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Abstract

Fibrin degradation products (FDP) are substances that remain in your bloodstream after your body dissolves a blood
clot. Your fibrinolytic system manages and regulates clot dissolving. Platelets in your blood gather together and stick
to the injury site to form a plug or clot. The formation of the plug or clot is called the clotting cascade. Fibrin is a
protein that aids in clotting. When there is haemorrhage the blood coagulation system is activated and the inactive
plasma protein prothrombin is converted by thromboplastin to thrombin, which in turn brings about the conversion of
the soluble protein fibrinogen to insoluble fibrin. The fibrinolytic system has a similar basic structure plasminogen, an
inert plasma globulin, is converted by activators to plasmin, a proteolytic enzyme which digests fibrin and releases
soluble smaller molecular weight fragments of this protein called fibrin degradation products (FDP). After fibrin or
fibrinogen is digested by plasmin certain fragments are released which retain antigenic determinants of the parent
fibrinogen which remains in the blood stream, these fragments are called fibrin degradation product. The fibrinolytic
system manages and regulates clot dissolving.
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Introduction

Haemorrhage is also known as bleeding or simply
blood loss, it’s the process of blood escaping from
the circulatory system from damaged blood
vessels (Healthline, 2011).Bleeding can occur
internally, or externally either through a natural
opening such as the mouth, nose, ear, urethra,

vagina or anus, or through a wound in the skin.
It’s classified into four categories depending on
the level of blood loss (Healthline, 2011;
Okoroiwu et al.,I 2021; Okoroiwu et al., 2014;
Ifeanyi et al., 2020; Obeagu and Obeagu, 2015;
Nwovu et al., 2018; Obeagu; 2022; Obeagu et al.,
2022).
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Fibrin degradation products (FDP) are substances
that remain in your bloodstream after your body
dissolves a blood clot. Your fibrinolytic (clot-
busting) system manages and regulates clot
dissolving. Platelets in your blood gather together
and stick to the injury site to form a plug or clot.
The formation of the plug or clot is called the
clotting cascade. Fibrin is a protein that aids in
clotting. Clotting, also called coagulation, at the
wound site produces a mass of fibrin threads
called a net. The net remains in place until the cut
is healed. As the cut heals, the clotting slows
down. Eventually the clot breaks down and
dissolves. When the clot and fibrin net dissolve,
fragments of protein are released into the body.
These fragments are fibrin degradation products
(FDPs). If your body is unable to dissolve a clot,
you may have abnormal levels of FDPs. Blood
tests can measure your level of FDPs to see if you
have a clotting disorder. The fibrin degradation
products test is a specific test that determines the
amount of FDPs in your blood. The test is also
known as the fibrin split products (FSPs) test, or
the fibrin breakdown products test (Healthline
2011).
A mechanically stable clot is necessary to

prevent haemorrhage (stopping bleeding is called
hemostasis) and to promote wound healing. Fibrin
clots are dissolved by the fibrinolytic system,
acting in a series of enzymatic reactions with
positive and negative feedback(Wei et al.,
2009).In vivo, there is a careful balance between
clotting, the conversion of fibrinogen to fibrin,
and fibrinolysis, the proteolytic dissolution of the
clot. Imbalance in one direction (prevalence of
fibrinolysis) can lead to bleeding while the
opposite imbalance (prevalence of clotting) can
cause thrombosis, or formation of a clot that
blocks the flow of blood through a vessel (called a
thrombus). Thrombosis, often resulting from
atherosclerosis or many other pathological
processes, is the most common cause of
myocardial infarction, ischemic stroke, deep vein
thrombosis, and other cardiovascular diseases
(Bridge et al., 2014).

Haemorrhage

This is also known as bleeding or simply blood
loss, it’s the process ofblood escaping from the
circulatory system from damaged blood vessels
(Healthline, 2011). Bleeding can occur internally,
or externally either through a natural opening
such as the mouth, nose, ear, urethra, vagina or
anus, or through a wound in the skin.
Hypovolemia is a massive decrease in blood
volume, and death by excessive loss of blood is
referred to as exsanguination (Healthline, 2011).
Typically, a healthy person can endure a loss of
10–15% of the total blood volume without serious
medical difficulties (by comparison, blood
donation typically takes 8–10% of the donor's
blood volume). The stopping or controlling of
bleeding is called hemostasis.

