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Editorial on the Research Topic
Acute and hereditary coagulation disorders

We are pleased to present this edition on Research Topics about acute and hereditary
coagulation disorders in “Frontiers in Medicine”.

Coagulation disorders remain a critical area of medical research. The field of
coagulation disorders continues to evolve rapidly, with new insights emerging across
various conditions. In this edition, the authors of several groundbreaking studies have
advanced our understanding of coagulation disorders, from rare genetic conditions
to common complications of pregnancy and critical illness. Their work spans a
wide range of topics, including novel diagnostic techniques, treatment strategies, and
prognostic markers.

Gruneberg et al. investigated the role of fibrinolytic potential in postpartum
hemorrhage (PPH) in their study “Fibrinolytic potential as a risk factor for postpartum
hemorrhage”. They found that women experiencing severe PPH showed increased
fibrinolytic potential as early as hospital admission. This suggests that elevated fibrinolytic
potential could be a risk factor for PPH, although additional factors are likely required to
trigger the condition.

Alesci, Hecking et al. explored the utility of ACMG classification in factor VII
deficiency in their study “Utility of ACMG classification to support interpretation of
molecular genetic test results in patients with factor VII deficiency”. Their findings suggest
that specific combinations of ACMG-classified variants correlate with high-risk bleeding
phenotypes, potentially paving the way for genotype-phenotype prediction models in
the future.

Navaei et al. addressed the question “Is it time to switch to bivalirudin for ECMO
anticoagulation?”. While some studies showed the advantages of bivalirudin over heparin
in preventing major bleeding and thrombosis, the majority found no significant difference.
Further prospective studies are needed to reach a definitive conclusion.

Toenges et al. investigated acquired dysfibrinogenemia in septic patients in their study
“Investigation of acquired dysfibrinogenemia in adult patients with sepsis using fibrinogen
function vs. concentration ratios: a cross-sectional study”. Their results suggest the presence
of acquired dysfibrinogenemia in some adult septic patients, potentially contributing to a
specific laboratory signature of sepsis-associated coagulation phenotype.

Huang et al. examined the “Current status of treatment and disease burden of a cohort
of hemophilia B in China”. They found that the use of prophylaxis was low, and patients
faced significant financial burdens. The study highlights the need for improved access
to safer and more effective drugs and efforts to reduce the financial burden on patients.
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Quintana-Diaz et al. developed a mnemonic device
“COAGULATION” for treating coagulation disorders following
traumatic brain injury. This simple tool could aid clinicians in
managing patients with moderate or severe traumatic brain injury
on a daily basis.

Henze et al. conducted a prevalence study on “Abdominal
venous thromboses: detection of the JAK2 p.V617F mutation by next-
generation ultradeep sequencing”. They found the JAK2 p.V617F
mutation in 19% of patients with abdominal venous thromboses,
highlighting the importance of genetic analysis in understanding
the etiology of these rare thrombotic events.

Alesci, Goldmann et al. surveyed patients with mild hemophilia
in Germany to gain insights into their treatment reality and
quality of life. Their findings suggest that this population may
underestimate bleeding complications, emphasizing the need for
improved awareness and treatment strategies.

Goodarzi et al. compared two fibrinogen concentrates in
their case report “Are all fibrinogen concentrates the same?”.
Their findings highlight the potential differences in clot
formation and stability between different fibrinogen concentrates,
emphasizing the need for careful consideration when choosing
treatment options.

Finally, Zhu et al. investigated “Combined coagulation and
inflammation markers as predictors of venous thrombo-embolism
and death in COVID-19” (10). Their study suggests that
combining coagulation and inflammatory markers could refine
prognostication of severe outcomes in COVID-19 patients.

The results of these studies demonstrate the complexity and
diversity of the research on coagulation disorders and highlight the
importance of continued efforts in this field to improve diagnosis,
treatment, and patient outcomes across various coagulation-
related conditions.

As host editors, we extend our sincere gratitude to the journal
and its editors for their invaluable support in bringing this Research
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Topic of research to fruition and for the authors to submit their
excellent manuscript to “Frontiers in Medicine”.

These findings not only contribute to the scientific knowledge
base but also have the potential to significantly impact clinical
practice, offering new hope for improved patient outcomes in the
field of thrombosis and hemostasis.

We hope you enjoyed reading these ten articles as much as we
did while preparing this edition. As host editors, it has been our
pleasure to bring together this Research Topic of insightful works,
and we trust they will inspire and inform your own endeavors in
the field.

Author contributions

HS: Writing - review & editing, Writing — original draft. FS:
Writing - review & editing, Writing - original draft. WM: Writing
- review & editing, Writing - original draft.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1507527
https://doi.org/10.3389/fpubh.2023.1309094
https://doi.org/10.3389/fmed.2023.1344769
https://doi.org/10.3389/fmed.2024.1347024
https://doi.org/10.3389/fmed.2024.1391422
https://doi.org/10.3389/fmed.2024.1399335
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

:' frontiers | Frontiers in Medicine

‘ @ Check for updates

OPEN ACCESS

Felix Carl Fabian Schmitt,
University Hospital Heidelberg, Germany

Daniel Gruneberg,

University Hospital Heidelberg, Germany
Johannes Zipperle,

Ludwig Boltzmann Institute for Traumatology,
Austria

Rosa Sonja Alesci
s.alesci@gerinnungszentrum-hochtaunus.de

11 May 2023
16 June 2023
14 July 2023

Alesci RS, Hecking C, Racké B, Janssen D and
Dempfle C-E (2023) Utility of ACMG
classification to support interpretation

of molecular genetic test results in patients
with factor VIl deficiency.

Front. Med. 10:1220813.

doi: 10.3389/fmed.2023.1220813

© 2023 Alesci, Hecking, Racké, Janssen and
Dempfle. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Medicine

Original Research
14 July 2023
10.3389/fmed.2023.1220813

Utility of ACMG classification to
support interpretation of
molecular genetic test results in
patients with factor VIl deficiency

Rosa Sonja Alesci'*, Carola Hecking?, Benjamin Racké?,
Detlev Janssen?® and Carl-Erik Dempfle*

*IMD Blood Coagulation Centre, Bad Homburg, Germany, ?Institute of Immunology and Genetics,
Kaiserslautern, Germany, *Med-i-Scene Concept, Weisendorf, Germany, ‘IMD Blood Coagulation
Centre, Mannheim, Germany

Background: The American College of Medical Genetics and Genomics (ACMG)
and the Association for Molecular Pathology (AMP) have introduced an
internationally shared framework for variant classification in genetic disorders.
FVII deficiency is a rare inherited autosomal recessive bleeding disorder with
sparse data concerning ACMG classification.

Methods: To develop an approach which may improve the utility of molecular
genetic test results, 129 patients with FVII deficiency were retrospectively assigned
to six subgroups for exploratory analysis: F7 gene wildtype (group 1), ACMG 1
(benign variant) or ACMG 2 (likely benign variant), only (group 2), ACMG 3 (variant
of uncertain significance) + ACMG 1-2 heterozygous or not classified variant
(group 3), ACMG 4 (likely pathogenic variant), or ACMG 5 (pathogenic variant)
single heterozygous + ACMG 1-3 single heterozygous (group 4), ACMG 4-5
homozygous or >2 ACMG 4-5 heterozygous or >1 ACMG 4-5 heterozygous
plus either ACMG 1 ¢.1238G>A modifying variant homozygous or >2 ACMG 1-3
(group 5), FVII deficiency and another bleeding disorder (group 6).

Results: Eleven of 31 patients (35.5%) in group 5 had abnormal ISTH-BS (n = 7)
and/or history of substitution with recombinant factor Vlla (n = 5) versus 4 of 80
patients (5.0%, n = 1 abnormal ISTH-BS, n = 3 substitution) in groups 1 (n = 2/22),
2 (n=1/29), 3 (n =0/9), and 4 (n = 1/20). Four of 18 patients (22.2%) with FVII
deficiency and another bleeding disorder (group 6) had an abnormal ISTH-BS
(n = 2) and/or history of substitution with recombinant factor Vlla (n = 3).

Conclusion: Patients with a homozygous ACMG 4-5 variant or with specific
combinations of heterozygous ACMG 4-5 + ACMG 1-3 variants exhibited a
high-risk bleeding phenotype in contrast to the remaining patients without
another bleeding disorder. This result may serve as a basis to develop a
genotype/phenotype prediction model in future studies.

FVII deficiency, genotype, phenotype, ACMG classification, genetic variations
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Introduction

Congenital factor VII (FVII) deficiency is an autosomal
inherited The
phenotypes in FVII deficient patients show a wide variation

recessively rare bleeding disorder. clinical
from asymptomatic to severe with a poor correlation to FVII
activity (1). Some patients with very low FVII activity had no
bleeding symptoms whereas patients with partial FVII deficiency
may have recurrent bleeding episodes (2). FVII levels above 20%
are thought to be sufficient for prevention against spontaneous
bleeding (1), possibly due to an enhanced effect of TF-FVII
complex which activates coagulation even with small amounts
of FVII (1, 3). However, previously asymptomatic patients with
FVII levels above 20% may have an increased bleeding risk
in situations such as major surgery or trauma. FVII deficiency
may be caused by a quantitative FVII defect (type I, decreased
FVII antigen) or qualitative FVII defect (type II, normal FVII
antigen) (1).

Even though the prevalence of FVII deficiency was repeatedly
reported to be 1:300,000-1:500,000 individuals (4-7) it is believed
that mild, moderate or severe forms of FVII deficiency are by far
more frequent reaching 1:59,000 individuals (8).

