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Abstract

Introduction: Analysis of fibrinolytic disorders is challenging and may potentially lead
to underdiagnosis of patients with an increased bleeding tendency.

Aim: To compare clinical characteristics, laboratory measurements, and treatment
modalities in a monocenter cohort of patients in whom fibrinolytic studies were
performed.

Methods: Retrospective study of patients in whom fibrinolytic studies were per-
formed between January 2016 and February 2020 in the Hemophilia Treatment
Center, Nijmegen-Eindhoven-Maastricht, the Netherlands. Plasminogen activa-
tor inhibitor type 1 (PAI-1) antigen and activity level, a2-antiplasmin activity, tissue
plasminogen activator, and euglobulin clot lysis time (ECLT) before and after venous
compression were determined in all patients. Data of bleeding assessment tool (BAT)
score, clinical characteristics, results of primary and secondary hemostasis assays,
and general treatment plans were collected.

Results: In total, 160 patients were included: 97 (61%) without and 63 (39%) with a
laboratory-based fibrinolytic disorder. Mean BAT score did not differ between the
groups (9.3 vs 9.8, respectively). The presumptive fibrinolytic disorders were distrib-
uted as follows: 34 patients had an increased ECLT ratio or low baseline ECLT, 25
patients had low PAI-1 antigen and activity level, and four patients had both. The
majority of these patients were treated with tranexamic acid monotherapy (60%) with
only 40% additional treatment options, whereas 80% of patients without a presump-
tive fibrinolytic disorder had multiple treatment modalities.

Discussion: Analysis of fibrinolytic disorders in selected patients has a high diagnos-
tic yield. General incorporation of fibrinolytic analysis in the diagnostic workup of
patients with bleeding of unknown cause can improve diagnosis and management of

their bleeding episodes.
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Essentials

o Fibrinolytic disorders can be a cause in patients with extensive bleeding.

e Retrospective cohort study of preselected patients in whom fibrinolytic testing was performed.

o Fibrinolytic analysis revealed that 39% of patients had a presumptive fibrinolytic disorder.

e Implementation of fibrinolytic analysis led to a personalized treatment plan for the patients.

1 | INTRODUCTION

The diagnostic analysis of patients who experience recurrent mild
to moderate bleeding symptoms is challenging.l’3 Measurement of
primary and secondary hemostasis is standardized and protocolized.
Still, in a large proportion of these patients, a definitive diagnosis
cannot be determined.*” A fibrinolytic defect could be causative,
but this is usually not examined because of the nonstandardized and
complex diagnostic analysis, especially with respect to fibrinolysis.“"7
Fibrinolysis consists of two consecutive steps. First, plasmin
is formed by cleavage of plasminogen by plasminogen activators,
such tissue-type plasminogen activator (tPA) and urokinase-type
plasminogen activator. Second, fibrin is degraded by plasmin to
fibrin degradation products.®** Fibrin has an important role in its
own degradation by providing binding sites for plasminogen activa-
tors.!? Blockage of these binding sides by soluble lysine analogues,
like tranexamic acid (TXA), leads to inhibition of fibrinolysis.® The
process of fibrinolysis is balanced by inhibitors like thrombin acti-
vatable fibrinolysis inhibitor, which is activated by thrombin when a
clot is formed,*® plasminogen activator inhibitor type 1 (PAI-1) and
a2-antiplasmin («2-AP).? PAI-1 inhibits tPA and urokinase-type plas-
minogen activator, whereas a2-AP directly binds to plasmin, making
it ineffective. Hyperfibrinolysis usually leads to a mild to moderate
bleeding phenotype, with mainly mucosal bleeding, such as heavy
menstrual bleeding, (late) postoperative bleeding, and postpartum
bleeding.®” PAI-1 deficiency and a2-AP cause a deficiency of fibri-
nolysis inhibitors, resulting in an increased plasmin activity.7'14'19
Only a few previous studies have investigated the role of fibri-
nolysis in patients with mild to moderate bleeding symptoms, but
these showed conflicting results.2292% Analysis of fibrinolytic dis-
orders is challenging and in most centers not performed, resulting
in a significant number of patients with bleeding of unknown cause.
The most encountered diagnostic challenge is that assays are not
standardized, and definitions of fibrinolytic disorders are lacking.
In our hemophilia treatment center (HTC), we analyze fibrinolysis
in patients with a high chance of having a fibrinolytic disorder. The
objective of this study is to describe the characteristics of patients
in which fibrinolysis was analyzed and to evaluate the clinical and
laboratory differences between patients with and without a pre-

sumptive fibrinolytic disorder. The results provide practical insight

in the clinical implication of performing fibrinolytic assays and the
possibilities of adjusting treatment accordingly. Because no defini-
tion of a fibrinolytic disorder is issued by the SSC of the ISTH, we will
use “presumptive fibrinolytic disorder” as the term for when patients
had an aberrant result of fibrinolytic assays.

2 | PATIENTS AND METHODS

2.1 | Patients

All consecutive patients in whom fibrinolytic studies were per-
formed between January 2016 and February 2020 in the HTC of
the Radboud University Medical Center, Nijmegen, the Netherlands,
were included in this retrospective cohort study. Patients were ana-
lyzed for the presence of fibrinolytic disorders after discussion in a
multidisciplinary team meeting with at least two hematologists spe-
cialized in coagulation, a pediatric hematologist, a coagulation labo-
ratory specialist, and a clinical chemist. Indications for undergoing
fibrinolytic studies are: (1) Tosetto bleeding assessment toll (BAT)
score 210 and no definite diagnosis after performing primary and
secondary coagulation assays (referred to as bleeding of unknown
cause patients); (2) bleeding history specific for fibrinolytic disorders
irrespective of BAT score (i.e., bleeding after initial coagulation after
an invasive procedure, severe mucocutaneous bleeding); (3) positive
family history for a fibrinolytic disorder (independent of BAT score);
and (4) known bleeding disorder with extensive bleeding despite ad-
equate targeted treatment (i.e., factor levels according to guidelines)
irrespective of the BAT score. Patients who were tested but could
not be classified to one of these categories were included in cat-
egory 5: fibrinolytic studies not indicated.