Classification of haemorrhage

Hemorrhaging is broken down into four classes
by the American College of Surgeons' advanced
trauma life support (ATLS) (Manning, 2008).

1. Class I Hemorrhage: This involves up to 15%
of blood volume. There is typically no change in
vital signs and fluid resuscitation is not usually
necessary.

2. Class II Hemorrhage: This involves 15-30%
of total blood volume. A patient is often
tachycardic (rapid heartbeat) with a reduction in
the difference between the systolic and diastolic
blood pressures. The body attempts to compensate
with peripheral vasoconstriction. Skin may start to
look pale and be cool to the touch.

3. Class III Hemorrhage involves loss of 30-
40% of circulating blood volume. The patient's
blood pressure drops, the heart rate increases,
peripheral hypoperfusion (shock) with diminished
capillary refill occurs, and the mental status
worsens. Fluid resuscitation with crystalloid and
blood transfusion are usually necessary.
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4. Class IV Hemorrhage involves loss of >40%
of circulating blood volume. The limit of the
body's compensation is reached and aggressive
resuscitation is required to prevent death.

Causes of haemorrhage

1. Traumatic injury: Traumatic bleeding is
caused by some type of injury. There are different
types of wounds which may cause traumatic
bleeding. These include: Abrasion, Excoriation,
Hematoma, Laceration, Incision, Puncture
Wound, Contusion, Crushing Injuries, Ballistic
Trauma.

2. Medical condition: Medical bleeding denotes
hemorrhage as a result of an underlying medical
condition (i.e. causes of bleeding that are not
directly due to trauma). Blood can escape from
blood vessels as a result of 3 basic patterns of
injury: Intravascular changes, Intramural changes
and extravascular changes.

Fibrinogen

Fibrinogen and fibrin are essential for hemostasis
and are major factors in thrombosis, wound
healing, and several other biological functions and
pathological conditions. Fibrinogen is a soluble
macromolecule, but forms an insoluble clot or gel
on conversion to fibrin by the action of the serine
protease thrombin, which is activated by a
cascade of enzymatic reactions triggered by
vessel wall injury, activated blood cells, or a
foreign surface (Coller, 2011). A mechanically
stable clot is necessary to prevent blood loss
(stopping bleeding is called hemostasis) and to
promote wound healing. Fibrin clots are dissolved
by the fibrinolytic system, acting in a series of
enzymatic reactions with positive and negative
feedback. In vivo, there is a careful balance
between clotting, the conversion of fibrinogen to
fibrin, and fibrinolysis, the proteolytic dissolution
of the clot. Imbalance in one direction (prevalence
of fibrinolysis) can lead to bleeding while the
opposite imbalance (prevalence of clotting) can
cause thrombosis, or formation of a clot that
blocks the flow of blood through a vessel (called a
thrombus) (Coller and Shattil, 2008). Thrombosis,

often resulting from atherosclerosis or many other
pathological processes, is the most common cause
of myocardial infarction, ischemic stroke, deep
vein thrombosis, and other cardiovascular
diseases. In addition to fibrin clot formation,
fibrinogen is also necessary for an earlier step in
hemostasis (called “primary hemostasis”), the
aggregation of platelets leading to formation of a
platelet “plug” at the site of vessel wall injury.
The bivalent fibrinogen molecules act as bridges
to link activated platelets, since the ends of rod-
like fibrinogen bind with high affinity to the
major adhesive receptor on platelets, the integrin
αIIbβ3(Wei et al. 2009).

