have been reported after parenteral
administration, these are related to the stabilizer or
the emulsifier in the vitamin K preparation rather
than vitamin K itself (Shearer 2009).
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Lupus Anticoagulants

Although the aPTT is a relatively insensitive
test for the lupus anticoagulant (LA), it is the
typical laboratory presentation of this phenom-
enon. Unless the patient is on warfarin, the PT
is usually normal. However, there are two cir-
cumstances when both the PT and aPTT will be
elevated, although not necessarily proportional
to each other in the presence of a lupus antico-
agulant. This results from a deficiency in pro-
thrombin, either through antibody-mediated
increased prothrombin clearance or specific
neutralizing antiprothrombin antibodies (Bajaj
etal. 1983). This is known as lupus anticoagulant-
hypoprothrombinemia syndrome (LAHS) and
is a rare variant of the LA which presents with
bleeding instead of clotting manifestations due
to low prothrombin levels. According to a
recent review, 74 cases of LAHS have been
reported, with 89 % presenting with bleeding
manifestations, including severe hemorrhage in
the brain, GI tract, and soft tissue (Mazodier
et al. 2012). Most cases are associated with
autoimmune disease, particularly SLE. In chil-
dren, infection is the most common cause
with usual resolution of LAHS after the infec-
tion clears.

In the laboratory, the aPTT is variably ele-
vated; the PT is increased but proportionately
less. The prothrombin activity and antigen levels
are severely decreased, consistent with increased
clearance of antibody—antigen complexes
(Mazodier et al. 2012). Antiprothrombin antibod-
ies are common in LA-positive patients and may
prolong the PT while not causing either a decrease
in plasma prothrombin activity or bleeding symp-
toms. These antibodies were found to react in a
polyspecific fashion with both negatively charged
phospholipids and prothrombin (Fleck et al.
1988). It is still controversial whether these
antiphospholipid/prothrombin antibodies play a
significant role in the clinical manifestations of
antiphospholipid syndrome (Hoxha et al. 2012;
Nojima et al. 2001; Marozio et al. 2011; Pengo
et al. 2010).
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Unlike most cases of a typical lupus antico-
agulant, significant steroid responsiveness has
been reported in LAHS, with normalization of
the PT and prothrombin level occurring in
approximately 60 %. Other immunosuppressive
therapy with azathioprine and cyclophosphamide
is used in patients who have LAHS in association
with SLE. There are too few cases reported to
assess response to other immune-modulating
treatment such as IVIG and rituximab (Mazodier
et al. 2012).

Acquired Factor V Inhibitor

Acquired inhibitors to coagulation factors in
the common distal pathway that lead to both PT
and PTT prolongation are rare events, occur-
ring in even lower frequency than factor VIII
autoantibodies. Perhaps the best known is the
inhibitor to factor V that can develop after
exposure to bovine thrombin. Topical throm-
bins have been in use for decades, particularly
in vascular, cardiac, and neurosurgical proce-
dures. Cross-reactivity of anti-bovine thrombin
antibodies with human thrombin is known to
occur, causing a prolonged thrombin time, PT,
and PTT but usually no significant bleeding.
Serum IgG bound to thrombin and prothrombin
has been demonstrated in these cases (Stricker
et al. 1988). In early reports of acquired factor
V inhibitors, most patients had had a major sur-
gical procedure just prior to detection of the
inhibitor, and transfusion or antibiotics were
implicated. It is unknown how many of them
were exposed intraoperatively to topical bovine
thrombin (Feinstein 1978). A bovine thrombin-
induced factor V inhibitor was first described in
1990 in a cardiac surgery patient who had
severe bleeding 12 days after his surgery. The
factor V activity was 1 % of normal, and mix-
ing studies of his elevated PT, PTT, and throm-
bin time showed no correction with normal
plasma. While his serum IgG reacted with
bovine and not human thrombin, there was
reactivity with both bovine and human factor V,
indicating that the anti-bovine factor V antibody
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cross-reacts with human factor V (Zehnder and
Leung 1990).

Multiple additional cases of thrombin-induced
factor V inhibitors have since been reported with
variable bleeding manifestations from severe
fatal hemorrhage to no excessive bleeding
(Rapaport et al. 1992; Spero 1993; Streiff and
Ness 2002). Anti-factor V antibodies resolve
over time, but if severe bleeding occurs aggres-
sive management is necessary. Treatment with
steroid, IVIG, cyclosporine, cyclophosphamide,
EACA, and plasmapheresis has been attempted
with variable degrees of success (Zehnder and
Leung 1990; Streiff and Ness 2002). The devel-
opment and FDA approval of recombinant human
topical thrombin should obviate this problem. It
appears to be equivalent in efficacy to bovine
thrombin and is less immunogenic (Chapman
et al. 2007; Singla et al. 2009).