Only patients who did not give informed consent to use medical
information for research purposes in the electronic patient file were
excluded. This study did not need approval of the medical ethical com-
mittee because only medical records were collected of patients who
gave digital informed consent for anonymous usage of their data. The re-
search was executed according to the Declaration of Helsinki. The study
is reported according to the STROBE statement,?’ see Appendix S1.

For each patient demographics, bleeding score determined with

the Tosetto BAT score, 28?7 general treatment plan, relevant medical
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history, and medication interfering with hemostasis (e.g., anticoagu-
lant therapy, nonsteroidal anti-inflammatory drugs, antiplatelet ther-
apy) were recorded by the treating physician. First-tier screening
coagulation assays and second-tier, confirmatory assays, were per-
formed in all referred patients, as described before.® All laboratory
results were obtained from the laboratory database and, together

with the clinical patient data, stored in an anonymized database for

analysis.
2.2 | Fibrinolytic studies
2.21 | Sample collection

Plasma collection for fibrinolytic studies was performed between
9:00 and 9:30 a.m. because tPA and PAI-1 antigen and activity level
have a diurnal variation.%® Patients were in a fasting state and were
not allowed to drink caffeine-containing beverages 24 h before the
test. Blood was drawn by venipuncture in 3.2% buffered sodium cit-
rate siliconized blood collecting tubes (Becton Dickenson, Plymouth,
UK) after 20 min of rest in a seated position for PAI-1 antigen and
activity, euglobulin clot lysis time (ECLT) before, and a2-AP activity
determination. Then, samples were collected after 10 min of com-
pression with an inflated blood pressure cuff at 10 mmHg above di-
astolic pressure, immediately after release of pressure for ECLT after
compression and tPA determination.?! All the collected samples

were directly put on ice and kept at 4°C.
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2.2.2 | PAI-1 antigen and activity level

Samples collected before venous compression were used for PAI-1
antigen and activity determination. Citrated blood was centrifuged for
15 min at 4200 g at 4°C. Plasma was collected and transferred to new
tubes, which were centrifuged for 15 min at 17,000 g at 4°C to remove
all platelets because platelets contain PAI-1. Afterward, the Zymutest
PAI-1 antigen assay and Zymutest PAI-1 activity assay (both Hyphen
Biomed, Neuville-sur-Oise, France) were performed according to the
manufacturer's instructions and measured at the FLUOstar microplate
reader (BMG Labtech, Ortenburg, Germany). PAI-1 antigen and activ-
ity level reference ranges were determined in 40 healthy individu-
als and validated in a separate cohort of 41 healthy volunteers. This
yielded a reference range of 3.4-39.0 ng/ml for PAI-1 antigen level,
with a lower limit of quantification of <2.5 ng/ml. For PAI-1 activity
level, the reference range is 0-10.7 ng/ml. The lower limit of qualifi-
cation was determined to be <1.0 ng/ml. Therefore, samples with a
PAI-1 activity level of <1.0 ng/ml in combination with a PAI-1 antigen

level <3.4 ng/ml (the lower limit of normal) are diagnosed as low PAI-1.

2.2.3 | Euglobulin clot lysis time

Blood samples collected before and after venous compression were
centrifuged twice for 15 min at 4200 g at 4°C. After centrifuging, 2.5
ml of citrated plasma was transferred to a plastic tube and 22 ml cold

distilled water and 1.9 ml 0.25% acetic acid were added. The solution

164 patients underwent fibrinolytic

studies during study period

4 patients excluded:
- 2 no consent
- 1 tested twice
- 1 only PAI-1 antigen
determined

h 4

[ 160 patients included in the study j

97 patients without a
presumptive fibrinolytic disorder
v

N

FIGURE 1 Flow diagram of patients

[ 63 patients diagnosed with a presumptive fibrinolytic disordea

included. Increased euglobulin clot lysis
time (ECLT) ratio was defined as a ratio

>5.7 or patients with a short ECLT at

4 A 4

baseline (<116 min). Low PAI-1 is defined A
as a PAI-1 activity level <1.0 ng/ml in
combination with a PAI-1 antigen level
<3.4 ng/ml. PAI-1, plasminogen activator
inhibitor type 1

34 patients with an
increased euglobulin
clot lysis time ratio only

4 patients with an increased
euglobulin clot lysis time ratio and
low PAI-1 antigen and activity