Fibrin formation, structure, and stability

During coagulation, fibrinogen is converted into
insoluble fibrin. Fibrin formation involves
thrombin-mediated proteolytic cleavage and
removal of N-terminal fibrinopeptides from the
Aα and Bβ chains. Insertion of these newly
exposed α- and β-knobs into a- and b-holes in the
γC and βC regions of the D nodule, respectively,
on another fibrin monomer permits the half-
staggered association of fibrin monomers into
protofibrils. Subsequent aggregation of
protofibrils into fibers yields a fibrin meshwork
that is essential for blood clot stability. This
process has been extensively reviewed (Lord,
2011).

Clot formation, structure, and stability are
strongly influenced by the conditions present
during fibrin generation. These include the
concentrations of procoagulants, anticoagulants,
fibrin(ogen)-binding proteins, molecules (Smith et
al., 2015) and metal ions (Henderson et al., 2016)
as well as contributions of blood and vascular
cells, cell-derived microvesicles and presence of
blood flow. The contribution of thrombin
concentration to fibrin formation and structure has
received considerable attention. High thrombin
concentrations produce dense networks of highly
branched fibrin fibers, and these clots are
relatively resistant to fibrinolysis. In contrast, low
thrombin concentrations produce coarse networks
of relatively unbranched fibrin fibers, and these
clots are relatively susceptible to fibrinolysis
(Wolberg et al., 2009).
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Fibrin crosslinking

Covalent crosslinking of fibrin chains is a critical
determinant of fibrin stability. Crosslinking is
mediated predominantly by transglutaminase
factor XIII (FXIII) found in plasma and platelets.
Plasma FXIII is a 320-kDa heterotetrameric
zymogen (FXIII-A2B2) composed of 2 catalytic
subunits (FXIII-A2) tightly associated
(Kd≈10−10 mol/L) (Katonaet al., 2014) with 2
noncatalytic subunits (FXIII-B2). FXIII-A2B2
circulates at ≈70 nmol/L (14–28 µg/mL)98 in
complex with fibrinogen. Although early data
suggested that FXIII-A2B2 preferentially binds
the alternatively spliced fibrinogen γ′ chain, more
recent studies have localized binding to γ-chain
residues 390 to 396 with additional contributions
from the Aα-chain (Byrnes et al., 2016).
Catalytically active FXIII (FXIIIa) introduces ε-
N-(γglutamyl)-lysyl crosslinks between glutamine
and lysine residues on fibrin γ- and α-chains,
yielding γ-γ dimers and high molecular weight
species (γ-multimers, α-polymers, and αγ-
hybrids). FXIII can also crosslink other plasma
proteins (eg, α2-antiplasmin and fibronectin) to
fibrin. Covalent crosslinking of α2-antiplasmin to
fibrin prevents expulsion of α2-antiplasmin from
the clot during clot compression or
contraction102 and is essential for clot stability.

Clot contraction

An essential function during coagulation is the
platelet-mediated consolidation of clots in a
process known as clot contraction (or retraction).
This process involves fibrin(ogen) binding to
platelet integrin receptor αIIbB3 and is influenced
by both platelet and fibrin(ogen) concentrations
(Tutwiler et al., 2016).

Fibrin degradation product

Fibrin degradation products (FDP) are substances
that remain in your bloodstream after your body
dissolves a blood clot. The fibrinolytic (clot-
busting) system manages and regulates clot
dissolving. When you cut yourself, the injured
blood vessel constricts to stop bleeding and
promote healing. This process is called

hemostasis. Platelets in your blood gather together
and stick to the injury site to form a plug or clot.
The formation of the plug or clot is called the
clotting cascade. Fibrin is a protein that aids in
clotting. Clotting, also called coagulation, at the
wound site produces a mass of fibrin threads
called a net. The net remains in place until the cut
is healed. As the cut heals, the clotting slows
down. Eventually the clot breaks down and
dissolves. When the clot and fibrin net dissolve,
fragments of protein are released into the body.
These fragments are fibrin degradation products
(FDPs). If your body is unable to dissolve a clot,
you may have abnormal levels of FDPs. Blood
tests can measure your level of FDPs to see if you
have a clotting disorder. The fibrin degradation
products test is a specific test that determines the
amount of FDPs in your blood. The test is also
known as the fibrin split products (FSPs) test, or
the fibrin breakdown products test (Healthline
2011).

