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In seeking diagnostic tool for laboratory monitoring
of FXll-targeting agents, could assessment
of rotational thromboelastometry (ROTEM)
in patients with factor Xll deficiency be useful?
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Abstract

Introduction: Targeting factor XII (FXII) is a new concept for safe thrombosis prophylaxis. Global hemostasis tests offer
promise in terms of the laboratory monitoring of FXII inhibition. The present study examines selected parameters of
rotational thromboelastometry (ROTEM) in patients with FXII deficiency.

The objective of this study was to assess the impact of FXII deficiency on selected parameters of ROTEM, which can be
significant in the laboratory monitoring of FXII inhibition.

Material and methods: The study included 20 patients with FXII deficiency <40% and 21 volunteers free of it. Clotting
time (CT), clot formation time (CFT), alpha angle (), maximum clot firmness (MCF), and maximum lysis (ML) were re-
corded in ROTEM.

Results: For the INTEM test, CT and CFT readings were markedly higher in FXII deficient patients than in controls. No
marked differences in relation to MCF and ML were found.

Conclusion: The results of ROTEM show that FXII deficiency has a great impact on the initiation and amplification of co-
agulation. This was confirmed by a number of marked correlations between FXIl activity and certain ROTEM parameters.
ROTEM tests merit further investigation as treatment control strategjes in the context of FXII inhibition.
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Introduction

Medical device-induced thrombosis poses a significant
medical challenge. Annually, several million people world-
wide undergo the implementation of medical devices
such as a cardiopulmonary bypass, renal hemodialysis,
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extracorporeal membrane oxygenation (ECMO), left ven-
tricular assist devices, and intravenous catheters. The
standard prevention of thrombosis relies on using high
doses of heparin, but such treatment is associated with
an increased risk of bleeding complication. The optimal
treatment should prevent thrombosis without such risk.

WIOLOG
o% %,

Copyright © 2022

Oz g0

The Polish Society of Haematologists and Transfusiologists,

e
% S
H5104- 107

(AR,
)ﬂ

Insitute of Haematology and Transfusion Medicine.

Dm All rights reserved.

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to down-
load articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

www.journals.viamedica.pl/acta_haematologica_polonica

/

7


mailto:jacek.trelinski@umed.lodz.pl
https://orcid.org/0000-0002-5154-9744
https://orcid.org/0000-0002-6149-6252

Acta Haematologica Polonica 2022, vol. 53, no. 4

Table I. Characteristics of study population

Parameter

FXII deficient patients (n = 20)

Controls (n = 21)

Median age in years (range) 49 (21-73)
Sex (F/M) 13/7

PLT [x 10%/L] 254 (142-369)
PT [s] 11.8 (10.1-14.8)
APTT [s] 83 (37.8-500)*
Fibrinogen [mg/dL] 288 (224-475)
FXII activity [%] 18.5 (0-40)**

46 (23-67) NS
19/2
229 (151-376) NS
115 (10.2-13.1) NS
25,4 (22.4-28.2) <0.001
266 (206-376) ns

105 (54-142) <0.001

*Patients with APTT value >500 s (n = 5) were reported as 500 s; **patients with FXII activity <1% (n = 8) were reported as 0; FXII —factor XII; NS — non significant; F — female; M — male; PLT — platelets;

PT — prothrombin time; APTT — activated partial thromboplastin time

In recent years, there has been growing interest in the
preventive role of inhibition of factor Xll, with a very low
risk of bleeding [1-3].

The role of factor XIl (FXIl) was underestimated for de-
cades, since even severe deficiency did not cause bleeding
complication. However, recent studies have shown that this
factor plays a crucial role in initiating plasma contact sys-
tem [4-6]. Exposure of blood to negatively charged artifi-
cial or biological surfaces induces conformational changes
in the catalytic domain of FXII, thereby triggering a series
of proteolytic reactions eventually resulting in thrombin
generation, fibrin deposition and activation of proinflam-
matory kallikrein-kinin system [1]. Although FXlla triggers
fibrin formation through activation of the intrinsic coagula-
tion pathway, it appears to have no critical significance in
fibrin clot formation during normal hemostasis due to vessel
injury. Inhibition of factor XII, by blocking device surface-
induced blood coagulation without bleeding risk, seems
to be the optimal treatment target [7-10]. A number of
potential therapeutic FXIl-targeting agents are in preclini-
cal and clinical trials for the treatment of thrombotic and
inflammatory condition [3].

