
BRITISH MEDICAL JOURNAL 1 SEPTEMBER 1973

Fibrinogen-Fibrin Degradation Product Levels in Different
Types of Intravascular Haemolysis

S. D. SLATER, C. R. M. PRENTICE, W. H. BAIN, J. D. BRIGGS

British Medical Journal, 1973, 3, 471-473

Summary

To eamine the possibility that Itravascular haemolysis
may lead to intravascular coagulation we have compared
the dee of fibrin deposition, as measured by levels of
serum fibrinogen-fibrin degradation products (FD.P.),
in two different types of intravascular haemolysis as-
soclated with red cell fragmentation. F.D.P. levels in 56
patients with intravascular haemolysis secondary to
prosthetic heart valves were compared with those in 18
patients who had microangiopathic haemolytic anaemia
(M.HA.) ssociated with malignant hypertension or
renal disease. FD.P. levels were raised In almost all the
patients with M.H.A, and this group had significantly
higher levels than any of the valve replacement groups.
In contrast, in the prosthetic valve patients FD.P. levels
were usually normal and bore no reation to the degree
ofhaemolysis. It suggested that in the absence of other
precipitating factors intravascular haemolysis will not
iitiate intravascular coagulation. In M.HA., while the
itravascular haemolysi appears to be a consequence of
an underlying intravascular co ation, it ls likely that
persstence ofthe coagulation disturbance is related more
to factors such as small vesseldamage than to the release
of any thromboplastic substances from fragmented red
cells.

Introduction

Disseminated intravascular coagulation may complicate a
variety of disorders, such as disseminated malignancy, Gram-
negative septicaemia, aotic fluid embolus, retained dead
fetus, snake bite, and shock, and the subject has been exten-
sively reviewed (Verstraete et al., 1965; Hardaway, 1966;
Merskey et al., 1967; Thrombosis et Diathesis Haemorrhagica,
1969; Pitney, 1971; Simpson and Stalker, 1973). It may be
associated with an increase of serum fibrinogen-fibrin degrada-
tion products (F.D.P.) due probably to secondary fibrinolytic
action (Merskey et al., 1966, 1967). High F.D.P. leveils may also
be found in some patients with renal or other disease associated
with more-localized intravascular fibrin deposition (Nilsson,
1971; Briggs et al., 1972; Lancet, 1972). In these conditions
there is often red cell fragmentation with haemolysis, termed
microangiopathic haemolytic anaemia (M.H.A.), which is
thought to be secondary to trauma to red cells as they pass
through small arterioles partially blocked by fibrin (Brain et al.,
1962; Bull et al., 1968; Rubenberg et al., 1968; Brain, 1972).
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It has been suggested that intravascular haemolysis may poten-
tiate intravascular coagulation and establish a vicious cycle of
recurrent fibrin deposition in small vessels (Brain, 1968; Ruben-
berg et al., 1968; Linton et al., 1969).
To study the role of intravascular haemolysis in the patho-

genesis of intravascular coagulation we have compared F.D.P.
concentrations in two different types of disorder in which
intravascular haemolysis with red cell fragmentation occurs.
The first group comprised patients with M.H.A. associated with
renal disease, many of whom had malignant hypertension. In
this group the red cell fragmentation probably results from
intravascular fibrin deposition within damaged small vessels
(Brain et al., 1962; Bull et al., 1968; Rubenberg et al., 1968;
Brain, 1972). The second group were patients with cardiac
ball-valve prostheses in whom intravascular haemolysis is a
common complication (Andersen et al., 1965; Marsh and Lewis,
1969; Slater and Fell, 1972). In these patients the trauma to the
red cells occurs at the valve replacement site.

Patients and Methods

Fifty-six patients with ball and cage Starr-Edwards cardiac
valve prostheses were studied (27 men and 29 women; mean age
41 years, range 27-55 years). There were 22 cases of aortic valve
replacement, 29 of mitral valve replacement, and 5 of aortic
plus mitral valve replacement. In most cases the cloth-covered
cage and metal ball type of prosthesis, modeLs 2300 (aortic) and
6300 (mitral), had been used. The operations had been per-
formed 3 to 73 months previously, all but eight having been
done within the previous 36 months. The patients were selected
at random from those with prosthetic valves attending the
antigulant clinics, and all were receiving long-term warfarin
therapy. Full blood counts, blood film examinations, urinary
haemosiderin tests, and "Cr erythrocyte survival studies were
carried out as described by Slater and Fell (1972). Blood
samples for F.D.P. measurement were collected in 0.04%
traDnexamic acid and allowed to clot for four hours at room
temperature before separation of the serum. F.D.P. levels were
estimated by the tanned red cell haemagglutination inhibition
immunoassay of Merskey et al. (1966); the upper limit ofnormal
was 5 lAg/ml.
The patients with valve prostheses were subdivided according

