
Protein C was first described by Stenflo in 1976. It is a
vitamin K dependent protein and synthesized in liver. It
provides important anticoagulant function in our
bloodstream.1,2 Griffin first described protein C deficiency
as a cause of thrombosis in 1981.1,3 Protein C deficiency
typically causes venous thromboembolism. However few
case reports of arterial thrombosis due to congenital protein
C deficiency involving cardiac and cerebral vessels in
young adults have been reported, 4-12though larger studies
give conflicting data regarding existence of association
between protein C deficiency and arterial thrombosis.13-17

We report a case of congenital protein C deficiency with
acute myocardial infarction in a young adult without major
underlying coronary risk factors.

As early as 1856, Virchow discussed 3 broad categories of
factors contributing to thrombo-embolism, including
alterations in the blood flow, changes in the constitution
of blood, and changes in the vessel wall.18 This is known
as Virchow’s triad and is still a useful concept to illustrate
the pathogenesis of thrombosis. Both genetic and
circumstantial risk factors affect one or more of the 3
categories of Virchow’s triad. Circumstantial factors that
increase the risk of thrombosis include increasing age,
immobilization, surgery, pregnancy, oral contraceptives,
hormone replacement, and inflammatory conditions.
Essentially all veins are vulnerable to thrombosis, although
most common is thrombosis in the lower limbs. This is due
to high hydrostatic pressure and the low flow rate that
affect the veins in the legs, in particular when the vessel
wall elasticity decreases with age and the venous valves
become insufficient. In the past 50 years, several genetic
risk factors for venous thrombosis have been identified.
These genetic risk factors affect the natural anticoagulant
mechanisms and result in a hypercoagulable state due to
an imbalance between procoagulant and anticoagulant
forces. The increased risk of thrombosis is lifelong, and
thrombotic events tend to occur when one or more of the

circumstantial risk factors come into play.1

Protein C circulates as a zymogen that is needed to be
cleaved to form activated protein C (APC).
Thrombomodulin (TM) is a membrane bound protein that
is present on all endothelial cells and serves as a cofactor
to thrombin in the activation of protein C. The endothelium
also contains the endothelial protein C receptor (EPCR)
that binds protein C and helps present protein C to the T/
TM complex. The APC then floats along with the
bloodstream to control reactions of coagulation.The
highest concentration of TM in the circulation is in the
capillary bed, where the surface to volume ratio reaches
its maximum. The high TM concentration of TM in the
microcirculation is crucial for local protein C activation
and anticoagulation of blood. The generated APC has a
relatively long half-life in the circulation (approximately 20
minutes) and is slowly inhibited by either the protein C
inhibitor (PCI) or by á-1 antitrypsin. APC inhibits the
coagulation pathway by specifically cleaving a limited
number of peptide bonds in FVIIIa and FVa, 2 of the
important cofactors of the coagulation pathway (Fig 4).1,19

Protein C deficiency is a rare genetic trait and belongs to a
group of genetic disorder known as thrombophilias. Other
inherited thrombophilias include the factor V Leiden
mutation, the prothrombin gene mutation,
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Fig.-1: Activation of protein C



dysfibrinogenemia, protein S deficiency, and antithrombin
deficiency.Protein-C deficiency by plasma level alone is
found in 1 in 200 to 1 in 500 persons in the general
population, 0.3% of blood donors have low protein-C levels
without any overt thromboembolic episodes. 

Normal adult value of protein C is approximately 65-135
IU/d L. For infants, normal average value is 40 IU/dL. Adult
value is achieved usually at puberty. Activated Protein C
level is found at levels approximately 2000 times lower
than this. protein C deficiency is considered mild if value
is more than 20 IU/dL in adult; below this range the
deficiency is considered moderate to severe and very
severe if protein C value is less than 1 IU/dL or not
detectable in boold. If any patient used to be on warfarin
due to any physical condition is suspected to have protein
C deficiency, the test should not be performed unless
patient has been off the vitamin K antagonist therapy for
at least two weeks. If the patient has a severe thrombotic
diathesis that does not permit discontinuation of
anticoagulation, he or she may be temporarily transitioned
to LMWH or the diagnosis may be done by testing of
family members for protein C deficiency. APC activity can
also be measured. Protein C deficiency is categorized as
type I or quantitative defect, where protein C level is low
in serum; type II or qualitative defect, where protein C
level is normal but activity is low due to resistance at the
site of action. The defect is transmitted as autosomal
dominant disorder. It can be heterozygous where only
one allele of the defective protein is mutated; homozygous
when both the alleles are mutated. Heterozygotes
predominantly develop venous thromboembolism (VTE)
usually in presence of circumferential factors, and
homozygotes develop severe and recurrent VTE, neonatal
purpura fulminans, warfarin induced skin
necrosis.1However, many affected individuals remain
asymptomatic throughout life.12There are several case
reports of arterial thrombosis including stroke, myocardial

