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The evaluation of patients with a bleeding tendency
represents a challenge as the routinely available tests for
evaluating bleeding disorders are limited, complicating the
laboratory determination of the clinically observed
bleeding tendency. As a result, some bleeding disorders
remain undiagnosed. The aim of the study was to evaluate
whether global coagulation tests would contribute to the
laboratory analysis of patients with undiagnosed bleeding
disorders. Patients were evaluated for coagulation and
fibrinolysis activities by thrombin generation test and
euglobulin lysis time. In addition, plasma activity of factor
Xlll, plasminogen, «-2 antiplasmin, plasminogen activator
inhibitor-1, and thrombin-activatable fibrinolysis inhibitor
was also obtained. Forty-five patients were included. Eight
per cent presented a mild bleeding disorder and 20% a
moderate bleeding disorder. The thrombin generation test
results were similar between patients and controls.
Euglobulin lysis time results, however, were lower in
patients than in controls, both before (median 175 vs.
250 min, respectively; P= 0.003) and after (median 145 vs.
115 min, respectively; P< 0.001) arm constriction,
suggesting that they were experiencing hyperfibrinolysis.
Interestingly, patients’ median thrombin-activatable
fibrinolysis inhibitor activity was higher than in controls

Introduction

The evaluation of patients with a bleeding tendency
represents a challenge for clinicians and hematologists.
At least half of the patients remain undiagnosed because
they may present normal laboratory results, despite of
the wide range of tests performed [1-3]. The causes of
undiagnosed bleeding disorders are speculative and may
be multifactorial. The associations of slightly decreased
coagulation factor activities [2] or impaired fibrinolysis [4]
have been described to possibly contribute to the bleed-
ing manifestations in these patients. However, routinely
available tests to evaluate these disorders are limited,
complicating the laboratory determination of the bleed-
ing tendency observed clinically.

Global hemostasis tests, however, are capable of evaluat-
ing the interaction of varied mechanisms responsible for
blood coagulation and fibrinolysis [5—7], and could there-
fore be more sensitive for detecting subtle impairments
of clot formation or degradation than the traditional tests.
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(21.2 vs. 19.46 pg/ml; P=0.016). However, plasminogen,
«-2 antiplasmin, plasminogen activator inhibitor-1, and
factor Xlll activities did not differ between the groups.
Global coagulation and fibrinolysis tests proved to be
limited in detecting the hemostatic disorders in some
patients with a relevant bleeding tendency and may not be
adequate to address their bleeding risk. Bleeding scores
are currently the available medical approach for the
evaluation of these patients. Blood Coagul Fibrinolysis
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In this study, we evaluated the integrity of blood coagu-
lation and fibrinolysis in patients with an undiagnosed
bleeding tendency using two global tests: thrombin
generation test (I'G'T) and euglobulin lysis time
(ELT). Our aim was to evaluate whether these tests
would contribute to the laboratory analysis of the
patients. We also correlated the findings of the global
tests with the results of coagulation factor and fibrinolysis
tests obtained from patients in order to achieve a specific
coagulopathy diagnosis.

Patients and methods

Patients’ selection

Patients with bleeding symptoms who attended the
Hematology Center of the University of Campinas, from
September 2004 until September 2007, were selected for
the study. Patients diagnosed with hemophilia or some
other coagulopathy, such as von Willebrand disease
(VWD), platelet disorders, and rare bleeding disorders,
were excluded. Intake of any medications that could
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interfere with hemostasis imbalance, chronic renal or
liver insufficiency, infections, autoimmunity, and neo-
plasia were also considered as exclusion criteria. Healthy
individuals, belonging to the same geographic area as
the patients, were selected from the blood donors and
employees from our institution, and were used as con-
trols. The inclusion criteria were the same as for
the patients.

The present study was approved by the Committee on
Human Research of the Faculty of Medical Sciences of
the University of Campinas, and a written informed
consent was obtained from patients, controls, or their
attending relatives.

Clinical evaluation

All patients and healthy controls were interviewed using a
structured questionnaire for bleeding scoring (Score
System Questionnaire for bleeding disorders proposed
by the MCMDM-1 Steering Committee, Milan, 13-14
November 2003) to confirm or discard the bleeding
tendency. By this questionnaire, the scores were attrib-
uted to each symptom as follows: —1, no bleeding even
during risk situations; 0, no bleeding even after small
procedures; 1, bleeding referred by the patient without
medical intervention; 2—-4, bleeding requiring medical
attention or intervention. Final score determined the
severity of the symptoms: —3 to —1, no bleeding disorder;
0, no symptoms; 1-10 (1-12 for women), mild bleeding
disorder; 11-20 (13-24) for women, moderate; 21-30
(25-36 for women), severe; above 30 (above 36 for
women), Very severe.