Even though the suspected bleeding risk related to
such anticoagulant therapy is minimal, it will require lab-
oratory assessment of hemostasis. Commonly used co-
agulation tests [such as activated partial thromboplastin
time (APTT), and prothrombin time (PT)] are not suitable
for monitoring hemostasis after FXII activity knockdown,
providing information only on the initiation of clot forma-
tion. These tests are not adequate to rate the balance of
hemostasis; for example, they remain within normal rang-
es in patients with antithrombin, protein C or protein S
deficiency, where higher amounts of thrombin are gen-
erated compared to healthy subjects [11]. In fact, since
95% of the generated thrombin is not estimated in this
test, nor is the amount of thrombomodulin sufficient for
protein C activation, i.e. the initiation of anticoagulant ac-
tivity, APTT is only suitable for the evaluation of the driv-
ers of the initial phase of intrinsic and common pathway
coagulation [12, 13].

Given this background, a more comprehensive and
sensitive test is needed. Global hemostasis tests e.g.
rotational thromboelastometry (ROTEM) appears to be
a better choice. The objective of this study was to assess
the impact of FXII deficiency on selected parameters of
ROTEM, which can be significant in the laboratory moni-
toring of FXII inhibition.

Material and methods

Twenty patients diagnosed with FXII deficiency <40% were
enrolled in the study (Table ). The study protocol was ap-
proved by the local ethics committee. All participants gave
informed consent. The exclusion criteria were as follows:
known liver disorder (plasma alanine transaminase con-
centration >2 upper limit range), renal failure (creatinine
concentration >2 mg/dL), thrombocytopenia (platelet count
<100 x 10%/1), and taking any drug that strongly influences
platelet function or coagulation for 10 days prior to study
entry. The control group consisted of 21 subjects without
FXII deficiency, of comparable age and with no history of
any bleeding or thrombosis.

PT, APTT, concentration of fibrinogen, and FXII activity
were measured using an ACL Top 500 system (Werfen, Le
Pré-Saint-Gervais, France).

Activated rotation whole blood thromboelastometry
was conducted using a computerized ROTEM device (Ro-
tation Thromboelastometry, Pentapharm GmbH, Munich,
Germany, software version 1.5.3). Four ROTEM tests, i.e.
INTEM, EXTEM, FIBTEM and APTEM, were performed ac-
cording to the manufacturer’s instructions. The coagulation
time (CT), clot formation time (CFT), a-angle, maximum clot
firmness (MCF), maximum lysis (ML), and clot lysis index
at 30, 45 and 60 minutes (LI 30, LI 45, LI 60 respectively)
were among the investigated parameters.

The ROTEM output (TEMogram) reflects the coagula-
tion process by indicating clot initiation (CT), followed by
its amplification (CFT and a angle) and then the propaga-
tion phase (MCF). The next parameters of the TEMogram
(e.g. LI 30 and ML) describe clot stabilization and lysis,
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Table 1l. ROTEM data. Data expressed as median, range

ROTEM test CT [s] p CFT [s]
INTEM FXII DEF 216.5 0.04 101.5
(44-1,204) (37-212)
Controls 173 62
(148-339) (48-167)
EXTEM FXII DEF 51 0.03 127
(28-1,057) (76-186)
Controls 59 94
(45-80) (49-134)
FIBTEM FXII DEF 59 <0.001 108
(45-734) (90-553)
Controls 52 493.5
(44-65) (73-2,082)
APTEM FXII DEF 575 NS 103.5
(46-76) (565-179)
Controls 575 100
(46-69) (61-130)

Paulina Stelmach et al., ROTEM in FXII deficiency

p Alpha (°) P MCF [mm] p
0.003 72 NS 63 NS
(53-82) (49-76)
78 62
(59-82) (54-70)
0.002 69.5 NS 63.5 NS
(56-81) (53-73)
71 63
(65-81) (54-71)
NS 70.5 NS 135 NS
(37-78) (4-63)
66 13
(46-80) (9-30)
NS 70 NS 62 NS
(28-81) (9-75)
73.5 63.5
(65-78) (56-70)

CT — coagulation time; CFT — clot formation time, a-angle, MCF — maximum clot firmness in patients with FXII deficiency and in control group; FXII — factor XlI; NS — non significant

these being parts of the subsequent fibrinolysis process.
The INTEM test, based on activators such as ellagic acid
and phospholipids, gives information comparable to APTT,
while EXTEM (tissue factor activation) provides information
similar to that of PT. In general, CT values are influenced
by the activity of coagulation factors, while CFT results de-
pend on the activity of coagulation factors, platelet count
and function, fibrinogen concentration, fibrin polymeriza-
tion and hematocrit level. MCF is additionally influenced
by thrombin concentration and the activity of FXIII [14, 15].

