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Monitoring fibrinolytic activity in the cerebrospinal
fluid after aneurysmal subarachnoid haemorrhage:
a guide to the risk of rebleeding?
R S MAURICE-WILLIAMS Y B GORDON AND A SYKES

From the South East Thames Regional Neurosurgical Unit, The Brook Hospital, The Royal Free Hospital
School of Medicine, and St. Bartholomew's Hospital, London

SUMMARY Serial assay of fibrin degradation products (FDPs) was used to monitor fibrinolytic
activity in blood and cerebrospinal fluid (CSF) after subarachnoid haemorrhage (SAH) in 64
patients, 43 of whom had aneurysms. CSF levels fell rapidly from high initial values over a few
days, thereafter more slowly to reach normal levels after one to six weeks. Probably only the later
slow decline is a measure of fibrinolysis, which is obscured in the first few days by the cross anti-
genicity with FDP's of fibrinogen released by the bleed. After this phase of fibrinogen clearance,
early attainment of normal FDP levels appears to be associated with a lower risk of rebleeding in
cases of aneurysm. This phenomenon could be useful in deciding whether marginal cases should be
treated surgically or conservatively.

During the last decade, attention has been
focused on the possible fole of clot lysis in caus-
ing recurrent bleeding after an aneurysmal
subarachnoid haemorrhage, and several reports
have suggested that treatment with antifibrinoly-
tic drugs may significantly reduce the incidence
of such rebleeding.'' Relatively little work has
been done however, to monitor the pattern of
systemic and nervous system fibrinolytic activity
after subarachnoid haemorrhage (SAH) and to
investigate the way in which it is modified by
antifibrinolytic therapy.
In this paper we report on the findings from a
number of patients whose blood and cerebro-
spinal fluid (CSF) fibrinolytic activity after SAH
were followed by serial assay of their fibrin and
fibrinogen degradation products (FDP). Some of
these patients received treatment with the anti-
fibrinolytic drug tranexamic acid (TEA). The
results suggest that it may be possible to isolate a
group of patients whose risk of rebleeding is high
despite such treatment.
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Patients and methods

Investigations were carried out on 64 patients. All
were ctherwise fit persons who had had a single
spontaneous subarachnoid haemorrhage confirmed
by lumbar puncture, admitted to the neuro-
surgical unit of St. Bartholomew's Hospital, or to
the South-East Thames Regional Neurosurgical
Unit. All but two patients were admitted within
96 hours of haemorrhage and most had been
relatively little affected by the bleed (57 were in
Botterell Grades 1 or 2, that is, with no neuro-
logical deficit, slight to moderate meningism,
alert or slightly drowsy, and six were in Botterell
Grade 3, that is drowsy with a moderate focal
deficit).6
Immediately after admission 2 ml, each of blood
and CSF were taken and placed in plastic tubes
containing I mg/ml of epsilonaminocaproic acid
to suppress further fibrinolysis. After storage at
4°C, the FDP's were estimated by the radioim-
muncassay technique described by Gordon et al.7
This involves the use of highly purified fibrinogen
degradation fragment E for standardisation and
Iodine"2' labelling and a specific antiserum to the
fragment. The radioimmunoassay sensitivity limit
is 2 jig/l., but for the present study the standard
curve was targeted to 50 to 1000 .g/l. The pre-
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cision as determined by the use of quality control
sera showed an 8% variation during 18 months.
Further blood and CSF specimens were taken

during the ensuing period up to a maximum of
49 days from admission. In general, they were
obtained during the midpoint of the first week
from admission, at the end of the first week
and thereafter at weekly intervals. In those
patients who required additional lumbar punc-
tures for specific purposes (such as the treatment
of communicating hydrocephalus), additional
specimens of CSF were taken at those times.
In patients given TEA, which was administered
for a maximum period of 42 days, specimens
were taken one to three days after cessation of
treatment to investigate the possibility of rebound
fibrinolysis. The number of paired blood and CSF
specimens taken from individual patients is
shown in table 1.

