
ACK of relevant markers has made the clinical as-
sessment of the evolution of cardiovascular dis-
eases difficult.14 Aneurysmal subarachnoid hemor-

rhage (SAH) with delayed ischemia and rebleeding causes
high rates of morbidity and mortality.6,11 Increased knowl-
edge of the underlying pathogenetic mechanisms, as well
as more advanced prognostic tools, would be highly val-
uable.

During acute thrombotic states such as pulmonary em-
bolism and deep vein thrombosis, markers measuring
thrombin generation (that is, thrombin–antithrombin III
complex, [TAT]) and fibrinolytic degradation of cross-
linked fibrin (that is, D-dimer) have recently been proven
useful experimentally as well as clinically.4,5,8 We have
previously studied atherothrombosis by using indica-
tors measuring coagulation and fibrinolysis activation in
peripheral arterial occlusive disease, both in its subclinical
stage and in acute or subacute thrombotic occlusion.23,24

During thrombotic occlusion, TAT and plasminogen acti-
vator inhibitor-1 (PAI-1) were clearly associated with a
poor outcome.24 As in our study of peripheral arterial dis-
ease,24 patients with acute ischemic stroke presented with
a persistent hypercoagulable state.28 Furthermore, the
pathophysiology of bleeding disorders has been evaluated

using these variables to assess hemostasis and fibrinoly-
sis.3

Patients with aneurysm bleeding usually do not have a
deficient coagulation system; instead, sudden local bleed-
ing occurs at a site where the vascular wall has ruptured
because of structural and proteolytic disturbances, such as
is reported for vulnerable aortic aneurysms.25 Therefore,
in patients with aneurysm bleeding, in which various
amounts of blood are in contact with extravascular ma-
trix, such markers would measure thrombin generation
and subsequent fibrinolysis. We performed serial assess-
ments of coagulation and fibrinolysis and studied their
association with outcome during the acute stage after sub-
arachnoid bleeding that was accompanied by compli-
cations such as aneurysm rupture and its surgical repair.
Patients undergoing an operation for an unruptured intra-
cranial aneurysm were used as controls.

Clinical Material and Methods

Patient Population

This prospective study included 25 patients with SAH
and seven patients with unruptured intracranial aneurysms
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(control group), all of whom were admitted to Helsinki
University Central Hospital between December 1, 1991
and May 31, 1993. To collect and handle the samples
within the time frame of the study, only one or two pa-
tients could be studied at a time. Consequently, patients
with SAH and control patients were entered into the study
according to this blood-collection restriction. The study
design, which was approved by an institutional review
board, was such that the clinician and the laboratory ana-
lysts were blinded to the data until both sets of analyses
were brought together at the end of the study. After admis-
sion, the patients, their family members, and/or coworkers
were interviewed about the patients’ recent use of med-
ications, smoking habits and alcohol intake, and previous
diseases. Information on all patients was also collected
from medical records from other hospitals and general
practitioners to check diseases, medications, and blood
pressure values. Clinical characteristics of the patients are
presented in Table 1.

Treatment Regimen

Nimodipine treatment was initiated after diagnosis of
a ruptured aneurysm and was continued for up to 21
days post-SAH. Patients undergoing surgery received
betamethasone routinely (4 mg every 6 hours) starting the
day before surgery and continuing in diminishing doses to
the 6th postoperative day. Hypertensive or hypervolemic
therapy was not used, and the patients did not receive
antifibrinolytic agents. Six of the seven control patients re-
ceived betamethasone, whereas nimodipine was not ad-
ministered to this group. All patients with a ruptured
aneurysm who were candidates for surgery (21 patients)
and all seven patients with unruptured aneurysms were
treated by clipping the lesion. The ruptured aneurysms
were clipped within 4 days (mean 1.8 days) after SAH.