25 patients with
low PAI-1 antigen
and activity only
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was incubated for 30 min on ice and afterwards centrifuged for
10 min at 3500 g at 4°C, the supernatant discarded. The pellets were
resuspended with 2.5 ml of cold veronal buffer (5.9 g barbital-sodium,
7.3 g sodium chloride, 21 ml 1 M HCl in 800 ml distilled water, pH
adjusted to 7.35) until fully resolved. Because the test was performed
in duplicate, 1 ml of suspension was transferred to another tube and
to each tube 30 pl thrombin (Nodia, Boom, Belgium; final concentra-
tion, 200 U/ml) was added. The tubes were transferred to a water
bath of 37°C and time was recorded for lysis of the formed clot up
until 300 min by visual inspection of the clot at regular time intervals
(first 18 min every 2 min, up until the hour, every 5 min, and thereafter
every 15 min) by a specialized laboratory technician. The duplicates

were used to cross reference the resolution time (i.e., to see if both

TABLE 1 Patient demographics and clinical characteristics

No fibrinolytic disorder

clots were lysed). The ratio between ECLT before and after venous
compression was calculated. Reference range was determined in
27 healthy controls and was based on the 95% confidence interval
(Cl), which was 1.2-5.7. This was thereafter validated in an independ-
ent group of 47 healthy volunteers. An ECLT ratio of >5.7 indicates
hyperfibrinolysis. Additionally, a baseline ECLT of <116 min (the lower

limit in healthy controls) was also classified as hyperfibrinolysis.

2.24 | tPA activity level

For the analysis of tPA activity, 2 ml of citrated blood after venous

compression was transferred in a tube containing 2 ml refrigerated

Presumptive fibrinolytic

All patients (n = 160) (n=97) disorder (n = 63) p value*
Age, median, y (extremes) 45 (15-78) 49 (17-76) 38 (15-78) 0.29
Female, n (%) 143 (89)° 88 (91) 55 (87)° 0.60
Reason for fibrinolytic studies, n (%)
1. BAT score 210 84 (52) 47 (49) 37 (59) 0.14
2. Bleeding history typical for 25 (16) 13 (13) 12 (19) 0.31
fibrinolytic disorders
3. Positive family history 5(3) 2(3) 1.00
4. Bleeding despite adequate 11(7) 5(8) 0.62
coagulation measures
5. Not indicated 35(22) 28 (29) 7(11) <0.01
Blood group, n (%)
Unknown 23 (14) 14 (14) 9 (14) 1.00
0 (null) 78 (49) 46 (48) 32 (51) 0.75
A/B/AB (non-0O) 59 (37) 37(38) 22 (35) 0.74
BAT score, mean (SD) 9.5(3.5) 9.3(3.6) 9.8 (3.5) 0.45
Epistaxis 0.6 (0.8) 0.5(0.7) 0.6 (0.9) 0.60
Cutaneous 0.8 (0.5) 0.8(0.5) 0.9 (0.6) 0.41
Minor wounds 0.8(0.7) 0.8 (0.7) 0.8(0.8) 0.90
Oral cavity 0.5(0.7) 0.3(0.6) 0.6 (0.8) 0.03
Gl bleeding 0.4(0.7) 0.3(0.5) 0.5(0.9) 0.54
Tooth extraction 0.9 (1.4) 0.8 (1.4) 1.1(1.5) 0.18
Surgery 2.1(1.6) 2.2 (1.6) 1.8(1.5) 0.10
Menorrhagia® 2.1(1.3) 2.3(1.2) 2.2(1.2) 0.79
Postpartum hemorrhage? 1.1 (1.4) 1.2(1.4) 1.2(1.5) 0.82
Muscle hematomas 0.1 (0.6) 0.2 (0.6) 0.1 (0.6) 0.51
Hemarthroses 0.1(0.5) 0.1 (0.6) 0.1(0.4) 0.83
CNS bleeding 0.1(0.6) 0.1(0.6) 0.1(0.5) 0.91
Use of anticoagulants, n (%) 6(4) 4 (4) 2(3) 1.00
Use of antiplatelet drugs, n (%) 4 (3) 4 (4) - 0.11
Use of NSAIDs, n (%) 1(1) - 1(2) 0.39

Abbreviations: BAT, bleeding assessment tool; CNS, central nervous system; Gl, gastrointestinal; NSAID, nonsteroidal anti-inflammatory drug.

*p value between patients without and with a presumptive fibrinolytic disorder.

?Bleeding scores of male patients were described as missing data, except for the male patient who was in a transgender trajectory, originating from

female.
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TPA acetate buffer (concentration 200 mM, pH 3.9). It was centri-
fuged for 15 min at 4200 g at 4°C and afterwards 10 ul 1 M HCL was
added per 150 ul citrated plasma. tPA activity level was measured
with the Zymuphen tPA activity assay (Hyphen Biomed) according
to the manufacturer's instructions and measured at the FLUOstar
microplate reader (BMG Labtech). The reference range was deter-
mined to be 0.7-7.4 1U/ml with a lower limit of quantification of
<0.5 IU/ml.

2.2.5 | Alpha-2-antiplasmin level

a2-AP activity level was determined in citrated plasma with the
chromogenic Stachrom antiplasmin assay at the STA Evolution (both
Diagnostic Stago, Asniéres sur Seine, France) according to the manu-

facturer's instructions. Reference values are 80% to 120%.

2.3 | Statistical analysis

All parameters are reported as median (interquartile range) un-
less stated otherwise. We used descriptive statistics for patient
characteristics. Patients with a presumptive fibrinolytic disorder
(patients with ECLT abnormalities [an ECLT ratio >5.7 or base-
line ECLT <116 min]) or low PAI-1 (PAI-1 activity level <1.0 ng/
ml and PAI-1 antigen level <3.4 ng/ml) were compared with pa-
tients without fibrinolytic disorder (i.e., those with normal assay
results). Student's t-test and Mann-Whitney test were used ac-
cordingly. Frequencies were compared with the X2 test. Spearman
correlation was used to determine correlations. Statistical analy-
ses were performed with Prism GraphPad, version 9. All p values
are two-sided and a p value <0.05 was considered statistically

significant.