In the blood coagulation system the inactive
plasma protein prothrombin is converted by
thromboplastin to thrombin, which in turn brings
about the conversion of the soluble protein
fibrinogen to insoluble fibrin. The fibrinolytic
system has a similar basic structure ;
plasminogen, an inert plasma globulin, is
converted by activators to plasmin, a proteolytic
enzyme which digests fibrin and releases soluble
smaller molecular weight fragments of this
protein (F.D.P.). Plasminogen has a high affinity
for fibrin, and when a clot forms, enough
plasminogen is incorporated to mediate the
subsequent lysis of the fibrin when plasminogen
activator diffuses into the clot from the circulating
plasma or surrounding endothelium. After fibrin
or fibrinogen is digested by plasmin certain
fragments are released which retain antigenic
determinants of the parent fibrinogen
(Nussenzweig et al., 2006). Such F.D.P. are
incoagulable by thrombin and hence can be found
in serum; F.D.P. are known to have pronounced
antithrombin activity and to inhibit both fibrin
polymerization and the aggregation of platelets
(Wilson et al., 1968) for these reasons F.D.P. can
produce a serious haemostatic defect.
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During the proteolysis of fibrinogen and fibrin by
the fibrinolytic enzyme plasmin several large
fragments are released which are incapable of
undergoing further digestion. Some of these
fragments, with a molecular weight of
approximately 88,000, contain an antigenic
determinant which is identical to the parent
fibrinogen (Nussenzweig et al., 2006). An
accurate quantitative estimation of circulating
fibrin/fibrinogen degradation products (F.D.P.)
would be of considerable importance in
investigations of physiological and pathological
states of coagulation and fibrinolysis, for
circulating F.D.P. represent a certain criterion that
fibrinolysis is taking place. They play a
significant part in the pathogenesis of certain
bleeding disorders (Kopec et al., 2006); they may
be of importance in the physiological control of
the microcirculation (Buluk et al., 2006)

Fibrin D-Dimer

The antigen Fibrin D‑dimer (DD) is the primary
enzymatic degradation product of cross‐linked
fibrin by plasmin. Systemic values of DD are an
index of fibrin turnover in the circulation and a
single measurement may be adequate to assess the
fibrinolytic status. Despite the implementation of
clinical guideline, inappropriate DD testing is a
significant problem. It is, consequently, valuable
for emergency as well as intensive care physicians
to be knowledgeable about the pathophysiological
basis and limitations of DD testing to ensure its
appropriate clinical use (Wakai et al., 2009).

Pathophysiology

Fibrin is the main component of a thrombus. It is
formed by the activation of the coagulation
system. Its production is followed by activation of
the fibrinolytic system, resulting in plasmin
generation and subsequent fibrin lysis. Plasmin,
the fibrinolytic enzyme, derived from its inactive
precursor, plasminogen, by the action of thrombin
and plasminogen activator, that is tissue
plasminogen activator (TPA) and prourokinase
mainly. Plasmin is neutralized by Alfa 2
antiplasmin thereby restricting its fibrinogenolytic
activity and localizing the fibrinolysis on the

fibrin clot. Under the physiological conditions
there is balance of the two opposing processes
(Wakai et al., 2009).

Laboratory investigation of fibrin degradation
product

The following methods can be used to assay
fibrinogen and fibrin degradation product in the
laboratory. The methods are as follows:

1. Tanned red cell hemaglutination inhibition
immunoassay (TRCHII).
2. Staphylococcal clumping test.
3. Fi test.
4. Flocculation
5. Immunodiffusion and
6. Anticoagulant assay (Victor et al., 2007).

Reference range:

The result is normally less than 10mcg/ml
(10mg/L).