Clinical Monitoring and Outcome

The patients’ clinical condition on admission, before
surgery, and during the three blood samplings was graded
according to the World Federation of Neurological Sur-
geons (WFNS) Grading Scale.10 The presence of SAH
was verified by means of a computerized tomography
(CT) scan in all patients, and the thickness of the sub-
arachnoid blood clot was noted. The CT scans were re-

peated after clinical deterioration, at discharge, and during
follow-up review. In all except two patients, the origin of
the aneurysm hemorrhage was confirmed. One patient
with SAH confirmed by CT scanning died soon after
the bleeding, but the location of the aneurysm rupture re-
mained unknown because no angiogram was obtained and
an autopsy was not performed. The second patient had a
nonaneurysmal SAH.

Neurological examinations were performed daily after
the patients were admitted. Delayed cerebral ischemia was
defined as a gradual development of focal neurological
signs and/or deterioration of consciousness and was not
found to be caused by intracerebral hematoma, rebleed-
ing, hydrocephalus, clipping of an arterial branch together
with the aneurysm, infection, serum electrolyte disorder,
or any other known reason. Causes of poor clinical condi-
tion and outcome were determined by repeated CT scans,
a routine postoperative angiogram, laboratory investiga-
tions, or at autopsy.

Outcome was assessed at 3 months according to
the Glasgow Outcome Scale (GOS)17 score. Follow-up CT
scans were also obtained at 3 months after the aneurysm
rupture to identify permanent hypodense lesions consis-
tent with infarction, lesions not seen on the admission CT
scan and occurring in areas other than those of a possible
previous intracerebral hematoma, or any lesion caused by
clipping of the arterial branch containing the aneurysm. In
those patients who died within 3 months post-SAH, the
final CT scan was considered to be the follow-up scan if
it was obtained later than 3 weeks after SAH to identify
permanent hypodense lesions.18

Blood Samples

We collected three blood samples from 22 of the
patients with SAH; two patients died before the second
sampling, and one patient before the third sampling. The
first samples were drawn on admission (between 7 a.m.
and 10:30 p.m.) as soon as possible after the neurosurgeon
made the diagnosis of SAH. Free-flowing blood was col-
lected through a polytetrafluoroethylene cannula, and the
first 3 to 6 ml of blood was discarded. Blood used for cell
counts was collected in vials containing ethylenediamine
tetraacetic acid, and blood for hemostatic and fibronolytic
samples (nine volumes) was collected into polypropylene
tubes containing special anticoagulating agents (one vol-
ume), as reported earlier.23,24 Essentially, citrated plasma
(0.1 M) was used to test fibrinogen, prothrombin frag-
ments 1 and 2 (F1+2), and TAT levels, and sodium citrate
was supplemented with aprotinin (0.2 trypsin-inhibit-
ing U/ml) to test D-dimer levels. The hemostatic samples
were centifuged for 10 minutes at 1800 G (22˚C) without
delay, and the plasma was separated for freezing. Spe-
cifically, the guidelines of the Leiden Fibrinolysis Work-
shop were followed to collect and handle blood for deter-
mination of tissue plasminogen activator (TPA) and PAI-1
levels.22

The second and third blood samples were each collect-
ed at 7 a.m., while the patients were fasting. The second
sample was obtained on the morning after surgery, and the
third sample was collected in the 2nd week (range 6–14
days) after the onset of SAH. In patients with an un-
ruptured aneurysm, the first sample was obtained on the
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TABLE 1
Clinical characteristics of 32 patients who underwent

aneurysm surgery*

Patients W/ SAH Controls 
Characteristic (25 patients) (7 patients)

age (yrs) 46.9 6 2.8 46.7 6 3.3
sex (M/F) 16:9 4:3
BMI (kg/m2) 26.4 6 0.7 24.2 6 1.6
hypertension 5 3
smoker 17 4
heavy drinker 3 2

* BMI denotes body mass index calculated as weight/(height)2; heavy
drinkers consumed alcohol on average at least 300 g/week; hypertension =
patients receiving antihypertensive medication or with repeated blood
pressure readings exceeding 160/95; smokers = current smokers. 



morning of surgery, the second on the morning after sur-
gery, and the third within 5 to 8 days postsurgery.