to the estimated degree of intravascular haemolysis, as follows:
grade 0 (17 patients)-no haemosiderinuria, red cell fragmenta-
tion, or anaemia (that is, no evidence of haemolysis); grade 1
(23 patients)-persistent haemosiderinuria without red cell
fragmentation or anaemia; grade 2 (9 patients)-haemosiderin-
uria plus red cell fragmentation but no anaemia; grade 3
(7 patients)-haemosiderinuria, red cell fragmentation, and
anaemia present. The severity of red cell fragmentaton was
assessed semiquantitatively and was classified from 0 to 3,
0 being a blood film with no fragmentation and 3 one with the
greatest numbers of red cell fragments (corresponding to
about 3% or more of the red blood cells).
The 18 patients with M.H.A. associated with renal disease,

10 of whom had malignant hypertension, were described pre-
viously in a study of F.D.P. levels in renal disease (Briggs et al.,
1972).

Statistical analysis was carried out by the x2 method in which
the number of normal and raised serum F.D.P. levels in the
various groups were compared.
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Results

The serum F.D.P. levels in the different haemolytic grades in the
prosthetic valve patients are shown in fig. 1 compared with the
levels obtained in the patients with M.H.A. In only a few valve
patients were raised F.D.P. levels found and there were no
significant differences in the incidence of high F.D.P. values
between the four haemolytic grades (P > 0-2). Full details of
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Serum F.D.P. levels related to the position of the prosthetic
valve are shown in fig. 2. No significant differences in the
incidence of raised F.D.P. levels were found between the
different valve replacement sites (P > 05). By comparison the
distribution of haemolytic grade according to valve site is shown
in table II. It is seen that patients with an aortic valve replace-
ment were associated with the more severe grades of haemolysis,
whereas those with a mitral valve replacement were much less
affected.
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FIG. 1-Serum F.D.P. levels in different haemolytic grades
of prosthetic valve patients and in patients with M.H.A.

the investigations in the seven patients in grade 3, none of whom
had abnormal F.D.P. levels, are given in table I. In contrast the
incidence of increased F.D.P. levels in the M.H.A. group was
significantly higher than in any of the valve replacement groups
(M.H.A. v. haemolytic grades 0, 1, and 3, P < 0 001; M.H.A.
v. haemolytic grade 2, 0-025 > P > 0.01).
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FIG. 2-Serum F.D.P. levels related to different valve
replacement sites. A.V.R. = Aortic valve replacement.
M.V.R. = Mitral valve replacement.

TABLE Ii-Distribution of Haemolytic Grades in Prosthetic Valve Patients

Valve Prosthesis
(No. of Cases)

No. of cases in haemolytic grade:
0 1 2 3

Aortic (22) . 2 9 5 6
Mitral (29) . 15 13 1
Aortic + mitral (5) .. .. 1 3 1

Total (56) .. 17 23 9 7

Discussion

Red cell haemolysate contains adenosine diphosphate (Gaardner
et al., 1961), which is a powerful platelet aggregating agent
(Mustard and Packham, 1970); it has thromboplastic activity
(Quick et al., 1954), inhibits fibrinolysis (Blofield and Hawkey,
1967), and appears likely to have a physiological role in haemo-
stasis (Pederson et al., 1967). It has been suggested, therefore,
that intravascular haemolysis may be associated with a tendency
to intravascular fibrin deposition. This mechanism may promote
a vicious cycle of events in diseases primarily associated with
intravascular coagulation (Brain, 1968; Rubenberg et al.,
1968; Linton et al., 1969), and may be responsible for the throm-
botic complications of paroxysmal nocturnal haemoglobinuria
(Dacie, 1967). There is also clinical and experimental evidence
that in conditions with slow capillary blood flow such as shock,
intravascular haemolysis may be a cause rather than a sequel
of disseminated intravascular coagulation (Hardaway, 1966).