ROTEM technology is used among others in cardiac sur-
gery, trauma, obstetrics and liver transplantation, but it is
also tested experimentally in hemophilia to assess the in-
dividual response to factor replacement therapy [16]. Full
details of the ROTEM laboratory technique have been pro-
vided in previous publications [14, 17-21].

Statistical analysis

The Mann-Whitney U-test was used to assess the signifi-
cance of differences between studied groups. Correlations
between variables were assessed by the Spearman rank
correlation coefficient (r). In all measurements, p <0.05
was considered statistically significant. Analyses were
performed using STATISTICA v. 13.1 software (StatSoft,
Tulsa, OK, USA).

Results

The screening coagulation tests, platelet count and activ-
ity of FXIl data are shown in Table I. In the FXII deficient
patient group, the median FXIl activity was 18.5%, ranging

from FXII activity below 1% (eight patients) to 40%. APTT
values were significantly higher in the FXII-deficient
group than in controls (83 s vs. 25.4 s, p <0.001). In five
patients, APTT values exceeded 500 s but these were
recorded as 500 s.

ROTEM
The ROTEM values are displayed in Tables lI-1lI.

Parameters concerning initiation

and speed at which solid clot forms

(clotting time, clot formation time, a-angle)

CT readings were found to be markedly higher in FXII defi-
cient patients than in the control group according to the IN-
TEM and FIBTEM tests. An opposite significant relationship
was identified in relation to CT readings by the EXTEM test.
CFT values were markedly higher in FXII deficient patients
than in controls according to the INTEM and EXTEM tests.
No significant differences concerning alpha angle values
were observed.

However, the INTEM test found the median alpha
angle to be significantly smaller in the subgroup of pa-
tients with FXIl <1% (n = 8) than in controls (66 vs. 78,
p <0.001). There were also marked differences in CFT read-
ings (126.5 vs. 101.5, p = 0.02) and alpha angle readings
(66vs. 72, p=0.01) between the FXII <1% subgroup (n = 8)
and the whole FXII-deficient group (n = 20).

Marked negative correlations were found between FXII
activity and INTEM CT (r = -0.46), INTEM CFT (r = -0.62),
while a positive correlation was observed between FXIl ac-
tivity and INTEM alpha angle (r = 0.75).
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Table Ill. ROTEM data. Data expressed as median, range

ROTEM test ML (%) p LI 30 [%]

INTEM FXII DEF 18 NS 100
(2-25) (98-100)

Controls 18 98
(14-23) (94-100)

EXTEM FXII DEF 20 NS 100
(14-33) (98-100)

Controls 22 99
(15-29) (96-100)

FIBTEM FXII DEF 0 NS 100
(0-23) (94-100)

Controls 1 100
(0-112) (96-100)

APTEM FXII DEF 19.5 NS 100
(0-26) (98-100)

Controls 21 100
(15-29 (97-100)

p LI 45 [%] p LI 60 [%] p
<0.001 97 <0.001 93 0.002
(93-100) (88-98)

93 89
(88-98) (84-96)
0.009 97 0.002 93 0.004
(92-100) (88-98)
94 90
(89-98) (84-95)
NS 100 NS 100 NS
(95-100) (90-100)
100 100
(92-100) (90-100)
NS 97 0.04 93.5 0.02
(92-100) (88-100)
95.5 91.5
(91-98) (85-99)

ML — maximum lysis; LI 30 — clot lysis index at 30 min.; LI 45 — clot lysis index at 45 min.; LI 60 — clot lysis index at 60 min. in patients with FXII deficiency and in control group; FXII — factor XII; NS — non

significant

Parameters concerning clot firmness

(maximum clot firmness)

No marked differences were found between the studied
groups regarding MCF readings. Also, there were no sig-
nificant correlations between FXII activity and MCF values
demonstrated in any ROTEM test.

