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Intravascular coagulation and E. coli septicaemia
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SYNOPSIS Eight patients with E. coli septicaemia had oliguric renal failure which was associated with
haematological evidence of intravascular coagulation. Five of these patients also had the charac-
teristic blood picture of microangiopathic haemolytic anaemia.

In an attempt to prevent further deposition of fibrin, intravenous heparin was administered to six
patients, three of whom recovered fully and three died.
The diagnosis of intravascular coagulation was subsequently confirmed byhistologicalexamination

of necropsy material and it is suggested that some of the complications of E. coli septicaemia may be
attributable to disseminated intravascular coagulation.

Experimental work in animals has demonstrated that
bacterial endotoxin can, under certain well defined
conditions, provoke changes in the coagulation
mechanism and that these are associated with the
deposition of fibrin within the microvasculature
(Good and Thomas, 1953; Hjort and Rapaport,
1965). Although various haematological abnormali-
ties have been described in patients with Gram-
negative septicaemia, the precise pathogenesis of the
reported findings has remained somewhat obscure.
In the eight patients described here, E. coli septicae-
mia was associated with evidence of intravascular
coagulation and severe renal impairment.
The eight patients were admitted to hospital

between October 1970 and September 1971. A
diagnostic blood culture was made in each case and
all patients were treated with the appropriate anti-
biotic. Intravenous heparin was also administered to
six patients, dosage being commenced at 2000 units
and gradually increased to 6000 units, four-hourly.
One patient, who did not receive heparin, was given
intravenous fibrinogen and fresh frozen plasma.

Methods

Standard methods (Dacie and Lewis, 1968) were
used for the routine haematological investigations.
Prothrombin times were measured by the Quick one-
stage method and plasma thrombin times were
measured by using human thrombin (Fibrindex,
Ortho Pharmaceuticals Limited, 50 NIH units per
ml). One millilitre of0 85% saline solution was added
to a vial of Fibrindex and 0-1 ml of this solution was
Received for publication 20 December 1972.

added to a mixture of 0-1 ml of 0-85% saline and
0-1 ml citrated plasma in a water bath at 37°C.
Plasma fibrinogen was measured by the method of
Ellis-Stransky (1961), normal levels being 200-400
mg/100 ml. Euglobulin clot lysis time was estimated
by the method of Buckell (1958), the result being
expressed in units by multiplying the reciprocal of the
lysis time in minutes by 10 000. The normal range is
66-110 units. Plasma plasminogen was estimated by
the method of Remment and Cohen (1949), as
modified by Alkjaersig, Fletcher, and Sherry (1959).
The normal range is 2-0-4-0 units per ml. Fibrin/
fibrinogen degradation products (FDPs), in both
serum and urine, were estimated using the Burroughs
Wellcome kit. The sensitivity of the method is 1 25
,ug per ml, the normal range for serum being 0-20 ,tg
per ml, while normal urine contains 0-1 -25 ,ug per ml.
Fibrinolytic inhibitors of urokinase were measured
by the method of McNicol, Gale, and Douglas
(1963), the normal range being 8-21 minutes. The
blood urea was measured on an AutoAnalyzer
(normal range: 20-40 mg/100 ml).

Results

Details of the individual patients are given in Table I.
The haematological features at the time of the
bacteriological diagnosis are presented in Table II.
When the diagnosis of E. coli septicaemia was made,
all patients were oliguric and their renal function
was markedly impaired. A coagulation defect could
be inferred in all patients by the presence of spon-
taneous bruising and also by the persistent oozing
which occurred from venepuncture sites.
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Case No. Sex Age Predisposing Condition Treatment Outcome

1 F 42 Postcholecystectomy Fibrinogen, antibiotics, fresh Died
plasma

2 F 45 Urinary tract infection Antibiotics Died
3 F 48 Urinary tract infection Antibiotics, heparin Recovered
4 F 45 Postcholecystectomy Antibiotics, heparin Recovered
S M 61 Urinary tract infection Antibiotics, heparin Died
6 F 50 Not known Antibiotics, heparin Died
7 F 2 wk Urinary tract infection Antibiotics, heparin Recovered
8 F 51 Postsplenectomy Antibiotics, heparin Died