Analysis of the Plasma Samples

The plasma processing occurred within 3 months af-
ter sample collection. Fibrinogen was determined by the
functional method of Clauss (normal range 2–4 mg/ml).
The levels of F1+2 (reference range 0.44–1.1 nmol/L
[5th–95th percentile]), TAT (1–4.1 ng/ml [reference range
2.5th–97.5th percentile]), D-dimer (, 400 ng/ml), TPA
antigen (age 25–34 years, 1–20 ng/ml [2.5th–97.5th per-
centile]; age 55–64 years, median 8.6 and 7.6 ng/ml,
respectively), and PAI-1 antigen (18 6 10 ng/ml, range
4–43 ng/ml) were analyzed with an enzyme-linked im-
munosorbent assay (Enzygnost F1+2 and Enzygnost TAT,
Behringwerke AG, Marburg, Germany; Asserachrom D-
Di, Diagnostica Stago, Asnieres-sur-Seine, France; Tint-
Elize TPA and TintElize PAI-1, Biopool, Umeå, Sweden).
The D-dimer values obtained after serial dilutions and still
exceeding 3000 ng/ml were counted as 3000 ng/ml.

Statistical Analysis

The data were analyzed using biomedical data pack-
age statistical programs (Version 1993; BMDP Statistical
Software Inc., Los Angeles, CA). Categorical variables
were compared by means of Fisher’s exact two-tailed

test or the Pearson chi-square test. Continuous variables,
which were expressed as the mean 6 standard error of the
mean (SEM), were compared between groups by the
Mann–Whitney U-test, Student’s or Welch’s t-test, or
analysis of variance (ANOVA) with corrected multiple
pairwise comparisons, as appropriate. In patients with
no missing data, the effect of elapsed time after SAH and
different grouping variables were compared by repeated-
measures ANOVA and analysis of covariance. Associa-
tions of continuous variables were assessed using the
Spearman rank correlation coefficient test.

Results

On admission, clinical status was markedly worse in the
patients with SAH according to the WFNS classification
(Grade 2.35 6 1.35, mean 6 SEM) than in the control
group (all Grade 1) (p = 0.02). During collection of the
first blood sample the grades in patients with SAH versus
control patients were 1.96 6 0.22 versus 1 6 0 (p = 0.02).
The TAT and D-dimer levels and numbers of leukocytes
were significantly higher in the SAH than in the control
group (Fig. 1). Moreover, fibrinogen levels tended to be
higher among individuals in the SAH than in the control
group. In contrast, F1+2, TPA, and PAI-1 did not differ
between the two groups, with values of 1.7 6 0.2 versus
1.2 6 0.2 nmol/L, 8.5 6 0.9 versus 9.7 6 2.2 ng/ml, and
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FIG. 1. Bar graphs showing levels of fibrinogen (A), TAT (B), D-dimer (C), and numbers of leukocytes (D) on hos-
pital admission in the presence (SAH, 25 patients) and absence (control group, seven patients) of aneurysm bleeding.
Values represent the mean 6 the SEM. The probability values and statistical tests were as follows: p = 0.08,
Mann–Whitney U-test (A); p = 0.01, Mann–Whitney U-test (B); p = 0.0001, Student’s t-test (C); and p , 0.05, Student’s
t-test (D).



5.9 6 1.8 versus 6.4 6 4.6 ng/ml in SAH and control
groups, respectively. In the SAH group three patients died
before a third blood sample could be obtained, and one
died on Day 11. Among the four patients who died, levels
of hemostatic and fibrinolytic variables on admission
were significantly elevated when compared with values
for those who survived (Table 2).