Parameters concerning clot lysis

(ML, LI 30, LI 45, LI 60)

ML readings did not differ markedly between the analyzed
groups for any studied ROTEM test; however, the INTEM
and EXTEM tests found the LI 30, LI 45, LI 60 results to
be markedly higher in FXlI-deficient patients than controls
(Table Ill). Marked negative correlations were observed
between FXII activity and INTEM LI 30 (r = -0.49) and
EXTEM LI 60 (r = -0.48).

Discussion

As expected, the FXII deficient group demonstrated signifi-
cantly higher APTT values than healthy volunteers. Patients
with FXII deficiency (n = 20) demonstrated elongated CT
and CFT according to the INTEM test, and no marked dif-
ferences in a-angle and MCF readings compared to healthy
volunteers. However, the median value of the INTEM a-an-
gle was significantly lower among patients with FXIl <1%
(n = 8) than controls. These results are similar to those
observed by Govers-Riemslag et al. [22] in four patients
with FXIl <5%; they noted that the addition of purified
FXII to blood samples resulted in the normalization of all
ROTEM parameters.

AN

These findings, taken together with marked negative
correlations between FXIl activity and INTEM CT, INTEM CFT
and a positive correlation between FXIl activity and INTEM
a-angle, demonstrate that FXII plays a pivotal role in the
initiation and amplification of coagulation processes, but
not in the propagation phase.

There were no differences seen between FXII patients
and controls in relation to ML in the present study. Simi-
larly, the LI 30, LI 45, LI 60 results were markedly higher
in FXIl-deficient patients than in controls, according to the
INTEM and EXTEM tests, which indicates more stable clots.
Additionally, we observed marked negative correlations be-
tween FXII activity and INTEM LI 30 and EXTEM LI 60. In
their ROTEM analysis, Govers-Riemslag et al. [22] found fi-
brinolysis to be extremely delayed in one patient, with less
than 90% of thrombus being lysed within two hours of mea-
surement. This finding may underscore the role of FXIl in
fibrinolysis initiation. Previous studies demonstrated that
activated factor Xl (FXIla) binds to fibrin, leading to higher
fibrin density and greater stiffness of fibrin clots [23]. FXIla
has been also found to directly convert plasminogen into
plasmin, leading to fibrinolysis acceleration [24]. In FXII-
-deficient patients, diminished clot lysis / impaired fibrino-
lysis has been noted [25, 26].

The limitations of the present study are its relatively
small number of patients/controls and the fact that it com-
pares ROTEM tests between different subjects. Although
the ROTEM tests are thought to describe the hemostatic
potential of each person, they still lack standardization,
and the results are highly individual, which is still poor-
ly understood [27]. Due to the high heterogeneity of the
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individual results, ROTEM may be more accurate as a lab-
oratory diagnostic tool when each subject is his/her own
control. Moreover, ROTEM is not normally used to assess
fibrinolysis, although, if properly modified, it could be also
useful for this purpose [28, 29].

Conclusions

In conclusion, the results of ROTEM show that FXII deficien-
cy has a great impact on the initiation and amplification of
coagulation, but not in the propagation phase. This relation-
ship was further confirmed by a number of marked correla-
tions between FXIl activity and certain ROTEM parameters.
FXIl seems to be only a weak activator of plasminogen [30],
however it cannot be excluded that such influence disturbs
the balance of hemostasis. This aspect should be taken
into consideration, especially now that first clinical trials
with anti-XIl agent have already started. ROTEM tests merit
further investigation as treatment control strategies in the
context of FXII inhibition, especially when each subject is
his/her own control.

Authors’ contributions

JT, PS — concept authorship. JT, KC — content supervision.
JT, MR, PS — development of assumptions and methods.
EK, MT-S, PS — conducting research. JT, PS, WN — analysis
of results and formulation of conclusions.

Conflict of interests
None.

Financial support
This study was supported by Medical University of Lodz
grant No 503-11-001-19-00.

Ethics

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involv-
ing humans; EU Directive 2010/63/EU for animal exper-
iments; uniform requirements for manuscripts submitted
to biomedical journals.

References

1. Maas C, Renné T. Coagulation factor Xl in thrombosis and in-
flammation. Blood. 2018; 131(17): 1903-1909, doi: 10.1182/
blood-2017-04-569111, indexed in Pubmed: 29483100.