infarction and peripheral arterial thrombosis. However, the
results of larger studies have reported against protein c
deficiency causing arterial thrombosis. Among the so far
reported 24-cases of myocardial infarction due to protein
c deficiency only six had angiography done, 2 underwent
coronary intervention, one received a stent and in other
the obstruction could not be relieved. Rest of the patients
were thrombolysed but coronaries remained totally
occluded in 3 and partially in one.6, 12 

For asymptomatic patients without any risk factors or
strong family history, no treatment is necessary. For
asymptomatic patients but with one or more risk factors
should be considered for oral vitamin K antagonist such
as warfarin or oral Xa inhibitor such as rivaroxaban may
be given. They are particularly indicated in aymptomatic
patients with protein C deficiency with history of oral
contraceptive use, pregnancy, postpartum state, trauma,
major surgery especially hip or knee replacement surgery,
as thromboprophylaxis. Venous or arterial thrombosis is
in most cases initially treated with a combination of
warfarin and heparin either unfractionated (UFH) or low
molecular weight (LMWH) such as enoxaparin, dalteparin,
fondaparinux. Heparin is discontinued after a few days
when the functional levels of vitamin K–dependent
coagulation proteins have dropped into the therapeutic
range. The effect of vitamin K antagonist therapy should
be regularly monitored by prothrombin time–international
normalized ratio (PT-INR) and it is usually continued for 3
to 6 months depending on the severity of the thrombosis
and its cause. The benefits of the anticoagulation effect
must always be weighed against the risk of bleeding
complications. Patients with combined genetic risk factors
may be at increased risk of recurrence, and accordingly
long-term anticoagulation therapy beyond 6 months may
be considered, even after an isolated thromboembolic
event.1,20-22patients with history of recurrent
thromboembolism, life longanticoagulantion is indicated.
Homozygous protein C defect constitutes a potentially
life-threatening disease, and warrants the use of
supplemental protein C concentrates.Liver transplant may
be considered curative for homozygous protein C
deficiency.23In patients with neonatal purpurafulminans,
fresh frozen plasma , purified protein C concentrate, vitamin
K antagonist, factor Xa inhibitors should be used. If
warfarin induced skin necrosis occurs, warfarin should be
immediately discontinued, with addition of fresh frozen
plasma , purified protein C concentrate, vitamin K, factor
Xa inhibitors.24-26

There is marked phenotypic variation among families with
heterozygous type I protein C deficiency. Some families

Fig.-2: Protein C activity as an anticoagulant.
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exhibit a severe thrombotic tendency, whereas others
remain asymptomatic. Interestingly, this variability is seen
even among different pedigrees that harbor the same
protein C mutation, suggesting that the mutation itself
does not fully explain the phenotypic variability. The
presence of a second thrombophilic mutation such as
factor V Leiden has been associated with a more severe
phenotype in some protein C-deficient kindreds.27

Screening for protein C deficiency should be done when
coagulopathy is suspected along with protein S, AT III,
factor V leiden, fibrinogen levels, bleeding time, clotting
time, activated partial thromboplastin time, PT, prothrombin
gene mutation etc. When comes to the decision regarding
screening of Protein C, levels less than 50% indicate true
hereditary deficiency, whereas levels between 55% and
65% may reflect heterozygous deficiency or the low end
of the normal distribution.28

Though arterial thrombosis is unusual due to congenital
protein C deficiency, arterial thrombotic events involving
cerebral, coronary circulations in young patients with no
major risk factors for arterial thrombosis should be
screened for protein C deficiency and allied for diagnosis
of coagulopathy.
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