The coagulation factor VII gene (F7, HGNC ID: 3544)
is located on chromosome 13 (13q34) with nine exons and
eight introns, which compose a 12.8 kb gene locus near
the telomeric region of the chromosome besides the gene
promotor region (9). In the coagulation factor VII variant
database of the European Association for Haemophilia and
Allied Disorders (EAHAD) 271 unique variants of F7 gene
in 1058 individuals with FVII activity below or above the
normal range were recorded until May 2022 (10). Most F7
variants were small lesions with single nucleotide substitutions
(point) in 86.7% of individuals followed by deletions (8.9%),
duplications (2.6%), indel rearrangements (1.1%) and insertions
(0.7%) (10). Missense variants represented 74% of single nucleotide
substitutions (11).

The genotype/phenotype relationship in FVII deficient patients
has extensively been studied in humans (2, 8, 12). FVII levels
below 10% were seen in about 50% of patients who are
homozygous or compound heterozygotes for pathogenic F7
gene variants compared to 7% of patients with heterozygous
F7 pathogenic gene variants (6). Bleeding symptoms were
discovered in 71% of patients with homozygous causative F7
gene variants versus 50% in compound heterozygotes and 19% in
heterozygotes (2).

Whereas FVIL:C shows a poor correlation to severity of
bleeding phenotype the type and the site of a F7 variant may
be helpful to predict hemorrhagic risks (13). For example,
mutations affecting TFPI-binding exosites of FVII may markedly
prolong clotting time (14). The utility of molecular genetic
diagnostics depends on the validity of the pathogenicity
classification for a specific variant detected. As a major
step to establish an internationally shared framework for a
systematic, objective and evidence-based variant classification
in genetic disorders the American College of Medical Genetics
and Genomics (ACMG) and the Association for Molecular
Pathology (AMP) published standards and guidelines for the
interpretation of sequence variants in 2015 (15). However,
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these guidelines lacked specificity in several areas or resulted
in contradictory or ambiguous interpretations. Therefore,
validated “semiquantitative, hierarchical evidence-based rules
for locus interpretation” (Sherloc) was developed by the
ACMG-AMP (16).

The ACMG classification uses a specific standard terminology
to describe gene variants that are the cause of Mendelian disorders
and is based on a complex process for assigning a variant to
one of the five ACMG categories (15, 16): Variants classified as
pathogenic (ACMG 5) or likely pathogenic (ACMG 4) have met
specific criteria and may be used by the health-care provider for
clinical decision making. A variant considered benign (ACMG 1)
is not causative for the patient’s disorder or symptoms. ACMG
2 describes a variant which is likely benign (ACMG 2). Variants
of uncertain significance (VUS; ACMG 3) should imply efforts
for changing the classification to pathogenic or benign based on
additional information.

In general, interpretation of gene variants classified as
pathogenic is challenging (17). A pathogenic variant may
be present in an individual without phenotypic correlate. In
addition, classifications of specific variants may change over time
or differ between databases such as Human Gene Mutation
Database (HGMD) and ClinVar (17). To be useful as a
contribution for therapeutic decisions the variants of the F7 gene
should primarily be analyzed with respect to abnormal bleeding
phenotype. There are several F7 gene variants associated with
reduced FVII activity which are classified as benign (ACMG 1),
for example the frequent missense F7 variant p.(Arg353Gln),
also known as Arg353GIn polymorphism (R353Q; rs6046) or
described by the single nucleotide substitution of Arginine
by Glycine residue in position 413, p.(Arg413Gln) or by the
complementary DNA (cDNA) change ¢.1238G>A. This variant
leads to a mean decrease of FVIL:C activity by about 20-30%
in individuals with M1M2 genotype (heterozygous) (18-21),
and by 43% in homozygotes (20). The minor allele frequency
(MAF) of 0.1265 means that about 12.7% of the population
are carriers of this variant. The variant ¢.1238G>A is known
to diminish FVII secretion and is thought to be not directly
pathogenic but modifying, i.e., contributing to the consequence
of pathogenic variants (11, 22), for example by augmentation
the FVII deficiency caused by the p.(Ala354Val) (c.1061C>T)
variant (23).

The EAHAD F7 variant database provides tools to facilitate
variant classification and has been prepared to list the pathogenicity
of variants based on the ACMG classification (11). Unknown
pathogenicity of a specific F7 gene variant represents only one
of the difficulties in conjunction with interpretation of molecular
genetic test results. Heterozygosity may be of clinical relevance
if there are two or more pathogenic variants. To differentiate
between compound heterozygous patients (both alleles affected)
and double heterozygous patients (two variants in the same
allele) molecular genetic testing of the mother or the father is
usually needed. However, this is a hurdle in clinical practice. In
addition, benign F7 gene variants may have a modifying effect
in combination with pathogenic variants which increases the
bleedings risk. Based on a large cohort of patients with FVII
deficiency we explored an approach to increase the utility of ACMG
classification which should facilitate interpretation of molecular
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genetic test results as a basis for successive advice and decision
making in daily routine.

Materials and methods

Patients

Patients with FVII deficiency and genetic analyses prompted
at the Coagulation Center Hochtaunus, Bad Homburg Germany,
and the Coagulation Center Mannheim, Germany, between August
2012 and December 2021 were included in this retrospective
exploratory analysis. According to center’s routine all patients with
suspected bleeding disorder had completed the ISTH-SSC bleeding
assessment tool (ISTH-BAT), a standardized questionnaire which
can be used to generate a bleeding score (BS) in patients with
bleedings disorders (24-26). Cut offs for an abnormal BS were
>3 for children <12 years, >4 for males >12 years, and >6 for
females >12 years. The higher score in females is due to the
possibility of menorrhagia and postpartum bleeding (25). Besides
standardized questionnaire the notes made by the physicians to
document medical history in a non-standardized manner were
used to identify and analyze bleeding symptoms. Treatment for
substitution of FVII deficiency was documented.

Coagulation tests

As both centers belong to the same company the same
procedures and reagents were used for coagulation tests (FVILC,
activated partial thromboplastin time, prothrombin time (PT) with
Quick value) which were performed locally by routine. FVIL:C
was measured using Coagulation FVII deficient plasma (Siemens
Healthineers, Erlangen, Germany) and the fully automated analyzer
Sysmex® (Siemens Healthineers, Erlangen, Germany).

Molecular genetic analyses

Molecular genetic analyses were performed at the Office for
Human Genetics, Wiesbaden, Germany, and at the Institute
for Immunology and Genetics, Kaiserslautern, Germany. Before
drawing peripheral blood for genetic testing all patients had
to sign an informed consent form according to the German
Gene Diagnostics Act. After isolation of genomic DNA the nine
exons of the F7 gene on chromosome 13q34 and their flanking
introns (since January 2015: RefSeqGene: NG_009262.1, transcript:
GenBank accession number NM_000131.4) were analyzed by DNA
sequencing. For exclusion of large deletions and duplications a
variation of the multiplex polymerase chain reaction (PCR) named
MLPA (Multiplex ligation-dependent probe amplification) analysis
was performed using the MLPA-kit P207 from MRC Holland,
Amsterdam, The Netherlands.

Assessment of pathogenicity of variants

Reports of individual molecular genetic testing in the cohort
were screened for information about ACMG classification of
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specific variants. If a variant has not been classified, for example
due to molecular genetic testing before the ACMG-AMP standards
and guidelines were introduced, databases as follows were screened
for information on pathogenicity: GnomAD,! ClinVar,> VarSome,?
Franklin by genoox,* EAHAD-CFDB Factor VII Gene (F7) Variant
Database.> Additional information was available at the EAHAD
F7 database (MAF, Grantham Score, PolyPhen-2 Prediction, SIFT
Prediction, and PROVEAN Prediction) (11), and by case specific
literature searches. If a variant could not be assigned to ACMG 1,
2,4, or 5 it was classified as unknown or - if such classification was
available - as variant of uncertain significance (VUS, ACMG 3).

Statistics

The data were analyzed descriptively with categories of patients
expressed as numbers and percentages. For the other variables,
mean values =+ standard deviation (SD) as well as median
(minimum, maximum) were calculated.

A combined endpoint consisting of an abnormal bleeding score
and/or substitution history for FVII deficiency was used to identify
high risk phenotypes in patients without another bleeding disorder,
and to support the hypothesis that heterozygous ACMG 5 variants
are of clinical relevance if combined with homozygous modifying
ACMG 1-3 variants.

First, a subgroup of FVII deficient patients with homozygous
modifying ACMG 1 variant ¢.1238G> A plus heterozygous ACMG
5variant ¢.1061C>T was selected and compared with a subgroup of
patients who had either a single ¢.1238G> A variant, only, or were
heterozygous for ¢.1238G> A variant plus heterozygous for ACMG
5 variant c.1061C>T. Thereafter, the total cohort was divided into
six genetic subgroups according to F7 genotype and presence of
another bleeding disorder as shown in Figure 1. The combined
endpoint mentioned above was used to compare group 5 (assumed
high-risk phenotype) with pooled groups 1 to 4 (assumed low-risk
phenotype).

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent from the
patients was not required to participate in this study in accordance
with the local legislation and institutional requirements. The
retrospective analysis complied with the principles of the
Declaration of Helsinki and the Good Clinical Practice (GCP).