In addition to inhibitors seen after the use of
bovine thrombin, acquired factor V inhibitors
have been observed after other drug exposures
such as amiodarone (Shreenivas et al. 2012), in
patients with malignancy (Nesheim et al.
1986), after liver transplantation (Guglielmone
et al. 2011), and as spontaneous or postopera-
tive events (Bobba et al. 2011). However, it is
difficult to assign a cause of the inhibitor for-
mation as infection, antibiotic exposure, and
other autoimmune conditions are often found
in the background of reported cases of factor V
and other acquired inhibitors (Franchini and
Lippi 2011).

These inhibitors can result in serious bleeding
from the GI and GU tracts and other mucosal sur-
faces (Lipshitz et al. 2012), but in recent reviews,
20-30 % are discovered incidentally in the
absence of hemorrhage (Franchini and Lippi
2011; Ang et al. 2009). The frequency of bleed-
ing in spontaneous factor V inhibitor patients,
however, appears to be about twice that seen in
bovine thrombin-induced inhibitors (Streiff and
Ness 2002).

The diagnosis of a spontaneous factor V
inhibitor in the laboratory is similar to bovine
thrombin-induced ones—the PT and PTT will be
prolonged without correction in mixing studies,
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and factor V levels will be low. A Bethesda assay
on factor V will quantify the inhibitor and will

inactivate factor V in minutes, although some
inhibitors are time dependent. Two hours of incu-
bation are recommended (Ang et al. 2009). In
two reviews of acquired factor V inhibitors, the
level of inhibitor titer was not predictive of bleed-
ing. Patients with bleeding manifestations, how-
ever, had lower factor V levels—a median of 1 %
in bleeding patients and 3 % in non-bleeders—
and higher PT and aPTTs (Franchini and Lippi
2011; Ang et al. 2009).

As with other acquired factor inhibitors,
treatment is designed in two phases—control of
the bleeding and eradication of the inhibitor.
Fresh frozen plasma, PCCs, rFVIIa, and platelet
transfusions have been used with variable
degrees of success. Plasma is not expected to be
effective due to rapid factor V inactivation by
the patient’s antibody. This may not be the case
with platelet transfusion in which the factor V
contained within platelets may be protected
from the inhibitor. In some series, a fairly high
rate of response to platelet concentrates is
reported (Ang et al. 2009; Chediak et al. 1980),
but this has not been a uniform experience
(Bobba et al. 2011).

Suppression of the inhibitor can usually be
accomplished by various immune-modulating
agents. Corticosteroids are the most common
initial therapy and result in a high response rate.
As with acquired factor VIII inhibitors, ritux-
imab has also been used successfully (Ang et al.
2009; Lebrun et al. 2008; Lian et al. 2004).
Other immunosuppressant drugs such as aza-
thioprine, cyclophosphamide, and vincristine
should be used only if less toxic agents are inef-
fective. Factor V inhibitors have been observed
to resolve spontaneously in 20-56 % of patients,
particularly in those in whom an identifiable
cause (e.g., antibiotic therapy) can be removed.
The median time to resolution is 6-8 weeks.
Although a mortality rate from bleeding compli-
cations of 12 % has been reported, the overall
prognosis of a factor V inhibitor is largely
dependent on that of the underlying disease
(Franchini and Lippi 2011).

Clinical Vignette 3

DH is a 37-year male who was well except
for a history of hypertension. He sustained
abdominal trauma playing with his daugh-
ter and developed intraperitoneal hemor-
rhage requiring exploratory laparotomy,
splenectomy, and segmental liver resec-
tion. Subconjunctival hemorrhage was
noted. Three months later he presented
with spontaneous flank pain and hemateme-
sis and had a large perinephric hematoma
associated with acute renal failure. Biopsies
of both the duodenum and stomach con-
tained deposits of acellular amorphous
eosinophilic material, congophilic on
Congo red stain with an apple-green bire-
fringence under polarized light. An immu-
nohistochemical stain for P-component
was reactive within the deposits confirming
that the material was amyloid.

Further pathological review of the spleen
also revealed Congo red-positive material con-
firmed to be amyloid. Immunohistochemical
stains for kappa and lambda light chains
showed preferential staining of the amyloid
material for lambda. A bone marrow biopsy
showed plasmacytosis with lambda light chain
excess and aberrant cyclin D1 expression, con-
sistent with involvement by a plasma cell
neoplasm.