Table 1 Number of paired samples taken from
individual patients

No. of paired samples All patients Aneurysm patients

1-4 29 13
5-12 35 30

The upper limit of the normal serum level of
FDPs obtained by this method of assay was
already known (300 gLg/1l), but no previous CSF
assays had been performed. Presumed normal
CSF FDP levels were obtained by assays of CSF
removed from 14 patients with conditions which
it might be reasonably assumed would probably
not alter CSF levels. In these patients the diag-
noses were: pituitary micro-adenomas 5, trige-
minal neuralgia 1, headaches of probable func-
tional origin 2, skull vault tumour 2, systemic
myelofibrosis 1, hypertension 1, lumbar spondy-
losis 1, cerebral atrophy 1.
The apparent causes of the subarachnoid

haemorrhage as established by cerebral angio-
graphy or autopsy in the 64 patients are shown
in table 2, together with the number who rebled
during follow-up of four to 22 months.

Table 2 Cause of haemorrhage and number of

patients who rebled

Total No. of No. who
patients rebled

Aneurysm 43 14
No causative lesion found 12 0
Angioma 5 0
Moya Moya Disease 1 0
Cause unknown (angiography or autopsy

refused) 3 1
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Of the 43 patients with aneurysms, only 15 had
intracranial operations, at a mean interval from
the presenting haemorrhage of 21 days (span
nine-57 days). FDP assays were stopped at the
time of operation. A further three patients were
treated by cervical ligation of the common caro-
tid artery. Two of five angioma patients had
intracranial operations at 20 and 25 days res-

pectively.
In those patients given tranexamic acid, treat-

ment began at the time of admission and con-

tinued for 42 days if they proved to have aneu-
rysms deemed unsuitable for surgery. If surgery

was performed, TEA was stopped at the time of
operation, and if angiography showed no caus-
ative lesion, it was stopped after angiography.
Overall 42 of 64 patients received TEA, including
30 of 43 of those with aneurysms. The drug was
given at a daily dose of six g, by continuous
intravenous infusion for 4-7 days, thereafter
orally in four divided doses.

Results

NORMAL CSF FDP LEVELS

Levels ranged between less than 100 Mg/l (six
patients) and 170 jug/1. We have accordingly set
the upper limit of normal as determined by this
method as not more than 170 isg/l.

SERUM FDP LEVELS

These remained within normal range after sub-
arachnoid haemorrhage. Only two patients had
raised levels (between 1100-2100 ug/l) for periods
of 7-10 days. In one case this coincided with a leg
deep venous thrombosis.

CSF FDP LEVELS AFTER SUBARACHNOID

HAEMORRHAGE FROM ANEURYSMS

In the accompanying figures, CSF FDP levels (in
ig/l) are plotted against time. CSF readings
taken after rebleeding have been excluded. Aneu-
rysm patients have been divided into the four
groups as shown in table 3.

Table 3 A neurysm patients only:
Rebled 8

Given TEA F 30
No rebleed 22

Rebled 6
Not given TEA F 13

No rebleed 7

It will be seen that FDP levels are initially
generally very high and fall rapidly during the
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first week, more slowly thereafter. It seems as
if the FDP decline curve may be analysed into
two components-an initial rapid decline over a
few days superimposed on a more slow decay
extending over several weeks. A possible reason
for this is postulated in the discussion.
Although levels in the first week are generally
very high they are not uniformly so and there is
great variability.
There appears to be no relationship between

initial levels and the likelihood of a rebleed.
Those who rebled subsequently had a mean level
(on Days 1 or 2) of 4310 ug/i as against 3820
Ag/l1 amongst those who did not. For patients
not treated with TEA the figures are 3480 and
4030 respectively. The rate of decline of the
CSF FDP levels in the first few days appears
similar in all groups, whether or not they received
TEA and whether or not they rebled. Separation
out of the decline patterns during this period in
individual cases has likewise shown no charac-
teristic pattern permitting separation of re-
bleeders from non-rebleeders or any difference in
the decline if TEA was given.