Total BAT score

N
(3]

N
=]
|
1

BAT-score
o

0
I

-—'—
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3 | RESULTS

3.1 | Patients

All 164 patients in whom fibrinolysis analysis was performed be-
tween January 2016 and February 2020 were identified based on
the centrally collected data of the laboratory of hemostasis. Two pa-
tients did not give informed consent, one patient was tested twice
(with the same results), and in one patient, only PAI-1 antigen level
was determined, resulting in 160 unique patients that were included
in the study. Of those, 97 (61%) did not have a fibrinolytic disorder,
whereas 63 patients (39%) did. The patients with a presumptive fi-
brinolytic disorder were subdivided in 33 patients with an increased
ECLT ratio and one with only a low baseline ECLT (taken together as
34 patients and referred to as “increased ECLT ratio”), 25 patients
with a low PAI-1 antigen and activity level, and an additional four
patients had both an increased ECLT ratio and low PAI-1 antigen and
activity level. No patient had an a2-AP deficiency. The patient flow
diagram is shown in Figure 1.

Patient demographics and clinical characteristics are shown in
Table 1. Median age of the patients did not differ between the groups
(49 years [range 17-76]) for patients without a fibrinolytic disorder
versus 38 years (15-78) for patients with a presumptive fibrinolytic
disorder. Females were most prevalent in both groups (91% vs 87%)
and blood groups were evenly distributed between patient catego-
ries. The main reason for fibrinolytic testing was a BAT score 210 in
both groups (49% vs 59%). However, in the group of patients without
a fibrinolytic disorder, more patients were tested although it was not
indicated (29% vs 11%, p < 0.01). Information about ethnicity was
not available, and it is unknown if fibrinolysis is affected by ethnicity.

The BAT score of the patients did not differ significantly between
the two groups with a mean (SD) of 9.3 (3.6) versus 9.8 (3.5), respec-

tively (Figure 2 and Table 1). Moreover, no difference in BAT score

No fibrinolysis disorder
Presumptive fibrinolysis disorder
Increased ECLT ratio

Low PAI-1 ag and act level

ORENDO

Increased ECLT ratio and
low PAI-1 ag and act level

n=97 n=63 n=34 n=25 n=4

FIGURE 2 BAT score of patients included in the study, divided according to the results of fibrinolysis studies. Total BAT score of the
patients without (gray) and with a presumptive fibrinolytic disorder (purple). Right, the patients with a fibrinolytic disorder are subdivided in
patients with an increased euglobulin clot lysis time (ECLT) ratio or short baseline ECLT (red), patients with a low PAI-1 antigen and activity
level (ag and act; blue), and patients with both a high ECLT ratio and low PAI-1 antigen and activity level (green). Box represents median with
interquartile range, whiskers indicate range. BAT, bleeding assessment tool; PAI-1, plasminogen activator inhibitor type 1
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was observed between the different fibrinolytic disorder groups (in-
creased ECLT ratio 9.9 [3.2], low PAI-1 antigen and activity level 9.4
[4.0], and both disorders 11 [4.1], Figure 2). Subcategories of the BAT
score did not differ either, except for oral cavity bleeding (p < 0.01;
Table 1 and Figure S1A). There were no differences in subcategories
of the BAT score between the different presumptive fibrinolytic dis-
orders (Figure S1B and Table S2).

3.2 | Results of fibrinolysis studies

The results of the fibrinolysis analyses are described in Table 2 for
the different groups. The fibrinolytic results per indication for test-
ing in Table 3. When indications for testing were adhered to, 40% to
50% of the tests were positive for a presumptive fibrinolytic disor-
der, whereas 80% was negative when fibrinolytic analysis was not
indicated.

A clear difference was observed in ECLT before venous compres-
sion between the patient groups. This was >300 min (257->300) in
patients without a fibrinolytic disorder, but markedly lower in pa-
tients with a presumptive fibrinolytic disorder (170 min [137-227],
Table 2). Of the latter group, patients with a low PAI-1 antigen and
activity level had an ECLT time before compression of 165 min (130-
180), indicating an already existing hyperfibrinolysis in patients with
a low PAI-1 antigen and activity level but still in the normal range.

The increased ECLT ratio (Figure 3A) was associated with a
higher tPA activity level after venous compression (Figure 3B and
Table 2). The tPA activity level was 1.5 IU/ml (1.0-2.2) in patients
without a fibrinolytic disorder and 3.1 IU/ml (2.0-6.1) in patients
with a presumptive fibrinolytic disorder (p < 0.00). Furthermore,
patients with an elevated ECLT ratio had a higher tPA activity level
after compression (6.0 1U/ml [3.1-9.4]) compared with patients with
low PAI-1 antigen and activity level (2.2 IU/ml [1.4-2.5], p < 0.00).
tPA activity level after venous compression showed a strong cor-
relation with ECLT ratio (r = 0.77, 95% Cl 0.70-0.83, p < 0.00;
Figure S2A). This correlation was due to a strong correlation be-
tween tPA and ECLT after compression (r = -0.75, 95% Cl -0.81 to
-0.67, p < 0.00; Figure 2B), which was strongest in patients with a
presumptive fibrinolytic disorder (r = -0.79, 95% CI -0.87 to -0.68,
p < 0.00; Figure S2C), compared with patients without fibrinolytic
disorder (r = -0.59, 95% CI -0.71 to -0.44, p < 0.00; Figure S2D).