Conclusion

When there is haemorrhage the blood coagulation
system is activated and the inactive plasma
protein prothrombin is converted by
thromboplastin to thrombin, which in turn brings
about the conversion of the soluble protein
fibrinogen to insoluble fibrin.. After fibrin or
fibrinogen is digested by plasmin certain
fragments are released which retain antigenic
determinants of the parent fibrinogen which
remains in the blood stream, these fragmens are
called fibrin degradation product. The fibrinolytic
(clot-busting) system manages and regulates clot
dissolving.

References

Alkiaersig, N. (2008). In N.I.H. Conference on
Thrombolytic Agents. Journal of Clinical
Investigation; 41:917.

Astrup, 1. (2006). Coagulation pathway; both
intrinsic and extrinsic pathways. Lancet;
2:565.



Int. J. Curr. Res. Chem. Pharm. Sci. (2022). 9(1): 24-30

© 2022, IJCRCPS. All Rights Reserved 29

Bridge, K.I., Philippou, H., Ariens, R. (2014).
Clot properties and cardiovascular disease.
Journal of Thrombosis and
Haemostasis;112:901–908.

Buluk, K., Mialofieicw, M., Czokalo, M. (2006).
Differences between fibrinogen
degradation product and fibrin degradation
product.Bull. Acad. Pol. Sci., Cl;
2(14):193.

Byrnes, J.R., Wilson, C., Boutelle, A.M.,
Brandner, C.B., Flick, M.J., Philippou, H.,
Wolberg, A.S. (2016). The interaction
between fibrinogen and zymogen
FXIIIA2B2 is mediated by fibrinogen
residues γ390-396 and the FXIII-B
subunits. Blood; 128:1969–1978.

Campbell, R.A., Aleman, M., Gray, L.D., Falvo,
M.R., Wolberg, A.S. (2010). Flow
profoundly influences fibrin network
structure: implications for fibrin formation
and clot stability in haemostasis.
Thrombosis Haemostasis; 104:1281–1284.

Coller, B.S. (2011). Historical perspective and
future directions in platelet research.
Journal of Thrombosis Haemostasis;
9(1):374–395.

Coller, B.S., Shattil, S.J. (2008). The GPIIb/IIIa
(integrin alphaIIbbeta3) odyssey: a
technology-driven saga of a receptor with
twists, turns, and even a bend.
Blood;112:3011–3025.

Healthline. (2011).Bleeding Health Article".
Healthline.

Henderson, S.J., Xia, J., Wu, H., Stafford, A.R.,
Leslie, B.A., Fredenburgh, J.C., Weitz,
D.A., Weitz, J.I. (2016). Zinc promotes
clot stability by accelerating clot
formation and modifying fibrin structure.
Thrombosis Haemostasis; 115:533– 542.

Katona, E., Pénzes, K., Csapó, A., Fazakas, F.,
Udvardy, M.L., Bagoly, Z., Orosz, Z.Z.,
Muszbek, L. (2013). Interaction of factor
XIII subunits. Blood; 123:1757–1763.

Kopec, M., Budzyoski, A., Stachurska, J.,
Wegrzynowicz, Z., and Kowaizki, E.
(2006). Fibrin degradation product in
normal serum. Ibid; 15:476.

Lord, S.T. (2011). Molecular mechanisms
affecting fibrin structure and stability.
Arteriosclerosis and Thrombin Vascular
Biology; 31:494–499.

Manning, J.E. (2008). "Fluid and Blood
Resuscitation". Emergency Medicine; 227.

Nussenzweig, V., and Seligmann, M. (2008).
Fibrin degradation product and D-dimer
antigen. Annals of Institution of Pasteur;
100:377.

Smith, S.A., Morrissey, J.H. (2013) scientific
sessions Sol Sherry distinguished lecture
in thrombosis: polyphosphate: a novel
modulator of hemostasis and thrombosis.
Arteriosclerosis and Thrombosis Vascular
Biology; 35:1298–1305.

Tutwiler, V., Litvinov, R.I., Lozhkin, A.P.,
Peshkova, A.D., Lebedeva, T.,
Ataullakhanov, F.I., Spiller, K.L., Cines,
D.B., Weisel, J.W. (2016). Kinetics and
mechanics of clot contraction are
governed by the molecular and cellular
composition of the blood. Blood;
127:149–159.