Table I Summary of the patients

Case No. Hb (g/100 ml) Reticulocyte Total WBC Platelet Count Blood Film Urea
Count (%) (per jI) (per ,ul) (mg/100 ml)

1 9-1 15 32 000 40 000 Leucoerythroblastic, burr cells and fragmented 290
erythrocytes

2 8-0 4 15 000 75 000 Leucoerythroblastic, burr cells and fragmented erythro- 240
cytes

3 7-8 5 9000 45 000 Occasional spherocytes 300
4 11-2 5 12 000 20 000 Burr cells and fragmented erythrocytes 194
5 10 0 3 10 000 < 10 000 Occasional spherocytes 360
6 10-5 0 1200 < 10 000 Burr cells and fragmented erythrocytes 200
7 15-6 3 18 000 60 000 Occasional spherocytes 120
8 8-7 8 30 000 35 000 Burr cells and fragmented erythrocytes 220

Table II Haematological features on presentation

Five of the eight patients had the characteristic detected in these two patients by prolongation of the
blood picture of microangiopathic haemolytic thrombin clotting time, and, although we believe that
anaemia. Platelet counts were all less than 80 000 it is almost certainly due to FDPs, its mode of action
per Pul, while bone marrow examination in three appears to be somewhat different from their well
patients showed normal or increased numbers of known antithrombin effect.
platelet-producing megakaryocytes. Plasma fibrinogen levels were normal in two
Prothrombin times were found to be abnormal in patients, moderately reduced in three, and markedly

six patients. In most instances these abnormalities reduced in three.
could be corrected by the addition of 1:9 normal The six patients with low plasma fibrinogen
serum, indicating a deficiency of one or more of the concentrations had prolonged thrombin clotting
serum clotting factors. The prothrombin times oftwo times. In four of these patients the thrombin time
patients (cases 6 and 8, Table III) did not correct even could be corrected by the addition ofan equal volume
after the addition of an equal volume of fresh normal of normal plasma, but it was not possible to correct
plasma. This apparent inhibitor could not be the remaining two (cases 1 and 5, Table III). This

Case No. One-stage Thrombin Time Fibrinogen Euglobulin Urokinase Plasminogen FDPs (jug/ml)
Prothrombin (sec.) (mg/100 ml) Clot Lysis Sensitivity (units/ml)
Time (sec) (units) (min) Serum Urine

I 15(11)' 11 (7) 180 33 52 4-3 40 5
2 13 (12) 8 (6) 145 50 >270 1-25 80 10
3 14 (13) 5 (5) 275 <41 28 4-8 40 5
4 16 (11) 9 (6) 85 55 1800 2-8 160 10
5 16 (11) 12 (7) 100 55 70 1-8 40 20
6 31 (11) 6 (6) 200 14 235 0-5 40 10
7 17 (12) 10 (6) 95 <17 - - 20 10
8 oo (12) 12 (6) 50 20 > 1400 2-3 80 10
Normal range 200-400 66166 10-21 2-04-0 0-20 0-1-25

Table III The coagulation fibrinolytic system
'Controls in parentheses
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indicates, in these two, the presence of antithrombin
activity which is presumably due to high molecular
weight FDPs.
The plasma plasminogen was normal in two

patients, elevated in two, and reduced in three.
Circulating activator was reduced in all eight

patients and urokinase inhibitor activity increased in
seven.
Serum fibrin/fibrinogen degradation products

(FDPs) were significantly elevated in seven patients
and urinary FDPs were increased in all eight.
Following successful management the serum and
urine FDPs fell in parallel with the level of blood

urea. During the same period there was a progressive
rise in the platelet count (Fig.).
A necropsy examination was made on the patients

who died. Histological evidence of intravascular
coagulation was obtained in all cases, but there was
no constant pattern of distribution. The lungs were

involved in three individuals, the kidneys in two, and
the myocardium in two.