2. Kohs TCL, Lorentz CU, Johnson J, et al. Development of coagulation
factor XIl antibodies for inhibiting vascular device-related thrombosis.
Cell Mol Bioeng. 2021; 14(2): 161-175, doi: 10.1007/s12195-020-
00657-6, indexed in Pubmed: 33868498.

3. Kalinin DV. Factor Xli(a) inhibitors: a review of the patent lit-
erature. Expert Opin Ther Pat. 2021; 31(12): 1155-1176, doi:
10.1080/13543776.2021.1945580, indexed in Pubmed: 34142629.

www.journals.viamedica.pl/acta_haematologica_polonica

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Paulina Stelmach et al., ROTEM in FXII deficiency

Colman RW, Schmaier AH. Contact system: a vascular biology modulator
with anticoagulant, profibrinolytic, antiadhesive, and proinflammatory attri-
butes. Blood. 1997; 90(10): 3819-3843, indexed in Pubmed: 9354649.
Stavrou E, Schmaier AH. Factor XII: what does it contribute to our
understanding of the physiology and pathophysiology of hemostasis
& thrombosis. Thromb Res. 2010; 125(3): 210-215, doi: 10.1016/].
thromres.2009.11.028, indexed in Pubmed: 20022081.

Schmaier AH, Stavrou EX. Factor XIl — what’s important but not com-
monly thought about. Res Pract Thromb Haemost. 2019; 3(4): 599-
-606, doi: 10.1002/rth2.12235, indexed in Pubmed: 31624779.
Larsson M, Rayzman V, Nolte MW, et al. A factor Xlla inhibitory anti-
body provides thromboprotection in extracorporeal circulation without
increasing bleeding risk. Sci Transl Med. 2014; 6(222): 222ra17, doi:
10.1126/scitransimed.3006804, indexed in Pubmed: 24500405.
Kenne E, Nickel KF, Long AT, et al. Factor XII: a novel target for safe pre-
vention of thrombosis and inflammation. J Intern Med. 2015; 278(6):
571-585, doi: 10.1111/joim.12430, indexed in Pubmed: 26373901.
Weitz JI, Fredenburgh JC. Factors XI and XII as targets for new an-
ticoagulants. Front Med (Lausanne). 2017; 4: 19, doi: 10.3389/
fmed.2017.00019, indexed in Pubmed: 28286749.

Wilbs J, Kong XD, Middendorp SJ, et al. Cyclic peptide FXII inhibitor
provides safe anticoagulation in a thrombosis model and in artificial
lungs. Nat Commun. 2020; 11(1): 3890, doi: 10.1038/s41467-020-
17648-w, indexed in Pubmed: 32753636.

Tripodi A, Chantarangkul V, Mannucci PM. Acquired coagulation
disorders: revisited using global coagulation/anticoagulation test-
ing. Br J Haematol. 2009; 147(1): 77-82, doi: 10.1111/}.1365-
2141.2009.07833.x, indexed in Pubmed: 19659548.

Mann KG. Thrombin formation. Chest. 2003; 124(3 Suppl): 45-410S,
doi: 10.1378/chest.124.3_suppl.4s, indexed in Pubmed: 12970118.
Dahlbéck B. Progress in the understanding of the protein C anticoagu-
lant pathway. Int J Hematol. 2004; 79(2): 109-116, doi: 10.1532/
ijh97.03149, indexed in Pubmed: 15005336.

Whiting D, DiNardo JA. TEG and ROTEM: technology and clinical ap-
plications. Am J Hematol. 2014; 89(2): 228-232, doi: 10.1002/
ajh.23599, indexed in Pubmed: 24123050.

Akay OM. The double hazard of bleeding and thrombosis in hemostasis
from a clinical point of view: a global assessment by rotational thrombo-
elastometry (ROTEM). Clin Appl Thromb Hemost. 2018; 24(6): 850-858,
doi: 10.1177/1076029618772336, indexed in Pubmed: 29758989.
Young G, Segrensen B, Dargaud Y, et al. Thrombin generation and
whole blood viscoelastic assays in the management of hemophilia:
current state of art and future perspectives. Blood. 2013; 121(11):
1944-1950, doi: 10.1182/blood-2012-08-378935, indexed in
Pubmed: 23319573.

Luddington RJ. Thrombelastography/thromboelastometry. Clin Lab Hae-
matol. 2005; 27(2): 81-90, doi: 10.1111/j.1365-2257.2005.00681.x,
indexed in Pubmed: 15784122.