The time course of the changes in fibrinogen, TAT, and
D-dimer values is presented in Fig. 2 for the SAH and
control groups. The time from discovery of bleeding to
collection of the first blood sample was 1.5 6 0.2 days
(range 0.2–3). Of the 25 patients with SAH, 21 underwent
surgery. During the 1st postoperative day the WFNS grade
for the SAH group was 2 6 0.2 versus Grade 1 for all con-
trols (p = 0.01), and at the time of the third blood sample
the differences in patients’ grades persisted, with values of
1.8 6 0.2 among the SAH group versus 1 in the control
group. The significant effects of surgery on the hemostat-
ic parameters were apparent in both groups. During the 1st
postoperative day only D-dimer levels remained notably
elevated among the patients with SAH, whereas the dif-
ferences in the other significant preoperative measures of
surgery-associated activation of coagulation disappeared
after the operation. In the patients with complete data
from samples 1 and 2, the difference in D-dimer levels
between the SAH and control groups was significant (p =
0.007), and so was the effect of time on D-dimer results
(p , 0.0001). However, the relative increases in D-dimer
levels were similar between the groups and from sample 1
to sample 2 (interaction, p = 0.57). In addition, TAT val-
ues increased from the first to the third blood sample (p ,
0.05), and values nearly reached significance (p = 0.08) in
the patients with SAH when compared with control val-
ues, but with no significant interaction between time and
group (p = 0.13). Extensive thrombin generation (TAT
21.4 6 5.9 ng/ml) continued in the SAH group during the
week after the operation. In the control patients, thrombin
generation was halved immediately postsurgery, but was
still twice the basal level at 1 week (p , 0.05). However,
TPA and PAI-1 values between the groups did not differ,
and they did not change in response to the operation itself
(data not shown). 

We divided the patients with SAH into two groups ac-
cording to their clinical state (17 patients with Grades 1–3
vs. eight with Grades 4–5). The D-dimer levels on admis-
sion among patients in poor clinical condition were sig-
nificantly higher (2017 6 377 ng/ml) than among those in
good clinical condition (934 6 208 ng/ml, p , 0.007).
Additionally, the leukocyte number was higher on the

1st postoperative day (18.6 6 1.5 3 109 cells/L) among
patients in poor clinical condition than it was (14.9 6
1.1 3 109 cells/L) for the group in good condition (p =
0.05). Moreover, on admission to the hospital, the WFNS
grade was significantly related to D-dimer, PAI-1, TPA,
fibrinogen, and TAT levels (Table 3). That these correla-
tions were less marked after surgery demonstrated the
confounding effect of the operation on the hemostatic and
fibrinolytic systems.

Furthermore, when we divided the patients with SAH
into two groups according to severity of bleeding, nine
either had no detectable clot or only a thin layer of sub-
arachnoid clot (, 3 mm), whereas 16 had a thick clot $ 3
mm) or a hematoma. Those patients with more severe
bleeding as seen on the CT scan exhibited higher TAT,
TPA, and PAI-1 antigens on admission than did those with
modest bleeding (Table 4), and the patients with severe
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TABLE 2
Differences in hemostatic and fibrinolytic variables on admission

between patients with SAH who survived and those who died

Alive Dead
Variable (21 patients) (4 patients) p Value

WFNS grade 1.6 6 0.1 4.0 6 0.4 0.001
fibrinogen (mg/ml) 3.9 6 0.2 4.8 6 0.3 ,0.05
TAT (ng/ml) 11.6 6 4.2 22.1 6 9.6 0.02
D-dimer (ng/ml) 1029 6 195 2602 6 398 0.01
TPA (ng/ml) 7.1 6 0.7 15.8 6 2.5 0.01
PAI-1 (ng/ml) 9.8 6 1.7 20.7 6 4.4 0.02

FIG. 2. Graphs demonstrating the time course of fibrinogen (A),
TAT complex (B), and D-dimer (C) in patients with and without
SAH who underwent surgical treatment. Values with their error
bars represent the mean 6 the SEM. The solid line denotes patients
with SAH (21 patients) and the broken line denotes patients with-
out aneurysm bleeding (seven individuals). Blood samples 1, 2,
and 3 (x axis) were obtained on admission, on the 1st postoperative
day, and on the 7th postoperative day. *p , 0.01 and **p , 0.001,
Mann–Whitney U-test or Student’s t-test, where pertinent.



bleeding were found to have elevated fibrinolytic en-
zymes on the 1st postoperative day.