The patients’ medical history and the results of coagu-
lation factors and platelet aggregation assays were
obtained retrospectively from the medical charts and
annotated in the patients study registry.

Blood sampling

Patients’ plasma samples were obtained from whole
blood by peripheral venous puncture, in citrate tubes,
and were stored at —80°C for prothrombin time (PT),
activated partial thromboplastin time (aPTT), thrombin
time ('T'T), factor (F)XIII, -2 antiplasmin («2AP), plas-
minogen, plasminogen activator inhibitor-1 (PAI-1),
and TGT. ELT was performed with whole blood
collected from the left forearm before and after being
constricted by a cuff inflated to 40 mmHg for 10 min, to
stimulate tissue plasminogen activator release. Control
samples were processed by the same investigator
following the same protocols.

Evaluation of fibrinolysis

Euglobulin lysis time, before and after stimulation by arm
constriction, was performed for global fibrinolysis evalu-
ation. EL'T" was performed according to the method
described by Haverkate ¢z a/. [8].

Alpha-2 antiplasmin and plasminogen activities were
determined by the chromogenic kits ‘Berichroma-2
antiplasmin’ and ‘Berichromplasminogen’, respectively
(Dade-Behring Inc., Newark, Delaware, USA) using the
automated photo-optic analyzer Coag-A-Mate-M'TX
(bioMérieux Inc., Durham, North Carolina, USA). PAI-
1 activity was achieved using the chromogenic kit
‘Berichrom PAI-1’ (Dade-Behring Inc.) and the analyzer
AMAX Destiny (Trinity Biotech Inc., Bray, County
Wicklow, Ireland). Thrombin-activatable fibrinolysis
inhibitor (TAFI) activity was measured by the commer-
cial kit Actichrome TAFT activity (American Diagnostica
Inc., Stamford, Connecticut, USA).

Evaluation of coagulation

Blood coagulation was evaluated by TGT in platelet-
poor plasma using a commercial fluorescent assay
(Technothrombin TGA, Technoclone GmbH, Vienna,
Austria), and fluorescence was read using FL.x800 Fluor-
escence Microplate Reader (Bio-Tek Instruments,
Winooski, Vermont, USA). Four parameters of TGT
were evaluated: the lag phase, which is the time from
the beginning of the experiment to the first burst in
thrombin formation; the thrombin peak, which is the
maximum concentration of thrombin formed; the
velocity index, which is the amount of thrombin formed
per minute; and the total thrombin formed, represented
by area under the curve (AUC).

Factor XIII activity was determined by the chromogenic
kit ‘Berichrom FXIII’ using the BCS analyzer (Dade-
Behring Inc.). All commerecial kits were used according to
the manufactures’ instructions.

Statistical methods

Results are presented as mean = SD or as median and
95% confidence interval (CI) (for normal and non-normal
distributions, respectively). The means were compared
by a two-tailed unpaired Student’s 7 test and the medians
by Mann—Whitney U test. Categorical data were
compared using Fisher’s exact test or chi-square analysis.
Pearson’s or Spearman’s rank correlations were used
for data with normal or non-normal distribution,
respectively.

Results obtained from the controls were used to deter-
mine the normal range of each parameter studied, calcu-
lating the mean and two SDs for each variable. We also
performed individual analysis in order to reach the diag-
nosis of a specific coagulation disorder.

Results

From the 1543 individuals with a bleeding tendency
attended at the Hemostasis and Thrombosis Clinic at
the Hematology Center of the University of Campinas,
Brazil, during the period of the study, 376 (24.3%) indi-
viduals had hemophilia, 388 (25.1%) individuals had
VWD, and 628 (40.7%) patients presented platelet
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Table 1 Demographic characteristics and laboratory results of
patients and controls

Controls Patients P value
Male/female (n) 23/27 7/38 0.001
Age (years) 31 (18-53) (n=50) 32 (18-64) (n=45) 0.440
aPTT (s) 31.2 (25.6-50) (n=45) 31.9 (29.6-34.2) (n=23) 0.246
PT (s) 14.9 (18.3-16.6) (n=47) 14.2 (12.6-18.2) (n=34) 0.0323
TT (s) 10.6 (9.7-13.1) (h=47) 11.1 (11.9-13.2) (hn=34) 0.0104

Age, aPTT, PT, and TT are expressed as median and range. Mann—Whitney U test
was performed to compare continuous variables and Fisher's exact test was used
for comparison of non continuous variables between patients and controls. aPTT,
activated partial thromboplastin time; PT, prothrombin time; TT, thrombin time.

disorders, including immune thrombocytopenia. The
individuals with coagulation factor deficiencies were:
six (0.4%) with factor V deficiency, 44 (2.9%) with FVII
deficiency, two (0.1%) with FX deficiency, 21 (1.4%) with
FXI deficiency, and 33 (2.1%) with FXII deficiency. In
this study, the remaining 45 (2.9%) patients with an
undiagnosed bleeding tendency and the 50 controls were
included. The demographic characteristics and labora-
tory results are listed in Table 1.