Results

In total, 129 patients with diagnosis of FVII deficiency (mean
FVIL.C 42.4% =+ 15.1%) and availability of molecular genetic
report were evaluated. Eighty-nine patients were females (69.0%).
Mean age at molecular genetic testing was 34.1 = 16.7 years
(median 32.5 years, range 0-84 years). Reasons for consultation

https://gnomad.broadinstitute.org
https://www.ncbi.nlm.nih.gov/clinvar/
https://varsome.com
https://franklin.genoox.com
https://f7-db.eahad.org
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Subgroup F7 gene variants detected
ACMG 1or2 ACMG 3/not classified ACMG 4 or5
1 | F7 gene wildtype
2 | ACMG 1 (benign) or heterozygous? and/or
ACMG 2 (likely benign) homozygous?
3 | ACMG 3 (variant of uncertain optional: -
L e heterozygous
significance) or not classified heterozygous
4 | ACMG 4 (likely pathogenic) or
ACMG 5 (pathogenic): optional: single heterozygous © single heterozygous
single heterozygous
5 | ACMG 4 (likely pathogenic) or optional optional homozygous
ACMG 5 (path ic):
(pathogenic) optional optional 22 heterozygous
homozygous or
complex heterozygous ¢.1238G>A homozygous optional single heterozygous
>2 heterozygous and/or homozygous single heterozygous
6 | FVII deficiency and optional
another bleeding disorder P
2if reported; ® no patient had a homozygous variant; ¢ exception: ACMG 3 allocated to group 5 if FVII:C <30%
FIGURE 1

Genetic subgroups according to F7 genotype, ACMG classification and presence of another bleeding disorder.

of the Coagulation Center were bleeding symptoms in 23 patients
(17.8%), reduced Quick value in 31 patients (24.0%), testing of a
family member in 12 patients (9.3%), known FVII deficiency in 17
patients (13.2%), recurrent abortions and/or wish for a child in 38
patients (29.5%), and miscellaneous in 8 patients (6.2%).

Variants

F7 gene wildtype (WT) was diagnosed in 25 patients (19.4%).
In total, the genetic reports of 104 non-WT patients contained
182 variant findings (1.8 £ 1.2 variants per patient; median 1,
maximum 10). Most findings in the molecular genetic reports were
ACMG 1 or 2 variants (n = 102) followed by ACMG 4 or 5 variants
(n = 65). About half of ACMG 1 or 2 findings were homozygous
(n = 54; 53%), whereas 62 of 65 ACMG 4 or 5 findings (95.4%)
were heterozygous. Further details of the variants are listed in the
Supplementary Tables 1-4.

About half of the 53 different F7 gene variants identified were
pathogenic (ACMG 5 n = 17; 32.1%) or likely pathogenic (ACMG
4 n = 11; 20.8%) (Supplementary Tables 1-3). Only 13 variants
were benign (ACMG 1 n = 10; 18.9%) or likely benign (ACMG 2
n = 3; 5.7%). Ten variants were of uncertain significance (ACMG
3; 18.9%), and 2 variants remained unclassified (3.8%). Twenty
variants (37.7%) seen in one (n = 16), two (n = 2) or three
(n = 2) patients are not listed in the EAHAD database for F7 gene
variants, mostly ACMG 1 or 2 variants (n = 8), and ACMG 3 or
not classified variants (n = 8) (Supplementary Tables 1-3). For
many variants with single nucleotide substitutions the EAHAD
F7 database contains information concerning MAF, Grantham
Score, PolyPhen-2 Prediction, SIFT Prediction, and PROVEAN
Prediction (Supplementary Tables 1-3).
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Frequent variants
c.1238G>A £ c.1061C>T

The missense F7 gene variant c.1238G>A was detected in
81 of 104 non-WT patients (77.9%), 47 of 81 (58.0%) were
homozygous (Supplementary Table 1). In 35 of 81 carriers of
¢.1238G> A variant (43.2%) no other F7 gene variant was found
(Table 1). Mean FVILC in 12 patients with single heterozygous
¢.1238G> A variant was 53.8 £ 14.9% with FVII:C below 50% in
two patients (18 and 30%, respectively). Twenty-three patients with
single homozygous ¢.1238G> A variant had mean FVII:C of 44.5 £
12.1%.

In 18 patients with ¢.1238G> A variant the ACMG 5 variant
c.1061C>T was present (all heterozygous). One of these had F7
deficiency together with another bleeding disorder (von Willebrand
syndrome). The c.1061C>T variant was not accompanied by
the ¢.1238G> A variant in one patient, only. However, this male
patient with FVII:C 33% and ISTH BS 5 had the c.1388delC
variant (heterozygous, ACMG 4) which was also present in six
other patients together with the ¢.1061C>T variant. As shown in
Table 1, six of 12 patients (50.0%) with homozygous ¢.1238G>A
variant and heterozygous c.1061C>T variant had an abnormal
ISTH bleeding score (n = 4) and/or history of rFVIIa substitution
(n = 2) versus only 1 of 41 patients (2.4%) in the other three
subgroups of patients with ¢.1238G>A variant. This finding
supports allocation of patients with a single heterozygous ACMG
4-5-variant plus the homozygous ACMG 1 ¢.1238G> A variant to
group 5. However, 5 of 12 patients with homozygous ¢.1238G>A
variant and ¢.1061C> T variant also had heterozygous c.1391delC
variant. Of these, one patient had an abnormal ISTH BS and
another patient needed substitution with rFVIIa.
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TABLE 1 Characteristics, ISTH BS, and substitution in FVII deficient patients with c.1238G>A variant + heterozygous c.1061C>T variant.

Single ¢.1238G>A, only

c.1238G>A plus heterozygous c.1061C>T?

Heterozygous Homozygous Heterozygous Homozygous
c.1238G>A c.1238G>A c.1238G>A c.1238G>A
All patients n=12 n=23 n=6 n=12
Age® 351+ 18.6 30.7 £ 16.7 24.5+8.7 32.1+16.8
Female sex 8 (66.7%) 15 (65.2%) 3 (50.0%) 6 (50.0%)
FVII activity (%)° 53.8 +14.9 445+ 12.1 383+ 11.1 32.6 £5.8
57.5 (18-66) 45 (8-65) 41 (19-53) 30 (27-44)
Quick value (%)® 755+ 13.5 67.6 £ 13.0 65.0 £ 11.6 593+ 3.1
79.5 (48-87) 69 (21-85) 60.5 (53-81) 58.5 (56-66)
Patients with no other bleeding disorder, n=_8 n=19 n=>5 n=12
only
Female sex 6 (75.0%) 11 (57.9%) 3 (60.0%) 6 (50.0%)
Reason for consultation
- Bleeding symptoms 3/8 1/19 1/5 3/12
- Laboratory findings 2/8 3/19 2/5 6/12
- Family screening 1/8 5/19 1/5 0/12
- FVII deficiency known 0 4/19 0/5 2/12
- Abortions/wish for child 1/6 4/11 1/2 1/6
- Others 1/8 2/19 0/5 0/12
ISTH BS¢
- Females 13£1.0 1.6+18 1.7+£15 3.7+28
- Males 1.0+14 13+1.6 25+0.7 1.34+2.0
ISTH BS > cut-off 0/8 (0%) 0/19 (0%) 0/5 (0%) 4/12 (33.3%)
- Children > 3 0/0 0/1 0/0 2/2
- Males > 4 0/2 0/7 0/2 0/5
- Females > 6 0/6 0/11 0/3 2/5
rFVIIa substitution 1(15.5%)4 0 (0%) 0 (0%) 2 (16.7%)4

BS, bleeding score; rFVIIa, recombinant factor VIIa; SD, standard deviation.

2Up to 8 further F7 gene variants present (mostly c.1391Cdel, n = 6) in 3 patients heterozygous for ¢.1238G> A and in 5 patients homozygous for ¢.1238G>A.
bFirst row: mean + SD; second row: median (range).

“Mean =+ SD.

dAll patients with rFVIIa substitution had ISTH BS below cut-off.

The grey color differentiates two groups with single ¢.1238G>A variants, only, from two groups with ¢.1238G>A variants plus c.1061C>T variant.

Genotype/ phenotype analyses The groups differed with respect to the proportion of patients

with female sex between 54.8% in group 5 and 83.3% in group
For genotype/phenotype analyses, 18 patients (14.7%) with 6. Reasons for consultation of the Coagulation Center were also
another bleeding disorder besides FVII deficiency (WT n = 3,  different. Group 6 reached the numerically highest rates in the
ACMG 1-3 variants, only, n = 9, ACMG 4 or 5 variants n = 6) consultation categories bleeding symptoms (44.4%), and abortions
were excluded from the assignment to the groups 1 to 5. Of the  and/or wish for a child (50.0%), the latter together with group 1
remaining 111 patients, 22 (19.8%) were F7 gene wildtype, 29  (54.5%). Most patients in group 5 were admitted due to abnormal
(26.1%) had ACMG 1 or 2 variants, only, 51 (45.9%) had atleast one  laboratory findings (45.2%) or known FVII deficiency (29.0%)
ACMG 4 or 5 variant, and 9 (8.1%) had to be assigned to group 3 (Table 2).
due to ACMG 3 or unclassified variants (Table 2). Only one patient Mean FVIL:C and Quick values were lowest in group 5 (29.5
with at least two heterozygote ACMG 4 or 5 variants was known to  and 54.4%, respectively), and ranged from 43.4 to 49.7%, and 68.2
be compound heterozygote. to 76.2% in the other groups, respectively (Figure 2 and Table 2).
Median number of F7 gene variants per patient was 2 in group  In group 5, FVIL:C was 5-6% in three patients with homozygous
4 (range 1-2) as well as in group 5 (range 1-10) whereas median ~ ACMG 4 or 5 variants, 26.4 £ 10.7% in 10 patients with >2
number was 1 in groups 2 (range 1-3), 3 (range 1 - 5) and 6 (range  heterozygous ACMG 4 or 5 variants (n = 8) or ACMG 3-5 variants
0-3) (Table 2). Mean age ranged from 30.2 &= 15.4 years in group 3 (1 = 2), and 35.3 &+ 11.1% in 18 patients with one heterozygous
(ACMG 3 or not classified) to 36.9 & 14.1 years in group 1 (F7 gene ~ ACMG 4 or 5 variant combined with homozygous ¢.1238G> A or
wildtype). >2 ACMG 1-3 variants.
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TABLE 2 Characteristics, ISTH BS, and substitution in genetic subgroups of patients with FVII deficiency according to Figure 1.