Discussion

There is ample evidence from experimental work in
animals that intravascular coagulation and renal
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Case No. Heart Kidneys Liver Lung Gut Other Thromboembolic
Phenomena

1 + - - + - Splenic vein thrombosis
2 + ++ + - - - Recent splenic infarct
5 - - +
6 - - - ++ +++ -

8 - + - + + - Portal vein thrombosis

Table IV Histological evidence of intravascular coagulation

damage can be induced by two intravenous injections
of bacterial endotoxin (Good and Thomas, 1953;
Hjort and Rapaport, 1965). The classical Sanarelli-
Schwartzman experiment consists of an initial
priming injection followed, 18 to 24 hours later, by a
second intravenous injection of the same endotoxin.
Necropsy examination of the sacrificed animals
reveals widespread intravascular fibrin which is
particularly prominent in the glomerular tufts and
splenic sinusoids. The importance of the initial
injection is that it probably blockades the reticulo-
endothelial system which normally removes fibrin
and other products of coagulation from the circu-
lation (Ingram, 1969). The second injection promotes
the coagulation mechanism and on this occasion the
intermediate products ofcoagulation are not removed
by the reticuloendothelial system. The process is thus
completed with the formation of fibrin which is
deposited in the microvasculature.
An experimental model which is more relevant to

the clinical situation is produced by a continuous
infusion of endotoxin which results in the deposition
of fibrin within the glomerular vessels (Beller and
Graeff, 1967; this deposition of fibrin is associated
with a haemorrhagic diathesis which reflects the
consumption of platelets, fibrinogen, and other
clotting factors.

In the present study, haematological evidence of
intravascular coagulation was obtained in all patients.
Thus, elevated FDPs and thrombocytopenia were
constant features, while fibrinogen depletion was
noted in six of the eight patients. An increased
concentration of serum FDPs reflects either fibrino-
genolysis or fibrinolysis secondary to intravascular
coagulation. Intravascular fibrinogenolysis is asso-
ciated with increased circulating activator activity,
measured by the euglobulin clot lysis time. Circu-
lating activator was reduced in all eight patients and it
appears, therefore, that the findings indicate intra-
vascular coagulation with secondary fibrinolysis. Of
interest is the increased activity of urokinase
inhibitor, demonstrated in seven of the eight patients.
A similar abnormality has previously been reported
in the serum of individuals with various renal
disorders (Bennett and Ogston, 1970) and it is

possible that the development of this inhibitor is
related to the deposition of fibrin within the glome-
rular capillaries.

All our eight patients had markedly impaired
renal function at the time of bacteriological diag-
nosis. Although oliguric renal failure is a recognized
complication of septicaemia, the precise mechanism
by which it occurs has remained obscure. Recently,
Clarkson, MacDonald, Fuster, Cash, and Robson
(1970) have demonstrated the presence of fibrin
within the glomerular capillaries of patients pre-
senting with acute renal failure and these workers
have suggested that intraglomerular coagulation may
play an important role in the natural history of acute
ischaemic renal failure. More recently it has been
shown that urinary FDPs are frequently elevated in
patients with many forms of glomerulonephritis and
it has been suggested that they are often a reflection
of local lysis of intraglomerular fibrin (Clarkson,
MacDonald, Petrie, Cash, and Robson,1971). In our
study urinary FDPs were elevated in all patients, but
since the serum FDPs were also raised, it is not
possible to deduce whether the urinary FDPs were
derived from the systemic circulation ofwhether they
reflected intraglomerular lysis.
The abnormal bleeding tendency which was

observed in all eight patients is a recognized compli-
cation of intravascular coagulation.The pathogenesis
is complex and a number of factors are involved.
Thrombocytopenia and coagulation factor defi-
ciencies due to consumption are associated with the
anticoagulant properties of the FDPs.
A further complication observed in five of the