PAI-1 antigen and activity levels were clearly higher in patients
without a fibrinolytic disorder (PAI-1 antigen 12.0 ng/ml [7.4-18.5];
PAI-1 activity level 1.8 ng/ml [1.0-4.2]) than in patients with a pre-
sumptive fibrinolytic disorder (PAI-1 antigen 3.5 ng/ml [<2.5-7.2];
PAI-1 activity level <1.0 ng/ml [<1.0-1.0]; Table 2 and Figure 4).
The correlation between PAI-1 antigen and PAI-1 activity is shown
in Figure S3. In patients without a fibrinolytic disorder there was
a strong negative correlation between PAI-1 antigen level and
ECLT ratio (r = -0.65, 95% CI -0.75 to -0.51, p < 0.00, Figure S2E),
whereas patients with a presumptive fibrinolytic disorder showed
a strong positive correlation (r = 0.75, 95% Cl 0.61-0.84, p < 0.00,
Figure S2F).

TABLE 2 Results of fibrinolytic studies

Increased ECLT
ratio and low

PAI-1 ag and act
(n = 4)°

Low PAI-1 ag and act

(n=25)°

Increased ECLT
ratio (n = 34)°

Presumptive fibrinolytic
disorder group (n = 63)°

No fibrinolytic disorder

(n

=97)

All patients (n = 160)

Reference values

Parameter®

155 (140-170)
20 (18-25)

130-180)
40-80)
2.2-3.7)
1.4 -2.5)

7.5(6.1-8.3)

5.8(5.5-5.8)

<2.5(<2.5-3.0)

<2.5-2.7)

<1.0 (<1.0-<1.0)
112 (95-118)

<1.0-<1.0)
98-111)

165

217 (147-282)
23 (19-30)

170 (137-227)
29 (22-47)

257->300)
78-259)
1.2-3.3)
1.0-2.2)

55
29

8.5(6.3-11.3)
6.0 (3.1-9.4)

6.1(2.9-8.8)
3.1(2.0-6.1)

2.2
<2.5

6.8 (4.9-12.0)

3.5(<2.5-7.2)

7.4-18.5)
1.0-4.2)

<1.0

1.0 (<1.0-1.7)

<1.0 (<1.0-1.0)
107 (100-112)

103

108 (102-113)

102-118)

>300

170->300)
33-150)
1.8-5.5)
1.2-3.1)

125

2.2

1.5
12.0

4.4-14.2)
<1.0-2.6)

1.8
110

102-115)

270

>116
>18

ECLT before, min

78
2.9

ECLT after, min
ECLT ratio

<57

2.0
79

0.7-7.4

tPA, IU/ml

3.4-39.0
<10.4

PAI-1 antigen, ng/ml

11
108

PAI-1 activity, ng/ml

80-120

a-2-antiplasmin activity, %

Abbreviations: ECLT, euglobulin clot lysis time; tPA, tissue-plasminogen activator; PAI-1, plasminogen activator inhibitor-1.

2All numbers are given as median (interquartile range).

bThese include patients with an increased ECLT ratio and low PAI-1 antigen and activity level, causing the range to include normal values.

“Subdivision of patients with a presumed fibrinolytic disorder in which the ECLT ratio increased if 25.7 or baseline ECLT <116 min, low PAI-1 if PAI-1 antigen <3.4 ng/ml and PAI-1 activity <1.0 ng/ml, a-2

antiplasmin decreased if activity level <80%.
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a2-AP concentration did not differ between the groups (110%
[102-118] vs 107% [100-112], Table 2). We did not find any patients
with a a2-AP deficiency in this cohort.

Previous reports have suggested a potential role for the ABO blood
group system in fibrinolysis®?%; therefore, the results of fibrinolytic
analysis were compared between blood groups (O vs A/B/AB [non-QJ;
Figure S4). A significant higher ECLT ratio in patients with blood group
O (3.4 [1.9-6.0]) was found if compared with non-O (2.4 [1.3-4.1], p
< 0.01), Figure S4A. Moreover, a similar effect was seen for only tPA.
Patients with blood group O had higher tPA levels (2.4 IU/ml [1.4-4.2])
compared with patients with non-O blood groups (1.6 1U/ml [1.0-2.5]),

TABLE 3 Fibrinolytic study results according to diagnostic category

a m
Tesearch & practice
in thrombosis & haemostasis

p< 0.01, respectively, Figure S4B). PAI-1 antigen and activity did not
differ between blood groups (data not shown). The percentage of pa-
tients with certain blood groups did not differ between patients with
or without a presumptive fibrinolytic disorder (Table 1).

The results of the other coagulations assays (platelet function
assays, presence of platelet receptors, activation markers, von
Willebrand factor (VWF) activity and antigen levels, and individual
factor activity levels) that were performed in the included patients
are shown in Table S2. No clear differences in additional hemostatic
diagnosis were seen between the group with or without a presump-
tive fibrinolytic disorder.