Group 6
F7 gene ACMG 1 or ACMG 3 or not classified ACMG 4 or ACMG 5 single ACMG 4 or ACMG 5 FVII deficiency and
wildtype ACMG 2 + ACMG 1-2 heterozygous homozygous or complex another bleeding
heterozygous + ACMG 1-3 single heterozygous heterozygous? disorder?
Number of patients n=22 n=29 n=9 n=20 n=31 n=18
Number of F7 gene 0 11404 17413 1.6+0.5 27417 12+08
variants per patient® 1(1-3) 1(1-5) 2(1-2) 2 (1-10) 1(0-3)
Aged 36.9 + 14.1 319 +£19.0 30.2 +15.4 340+ 175 36.5+19.3 32.4+10.1
34 (16-69) 25 (1-84) 37 (0-48) 34.5(2-82) 30 (6-83) 32 (6-51)
Female sex 17 (77.3%) 18 (62.1%) 6 (66.7%) 16 (80.0%) 17 (54.8%) 15 (83.3%)
Reason for consultation
- Bleeding symptoms 1 (4.5%) 5(17.2%) 0 5(25.0%) 4 (12.9%) 8 (44.4%)
- Laboratory findings 4(18.1%) 6 (20.7%) 2 (22.2%) 5 (25.0%) 14 (45.2%) 0
- Family screening 3(13.6%) 6 (20.7%) 1(11.1%) 2 (10.0%) 0 0
- FVII deficiency known 1 (4.5%) 5(17.2%) 2 (22.2%) 0 9 (29.0%) 0
- Abortions/wish for child 12 (54.5%) 4(13.8%) 3(33.3%) 6 (30.0%) 4(12.9%) 9 (50.0%)
- Others 1(4.5%) 3(10.3%) 1(11.1%) 2(10.0%) 0 1(5.6%)
FVII activity (%)° 48.6 + 14.0 457 +14.5 441+ 11.0 43.4+13.6 29.5+ 13.6 49.7 £10.2
48.5 (8-67) 48.0 (8-66) 42 (28-63) 46 (19-65) 30.0 (2-61) 49.5 (34-65)
Quick value (%)° 74.7 £15.0 682+ 15.6 76.2 £ 12.5 70.3 + 14.1 54.4 + 16.4 72.3 £10.9
76 (27-99) 72 (21-87) 78 (54-98) 71.5 (46-90) 57 (16-92) 72 (53-92)
ISTH BS¢
- Females 154+ 1.7 17415 22419 23+ 14 3.5+27 24+18
1 (0-6) 1(0-5) 1.5 (0-5) 2(0-5) 3(0-9) 3 (0-6)
- Males 0.6+0.9 13+1.1 land 1 0,0,and 2 1.6+14 2and 8
0(0-2) 2(0-3) 2(0-5)
- Children - 0and2 2 0 3and5 2
ISTH BS > cut-off 1(4.5%) 0 (0%) 0 (0%) 0 (0%) 7 (22.6%) 2 (11.1%)
- Females > 6 1/17 0/18 0/6 0/16 4/16 1/15
- Males > 4 0/5 0/9 0/2 0/3 1/13 1/2
- Children > 3 0/0 0/2 0/1 0/1 2/2 0/1
rFVIla substitution 1(4.5%) 1(3.4%) 0 (0%) 1(5.0%) 5(16.1%)° 3 (16.7%)"

BS, bleeding score; rFVIIa, recombinant factor VIIa; SD, standard deviation.

2Two patients with heterozygous single ACMG 4 or 5 variant and single ACMG 3 variant included in group 5 due to FVIL:C <30%.

The grey color indicates that patients in group 6 were excluded from the assignment to groups 1 to 5 due to another bleeding disorder besides FVII deficiency: von Willebrand syndrome (vWS) (n = 10), FV deficiency (n = 1), FX deficiency (n = 1), EXI deficiency
(n =4), PAI-1 deficiency (n = 1), FXIII deficiency (n = 1).

“First row: mean %+ SD or numbers in single patients; second row: median (range).

dMean + SD.

€One female with ISTH BS 9; 4 patients with ISTH BS < cut-off.

fOne female with ISTH BS 6; 2 patients with ISTH BS < cut-off.
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FIGURE 2
FVII activities stratified by six subgroups according to Figure 1.

In females >12 years, mean ISTH BS was numerically higher in
group 5 (3.5 & 2.7; median 3; range 0-9) versus 1.9 & 1.6 (median
1, range 0-6) in groups 1 to 4 (pooled data of 57 females). In males
>12 years, 13 patients of group 5 had mean ISTH BS of 1.6 & 1.4
(median 2, range 0-5) versus 1.0 & 1.0 (median 1, range 0-3) in 19
males >12 years included in groups 1 to 4. Both children included
in group 5 had an abnormal ISTH BS versus none of 4 children in
groups 1 to 4 (Table 2).

Eleven of 31 pts. (35.5%) in group 5 had an abnormal ISTH-BS
(n =7) and/or history of substitution with recombinant factor VIIa
(n = 5) versus 4 of 80 pts. (5.0%, n = 1 abnormal ISTH-BS, n = 3
substitution) in groups 1 to 4 (Table 2). In group 5, the percentages
of patients with abnormal ISTH-BS and/or history of substitution
were similar in patients with homozygous ACMG 4 or 5 variants
(1 of 3 patients, 33%), >2 heterozygous ACMG 4 or 5 variants (3
of 10 patients, 30%), one heterozygous ACMG 4 or 5 variant plus
homozygous ¢.1238G> A variant (6 of 15 patients, 40%) and one
heterozygous ACMG 4 or 5 variant plus >2 heterozygous ACMG
1 to 3 variants (1 of 3 patients, 33%). In group 6 (FVII deficiency
and another bleeding disorder), 4 of 18 patients (22.2%) had an
abnormal ISTH-BS (n = 2) and/or history of substitution with
recombinant factor VIIa (n = 3).

Discussion

To the best of our knowledge, this exploratory analysis
is the first investigation focusing on the usefulness of ACMG
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classification for interpretation of molecular genetic test results in
patients with FVII deficiency. On one site, an abnormal ISTH-
BS and/or a history of substitution was observed in few patients
(4/80; 5.0%) with F7 gene wildtype or ACMG 1-3 variants
or single heterozygous ACMG 4-5 variant with/without single
heterozygous ACMG 1-3 variant. On the other site, 11 of 31
patients (35.5%) with four different scenarios of ACMG 4-5 +
ACMG 1-3 variant findings reached the combined endpoint of this
exploratory analysis. Pooling patients with different constellations
of zygosity and ACMG classifications in two genotypic categories
was based on our preceding analysis of 44 patients with co-
existence of heterozygous or homozygous ¢.1238G>A variant
and heterozygous ACMG 5 ¢.1061C>T variant which was not
biased by possible differences between variants of the same
ACMG class such as truncating versus not-truncating variations
(6) or large deletions versus others (27). This preceding analysis
supports the hypothesis, that heterozygous ACMG 4-5 variants
may become clinically relevant if combined with a modifying
homozygous ACMG 1-3 variant or >2 heterozygous ACMG 1-
3 variants. In the total cohort, 7 of 18 patients (38.9%) with
this kind of molecular genetic finding reached the combined
end point which is similar to 4 of 13 patients (30.8%) with
homozygous or compound/double heterozygous ACMG 4 or 5
variants. Homozygous and compound heterozygous pathogenic F7
variants are known to be associated with an increased bleeding risk
(2, 6, 28). Of note, differentiation between double heterozygosity
affecting one allele, only, and compound heterozygosity was not
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available in 9 of 10 patients with two heterozygous ACMG 3-5
variants in our cohort.

Since 2015, the ACMG classification has been introduced as
the internationally accepted standard for the interpretation of
gene variants in heritable diseases (15, 16). For example, novel
F8 and F9 gene variants in patients with hemophilia A or B
included in the PedNet Registry were classified according to
ACMG/AMP guidelines (29). In children with suspected inherited
bleeding disorder genetic screening based on the ACMG guidelines
may serve as a tool for early diagnosis, especially in patients
with inherited thrombocytopenia (30). In the EAHAD blood
coagulation factor VII variant database the assignment of F7
gene variants to ACMG classes is already foreseen (11). Based
on the ACMG classification a simplification may be possible by
assigning patients with FVII deficiency and no other bleeding
disorder to the categories “low risk” and “high risk” for abnormal
bleeding tendency.