According to the bleeding questionnaire, 80% patients
presented a mild bleeding disorder (score 4-12) and
20% moderate bleeding disorder (score 13—-19). Twenty
patients reported a previous blood transfusion after
surgeries (44%), six presented chronic anemia (13%),
and five reported spontaneous bleeding episodes (11%) [9].

All patients had normal screening coagulation tests,
median PT was 14.25 s (range 12.6-18.2 s), median
aPT'T was 31.95 s (range 29.6-34.2 s), median bleeding
time was 6.05 s (range 3.35-5.22 s), and median T'T was
11.1 s (range 11.9 —-13.2 s).

There was no difference between lag phase, velocity,
AUC, peak thrombi, and time to peak of TG'T in patients
and control groups (Fig. 1).

Euglobulin lysis time was lower in patients than in
controls, both before (median 175 vs. 250 min, respect-
ively; P=0.003) and after arm constriction (median 145
vs. 115 min, respectively; P <0.001) (Fig. 2), suggesting
that patients might have hyperfibrinolysis.

The activities of a2AP, PAI-1, plasminogen, and FXIII
were, however, similar between patients and controls
(Table 2). Interestingly, patients’ median TAFT activity
was higher than in controls (21.2 vs. 19.46 pg/ml; P = 0.016).
In these analyses, two outliers were observed, one patient
was diagnosed with severe PAI-1 deficiency (undetected
activity; normal range 6.90-2.25U/ml) and one patient
diagnosed with FXIII deficiency (normal range 70—140%).

We also investigated the coefficient of correlation
between TGT and ELT with traditional coagulation
tests and specific fibrinolysis components. However, no
significant correlation was found between these
parameters (data not shown). Furthermore, we failed to
find any correlation between bleeding scores and TG'T or

EL'T results. Noteworthy, we found a positive correlation
between age and bleeding score in patients (= 0.4530
and P=0.0018).

Discussion

At least half of the patients with bleeding symptoms
have been recognized to present normal coagulation
tests. Conversely, recent clinical studies have described
that up to 25% of healthy individuals may present mild
bleeding manifestations [10] and that this bleeding
tendency may not be accompanied by a detected hemos-
tasis disorder [11]. This fact complicates the evaluation
of the bleeding risk in patients and their medical
management.

In this study, we evaluated global and specific coagu-
lation and fibrinolysis parameters in a selected group of
patients with undiagnosed bleeding disorders. The
patients’ bleeding tendency was confirmed by the
MCMDM-1 Bleeding Score System; however, none of
them had an identified coagulation disorder. Our hypoth-
esis was that the coagulopathy in these cases could be
caused by multiple subtle hemostasis disorders and that
global assays of hemostasis would be capable of detecting
this possible coagulopathy, and becoming possible tests
for the clinical management of patients.

Unexpectedly, the thrombin generation results were
similar between patients and controls, and did not
confirm our initial hypothesis. However, these findings
are consistent with previous data that have also failed to
detect coagulation abnormalities by TGT in patients
with undiagnosed bleeding disorders [12]. TGT results
were not related to the bleeding phenotype of these
patients, even patients with moderate bleeding manifes-
tations showed thrombin generation values within the
normal range. Indeed, the clinical significance of TGT
results is unclear, since the correlation of the thrombin
generation with the individual risk for bleeding or throm-
botic complications has not yet been established [13,14].
Thus, taking previous studies into account, our results
may possibly confirm that the T'GT might not be an
important test to evaluate the bleeding risk in patients
with an undiagnosed bleeding tendency. Furthermore,
the activities of coagulation factors were within
the normal range, leading to the conclusion that possible
subtle disorders of coagulation factors leading to
decreased thrombin generation may not be the cause
of the bleeding tendency in these patients.