After the first few days, however, a difference
in the decay curves becomes apparent. In those
who received TEA, and who did not rebleed
subsequently, normal levels are reached earlier
and the later slope is more flattened than in the
three other categories where the late decay pat-
tern appears set at a higher level. The most
striking difference appears to be amongst the
TEA-treated patients, between those who did re-
bleed and those who did not.

Early attainment of a normal CSF FDP level
appears associated with a reduced likelihood of
rebleeding. In the table 4, the numbers who had
at least one level below 200 i.g/l in the first 21
days after the bleed are shown for each category.
It will be seen that of 13 patients who reached
a normal level within 21 days, only one rebled.
Of 30 patients who did not, 14 rebled.
Conversely, of 14 aneurysm patients who had
rebled, only one had had a normal level (FDP
less than 200 jug/i) within 21 days, as opposed
to 12 of 29 patients who did not rebleed (p<0-05
by Fisher Exact Probability Test).

CSF FDP LEVELS IN THOSE WITH NO CAUSATIVE
LESION FOUND
It appeared that decay to normal levels after the
first few days is more marked in those given TEA
(four of seven patients reached subnormal levels
within 21 days as opposed to one of five), but it
was felt that the data were insufficient to justify
any firm conclusions.

Table 4

Aneurysms: Total CSFFDP 2001sg/l
within 21 days

rno rebleed 22 9 (41 %)
30 given TEA

L rebled 8 0 (0 %)

rno rebleed 7 3 (43%)
13 not given TEA

trebled 6 1 (16% )

CSF FDP LEVELS IN THOSE WITH ANGIOMAS
With only five patients (two received TEA, none
has rebled) no valid conclusions couild be drawn.
However, three of these patients had unusually
low initial levels (on Days one to three) of
between 250 and 320 jig/l.

PERSISTENCE OF RAISED CSF FDP LEVELS
Raised CSF FDP levels persisted for variable
lengths of time after a subarachnoid haemor-
rhage. Excluding levels taken after a rebleed,
the numbers of patients who had readings taken
after various days after the haemorrhage and the
number of those who had elevated readings
beyond these dates are shown in table 5.

Table 5

Number Number of CSF
of FDPs >200pG/ I

cases after that day

CSF levels obtained on Day 14-20 35 27
CSF levels obtained on Day 21-27 25 20
CSF levels obtained on Day 28-34 28 10
CSF levels obtained on Day 35 or later 15 7

THE EFFECT OF DISCONTINUING TEA ON CSF FDP
LEVELS
Sixteen patients had CSF FDPs measured on the
day on which TEA was stopped and at a sub-
sequent time within three days. The TEA was
stopped at between eight and 46 days from the
haemorrhage. In only one case was there a rise
in the level at the subsequent reading. This was
a patient is whom the TEA was stopped on Day
40. At this time the CSF FDP level was 210
jig/i, 48 hours later it was 820 ug/i.

Discussion

Immediately after a haemorrhage from an aneu-
rysm the rebleed risk is small, but the daily risk
then rises steadily to reach a peak between the
7th and 10th Days.9 This may be a reflection
of progressive lysis of the fibrin and red cell clot
in and around the aneurysm.
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The initial haemorrhage activates the normally
quiescent fibrinolytic system of the leptomen-
inges, and suppression of this process may account
for the apparent efficacy of antifibrinolytic drugs
in preventing early rebleeding.' Antifibrinolytic
drugs are widely used in the initial management of
subarachnoid haemorrhage. Several controlled
studies have reported reduced rebleeding from
aneurysms when they are given.3 4101 Amino-
caproic acid and tranexamic acid, the two drugs
in current use, both act by competitively inhibit-
ing the activation of plasminogen to plasmin.
Experiments in both man and animals suggest
that tranexamic acid is the more potent anti-
fibrinolytic of the two."2 While antifibrinolytic
drugs may reduce the rebleed rate, however, they
do not abolish rebleeding altogether. Although
clot lysis is probably only one of several factors
concerned in the propensity of an aneurysm to
rebleed, it seemed possible that monitoring
fibrinolytic activity might be a guide to the risk
of re.bleeding in individual patients. For instance,
it seemed conceivable that patients showing
excessive fibrinolytic activity might be at especial
risk.
The fibrinolytic activity of a body fluid can be