Our investigation may serve as a kick-off to promote the
use of ACMG classification in FVII deficiency. One major
question to be answered in patients with FVII deficiency refers
to prophylaxis with procoagulants for surgery (1) or for delivery
(31). In the past, the prediction of bleeding risk to decide on
substitution therapy has been mainly based on FVILC levels,
the personal clinical history and the first bleeding symptom (1,
32). In a larger cohort and preferably prospective study, the
hypothesis may be tested that the two categories identified in our
investigation (“low risk” versus “high risk” for abnormal bleeding
tendency) are appropriate to support ACMG classification-based
interpretation of molecular genetic test results in FVII deficient
patients as a contribution to successive advice and decision making
in daily routine.

Even in the “high risk” group the median FVIL:C was rather
high (30.0%, range 2-61%) if compared to an Italian investigation
which showed FVIIL:C > 25% in 7.1% of homozygous or compound
heterozygous patients, only (6). Whereas the Italian study included
patients with FVII:C < 50% diagnosed because of bleeding
tendency or prolonged prothrombin time, only, maximum FVII:C
was higher in our retrospective study and other reasons for
consultation such as family screening or abortions/wish for a
child were allowed.

As already shown by the Greifswald FVII deficiency study,
the most frequent pathogenic variant in the German population
is the ACMG 5 missense mutation p.(Ala294Val) (c.1061C>T)
(33), also frequently combined with the ACMG 5 variant
¢.1391delC p.(Pro464Hisfs*32) (34) which was the same in Polish
and Italian cohorts (35, 36). In our cohort the ¢.1061C>T
variant was present in 19 of 129 patients (14.7%). Six of
these patients had a combination with the ¢.1391delC variant
and 18 patients with the c.1238G>A modifying variant. As
published by Fromovich-Amit et al. (23) FVII secretion was
not further reduced by the variant c.1238G>A in the presence
of the c.1061C>T variant. In our cohort there was a small
difference with respect to FVII activity in patients heterozygous
for ¢.1061C>T variant together with homozygous ¢.1238G>A
variant (FVIL:C 32.6 &+ 5.8%, n = 12) versus combination with
heterozygote ¢.1238G>A variant (FVIL:C 38.3 £ 11.1%, n = 6)
(Table 1).

We observed a difference in zygosity of ACMG 1 or 2 variants
versus ACMG 4 or 5 variants (homozygous: 52.9% versus 4.6%).

Frontiers in Medicine

10.3389/fmed.2023.1220813

This may reflect the typically higher minor allele frequency (MAF)
of ACMG 1 or 2 variants versus ACMG 4 or 5 variants in
conjunction with the higher probability of decreased FVII:C in
homozygous versus heterozygous variants.

Key limitations of this investigation are the retrospective
design based on patient datasets and some ACMG findings
derived from partially outdated rules for classification of
pathogenicity and older literature searches. It should be
noted that the ACMG classification is a learning system with
recent or upcoming new recommendations (37). A disease
specific expert panel has been founded for coagulation factor
deficiencies (38). However, until now, published experiences to
adapt criteria for ACMG classification are available for other
diseases such as recessively inherited hemoglobinopathies,
only (39). Further limitations of our analyses are the exclusion
of patients without molecular genetic testing, the baseline
no FVII

evaluate possible FVII:C discrepancies (40), and restriction to

differences between groups, antigen testing to
descriptive statistics without p-values as no formal hypothesis was
defined in advance.

In conclusion, ACMG classification is a promising tool to
improve interpretation of molecular genetic test results in patients
with FVII deficiency. The results of this exploratory analysis suggest
phenotype differences between patients with a homozygous ACMG
4-5 variant or specific combinations of heterozygous ACMG 4-
5 + ACMG 1-3 variants, on one side, and patients with F7 gene
wildtype, ACMG 1-3 variants, only, or single heterozygous ACMG
4-5 =+ single heterozygous ACMG 1-3 variants, on the other side.
This finding may serve as a basis to develop a genotype/phenotype
prediction model in future studies.
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For decades, unfractionated heparin (hereafter, heparin) has been the primary
anticoagulant used for extracorporeal membrane oxygenation (ECMO) support.
More recently, however, bivalirudin, a direct thrombin inhibitor, has emerged as an
alternative. This systematic review based on PRISMA guidelines, aims to summarize
16 comparative studies and 8 meta-analysis and review articles published from
January, 2011 till May, 2023 which directly compares ECMO courses using heparin
versus bivalirudin as the anticoagulant. While this comparison is complicated by
the lack of a standardized definition of major bleeding or thrombosis, our overall
findings suggest there is no statistical difference between heparin and bivalirudin
inincidence of bleeding and thrombosis. That said, some studies found a statistical
significance favoring bivalirudin in reducing major bleeding, thrombosis, and the
need for transfusions. We also offer essential guidance for appropriately selecting
an anticoagulant and monitoring its effect in ECMO settings.

heparin, bivalirudin, review, ECMO, monitor

Introduction

Extracorporeal membrane oxygenation (ECMO) is widely used to support the heart and/or
lungs, and the conditions for which it is indicated have recently expanded to include sepsis,
extracorporeal cardiopulmonary resuscitation (ECPR), and coronavirus disease 2019 (COVID-
19). It is also now used as a bridge to lung transplantation or implantation of a ventricular assist
device (VAD) (1, 2). For many years, unfractionated heparin (hereafter, heparin) has been the
primary anticoagulant used with ECMO. Here, we review the literature comparing bleeding,
thrombosis, hospital course, and outcome among patients on ECMO using either heparin or
bivalirudin as the anticoagulant, and we offer recommendations for the selection and monitoring
of anticoagulants in this context.

Choice of anticoagulant

Heparin is currently the primary anticoagulant used by the vast majority of institutions
[94%, according to a recent survey (3)] in pediatric and adult ECMO management. Typically,
once two units of red blood cells are in the blood reservoir, 200 units of heparin are added to the
pediatric circuit and 1,000 units are added to the adult circuit. A bolus of heparin (50-100 units/
kg) is also administered during cannulation (4) and, depending on the risk of bleeding, it is
continuously infused post-cannulation. More recently, however, a small percentage of centers
(6%) reported using bivalirudin as the primary anticoagulant for ECMO, 60% of which were
primary neonatal and pediatric centers (3, 5).
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Heparin vs. bivalirudin

Heparin has several advantages: it is easy to use, relatively
inexpensive, and in case of significant bleeding or overdose, it can
be neutralized by administering protamine. On the other hand,
heparin alone has no anticoagulant effect. To become an anticoagulant,
it must form a complex with antithrombin (AT) and heparin cofactor
II and release tissue factor pathway inhibitor (TFPI) from endothelial
cells to express its entire anticoagulant action. AT plays the most
important role in this process, and in 2014, the Extracorporeal Life
Support Organization (ELSO) guidelines first suggested AT
monitoring and replenishment during ECMO. However, the need to
monitor and replenish AT levels, especially among newborns, remains
controversial (6). In general, young children have lower physiologic
concentrations of natural anticoagulants, including AT, and this is
most true of children under 1 year of age. However, heparin, which is
negatively charged, binds to more than 100 positively charged plasma
proteins, including von Willebrand factor and C-reactive protein
non-specifically (7, 8). When the patient on ECMO is in acute phase
reaction, all acute phase reactant levels are increased, and overall
heparin anticoagulant effect may be reduced. Due to its binding with
many plasma proteins, the anticoagulant effect of heparin thus needs
to be constantly monitored by activated partial thromboplastin time
(aPTT) and/or anti-factor Xa assay (anti-Xa).

Bivalirudin, on the other hand, binds directly to thrombin, which
is both circulating and clot-bound. Therefore, it does not require
binding to other proteins to exhibit its anticoagulant effect.
Approximately 20% of bivalirudin is cleared from the kidneys and the
remainder is proteolyzed. While there are no reversal agents for
bivalirudin, it has a much shorter half-life of 25min in adults and
15min in newborns, compared to heparin’s half-life of 90 min (9).
Therefore, it is not a significant problem using bivalirudin in cases of
active bleeding during ECMO support. A summary of this comparison
can be found in Table 1. A growing number of studies have evaluated
the use of bivalirudin versus heparin for ECMO.

Methods

We conducted a systematic review of the literature for
anticoagulation comparison between bivalirudin and heparin in
ECMO patients. Systematic review was performed according to
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) by using Embase, PubMed and Cochrane Libraries.
Literature review performed by following keywords: (ECMO,
extracorporeal membrane oxygenator, ECLS, extracorporeal) AND
(heparin OR unfractionated heparin) AND (bivalirudin OR
angiomax). Titles were screened by two independent reviewers. Full
text articles were reviewed with following inclusion criteria: (1)
including ECMO patients, (2) comparing bivalirudin and heparin, (3)
have outcome measurements, and (4) January, 2011- May, 2023
(Figure 1).

In our literature review we identified 16 such studies, all of which
were retrospective cohort studies published from 2011 to 2023. The
majority included adult patients, while only 5 focused exclusively on
pediatric patients. There is no universal scoring system for bleeding
severity, so to compare these studies we rated bleeding severity using
Bleeding Academic Research Consortium (BARC) scoring (10).
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TABLE 1 Heparin and bivalirudin comparison.