Lang T, Bauters A, Braun SL, et al. Multi-centre investigation on reference
ranges for ROTEM thromboelastometry. Blood Coagul Fibrinolysis. 2005;
16(4): 301-310, doi: 10.1097/01.mbc.0000169225.31173.19, in-
dexed in Pubmed: 15870552.

Lang T, von Depka M. [Possibilities and limitations of thrombelastometry/-
graphy] [Article in German]. Hamostaseologie. 2006; 26(3 Suppl 1):
S$20-S29, indexed in Pubmed: 16953288,

Trelinski J, Misiewicz M, Robak M, et al. Assessment of rotation throm-
boelastometry (ROTEM) parameters in patients with multiple myeloma
at diagnosis. Thromb Res. 2014; 133(4): 667-670, doi: 10.1016/j.
thromres.2014.01.011, indexed in Pubmed: 24451990.

/£


http://dx.doi.org/10.1182/blood-2017-04-569111
http://dx.doi.org/10.1182/blood-2017-04-569111
https://www.ncbi.nlm.nih.gov/pubmed/29483100
http://dx.doi.org/10.1007/s12195-020-00657-6
http://dx.doi.org/10.1007/s12195-020-00657-6
https://www.ncbi.nlm.nih.gov/pubmed/33868498
http://dx.doi.org/10.1080/13543776.2021.1945580
https://www.ncbi.nlm.nih.gov/pubmed/34142629
https://www.ncbi.nlm.nih.gov/pubmed/9354649
http://dx.doi.org/10.1016/j.thromres.2009.11.028
http://dx.doi.org/10.1016/j.thromres.2009.11.028
https://www.ncbi.nlm.nih.gov/pubmed/20022081
http://dx.doi.org/10.1002/rth2.12235
https://www.ncbi.nlm.nih.gov/pubmed/31624779
http://dx.doi.org/10.1126/scitranslmed.3006804
https://www.ncbi.nlm.nih.gov/pubmed/24500405
http://dx.doi.org/10.1111/joim.12430
https://www.ncbi.nlm.nih.gov/pubmed/26373901
http://dx.doi.org/10.3389/fmed.2017.00019
http://dx.doi.org/10.3389/fmed.2017.00019
https://www.ncbi.nlm.nih.gov/pubmed/28286749
http://dx.doi.org/10.1038/s41467-020-17648-w
http://dx.doi.org/10.1038/s41467-020-17648-w
https://www.ncbi.nlm.nih.gov/pubmed/32753636
http://dx.doi.org/10.1111/j.1365-2141.2009.07833.x
http://dx.doi.org/10.1111/j.1365-2141.2009.07833.x
https://www.ncbi.nlm.nih.gov/pubmed/19659548
http://dx.doi.org/10.1378/chest.124.3_suppl.4s
https://www.ncbi.nlm.nih.gov/pubmed/12970118
http://dx.doi.org/10.1532/ijh97.03149
http://dx.doi.org/10.1532/ijh97.03149
https://www.ncbi.nlm.nih.gov/pubmed/15005336
http://dx.doi.org/10.1002/ajh.23599
http://dx.doi.org/10.1002/ajh.23599
https://www.ncbi.nlm.nih.gov/pubmed/24123050
http://dx.doi.org/10.1177/1076029618772336
https://www.ncbi.nlm.nih.gov/pubmed/29758989
http://dx.doi.org/10.1182/blood-2012-08-378935
https://www.ncbi.nlm.nih.gov/pubmed/23319573
http://dx.doi.org/10.1111/j.1365-2257.2005.00681.x
https://www.ncbi.nlm.nih.gov/pubmed/15784122
http://dx.doi.org/10.1097/01.mbc.0000169225.31173.19
https://www.ncbi.nlm.nih.gov/pubmed/15870552
https://www.ncbi.nlm.nih.gov/pubmed/16953288
http://dx.doi.org/10.1016/j.thromres.2014.01.011
http://dx.doi.org/10.1016/j.thromres.2014.01.011
https://www.ncbi.nlm.nih.gov/pubmed/24451990

Acta Haematologica Polonica 2022, vol. 53, no. 4

21.

22.

23.

24,

25.