Number BAT ECLT after,
(%) score? ECLT before, min min
1. Bleeding of unknown cause (BAT score 210),n = 84
NoFD 47 (56) 121+2.6 >300(295->300) 154 (103-206)
PFD 37 (44) 120+ 2.7 177 (153-227) 27 (21-46)
2. Bleeding history specific for fibrinolytic disorder, n = 25
NoFD 13(52) 70+14 >300(212->300) 157 (91-229)
PFD 12 (48) 5.5+0.7 181 (147-214) 22 (28-39)

. Family history for fibrinolytic disorders,n = 5

No FD 3(60) 6.8+20 299 (250->300) 102 (67-149)
PFD 2 (40) 70+19 172 (142-189) 33(26-60)
4. Bleeding despite adequate coagulation measures, n = 11

No FD
PFD

6 (55)
5 (45)

No FD 28 (80)
PFD 7 (20)

7.3+10
6.7 +1.5

6.6+21
7.6+18

>300 (>300->300)

215 (130-258)

. Fibrinolytic analysis not indicated, n = 35

>300 (179->300)
152 (140-193)

131 (120-201)
32 (29-34)

101 (58-236)
35(30-58)

tPAin PAI-1 antigen, PAI-1 activity,
ECLT ratio ng/ml ng/ml ng/ml
1.9 (1.2-2.5) 1.4(1.0-2.3) 13.6(8.3-21.2) 2.6 (1.3-4.6)
6.3 (3.6-9.5) 5.5(2.2-6.9) 4.9(2.8-8.0) <1.0(<1.0-1.3)
1.9 (1.5-3.4) 2.2(1.5-2.7) 12.3(8.5-22.3) 1.3 (<1.0-2.9)
6.9 (4.8-9.1) 3.3(2.9-3.8) 3.6(2.9-4.3) <1.0(<1.0-<1.0)
2.9 (1.8-3.4) 1.5(1.1-1.9) 8.3(7.5-17.0) 1.1(<1.0-2.1)
4.2 (2.9-7.0) 2.2(1.7-3.8) <2.5(<2.5-4.3) <1.0(<1.0-<1.0)
2.3 (1.6-2.5) 1.5(1.3-2.0) 11.4(8.3-13.7) 1.8 (1.0-4.3)
6.7 (4.4-8.8) 2.4(2.2-3.1) 4.3(3.0-10.5) 1.0 (<1.0-1.1)
2.3(1.3-4.0) 1.6(1.1-2.4) 9.1(6.3-16.2) 1.6 (<1.0-2.9)
4.6 (2.9-6.3) 2.9(2.1-3.0) <2.5(<2.5-3.0) <1.0(<1.0-<1.0)

Abbreviations: BAT score, bleeding assessment tool score; BUC, bleeding of unknown cause; ECLT, euglobulin clot lysis time; no FD, no fibrinolytic
disorder; PAI-1, plasminogen activator inhibitor-1; PFD, presumptive fibrinolytic disorder; tPA, tissue-plasminogen activator.

2All numbers are given as median (interquartile range), except for BAT score, which is expressed as mean =+ standard deviation.

ECLT ratio tPA after compression
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15{ 3 10l E@ No fibrinolysis disorder
81251 E: 10T Bl Presumptive fibrinolysis disorder
E 10.0 i @B Increased ECLT ratio
§ 7.5 E 2 5 @l Low PAI-1 ag and act level

50 3 3 Increased ECLT ratio and

25 é low PAI-1 ag and act level
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FIGURE 3 Results of euglobulin clot lysis time ratio and tissue plasminogen activity (tPA) after compression. (a) Result of the euglobulin
clot lysis time (ECLT) ratio in the group without (gray) and with a presumptive fibrinolytic disorder (purple). To the right of the line, ECLT ratio
in patients with an increased ECLT ratio or short baseline ECLT (red), patients with a low PAI-1 antigen and activity level (blue), and patients
with both an increased ECLT ratio and low PAI-1 antigen and activity level (green). (b) tPA after venous compression in patients without
(gray) and with a presumptive fibrinolytic disorder (purple). To the right of the dotted line, tPA in patients with only an increased ECLT ratio
or short baseline ECLT (red), patients with a low PAI-1 antigen and activity level (blue), and patients with both an increased ECLT ratio and
low PAI-1 antigen and activity level (green). In panels a and b, box represents median with interquartile range, whiskers indicate range. PAI-1,
plasminogen activator inhibitor type 1
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FIGURE 4 Results of PAI-1 antigen and activity level. (a) PAI-1
antigen level (on left y-axis) and PAI-1 activity level (on right y-axis)
in patients without (gray) and with a presumptive fibrinolytic
disorder (purple). (b) PAI-1 antigen level (left y-axis) and PAI-1
activity level (right y-axis) in patients with only a high ECLT ratio
(red), patients with a low PAI-1 antigen and activity level (blue),
and patients with both a high ECLT ratio and low PAI-1 antigen
and activity level (green). Box represents median with interquartile
range, whiskers indicate range. *Low PAI-1 was defined as a PAI-1
activity level <1.0 ng/ml; therefore, almost no values are shown.
Three patients had a PAI-1 activity level of 0.5 ng/ml. ECLT,
euglobulin clot lysis time; PAI-1, plasminogen activator inhibitor
type 1

3.3 | General treatment plans

Finally, general treatment plans were compared between patients,
as shown in Table 4. In our HTC, a general treatment plan is com-
posed for patients with a sex-specific elevated BAT score and is
dependent on the abnormalities found in coagulation analysis.

Fourteen patients (14%) without a fibrinolytic disorder had no treat-
ment plan, mostly because the BAT score was low (patients with a
positive family history for bleeding disorders or not indicated test-
ing). All patients (100%) with a presumptive fibrinolytic disorder had
a treatment plan with TXA versus 80 (82%) of the patients without
a fibrinolytic disorder. Only six patients (6%) without a fibrinolytic
disorder had no additional hemostatic agents in their plan, mostly
because of a low BAT score, whereas 38 (60%) of the patients with
a presumptive fibrinolytic disorder had no additional hemostatic
agents. Of the patients with a presumptive fibrinolysis disorder, ad-
ditional hemostatic agents were adjusted to other hemostatic abnor-
malities (e.g., D-amino D-arginine vasopressin [DDAVP] in patients
with also low VWF activity, and platelet transfusion in patients with
a thrombocytopathy). Only six patients (10%) with a presumptive
fibrinolytic disorder had additional hemostatic agents in their treat-

ment plan without specific hemostatic abnormalities.