eight patients was a falling haemoglobin and the
blood picture of microangiopathic haemolytic
anaemia. The term was used by Brain, Dacie, and
Hourihane (1962) to describe a haemolytic anaemia
characterized by the presence of fragmented erythro-
cytes in the peripheral blood. These workers con-
sidered that the abnormal cells were the result of
mechanical trauma occasioned on damaged vessel
walls. More recently this hypothesis has been
expanded to include damage on thin fibrin strands
within the microvasculature (Bull, Rubenberg, Dacie,
and Brain, 1968). This concept appears to receive
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support from our findings. The intravascular
coagulation was related in time to the onset of renal
failure and to the development of microangiopathic
haemolytic anaemia. Moreover, reversal of the
intravascular coagulation was accompanied by
gradual disappearance of the burr cells and recovery
of renal function.

In addition to the appropriate antibiotic therapy,
and in an attempt to prevent further deposition of
fibrin, intravenous heparin was administered to six
of the eight patients. Intially 2000 units was injected
and further injections were given at four hourly
intervals, gradually increasing to 6000 units, four
hourly. Formal laboratory control of the heparin
therapy was not obtained, since such laboratory
testing is of limited value in the presence of the
acquired coagulation defects of intravascular coagu-
lation defects of intravascular coagulation. Of the
patients treated with heparin, three survived and
three died. It is, of course, impossible to assess the
value of heparin in such a small group of patients. It
is noteworthy, however, that two of the patients who
survived received heparin far earlier in the course of
their illness than those who failed to recover, and we
believe, therefore, that in order to be of therapeutic
value heparin must be administered as early as
possible and in maximum dosage.
The diagnosis of intravascular coagulation was

subsequently confirmed by histological examination
of necropsymaterial of the five patients who died.
There was no constant pattern of distribution of the
intravascular fibrin. In this context, the findings of
Regoeczi and Brain (1969) are possibly relevant.
These workers, following an experimental study on
induced intravascular coagulation in rabbits, sug-
gested that the distribution of fibrin between the
organs may be dependent on the speed of fibrin
formation and hence the size of microclot formed.
The absence of demonstrable fibrin in the kidneys of
three patients is somewhat surprising, although
Clarkson and his coworkers (1970) have demon-
strated that techniques more refined than light
microscopy may be required for the detection of
fibrin in acute renal failure.
There is close similarity between the clinical,

haematological, and pathological features of the
patients with microangiopathic haemolytic anaemia,
described here, ard those of children with the
haemolytic-uraemic syndrome. Although aetiological
factors are often difficult to elicit in these children,
the striking clinical resemblance which they bear to
patients with E. coli septicaemia suggests to us that
the haemolytic-uraemic syndrome is another
example, in man, of the Schwartzman-Sanarelli
reaction.
The mechanism whereby E. coli septicaemia

induces a state of intravascular coagulation is
uncertain. The introduction of bacterial endotoxin
into an experimental animal will induce platelet
clumping and release of platelet factor 3 (Horowitz,
Des Prez, and Hook, 1962). This, in the presence of
calcium ions, factor V and factor X, can initiate the
formation of thrombin via the extrinsic coagulation
mechanism. Moreover, endotoxin also activates
factor XII which is the starting point of the main
intrinsic coagulation pathway (McKay and Muller-
Berghaus, 1968).

It would appear from our findings that intra-
vascular coagulation is a frequent complication of
E. coli septicaemia. Microthrombi may be deposited
anywhere within the microvasculature and the
ensuing necrosis may give rise to a variety of clinical
and pathological effects. The vascular occlusion may
be associated with a bleeding diathesis and we
believe, therefore, that at least some of the compli-
cations of E. coli septicaemia may be directly
attributable to this disturbance of the coagulation-
fibrinolytic system.

We wish to thank the medical staff of the United
Sheffield Hospitals for the opportunity of studying
the patients under their care. We also wish to thank
Wellcome Reagents Ltd for supplying us with their
FDP assay kits.
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