Drug ‘ Heparin ‘ Bivalirudin
Action
« Binding to antithrombin and « Binding to circulating
heparin cofactor IT — anti-Xa and clot bound
and anti-ITa thrombin
« Release tissue factor pathway
inhibitor
Half-life 90 min 15-25min
Clearance Mainly reticulo-endothelial Mainly extravascular
system (RES), some renal proteolysis, 20% renal
clearance clearance
Binding >100 plasma proteins including Only thrombin
protein antithrombin and heparin
cofactor IT
Bioavailability = Poor Good
Monitoring aPTT and anti-Xa aPTT, HPTT, dTT, ECT,
ECA, anti-factor ITa
Antidote Protamine (Heparin rebound None

may happen)

dTT, diluted thrombin time; HPTT, heparinase treated activated partial thromboplastin
time; aPTT, activated partial thromboplastin time; ECT, ecarin clotting time; ECA, ecarin
chromogenic assay; AT, antithrombin.

Results

A total of 1,365 adult and 312 pediatric ECMO runs were collectively
included in these studies, of which 558 adults and 116 pediatric patients
received bivalirudin for anticoagulation (Tables 2A,B) (11-26). Six
studies evaluated time to achieve therapeutic target with three showing
significantly shorter time for bivalirudin and three finding no difference
(12, 13, 17, 20, 22, 24). Seven studies assessed the percentage of aPTT
being at therapeutic range, of which four (57%) showed bivalirudin
having a significantly higher percentage of therapeutic laboratory targets
versus heparin (12, 13, 20-24).

Bleeding and thrombotic complications are the most clinically
significant concerns associated with ECMO. A majority of the studies
(13/15) evaluated major bleeding—i.e., bleeding associated with a
hemoglobin drop of at least 2 g/dL, or a transfusion requirement of
one or more doses of 10mL/kg red blood cells (RBC) transfusion in a
24-h period. The bleeding included retroperitoneal, pulmonary,
gastrointestinal, and central nervous system bleeding; bleeding that
required surgical intervention; central cannulation site bleeding that
required re-exploration; and fatal bleeding (type 3-5 according to
BARC scale) (10). Overall, these studies suggest there is no significant
difference between bivalirudin and heparin in the incidence of major
bleeding (13, 16, 17, 19-21, 23-26). Four studies showed a significant
decrease in the frequency of major bleeding in the bivalirudin group
(11,12, 15,22). One study found a significant decrease in the number
of laboratory tests in the bivalirudin group, which was associated with
significantly lower blood loss. This latter finding is consistent with the
fact that aPTT was more often at target, so use of bivalirudin required
less frequent blood draws and adjustments (20). Two studies also
showed that the bivalirudin group required significantly fewer RBC
transfusions (15, 16). Thus, overall findings suggest that the risk of
bleeding is the same with bivalirudin and heparin, but the former may
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Flow diagram according to PRISMA guidelines.

have some benefit in reducing the need for phlebotomy and potentially
decreasing the risk of bleeding.

Thrombotic complications can be a clinical marker of
inadequate anticoagulation during an ECMO course, but they are
challenging to assess retrospectively due to a lack of standardized
reporting. The majority of studies (11/15) evaluating thrombotic
complications of ECMO circuit reported no significant difference
between the use of bivalirudin and heparin (11, 13, 14, 16, 19-25).
Two studies showed significantly fewer ECMO-associated
thrombotic events per day and an increased time to thrombosis
among those receiving bivalirudin versus heparin (12, 15). One
study showed a longer duration of freedom to circuit intervention
(19) Thus, overall findings suggest that bivalirudin does not
increase thrombotic complications in ECMO and may instead
decrease them due to more stable anticoagulation.

One major concern about bivalirudin is that it costs more than
heparin. Some studies— mainly in patients using a ventricular
assist device (VAD)—evaluated the cost of each medication as well
as the cost of associated laboratory tests and heparin’s additional
requirement of AT replacement, especially in pediatric patients.
While Hamza, et al. found a significantly lower overall cost of
therapy with bivalirudin compared to heparin ($494 vs. $1,184 per
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day; p =0.03) (24), other studies found that, overall, the costs are
equal. When using bivalirudin, the cost of the drug itself accounted
for a higher percentage of overall costs, whereas the larger
percentage of heparin’s costs were attributable to laboratory
diagnostic studies and AT replacement (27).

Once a clot is formed, heparin cannot inhibit clot-bound
thrombin and slow down the process of clot propagation. In contrast,
the relatively small molecular size of bivalirudin allows it to bind to
both plasma-free thrombin and clot-bound thrombin. This is a
potential advantage over both heparin and low molecular weight
heparin (LMWH), as clot-bound thrombin remains active during
amplification of the coagulation cascade (9).

In sum, bivalirudin’s potential benefits are that it: offers more
stable anticoagulation; provides a faster response; requires less
titration; and potentially decreases circuit clotting and major bleeding
complications. Moreover, bivalirudin is no longer considered a novel
anticoagulant as many centers, particularly adult hospitals, have
become more familiar with it. Therefore, we suggest transitioning
from heparin to bivalirudin as the primary agent for ECMO
anticoagulation, keeping in mind that heparin may continue to
be needed for new circuit priming and bolus administration until use
of bivalirudin is established for these purposes.
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TABLE 2A Review of studies comparing heparin and bivalirudin for ECMO anticoagulation. Comparison of heparin vs bivalirudin.

Tong et al., 2023
1n

Adults
(Children)

34

VV or VA | Heparin

\'A%

20

Bivalirudin

Thrombosis, %

35vs 14, ns

Circuit
Exchange, %

30vs0,
p=0.02

55vs 57,

ns

ECMO
Mortality, %

40vs7,
p=0.033

Transfusion
reduction

OR0.51, p=0.04
(RBC)

Other findings

Platelet transfusion volume (0 vs 300 mL) and the
incidence of major bleeding were significantly lower in

bivalirudin group.

Uricchio et al.,
2023 (12)

143

VA

89

54

0.1 vs 0.04 per
day, p<0.001

49 vs 29,
p=0.02

15vs 13,

58 vs 74,
p=0.04

OR 0.45, p=0.004
(RBC/day)

28 vs 21,
p=0.001

40 vs 50,
p<0.001

Bivalirudin was independently associated with an
increased time to thrombosis. Patients receiving
bivalirudin required less total RBC (p=0.04) and plasma
administration (p=0.03).

Sheridan et al.,
2022 (13)

150

VA

50

100

0vs 1,ns

4vs 4, ns

4vs 6, ns

8vs 4, ns

50 vs 57, ns

18vs2,
p<0.001

33 vs 86,
p<0.001

No difference was found in rates of bleeding between 2
groups. Bivalirudin yielded higher percent time in
therapeutic range, faster time to therapeutic range and
required fewer dose adjustments to maintain therapeutic

range (2 vs. 11, P <0.001) compared to heparin.

Seelhammer
etal, 2021 (14)

333 and
(89)

VA 84%

223 and
(65)

110 and
(24)

17 vs 12, nis;
(22 vs 13, ns)

5vs4,ns; (6 vs
13, ns)

53 vs 38,
p=0.01
(57 vs 42, ns)

OR 0.28, p=0.02
(24 h, peds)

The reduced mortality in the adult bivalirudin group and
reduction in the composite transfusion requirement in the

first 24 hours was noted in the pediatric bivalirudin group.

Rivosecchi et al.,
2021 (15)

295

\A%

162

133

33vs 17, p=0.003

41vs 12,
p<0.001

38vs 27,
p=0.054

OR 0.38, p<0.001
(RBC)

Overall decrease in the number of device thrombotic
complications, significant increase in time to circuit
thrombosis in bivalirudin group. Heparin was associated
with significantly higher risk of clot formation.
Significantly less volume of RBC, plasma and platelet
transfusion and decreased number of major bleeding

events in patients receiving bivalirudin.

Giuliano et al.,
2021 (16)

144

VA 81%

131

0.05 vs 0.03 per
day, ns

0.08 vs 0.03
per day, ns

62 vs 69, ns

OR 0.34 p<0.001
(RBC)

The rate of bleeding or thrombotic complications did not
differ between heparin and bivalirudin, but patients on
bivalirudin received significantly fewer blood transfusions
(1.0 units of RBC/day vs 2.9 units/day on heparin;
p<0.001).

Kaushik et al.,
2021 (17)

(35)

VA 86%

27

11 vs 25, ns

44 vs 13, ns

4vs 13, ns

26 vs 62, ns

12 vs 14.5, ns

44 vs 65,
p=0.014

3/8 patients switched to bivalirudin due to concern for
HIT and 1/8 for heparin resistance. Patients in the
primary bivalirudin group had more stable aPTT values
with only 9% of aPTT values having more than 30%
variability from goal aPTT compared to 30% in the
heparin group (p=0.003). Patients with primary
bivalirudin use had a significantly lower dose requirement
at 12 (p=0.003), 36 (p=0.007), and 48 (p=0.0002) hours

compared to patients with secondary use of bivalirudin.

Rabinowitz et al.
2021 (18)

(67)

VA 61%

35

32

34vs 37, ns

No correlation between anticoagulant dosing and any
laboratory test variables in 37% of the heparin and 44% of
the bivalirudin group.

20

(Continued)
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TABLE 2 (Continued)

Adults
(Children)

VV or VA Heparin

Bivalirudin

Thrombosis, %

Circuit
Exchange, %

Major
Bleed, %

Minor
Bleed, %

ECMO
Mortality, %

Transfusion
reduction

Time to
Target
hours

Other findings

Schill et al, 2020 (48) VA 67% 34 14 21vs7,ns 20vs 57, ns 12vs 7, ns — 27 vs 36, ns OR 1.03, ns — — The bivalirudin group had longer support duration

(19) (RBC) compared to the heparin (11 vs 3.3 days, p<0.001), but the
freedom to first circuit intervention was longer in
bivalirudin group (P = 0.02).