Laboratory testing:

PT 15.7 (8.4-13 s)

1:1 mix with normal plasma, 11.5 s

aPTT 32.7 (23-32.4 s)

Fibrinogen clot 475 (200-400 mg/dL)

Factor X 28 % (73-163 %)

Factor I1 98 % (71-138 %)

Factor V 89 % (50-150 %)

Factor VII 72 % (50-150 %)

Treatment was initiated with bortezomib,

dexamethasone, and EACA. His pro-

thrombin time corrected to normal.

(continued)
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Ultimately the kappa-lambda serum
levels and ratio normalized, and a repeat
bone marrow biopsy showed no evi-
dence of myeloma. However an echo-
cardiogram demonstrated severe LVH,
stage 2 diastolic dysfunction, increased
RV wall thickness, and an estimated
RVSP of 43 mmHg, consistent with
mild pulmonary hypertension; the over-
all appearance was consistent with car-
diac amyloidosis. He underwent
high-dose melphalan therapy followed
by autologous peripheral stem cell
transplantation. He has been in hemato-
logic remission over the subsequent 2
years without further episodes of bleed-
ing. His PT and aPTT are normal, and
the factor X level has improved to 62 %.

Aside from liver disease and vitamin K defi-
ciency, acquired factor X deficiency is usually
due to systemic AL amyloidosis. In two large
series, low factor X levels occurred in 8.7-14 %
of amyloidosis patients (Choufani et al. 2001;
Mumford et al. 2000). A significant reduction in
factor X activity but not necessarily factor X anti-
gen is found, without detectable inhibitory activ-
ity. The half-life of factor X after infusion of
plasma is extremely low due to increased clear-
ance of factor X from the circulation via binding
to amyloid fibrils (Furie et al. 1977). The amount
of exposed amyloid in the circulation and the par-
ticular binding characteristics of an individual
patient’s type of amyloid determine how much
factor X is removed and whether factor X defi-
ciency and bleeding occur (Furie et al. 1981).
Other data, showing discordance between low
factor X coagulant activity and normal factor X
antigen levels, suggest some other mechanism
resulting in defective factor X function (Mumford
et al. 2000).

Approximately a third of all patients with
AL amyloidosis and 56 % of those with factor
X deficiency will have bleeding symptoms.
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Subcutaneous and gastrointestinal bleeding are
the most common sites, and splenic hemorrhage
has been described. The severity of bleeding
(other than in the skin) appears to parallel the
level of factor X activity (Choufani et al. 2001;
Mumford et al. 2000). Of the global coagula-
tion screening tests, a prolonged thrombin time
(32 %) and PT (24 %) were most commonly
found, with a prolonged PTT seen in 14 % of
amyloid patients; the thrombin time does not
correlate with bleeding but is associated with
proteinuria and hypoalbuminemia (Mumford
et al. 2000).

Besides factor X deficiency, other coagulation
defects have been described in amyloidosis.
Included is factor V deficiency, probably due to
increased factor V clearance through binding to
amyloid as described with factor X. The defi-
ciency in factor V can cause significant bleeding
(Emori et al. 2002). Amyloid binds to factor IX
and prothrombin (to a lesser extent than factor
X), causing subnormal plasma levels (Furie et al.
1981). Increased vascular fragility, abnormal
fibrin polymerization, and dysfibrinogenemia
have been described (Mumford et al. 2000).

Treatment of amyloid-associated bleeding
which is due to factor X deficiency is difficult.
Plasma has little, if any, effect due to factor X’s
rapid binding to the blood vessel-contained amy-
loid. Activated PCCs, rFVIIa, and plasma
exchange have been used to treat bleeding and in
preoperative management of amyloidosis patients
(Thompson et al. 2010; Boggio and Green 2001;
Ma et al. 2006). In a retrospective review of surgi-
cal outcomes in patients with amyloidosis, there
was a 10 % incidence of bleeding complications,
more commonly with placement of a central
venous catheter. Surprisingly, the incidence of
bleeding did not correlate with factor X levels,
implying the presence of other hemostatic defects
which modify bleeding risk. In nine patients in
whom rFVIla was used, four (44.4 %) had either
bleeding or thrombotic complications, raising cau-
tion about the use of rFVIla in this patient popula-
tion (Thompson et al. 2010). Splenectomy has
resulted in improved factor X levels and resolution
of bleeding, perhaps due to removal of the large
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splenic reservoir of amyloid protein resulting in a
decrease in factor X clearance (Ma et al. 20006;
Rosenstein et al. 1983). However, this is a high-
risk procedure in amyloidosis and should only
be considered in a patient with life-threatening
bleeding. Primary treatment of AL amyloidosis
with chemotherapy and autologous transplanta-
tion can lead to correction of factor X deficiency
if hematologic remission is achieved (Choufani
et al. 2001).
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