Patients who displayed signs of brain infarction de-
tectable as hypodense areas on the CT scans obtained 3
months after SAH had significantly increased F1+2, TAT,
D-dimer, and PAI-1 antigen levels during the 1st post-
operative day compared with those with no infarction,
despite their similar grade during sampling (2.1 6 0.2 and
2.2 6 0.4, respectively) (Fig. 3). Consequently, patients
with symptomatic brain ischemia and persistent neurolog-

ical deficits had higher levels of TAT and PAI-1 antigen
than did patients with no such deficits (p , 0.05; Fig. 4).
Furthermore, D-dimer levels exceeded 3000 ng/ml in
all three patients with neurological deficits. We next de-
termined the specific cutoff values for the association
between hemostatic variables and development of brain
infarction. The sensitivity and specificity, respectively, of
the cutoff values for the four variables were as follows:
F1+2, 100% and 70% at . 1.5 nmol/L; TAT, 70% and
50% at . 23 ng/ml; D-dimer, 90% and 50% at . 2000
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TABLE 3
Significant Spearman rank correlation coefficients between

WFNS grade of patients with SAH and markers

Blood Sample No. (rs)*

Marker 1 2 3

fibrinogen (mg/ml) 0.49 0.50 0.39
TAT (ng/ml) 0.47 — —
D-dimer (ng/ml) 0.70 — 0.46
TPA (ng/ml) 0.60 0.62 —
PAI-1 (ng/ml) 0.60 — —
F1+2 (ng/ml) 0.32 — —
leukocytes (109 cells/L) 0.42 — —

* Sample 1 was obtained on admission, sample 2 on the 1st postopera-
tive day, and sample 3 on the 7th postoperative day (see Blood Samples).
Abbreviations: rs = correlation coefficient; — = not significant.

TABLE 4
Differences between markers in patients with SAH according to

severity of bleeding on CT scans*

Severity of Bleeding (ng/ml)*

Sample None/ Thick Layer/
& Marker Thin Layer Hematoma p Value

sample 1 9 patients 16 patients
TAT 5.6 6 0.9 17.2 6 5.5 ,0.05
TPA 5.6 6 1.1 10.1 6 1.2 ,0.05
PAI-1 6.5 6 1.8 14.4 6 2.3 ,0.05

sample 2 3 patients 16 patients
TPA 5.5 6 1.3 11.1 6 1.2 ,0.01
PAI-1 9.1 6 3.5 16.1 6 2.5 ,0.05

* Thin layer denotes blood layer less than 3 mm and thick layer is greater
than or equal to 3 mm seen in fissures or vertical cisterna.

FIG. 3. Bar graphs showing the levels of F1+2 (A), TAT (B), D-dimer (C), and PAI-1 antigen (D) in the 10 patients
with and the six without brain infarction, that is, a hypodense area on CT scans obtained 3 months after insult. Values
(the mean 6 the SEM) were obtained on the 1st postoperative day. *p , 0.05, Mann–Whitney U-test or Student’s t-test,
where pertinent.



ng/ml; and PAI-1, 80% and 50% at . 8 ng/ml, respec-
tively.