Machado et al., (32) VA 14 18 6vs 29, ns 35vs22,ns 11vs 36, ns — 43vs 11, OR 0.4, ns (total) 13 vs 21, 54vs57,ns | Mean percentage of time with therapeutic aPTT and ACT

2020 (20) p=0.04 p=0.06 was not different. Phlebotomy- associated blood loss per
ECMO hour was double in heparin 1.08 mL/hour
compared to bivalirudin 0.51 mL/hour (p<0.001) as well
as interventions to control bleeding.

Kaseer et al., 52 VA 54% 33 19 33 vs 26, ns 27 vs 26, ns 18 vs 5, ns — 45vs 37, ns — — 50 vs No difference in composite thrombotic or bleeding

2020 (21) 86,p=0.007 complications. Higher percent time to be in therapeutic
aPTT range with bivalirudin.

Hamzah et al,, (32) VA 91% 16 16 19vs 0, ns 6vs 0, ns 75vs 19; — 44 vs 38, ns — 29vs 11, — Shorter time to therapeutic target time with bivalirudin.

2020 (22) p=0.001 p=0.001 Less bleeding events per 10 days of ECMO support with
bivalirudin (p=0.002). Lower rates of RBC and plasma
transfusion with bivalirudin. Total cost of therapy less
with bivalirudin (US $1184 vs. $494 per day; p=0.03)

Macielak et al., 110 VA 67% 100 10 0.21 vs 0.09 per — 0.22vs 0.14 — — OR 1.17 (RBC) — 38 vs 53, There were no differences in the rate of bleeding events.

2019 (23) day; ns per day, ns p<0.001 An increased number of adjustments to either
anticoagulant was associated with a higher rate of bleeding
events per day (p = 0.006).

Berei et al,, 2017 72 VA 92% 28 44 25vs 23, ns — 25vs 45, ns 25vs 23, 32 vs 36, ns — 56 vs 25, ns 83vs88,ns | No significant difference between heparin and bivalirudin

(24) ns for bleeding and thrombotic complications.

Pieri et al., 2014 20 VA 50% 10 10 30 vs 10, ns — 40 vs 30, ns 20 vs 0, ns 50 vs 40, ns — — — No significant difference between heparin and bivalirudin

(25) for bleeding and thrombotic complications.

Ranucci et al., 12 and (9) VA 3and 9and (4) 25vs 8,ns — 25vs 0, ns — 63 vs31,ns OR 0.6, ns (RBC) — — No significant difference between heparin and bivalirudin

2011 (26) (5) for bleeding and thrombotic complications.

ns = not significant, TR = transfusion reduction, VV = veno-venous ECMO, VA = veno-arterial ECMO, RBC = red blood cells, TTR = therapeutic target range, HIT = heparin induced thrombocytopenia.
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TABLE 2B Number of publications with outcomes favoring bivalirudin or
heparin (11-26).

Favoring Favoring \[¢)
bivalirudin heparin difference
Thrombosis 2 0 12
Major bleeding 4 0 10
Minor bleeding 0 0 6
Mortality 3 1 11
Transfusion 5 0 4

reduction

Heparin monitoring

In 90% of centers across the US, heparin monitoring is performed
via anti-factor Xa (anti-Xa) activity assay. The common target level for
thrombosis is 0.3—0.7 units/mL (7). (In our institution, we use the
default target of 0.3-0.5units/mL for ECMO). In 75% of centers,
activated clotting time (ACT) is also used as an adjunct test, with
180-200s the most common target but ranging from 180-240s in
centers using different ACT machines. Although aPTT and anti-Xa
are recommended as the most reliable combination for monitoring
heparin anticoagulation, the combination of ACT and anti-Xa is still
most often (68%) used for this purpose (4). Viscoelastometric studies
such as  thromboelastography (TEG™) or rotational
thromboelastometry (ROTEM™) are used in 41% of centers.
Antithrombin level is now more frequently monitored, using targets
that range widely from 60-100%. Institutions are improving in
establishing protocols, but almost 50% still manage ECMO
anticoagulation without a standard protocol, especially in hospitals
with mixed adult/pediatric patient populations. Along with anti-Xa,
aPTT is commonly targeted for heparin anticoagulation monitoring
with a wide range of 60-100's, depending upon patient age (4). aPTT
results can be affected significantly by heparin contamination and
underlying coagulopathy, such as disseminated intravascular
coagulation (DIC) or dilutional coagulopathy, depending on whether
the sample is drawn from a central line or directly from the ECMO
circuit. Heparinase-treated aPTT (HPTT) helps to eliminate the
heparin effect and reveal the underlying coagulable state, yet HPTT is
still rarely used in most institutions due to its cost. It is also important
to note that phospholipid-binding proteins such as lupus anticoagulant
and C-reactive protein (CRP) may also prolong aPTT and HPTT (7,
28) and this effect must be considered when assessing aPTT and
anti-Xa in gaging anticoagulation with heparin.

Anti-Xa assay is the most reliable test for measuring heparin’s
effect because it directly measures heparin anticoagulant activity (29).
There are various types of anti-Xa assays and the lack of
standardization can cause a discrepancy in results. Anti-Xa assays that
do not contain exogenous AT and rely solely on endogenous AT
activity are preferred for evaluating heparin anticoagulation (30). They
are helpful in cases of heparin resistance due to low AT levels or
polymorphism of the binding site. Significantly elevated factor VIII
may shorten aPTT and artificially present as heparin resistance.
Therefore, the best practice is using both aPTT and anti Xa to target
heparin’s effect (28).
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Bivalirudin monitoring

Several laboratory tests are available for monitoring the
anticoagulant effect of bivalirudin, of which aPTT and ACT are the
most commonly used. aPTT is the most common monitoring tool,
with the standard target of 60-80s (4). ACT is also used in some
centers as an adjunct to aPTT (31).

Other coagulation assays include diluted thrombin time (dTT),
chromogenic anti-factor Ila (anti-Ila) assay, ecarin clotting time (ECT),
and the ecarin chromogenic assay (ECA) (9). Preanalytical errors such
as heparin contamination can significantly affect aPT'T, especially when
the sample is collected through indwelling lines with a heparin lock.
Therefore, HPTT should be used since heparinase is able to neutralize
up to two units/mL of heparin in 500 pL of citrated plasma (32). The
main disadvantages of using HPTT are its cost, incubation time, and
lack of automatization; for these reasons, most centers do not use it as
the standard test. Appropriately collecting samples from the ECMO
circuit, not from an indwelling catheter, would decrease heparin
contamination and is advised for institutions that do not have HPTT
available. In our institution, we routinely use HPTT as a reflex test for
possible heparin-contaminated aPTT samples screened by prolonged
thrombin time and as part of a comprehensive ECMO panel.

Prolonged aPTT and HPTT may also be caused by other factors,
such as lupus anticoagulant, high CRP, deficiency of intrinsic factors,
or the presence of factor-specific inhibitors. Some studies therefore
found that aPTT does not correlate well with bivalirudin level.
Bivalirudin level measured by dTT has been reported to better
correlate with bivalirudin administration dose (33, 34). Using dTT
from spiked pooled normal plasma, in vitro studies reported
concentrations anywhere from 0.2 to 1.5pg/mL for bivalirudin,
correlating with 1.5 to 2.5 times prolongation of normal aPTT values
(33-35). Our institutional target range using dTT is 0.8 to 2.6 pg/mL
as equivalent to 1.7-2.3 prolongation of upper normal aPTT value and
is similar to previously described ranges—i.e., 0.5-2.5pg/mL, as
reported by Hasan, et al., using the same assays and reagents (36).

Special considerations

ECMO cannulation requires intraoperative anticoagulation to
prevent thrombotic complications due to hypercoagulable state secondary
to endothelial cell injury, interruption of blood flow; and exposure to the
cannula and foreign surfaces. The current practice is to administer
50-100units/kg of heparin as a bolus dosing during cannulation with
ACT monitoring intraoperatively. Bolus dosing of bivalirudin has been
used mainly in cardiac catheterization and in interventional radiology
procedures in adults. Due to the lack of pediatric data regarding
bivalirudin bolus dosing, it is more difficult to standardize it in a pediatric
population. The only contraindication for a heparin bolus would
be suspicion of heparin-induced thrombocytopenia (HIT), which is
uncommon in patients younger than 10 years old. Therefore, it is
preferable to continue using a heparin bolus during ECMO cannulation.

Due to the ratio of circuit volume to total blood volume, pediatric
patients—especially infants—are at higher risk of developing post-
cannulation dilutional coagulopathy. This issue has been addressed by
our institution and others by priming the circuit with plasma and
RBC. Prior to starting bivalirudin, it is important to make sure
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dilutional coagulopathy is resolved and have a baseline aPTT level. In
this way, appropriate anticoagulation can be achieved by targeting
aPTT or HPTT. Also, aPTT can be prolonged due to lupus
anticoagulant or C-reactive protein, so in patients with a high aPTT
at baseline, it is important to target bivalirudin anticoagulation by
targeting 1.5-2X increased in aPTT from the baseline.