Wakai, A., Gleeson, A., Winter, D. (2009). Role
of fibrin d‑dimer testing in emergency
medicine. Emergency Medicine Journal;
20:319‑325.

Wei, A.H., Schoenwaelder, S.M., Andrews, R.K.,
Jackson, S.P. (2009). New insights into
the haemostatic function of platelets.
British Journal of Haematology;147:415–
430.

Wolberg, A.S., Allen, G.A., Monroe, D.M.,
Hedner, U., Roberts, H.R., Hoffman, M.
(2009). High dose factor VIIa improves
clot structure and stability in a model of
haemophilia B. British Journal of
Haematology; 131:645–655.

Ifeanyi, O.E., Mercy, O.H., Vincent, C.C.N. and
Henry, O.H.C. (2020).The Effect of
Alcohol on some Coagulation Factors of
Alcoholics in Owerri, IMO State. Ann
Clin Lab Res.8(3):318.

Obeagu, E.I. and Obeagu, G.U. (2015). Effect of
CD4 Counts on Coagulation Parameters
among HIV Positive Patients in Federal
Medical Centre, Owerri, Nigeria. Int. J.
Curr. Res. Biosci. Plant Biol.  2(4):45- 49.



Int. J. Curr. Res. Chem. Pharm. Sci. (2022). 9(1): 24-30

© 2022, IJCRCPS. All Rights Reserved 30

Obeagu, E.I. Okoroiwu, I.L. and Obeagu, G.U.
(2022). Relationship between
Thrombopoietin and Interleukin 3: A
Review. Int. J. Curr. Res. Chem. Pharm.
Sci. 9(1): 7-13.DOI:
http://dx.doi.org/10.22192/ijcrcps.2022.09
.01.002

Obeagu, E.I. (2022). Haemophilia B: A Review.
Int. J. Curr. Res. Chem. Pharm. Sci.
9(1):14-20.DOI:
http://dx.doi.org/10.22192/ijcrcps.2022.09
.01.XXX

Okoroiwu, I. L., Obeagu, E. I., Egbuobi, L. N.,
Ibekwe, A. M., Vincent, C. C. N., Unaeze,
B. C., Adike, C. N., Chijioke, U. O.,
Okafor, C. J., Soremi, A. O., Chukwurah,
E. F., Ifionu, B. I., & Anyanwu, C. O.
(2021). Evaluation of Factor Viii and
Factor IX Activity among Primary School
Children in Owerri, Imo State, Nigeria.

Journal of Pharmaceutical Research
International, 33(34B), 235-241.
https://doi.org/10.9734/jpri/2021/v33i34B
31864

Okoroiwu, I.L., Obeagu, E.I., Elemchukwu, Q.
and Ochei, K.C. (2014). Investigation of
Haemostatic Status in the Elderly Male
andFemale Using Some Parameters; PT,
APTTand PC Count (A Case Study in
Owerri Metropolis). Journal of Pharmacy
and Biological Sciences. 9:88-92.

Nwovu, A.I., Obeagu, E.I., Obeagu, G.U. and
Nnadiekwe, O.I. (2018). Evaluation of
Platelet and Prothrombin Time in
Hypertensive Patients Attending Clinic in
Federal Teaching Hospital Abakaliki.
Open Acc Blood Res Transfus J.1(5):
555571.
DOI:10.19080/OABTJ.2018.01.555571

Access this Article in Online
Website:
www.ijcrcps.com

Subject:
Haematology

Quick Response Code

DOI: 10.22192/ijcrcps.2022.09.01.004

How to cite this article:
Emmanuel Ifeanyi Obeagu, Getrude Uzoma Obeagu, Stella Chinenye Kama. (2022). Fibrin degradation
product and Haemorrhage. Int. J. Curr. Res. Chem. Pharm. Sci. 9(1): 24-30.
DOI: http://dx.doi.org/10.22192/ijcrcps.2022.09.01.004