Clinical status, both at admission and during the 1st and
7th postoperative days, was associated with later disabili-
ty assessed using the GOS. The patients who reached an
independent state at 3 months, compared with those in a
dependent state or those who died, had a lower clinical
WFNS grade on admission (1.44 6 0.12 vs. 3.29 6 0.42,
p = 0.0004), on the 1st postoperative day (1.73 6 0.59
vs. 3 6 0.82, p = 0.01), and on the 7th postoperative day
(1.39 6 0.61 vs. 3.75 6 0.96, p = 0.001). In the patients
either dead or with significant disability at 3 months post-
SAH, values for fibrinogen and D-dimer on admission to
the hospital and 1 week post-SAH were significantly ele-
vated (Table 5). The same was true with TPA and PAI-1
antigens during admission and 1 day postoperatively. Fi-
nally, Table 6 illustrates the internal consistency of the
measurements of the hemostatic and fibrinolytic system.
Of note are the significant correlations between leukocyte
number and TAT, as well as between the former and D-
dimer.

Discussion

In this study we have shown that in patients with SAH,
markers assessing activation of coagulation and fibrinoly-
sis were strongly related both to clinical state and to long-
term outcome at 3 months. Similar results have previous-
ly been reported by Fujii, et al.,12 and by Itoyama, et al.15

The study by Fujii, et al., was designed to be retrospective
and did not include a control group. Almost 10-fold high-
er levels of TAT were reported in that study in comparison
with ours, a discrepancy likely caused by a delay in con-
tact of blood and anticoagulant during blood collection
because of the use of a multiple-syringe system. However,
D-dimer levels were closer to those found in our study,
probably because of the less vulnerable marker that main-
ly measured plasmin-derived degradation of cross-linked
fibrin.2 In contrast with these two previous studies, we
also chose a control group and took serial samples from
the patients to control prospectively for the confounding
effects of time and surgery on the results. We showed that
during the 1st week after patients underwent surgery for

SAH, activation of coagulation and fibrinolysis exceeded
that in the control patients who were surgically treated for
an unruptured aneurysm. Moreover, a novel finding was
that the degree of thrombin generation on the 1st postop-
erative day was associated with the development of brain
infarction during recovery.

The finding that the clinical state, thickness of the sub-
arachnoid blood clot on the CT scan, and the outcome of
the patients were all associated with activation of hemo-
stasis and fibrinolysis indicates that the extent of bleeding
and the resolution of the expanding clot play an intimate
role in the progression and regression of SAH. We con-
trolled for the effects of surgical intervention on hemosta-
sis and fibrinolysis by testing a group of patients who had
unruptured aneurysms. In the control patients the effect of
an intracranial operation on the coagulation system was
clearly illustrated by the absence of any activation associ-
ated with SAH. This was the case although their surgical
trauma was somewhat less than that of the SAH patients,
but this likely reflects the prevalence of tissue factor in the
brain and the vascular target of surgery. A similar finding
was reported in another study by Fujii, et al.13 It can be
concluded that thrombin generation and its sequelae lead-
ing to plasmin activation and degradation of cross-linked
fibrin were significantly enhanced in the patients with
SAH in comparison with the control patients. Also, after
the operation the pattern of the decrease in measured vari-
ables was similar, but the level at which they remained in
the SAH group indicates a long-lasting activation state
of blood coagulation and fibrinolysis that endured for ap-
proximately 2 weeks after SAH.

Indeed, it was intriguing that in the blood samples
obtained on the 1st postoperative day, thrombin genera-
tion measured as TAT and F1+2, as well as D-dimer and
PAI-1 antigen, were increased in those patients who devel-
oped brain infarction, which was detected as a hypodense
area on the CT scans at 3 months. The reason for this
new observation remains unknown, but because the pa-
tients’ clinical condition did not explain the observations,
a thrombotic mechanism may be involved, which, in cer-
tain patients, could also reflect endothelial dysfunction in
small vessels after the operation. It is well known that
such hypodense lesions consistent with cerebral infarction
may be caused by delayed cerebral ischemia or symp-
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FIG. 4. Bar graphs showing the TAT and PAI-1 antigen levels in three patients with (+) and 16 without (2) persistent
neurological deficits (delayed ischemic deterioration, DID). Values (the mean 6 the SEM) were obtained on the 1st post-
operative day. *p , 0.05, Mann–Whitney U-test or Student’s t-test, where pertinent.