On the contrary, the global test of fibrinolysis — EL'T —
was impaired in patients, suggesting that they were
possibly experiencing a hyperfibrinolysis state. The
increased activity of TAFT also suggested that fibrinolysis
could be involved in their bleeding manifestation. How-
ever, the EL'T should be interpreted with caution. EL'T
values are detected by visual analyses and, although
sensitive for fibrinolysis defects, the specificity of the
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Fig. 1
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Comparative analysis of the distribution of thrombin generation parameters in patients with an undiagnosed bleeding tendency (n=18) and controls
(n=20). (a) Lag phase; (b) velocity index; (c) area under the curve (AUC); (d) peak thrombin; and (e) time to peak. The P value was calculated by

Mann—Whitney U test.

test depends on the methodology used and the variability
of the test makes the results difficult to reproduce [15]. In
this study, although decreased EL'T results suggested
that patients presented hyperfibrinolysis, we failed to
detect a fibrinolysis disorder that could justify the bleed-
ing manifestations in the majority of the patients. The
plasma activities of «a2AP and PAI-1 were similar
between patients and controls. Only one patient pre-
sented severe PAI-1 deficiency and one patient was
diagnosed with FXIII deficiency.

Thrombin-activatable fibrinolysis inhibitor activity result
was also a controversial finding, since we expected TAFI

activity to be decreased in patients. In contrast, TAFI
activity was higher in patients and was inversely corre-
lated to ELL'T. Notably, to interpret TAFI assays, it is
necessary to take into account the kind of assay used [16].
The TAFT activity assay performed by us is a functional
assay that measures the potential activity of proenzyme
TAFI (pro-T'AFI) to generate the active form TAFIa. In
our study, higher TAFI activity was observed in bleeding
patients. Other studies have demonstrated similar
discrepancies between TAFT activity values and throm-
botic or bleeding manifestations in patients. Antovic and
Blomback [17], de Bruijne ez 4/. [18], and Meltzer ez al.
[19] showed lower pro-TAFI or TAFT activity in patients
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Fig. 2
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Comparative analysis of euglobulin lysis time (ELT) (a) before and (b) after arm constriction in patients and controls. Data are expressed as median
(range). Mann—Whitney U test was performed to compare continuous variables between the controls (n=250) and patients (n=45).

Table 2 Comparative analysis of fibrinolysis results of patients and controls

Controls Patients P value
FXIIl (%) 96.6 (52.56-156) (n=50) 88.6 (156—-156) (n=45) 0.3678
«2AP (%) 127.3 (96.3-152.2) (n=45) 130 (98.5-157) (n=45) 0.5145
Plasminogen (%) 121.0 (86.1-169.9) (n="50) 121.6 (74-406) (n=45) 0.4817
PAI-I (U/ml) 45 (1.9-6.8) (h=33) 5.1 (0-7.3) (n=43) 0.2953
TAFI (g/ml) 19.5 (11.5-28.9) (n=44) 21.2 (12.1-33) (n=45) 0.0161

Data are expressed as median and range. Mann—Whitney U test was performed to compare continuous variables between patients and controls. «2AP, a-2 antiplasmin;
FXIIl, factor XIlI; PAI-1, plasminogen activator inhibitor-1; TAFI, thrombin-activatable fibrinolysis inhibitor.

with factor V Leiden mutation, coronary disease, and
recurrent venous thrombosis, respectively. Conversely,
Matus ez al. [20] and Antovic ez /. [21] showed, respect-
ively, higher pro-TAFT levels and higher TAFT activity in
patients with bleeding of unknown cause, hemophilia,
and VWD. Taking these evidences into account, lower
TAFT activity has been associated with prothrombotic
clinical features, whereas higher TAFT activity has been
associated with bleeding manifestations. In our study, as
TAFI activity was inversely correlated to EL'T, this
finding may suggest that higher TAFI activity may
be associated with hyperfibrinolysis. It is possible that
the higher TAFT activity might be due to higher levels of
pro-T'AFI and impaired physiological conversion of
TAFI into TAFIa. However, the role of TAFI tests in
the diagnosis of bleeding disorders has not been
established yet.

Therefore, despite the comprehensive evaluation of
hemostasis parameters, by global and specific assays,
the causes for the bleeding manifestations in patients
remained undetected. Initially, our results raised a
possible association of undiagnosed bleeding tendency
with an impaired fibrinolysis; however, no specific fibri-
nolysis disorder could be detected. As fibrinolysis activity
depends upon the activity of endothelial cells [22],

cellular elements of hemostasis may possibly play a role
in triggering bleeding disorders. However, up to now,
the available coagulations assays are not adequate to
evaluate the interaction of endothelial cells, coagulation
factors, and platelets in blood hemostasis.

Moreover, as laboratory methods are limited for the
diagnosis of a great number of patients with a bleeding
tendency, a detailed and objective bleeding history may
be the key point in the clinical evaluation of these
patients, instead of a comprehensive laboratory evalu-
ation [23,24].

In conclusion, our results showed that available global
tests of coagulation and fibrinolysis are limited for detect-
ing the coagulopathy of some patients with a relevant
bleeding tendency and may not be adequate to address
their bleeding risk. Bleeding scores are, until this date,
the only medical approach for the diagnosis of these
patients.
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