4 | DISCUSSION

In this retrospective cohort study, we have shown that a large pro-
portion (39%) of patients with an increased bleeding tendency who
were tested for fibrinolytic abnormalities had a presumptive fi-
brinolytic disorder. Most of these patients had an increased ECLT
ratio and, to a lesser extent, a low PAI-1 antigen and activity level.
Interestingly, patients who were tested according to the prespecified
indications had a higher chance (40%-48%) of having a presumptive
fibrinolytic disorder, whereas this was only 20% in patients in whom
testing was not indicated (see Table 3). This shows that analysis of
fibrinolytic abnormalities is most efficient when it is done according
to prespecified indications, like a high BAT score bleeding diathesis,
a typical bleeding history, a family history for fibrinolytic disorders,
and excessive bleeding in patients with a coagulation disorder de-
spite adequate supplementation therapy.

The patients included in our study had a high bleeding tendency,
as illustrated by a mean BAT score of 9.8 and 9.3 in patients with
and without a presumptive fibrinolytic disorder, respectively. This is
explained by the selection criteria for undergoing fibrinolytic test-
ing. In contrast, in most other studies investigating prevalence of
fibrinolytic disorders in patients with bleeding of unknown origin
all patients with a bleeding tendency were tested, despite the BAT
score. 2292124 The mean BAT score in those studies was 4-5,292
and because a large proportion in those studies were women, a BAT
score <6 can be considered as normal.?® In our study, had undergone
fibrinolytic testing because of either a high BAT score, family or typ-
ical bleeding history, or excessive bleeding with adequate supple-
mentation therapy.

The ECLT can be used to analyze the fibrinolytic system in
patients with a bleeding diathesis.®® The ECLT reflects the fibri-
nolysis capacity in vivo because of the venous compression, in-
corporating the contribution of endothelium, platelets and red
blood cells (ABO blood group).32'34 Our results indicate that pa-
tients with blood group O have an enhanced fibrinolytic capacity
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No fibrinolytic
disorder (n = 97)

Presumptive fibrinolytic
disorder (n = 63)

No treatment plan, n (%) 14 (14) -
TXA, n (%) 80 (82) 63 (100)
No TXA, n (%) 3(3) -
Additional hemostatic agents
No additional hemostatic agent,n (%) 6 (6) 38 (60)
DDAVP, n (%) 38(39) 7 (11)
DDAVP with
Platelet transfusion, n (%) 17 (17) 9 (15)
von Willebrand factor concentrate, 5 (5) 1(2)
n (%)
Factor VIl concentrate, n (%) 2(2) 1(2)
von Willebrand factor and factor 2(2) —
VIII concentrate, n (%)
Other (without DDAVP)
Plasma, n (%) 1(1) 1(2)
rFVlla, n (%) 2(2) 1(2)
von Willebrand factor, n (%) 3(3) 2(3)
von Willebrand factor and factor 1(1) —
VIII, n (%)
Platelet transfusion, n (%) 5(5) 2(3)
Fibrinogen, n (%) — 1(2)

Abbreviations: DDAVP, D-amino D-arginine vasopressin; rFVlla, recombinant activated factor VII;

TXA, tranexamic acid.

because of a higher activity level of tPA reflected by a higher
ECLT ratio compared with patients without blood group O. Blood
groups were evenly distributed over patients with and without a
fibrinolytic disorder (Table 1). When patients with and without a
presumptive fibrinolytic disorder were analyzed separately, dif-
ferences in ECLT ratio and tPA between blood group remained
intact (data not shown). However, the ECLT is not available as a
commercial test, but our results show the importance of the ECLT.
The reference ranges were determined in two cohorts of healthy
volunteers without bleeding symptoms (27 and 47 volunteers).
Furthermore, in one patient, the ECLT was performed twice, with
a comparable ECLT and both times diagnosed as low PAI-1. Only
five patients in this current cohort had a short baseline ECLT,
whereas a total of 37 patients were diagnosed with a presump-
tive fibrinolytic disorder based on an increased ratio of the ECLT
before and after venous compression, demonstrating the added
value of this ratio compared with baseline ECLT alone. Because
most HTCs do not perform fibrinolysis testing, this results in a
significant proportion of patients diagnosed with bleeding of un-
known origin while they might actually have a fibrinolytic disor-
der. Also, even patients with a known coagulation defect can have
a fibrinolytic disorder. For example, a mild hemophilia A patient
who had a bleeding 7 days after surgery, despite adequate factor
VIII activity levels, appeared to have a long ECLT ratio. His treat-
ment plan was updated with an extended treatment duration of
TXA in case of bleeding or surgery.

In this study, we observed a strong correlation between ECLT ratio
and tPA, which is in accordance with previous studies.* This relation-
ship is expected because tPA is the main activator of fibrinolysis and
venous compression releases tPA from the endothelium. Furthermore,
others described a correlation between free PAI-1 antigen level and
ECLT.3*% In patients with a PAI-1 deficiency a shortening of the ECLT
was found compared with patients with a normal PAI-1 level.'®1%38 This
was also seen in our patients where those with a low PAI-1 had a lower
baseline ECLT. Furthermore, ECLT ratio and PAI-1 antigen showed a
moderate correlation. Whereas in patients with a presumptive fibrino-
lytic disorder it showed a strong positive correlation, the correlation
was negative in patients without a fibrinolytic disorder. This positive
correlation was mainly driven by patients with an increased ECLT ratio,
whereas in patients with low PAI-1 the correlation was weak or absent.
This may indicate that the balance between PAI-1 and tPA is shifted in
patients with an increased ECLT ratio. This observation was previously
shown in a cohort where ECLT shortening and tPA increase after exer-
cise was largely dependent on the basal PAI-1 level.*?