In patients with prosthetic heart valves we have found no
evidence that intravascular haemolysis has led to disseminated
intravascular coagulation as detected by raised F.D.P. levels.
No differences were found in the F.D.P. levels between those
valve patients without haemolysis and those with the more
severe grades of haemolysis. There was also no difference in the
incidence of high F.D.P. levels between the valve replacement
sites, whereas patients with an aortic prosthesis were more often
and severely affected by haemolysis. These results are sup-
ported by reports of normal fibrinogen catabolism in patients
with prosthetic heart valves (Baker et al., 1968; Harker and
Slichter, 1970), and plasma fibrinogen levels may even be
increased (Tessier et al., 1971). Nine of the 56 valve patients
had raised F.D.P. levels, but repeat estimations performed in
three of these cases gave normal results. The reason for these few

TABLE I-Details of Investigations in Prosthetic Valve Patients in Haemolytic Grade 3

Red Cell 51Cr ErythrocyteCase Valve Hb P.C.V. Reticulocytes Fragmentation Urinary Survival* F.D.P.No. Sex Prosthesis (g/100 ml) (% (°'%) (Grade) Haemosiderin (ti in Days) (jAg/ml)
1 F. Aortic 7-5 22 13 3 Gross 13-5 1-42 M. Aortic 7-9 22 9 2 Moderate 10 2-73 F. Aortic 9 0 27 13 3 Gross 9 1-44 M. Aortic 10-1 30 9 3 Gross 14 2-75 F. Aortic & 10-9 32 8 3 Gross 14 3-2mitral
6 M. Aortic 11-2 32 4 2 Gross 12 1-47 M. Aortic 13-3 39 5 1 Gross Not known 2-8

* Normal ti = 25-33 days.

I
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abnormal F.D.P. levels is unknown; there was no clinical
evidence to suggest that they may have been due to embolic
episodes.

In contrast F.D.P. levels were raised in 16 of the 18 patients
with M.H.A., a much higher incidence than in any of the valve
replacement groups, though the degree of haemolysis in them
was no more severe than in the valve patients in haemolytic
grade 3.
We suggest that intravascular haemolysis with red cell frag-

mentation, in the absence of other precipitating factors, will not
lead to intravascular coagulation; however, two qualifying state-
ments should be made. Firstly, all the valve patients were
taking warfarin, which may have diminished any tendency to
form thrombi, though embolic complications of valve prostheses
may occur despite well controlled anticoagulant therapy
(Akbarian et al., 1968). These emboli originate at the valve site,
where the concentration of red cell haemolysate may be
high. No positive correlation, however, has been reported
between the incidence of the haemolytic and thromboembolic
complications of prosthetic cardiac valves. Secondly, since
the red cell fragmentation in the valve patients occurs at the
valve replacement site the thrombus-promoting factors released
from the damaged red cells are likely to be diluted or inhibited
in the fast flowing blood stream of the large arteries, and any
tendency towards disseminated intravascular coagulation may
be reduced.
These findings emphasize the significance of the coagulation

disturbance in M.H.A., where raised F.D.P. levels are almost
invariably present (Gavras et al., 1971; Briggs et al., 1972).
Moreover, Oliver et al. (1973) have shown that patients with
malignant hypertension have significantly raised F.D.P. levels,
increased urokinase sensitivity, and lowered platelet counts even
in the absence of overt M.H.A. The role of intravascular hae-
molysis in the potentiation ofcoagulation in patients with M.H.A.
remains to be resolved. If intravascular haemolysis is of im-
portance there must also be other factors, such as altered blood
flow, which operate locally in small vessels, since haemolysis
in large vessels appears not to result in fibrin deposition. F.D.P.
levels in M.H.A. may be increased by mechanisms which are
independent of any clot-promoting substances released from
red cells and even of the thrombin-induced coagulation system.
Charm and Wong (1970) showed in vitro that fibrinogen under-
goes degradation due to shearing within the circulation. In-
creased shearing within damaged small vessels in patients with
M.H.A. could result in accelerated fibrinogen degradation with
the production of high serum F.D.P. levels.

In conclusion it is suggested that the intravascular release of
red cell haemolysate by itself is not deleterious; its importance

in the aggravation of a primary process of intravascular coagula-
tion remains to be established.
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