measured in one of two ways-either by lysis of
a fibrin plate in vitro, or by assay of the degrada-
tion products that are released by plasmic
digestion of fibrin and fibrinogen. In the present
study a highly sensitive and specific radioim-
munoassay for fiibrinogen degradation fragment
E has been used. The radioimmunoassay is cap-
able of accurately measuring small concentrations
of fibrinogen degradation fragments and thus
provides the basis for the early detection of
fitbrinogen and fibrinolysis.

After a SAH, both systemric and central ner-
vous system fibrinolysis might be relevant, for the
fibrin plug will be partly in the aneurysm sac,
partly in the subarachnoid space.
Evidence for activation of the systemic fibrino-

lytic system after SAH is contradictory, though
it is known that other stress-producing situations,
such as mental stress, physical exertion and
lumbar air encephalography" lead to increased
fibrinolytic activity of the blood. After air
encephalography there is a rise in the fibrinolytic
activity of both blood and CSF but with different
time curves, and it has been suggested that dif-
ferent mechanisms are at work, possibly release
of meningeal plasminogen activator and a general
autonomic mechanism respectively.'3 The present
study showed uniformly low serum FDP levels
at all intervals after a haemorrhage, even within
24 hours. Only two patients, one of whom had
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a concurrent systemic venous thrombosis, had
elevated levels. This accords with the findings of
Tovi et al," who, using the immunochemical
method of Nildhn, 4 found no detectable FDPs
in the blood, and only a modest early increase in
blood fibrinolytic activity by the fibrin plate
method. Also by direct methods, both Gibbs and
O'Gorman"5 and Ettinger"6 found systemic
fibrinolysis to be slightly increased after SAH.
Watanabe et al" found an increase in blood
FDPs, but they were using the insensitive and
nonspecific latex coagulation test.

In the CSF, Levy and Silver'8 found fibrinolytic
activity with the fibrin plate techntique three and
15 days after a SAH, but this finding could not
be repeated by Tovi' who found weak activity
using this method is only five out of 33 patients.
However, Tovi did find high CSF FDP levels in
every case. He explains this discrepancy by sug-
gesting that although the release of plasminogen
activator into the CSF after a haemorrhage is
not enough to give lysis detectable by the fibrin
plate method, yet continual lysis of the fibrin
plug might give detectable CSF FDP levels.
Alternatively, the FDP assay may have been
detecting fibrinogen released into the CSF as a
result of the initial bleed. On the other hand,
Smith and Upchurch"9 found positive fibrinolysis
in the CSF after SAH by the plate method, and
this was reduced by the antifibrinolytic drug
EACA.
The only previous systematic studies of CSF

FDP levels after SAH are those of Tovi,2 who
regarded the method as a reliable guide to
nervous system fibrinolytic activity. He found CSF
FDPs as early as three days after the bleed.
A high initial level fell over the next few weeks,
and by the end of the third week was often
virtually undetectable. In four patients treated
with TEA, the CSF FDPs fell steadily over a
4-hour period after 1g. of it had been given in-
travenously. After eight days of TEA, the CSF
FDPs had disappeared, only to reappear after
three weeks when the drug was stopped. In the
current investigation, using a more specific and
sensitive assay system for the detection of raised
CSF *FDPs, levels persisted in a number of
patients five weeks after the bleed. This suggests
that clot lysis might still be occurring. If this
were so, then antifibrinolytic therapy should
continue for at least as long as this if the
aneurysm had not been operated on. It is un-
likely that CSF FDPs would linger on for long
after active clot lysis had ceased, as the total
CSF volume is replaced every eight hours20 and
FDPs have a biological half-life of 15 hours."
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Tovi's' findings suggest that rebound fibrino-
lysis might occur after stopping antifibrinolytic
therapy-in his case after 21 days. However, our
findings do not support this, in that no rise in
CSF FDPs occurred when the drug was discon-
tinued at between eight and 46 days from the
bleed, except in one case. It is possible, however,
that a rapid rebound rise in CSF FDPs had
already sulbsided by the time that the subsequent
CSF specimen was taken, which was never less
than 24 hours after the TEA had been stopped.
Certainly there are theoretical reasons for sup-
posing that rebound fibrinolysis might take
place."9 First, plasminogen might accumulate
during treatment, to be suddenly converted to
plasmin when treatment stopped, and second,
both antifibrinolytics in general use have an
enhancing effect on the action of plasmin when
their concentrations are low.