The limited diagnostic yield of current hemostatic assays under-
scores the need for better diagnostic algorithms. The introduction of
global assays of hemostasis can improve diagnostic screening.*® This
global assay ideally should measure both thrombin generation and
plasmin generation because plasmin generation reflects fibrinolysis.
An example of such an assay is the Nijmegen Hemostasis Assay,41
which we have previously performed in patients with a PAI-1 defi-
ciency and plasminogen deficiency. This assay was able to distinguish
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these patient categories based on differences in thrombin and plas-
min generation profiles.*? However, this assay is unable to detect pa-
tients with hyperfibrinolysis based on tPA excess because of added
tPA in the Nijmegen Hemostasis Assay.*! Therefore, for further re-
search, it would be of interest to compare the results of different
fibrinolytic assays and additional replication of our data should be
performed before these assays can be used in regular diagnostics.

All patients with a presumptive fibrinolytic disorder had TXA as
the first step in treatment for bleeding episodes. For 60% of the pa-
tients, this was the only treatment used. The majority of patients with
a presumptive fibrinolytic disorder who did have additional treatment
modalities besides TXA had another hemostatic diagnosis like a low-
normal VWEF, or such a high BAT score or severe bleeding tendency
that the clinician preferred to extend the general treatment plan with
specific hemostatic products in case of a life-threatening bleed (which
was the case in 10% of the patients with a fibrinolytic disorder). For
patients without a fibrinolytic disorder, 80% had additional treatment
modalities in their plan, mostly DDAVP and platelet transfusions.
Additional hemostatic treatment is associated with higher costs for
medication and blood products and can lead to adverse events like
hyponatremia in case of DDAVP and transfusion reactions to plate-
let transfusions. The optimization of general treatment plans by di-
agnosing a presumptive fibrinolytic disorder could prevent exposure
to these costly treatments, with associated risk of adverse events
and without the rationale of being effective in these specific cases.
However, the efficiency and safety of individualization of treatment
plans in patients with a presumptive fibrinolytic disorder in our HTC
is not analyzed and a prospective study should be performed before
implementing this strategy to other HTCs.

Our study has several limitations. First, this is a retrospective
study that analyzed the results of patients in whom fibrinolytic
testing was performed. This introduces selection bias, and it
might be possible that we have missed patients with a presump-
tive fibrinolytic disorder. Some patients were diagnosed with a
presumptive fibrinolytic disorder but diagnostic testing was not
indicated. However, because of the retrospective nature of this
study, depending on the extent of reporting of the treating phy-
sician, patients could be misclassified as “not indicated,” whereas
some could have a typical bleeding history for fibrinolytic disor-
ders. Also, some patients had a BAT score <10 but with two se-
vere bleeding events, causing the physician wanting to exclude all
causes for a bleeding diathesis. Indeed, the patients who had a
presumptive fibrinolytic disorder were mainly young patients with
a relative high BAT score for the number of hemostatic challenges.
Furthermore, most patients in our study were women. Because
they often have higher BAT scores from menorrhagia and post-
partum hemorrhage,7 which are also hallmarks of a fibrinolytic
disorder, they were more frequently tested for the presence of a
fibrinolytic disorder.

Another limitation is the limited generalizability of the ECLT
ratio to detect fibrinolytic disorders. This assay was validated in our
hospital with two groups of healthy volunteers. Preferably, the ref-
erence ranges should be validated in a larger cohort before these

assays are implemented widely. However, the other fibrinolysis tests
(PAI-1 antigen and activity, tPA and a2-AP activity level) were per-
formed with commercially available kits. In other studies, a differ-
ent definition of a PAI-1 deficiency (e.g., only low PAI-1 activity, low
tPA-PAI-1 complex) was used, which makes it impossible to compare
such studies.??2*

In this study, we used the Tosetto BAT score instead of the
more widely used ISTH BAT score. Even though diagnostic per-

I,43 it makes our

formance of the BAT scores is approximately equa
results more difficult to compare with other cohorts. However,
none of the BAT scores is validated for patients with a possible
fibrinolytic disorder. Last, the patients included in the study were
selected based on a high BAT score, family history, and typical
bleeding history, indicating that these results cannot be general-
ized to other cohorts.

In conclusion, our study shows that analysis of fibrinolytic
disorders in selected patients with a high suspicion for fibrino-
lytic disorder (e.g., bleeding of unknown cause patients with a
BAT score 210, a fibrinolysis specific bleeding history) has a high
diagnostic yield, but these results cannot be generalized to other
patient groups. In future studies, the added value of performing
global hemostatic assays like plasmin generation in diagnosing
patients with a presumptive fibrinolytic disorder should be estab-
lished. Based on the results of fibrinolysis studies and combined
with standard coagulation assays, treatment of patients with a
presumptive fibrinolytic disorder could be optimized. A person-
alized treatment plan based on aberrant coagulation assays could
provide a more targeted management. Therefore, analysis of fi-
brinolytic disorders in patients with a bleeding tendency unex-
plained by routine hemostatic testing can optimize treatment for
this patient group.
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