tomatic arterial vasospasm, but these can also be caused
by surgery (for example, by spatula pressure or injury to
small perforating arteries during surgical manipulation).18

It is therefore possible that these patients, who are sub-
jected to a greater increase in activation of coagulation,
may also develop hypodense lesions more easily. Because
hemostatic variables did not correlate with delayed isch-
emia in the blood samples obtained on admission and at 1
week after hemorrhage and surgery, it is unlikely that acti-
vation of coagulation and fibrinolysis are associated with
large-vessel cerebral vasospasm. Furthermore, as reported
by Ameriso, et al.,1 preoperative D-dimer is not associat-
ed with delayed ischemic deficit, although that study did
not monitor D-dimer levels immediately after surgery.

Of specific interest was the behavior of F1+2 in this
study. In contrast to the enzyme-inhibitor complex TAT,
F1+2 were not elevated in the first sample after the bleed-
ing event. We have previously obtained similarly dis-
crepant TAT and F1+2 results during massive arterial
thrombosis in the lower extremities and in experimental
thrombosis in which fibrin was allowed to be generat-
ed.24,26 Diquélou, et al.,9 reported the same inconsistency in
an experimental model of thrombosis using nonanticoag-
ulated blood. Because prothrombin fragments have been
reported to bind to phospholipids,16 we suggest that F1+2
are retained in thrombus or clotting blood. Therefore, the
postoperative elevation of F1+2 that is associated with a
later brain infarction seems clearly significant. In addition
to increased F1+2, a surprising finding was that circulat-
ing levels of the enzymes of the fibrinolytic system, TPA
and PAI-1, did not rise in the context of bleeding in SAH.
We have no explanation for this or for the fact that TPA
and PAI-1 remained constant after clipping of the an-
eurysm. In a study assessing the effects of intracranial sur-
gery in connection with clipping of the unruptured an-
eurysm, Fujii, et al.,13 noted a rapid increase in TPA,
PAI-1, and plasmin-a

2
–antiplasmin complexes, which,

however, returned to baseline levels at approximately 12
hours after the surgery. In an operation with more exten-
sive tissue damage, such as total hip replacement, func-
tional PAI-1 in particular has been reported to increase,
which explains postoperative thrombotic complications.19

The connection with inflammation following the bleeding
event seems obvious. This was evidenced by early leuko-

cytosis, but also by the correlation between both TAT
and D-dimer and leukocyte count.21 Thrombin activates
platelets and endothelial cells to express P-selectin, which
is an adhesive signal for leukocytes, and, for instance in
monocytes, induces tissue-factor synthesis.7 On the other
hand, neutrophils secrete elastase, and monocytes/mac-
rophages secrete cathepsin D, both of which participate in
fibrinolysis,27 which is not dependent on plasminogen acti-
vators.

Conclusions

Our study illustrates relationships between coagulation
and fibrinolysis activation and the early as well as the
long-term outcome of patients suffering SAH. A novel
finding was that thrombin and plasmin generation, as well
as the amount of circulating PAI-1 at 24 hours postsur-
gery, are clearly associated with the development of in-
farction detectable 3 months postoperatively. Thus, coag-
ulation activation that is caused soon after surgery by
endothelial dysfunction and/or thrombotic mechanisms,
seems to explain the delayed cerebral ischemia. Based on
the practical implications of the current study, we believe
that it is worthwhile to monitor the activation of coagula-
tion in connection with the operation and early recovery
period after SAH. We have approximated reliable cutoff
values for the variables used, but these have to be set sep-
arately for each laboratory. In the future it would be valu-
able to conduct randomized trials to test the hypothesis
that early-phase low-molecular-weight heparin, which has
proven to be beneficial after ischemic stroke,20 can prevent
or reduce the risk of post-SAH infarction, which is strong-
ly associated with disability and death.
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