It will be seen that the decay curves for CSF
FDP levels with the passage of time appear to
be composed of two superimposed slopes. An
early slope falling steeply over a few days is
superimposed on a more gradually declining slope
which may linger on at above normal level for
several weeks. Only the latter slope may be a
reflection of release of FDPs by clot lysis. The
earlier slope is probably due to cross antigenicity
between fibrinogen and FDPs, and merely reflects
the clearance of blood components from the CSF
after a bleed. If so, then one would expect the
initial rapid decay to be similar in all groups of
patients and this is indeed so. It is only after
the first few days that the element contributed by
clot lysis would become dominant. At this stage,
it can be seen that in one group, those patients
given antifibrinolytics who did not rebleed, there
is a tendency for normal CSF FDP levels to be
achieved early on. Indeed, whether given TEA
or not, rebleeding appears less likely if normal
levels are reached within three weeks. Only one
of 13 patients who did so rebled (nil of eight given
TEA) as against 14 out of 30 patients who
failed to reach normal levels within that time.
This would be expected if continued fibrinolysis
were a major factor in causing rebleeding.

If these findings are confirmed by further
studies, CSF FDP assay could be of great value in
the management of ruptured aneurysms. Because
of the poor results of surgery in the first week, the
recent tendency has been to defer operating on
aneurysms until the second week or later, using
antifibrinolytic cover during the waiting period."
In those cases where surgery is likely to be
particularly difficult or hazardous, knowing the
risk of rebleeding might tip the balance for

or against operation, particularly in view of
recent evidence that antifibrinolysis alone may
improve the long-term risk of rebleeding.' It
would seem that in patients given an antifibrino-
lytic who fail to reach normal CSF FDP levels
early on, the risk of rebleeding is greater. This
may be a reflection of insufficient suppression of
clot lysis. Whatever the reason, however, surgery
will be more strongly indicated than if normal
levels had been achieved. Having said this it
must be stressed that persistently high CSF levels
do not mean that rebleeding is inevitable, nor
do low levels mean that the risk of rebleeding
can be discounted. It does seem that measure-
ments are only useful once the first three to
four days after the bleed have passed. This would
limit the value of such an assay if very early
surgery was being contemplated.
CSF FDP levels have been found to be some-

times raised in neurological conditions other than
SAH." 24 Anderson et al24 found that FDPs were
accompanied by other low molecular weight
coagulation proteins but not the heavier ones.
They believe that this indicates an origin from
leakage across the blood-brain barrier and not
from lysis within the subarachnoid space. How-
ever, there appear objections to this hypothesis.
First, there is no relationship between blood and
CSF FDP levels, a fact also noted by Hunter
et al." In addition, there was no tendency
observed for high CSF FDP levels to be more
persistent in more obtunded patients, as would
have been expected were a leaking blood-brain
barrier the source of the FDPs. One must con-
clude that clot lysis is indeed their substantial
point of origin, that their decline (after the initial
period) is an index of the control of fibrinolytic
activity, and that they may prove a useful tool
in deciding whether certain patients should be
managed surgically or conservatively.

We would like to thank Mr R Campbell
Connolly for permission to carry out investiga-
tions on those patients in this study who were
treated at St. Bartholomew's Hospital under his
care.

Figures

The CSF levels (in ptg/L) are plotted against
the number of days since the haemorrhage. Read-
ings from patients who subsequently rebled are
shown is filled circles, those from patients who
did not rebleed in open circles. All readings are
prior to any rebleed.
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