Crochemore T, Piza FM, Rodrigues RD, et al. A new era of thromboelas-
tometry. Einstein (Sao Paulo). 2017; 15(3): 380-385, doi: 10.1590/
S1679-45082017MD3130, indexed in Pubmed: 28614427.
Govers-Riemslag JWP, Konings J, Cosemans JM, et al. Impact of de-
ficiency of intrinsic coagulation factors XI and XII on ex vivo throm-
bus formation and clot lysis. TH Open. 2019; 3(3): e273-e285, doi:
10.1055/5-0039-1693485, indexed in Pubmed: 31511847.

Konings J, Govers-Riemslag JWP, Philippou H, et al. Factor Xlla regu-
lates the structure of the fibrin clot independently of thrombin gen-
eration through direct interaction with fibrin. Blood. 2011; 118(14):
3942-3951, doi: 10.1182/blood-2011-03-339572, indexed in
Pubmed: 21828145.

Konings J, Hoving LR, Ariéns RS, et al. The role of activated coagula-
tion factor XII in overall clot stability and fibrinolysis. Thromb Res.
2015; 136(2): 474-480, doi: 10.1016/j.thromres.2015.06.028, in-
dexed in Pubmed: 26153047.

Levi M, Hack CE, de Boer JP, et al. Reduction of contact activation
related fibrinolytic activity in factor XII deficient patients. Further evi-
dence for the role of the contact system in fibrinolysis in vivo. J Clin

26.

27.

28.

29.

30.

Invest. 1991; 88(4): 1155-1160, doi: 10.1172/JCI115416, indexed
in Pubmed: 1833421.

Goldsmith GH, Saito H, Ratnoff OS. The activation of plasminogen by
Hageman factor (Factor Xll) and Hageman factor fragments. J Clin In-
vest. 1978; 62(1): 54-60, doi: 10.1172/JCI109113, indexed in Pubmed:
659637.

Hemker HC, Giesen PL, Ramjee M, et al. The thrombogram: monitoring
thrombin generation in platelet-rich plasma. Thromb Haemost. 2000;
83(4): 589-591, indexed in Pubmed: 10780322.

Longstaff C. Measuring fibrinolysis: from research to routine diagnos-
tic assays. J Thromb Haemost. 2018; 16(4): 652-662, doi: 10.1111/
jth.13957, indexed in Pubmed: 29363269.

Kuiper GJ, Kleinegris MCF, van Oerle R, et al. Validation of a modified
thromboelastometry approach to detect changes in fibrinolytic activity.
Thromb J. 2016; 14: 1, doi: 10.1186/512959-016-0076-2, indexed in
Pubmed: 26770073.

Kluft C, Dooijewaard G, Emeis JJ. Role of the contact system in fibri-
nolysis. Semin Thromb Hemost. 1987; 13(1): 50-68, doi: 10.1055/s-
2007-1003475, indexed in Pubmed: 3105061.

www.journals.viamedica.pl/acta_haematologica_polonica


http://dx.doi.org/10.1590/S1679-45082017MD3130
http://dx.doi.org/10.1590/S1679-45082017MD3130
https://www.ncbi.nlm.nih.gov/pubmed/28614427
http://dx.doi.org/10.1055/s-0039-1693485
https://www.ncbi.nlm.nih.gov/pubmed/31511847
http://dx.doi.org/10.1182/blood-2011-03-339572
https://www.ncbi.nlm.nih.gov/pubmed/21828145
http://dx.doi.org/10.1016/j.thromres.2015.06.028
https://www.ncbi.nlm.nih.gov/pubmed/26153047
http://dx.doi.org/10.1172/JCI115416
https://www.ncbi.nlm.nih.gov/pubmed/1833421
http://dx.doi.org/10.1172/JCI109113
https://www.ncbi.nlm.nih.gov/pubmed/659637
https://www.ncbi.nlm.nih.gov/pubmed/10780322
http://dx.doi.org/10.1111/jth.13957
http://dx.doi.org/10.1111/jth.13957
https://www.ncbi.nlm.nih.gov/pubmed/29363269
http://dx.doi.org/10.1186/s12959-016-0076-2
https://www.ncbi.nlm.nih.gov/pubmed/26770073
http://dx.doi.org/10.1055/s-2007-1003475
http://dx.doi.org/10.1055/s-2007-1003475
https://www.ncbi.nlm.nih.gov/pubmed/3105061

	_Hlk94748224