Due to the short half-life of bivalirudin, its levels may be reduced
in areas where blood is static. The ECMO circuit, which is different
from cardiopulmonary bypass, does not contain a reservoir or areas
of significant concern for stasis, so this risk is more likely in patients
with anatomical etiologies for stasis, such as cardiac stunning, which
may increase thrombotic complications. There is a paucity of data on
this topic and each patient needs to be assessed individually. If
prolonged stasis in a patient is of concern, heparin could be the
preferred anticoagulation of choice. Clamping of cannulas during
weaning trials from veno-arterial (VA) ECMO may potentially cause
stagnation. Cannulas are unclamped periodically to prevent this
outcome, but there is no standard methodology for doing so. (In our
institution we unclamp every five minutes to avoid stagnation.) If
prolonged stasis is a concern, practitioners may consider administering
a heparin bolus of 25 units/kg prior to the clamping trial. Also, when
bivalirudin is administered to the circuit during clamping trials, the
patient may not receive adequate anticoagulation and therefore may
need additional bivalirudin during them.

Bivalirudin clearance depends on renal function but is
independent of dose and gender. Approximately 20% of the unchanged
drug is cleared via the kidney, and the remainder presumably
undergoes proteolysis intracellularly (37). Dialysis and increased urine
output will reduce bivalirudin’s effect. In a retrospective multicenter
study, it was reported that in pediatric ECMO population a decreased
bivalirudin dose requirement of about 28% among patients with
estimated glomerular filtration rate (¢GFR) of >60, 30-60 and <30 mL/
min/1.73m> Also, patients with lower eGFR had longer duration of
supratherapeutic anticoagulation targets, higher bleeding tendency
and transfusion of blood product requirement, close monitoring and
dose adjustment (38). In the setting of accidental overdose or active
bleeding that requires reversal of the bivalirudin effect, typically
discontinuation of bivalirudin infusion is sufficient due to short half
life, however, administration of plasma, prothrombin complex
concentrate and hemodialysis can be considered in severe cases.

Severe acute respiratory syndrome coronavirus 2 (SARS-COV?2)
infection showed unique coagulation challenges during COVID-19
pandemic. Patients with severe SARS-COV?2 infection demonstrated
diffuse endothelial injury, micro and macrovascular thrombosis.
Heparin was the standard anticoagulation of choice for
thromboprophylaxis in COVID-19 infection. In severe SARS-COV2
patients with acute respiratory distress syndrome (ARDS) many
patients required ECMO support for prolonged durations. In a
retrospective case control study patients with SARS-COV2 ARDS on
ECMO required higher doses of bivalirudin to achieve therapeutic
aPTT targets compared to non COVID 19 group. However, there was
no difference between the bleeding and thrombotic complications
among two groups (39).

Prevalence of obesity among children is increasing in the
United States. Obese patients not only have higher risk of thrombosis
but also require special considerations for drug dosing. In a retrospective
study conducted in patients with high body mass index (BMI) who had
HIT, bivalirudin dosing based on total body weight was found to have
most accurate predictor of achieving aPTT goal (40).
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Management of ECMO anticoagulation in patients with
underlying hepatic synthetic dysfunction, shock liver and DIC in the
setting of septic shock can be challenging. Safety of using bivalirudin
in adult patients with hepatic and renal dysfunction has been
demonstrated in the literature (41). However, there is scarcity of
pediatric and adult ECMO data. For management of anticoagulation
with bivalirudin in patients with underlying coagulopathy, dTT and
viscoelastometric studies would be instrumental. Consultation with
coagulation expert and individual based risk assessment is essential in
this population.

Coronary artery disease (CAD) is more common in adult
population, however, coronary and other vascular stent placements
occasionally required in pediatric patient as well. Using antiplatelet
agents along with anticoagulants such as heparin or bivalirudin are the
routine management to prevent thrombosis of the stent. ECMO
patients due to decreased platelet function and acquired von
Willebrand syndrome, potentially have a higher risk of bleeding when
antiplatelet agents are utilized. A retrospective single center study
showed no difference in bleeding complications in patients on VA
ECMO who received dual antiplatelet therapy along with heparin for
anticoagulation compared to heparin monotherapy (42). In as sub
study of a randomized control trial conducted in Sweden, in patients
with ST elevated myocardial infarction (STEMI) who are not on
ECMO and undergoing primary percutaneous coronary intervention
(PCI) and treated with aspirin and potent P2Y12-inhibitors,
anticoagulation with bivalirudin was not superior to heparin regarding
the composite end point of all-cause death, myocardial infarction, or
major bleeding (43). A recent published randomized controlled trial
in patients with STEMI undergoing primary PCI who had not
received previous glycoprotein IIb/IIla inhibitors compared
bivalirudin with a post-PCI high-dose infusion vs. heparin
monotherapy, showed significantly reduced the 30-day composite rate
of all-cause mortality or BARC types 3-5 major bleeding in bivalirudin
group (44). Due to scarcity of data in using antiplatelet agents along
with bivalirudin vs. heparin in ECMO patients, decision needs to
be made based on individual risk factors.

Institutional experience and proposed
ECMO anticoagulation protocol with
bivalirudin as the primary anticoagulant

Historical aspect and current practice

Bivalirudin was introduced to our practice in 2016. Initially utilized
mainly for ECMO and VAD anticoagulation when encountered heparin
resistance. Currently, in our institution, the pediatric intensive care unit
(PICU) and cardiac intensive care unit (CICU) both use bivalirudin as
the primary anticoagulant for all ECMO runs. Our neonatal intensive
care unit (NICU) continues to use heparin as the primary anticoagulant,
while bivalirudin is the secondary agent and used mainly for heparin
resistance. However, based on the growing experience of our primary
care providers and the cost-benefit ratio, we are considering
transitioning to bivalirudin as the primary anticoagulant for all ECMO
runs, including for newborns in the NICU. Multimodal ECMO
coagulation monitoring with standard coagulation assays and ROTEM
has been utilized to manage complex ECMO coagulation management.
Initiall, HPTT has been the main targeted coagulation assay for
bivalirudin management and recently added dTT alongside HPTT to
improve accuracy.
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Proposed anticoagulation protocol

Pre-cannulation

Before ECMO cannulation, it is important to evaluate baseline
coagulable state to assess underlying coagulopathy, which will guide the
choice of circuit prime and transfusion requirements. A comprehensive
multimodal approach is advised, including complete blood count (CBC),
prothrombin time (PT)/international normalized ratio (INR), aPTT/
HPTT, fibrinogen, D-dimer, ACT, AT, plasma hemoglobin (PHb) and
TEG or ROTEM. The baseline evaluation should include von Willebrand
factor (VWF) activity, VWF antigen, and VWEF activity/ VWF antigen
ratio (45).

Circuit prime

Heparin remains the main anticoagulant of choice for priming the
circuit when an RBC prime is used, mainly because more practitioners
have experience with it and due to the lack of standardized dosing for
other anticoagulants. Following ELSO recommendations, RBC
priming should be used for the majority of circuits if time allows. In
an emergency setting, crystalloids can be used for patients weighing

10.3389/fmed.2023.1237601

>30kg. As there are no standardized recommendations for circuit
priming, it is important to consider adding plasma to the priming if
the circuit volume is >50% of the total blood volume.

Heparin bolus during cannulation

Heparin remains the preferred anticoagulant during cannulation
given: the negligible incidence of HIT in pediatric patients;
institutions’ significant experience with the effects of heparin in
cardiopulmonary bypass; and its reversibility with protamine.
Depending on bleeding risk, a bolus of 50-100units/kg should
be administered during cannulation.

Post-cannulation

After cannulation, it is important to repeat coagulation tests,
including PT/INR, aPTT/HPTT, D-dimer, fibrinogen, hemoglobin,
and platelet count. Prompt correction of coagulopathy with plasma,
cryoprecipitate, and platelet transfusions is essential to decrease
bleeding complications.

Bivalirudin can be started if ACT <200s, INR <2.0, HPTT is
within 15s of the baseline, fibrinogen level is at least >100 mg/dL, and

v

v

Precannulation laboratory work up
CBC, ACT, PT/INR, aPTT, HPTT,
fibrinogen, platelet count, D-dimer,

TEG/ROTEM, chemistry

Circuit prime with plasma if there is coagulopathy
and/or circuit volume is >50% of total blood volume
and/or high risk for bleeding (i.e. fresh post op).
Heparin added to the prime if RBC is used.

Heparin bolus 100 units/kg prior to cannulation
or 50 units/kg if there is risk for bleeding

> Postpone
Is there bleeding Yes intitation of
or coagulopathy anticoagulation
No
// Start anticoagulation if: INR<2
HPTT <15 sec from upper normal,
fibrinogen at least >100 mg/dL,
platelet count at least >50,000/mm3
Initiate bivalrudin at
50% of the rate
) Yes  Target HPTT 50-60
High risk for bleeding sec or 1-1.5x of the
baseline and
No gradually increase
Start bivalirdin aocomlng to the age
recommended dosage

FIGURE 2

How to start bivalirudin at the initiation of ECMO CBC, complete blood count; ACT, activated clotting time; PT, prothrombin time; INR, international
normalized ratio; aPTT, activated partial thromboplastin time; HPTT, aPTT with Hepzyme.
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platelet count is at least >50,000/mm?® (Figure 2). Since ACT value
depends on the instrument, it must be established at each hospital. If
there is active bleeding or coagulopathy, practitioners should delay
initiation of bivalirudin until bleeding is controlled and coagulopathy
is resolved. The initial bivalirudin dosage can be adjusted based on
creatinine clearance and patient age (Table 3).

Monitoring

The target HPT'T is 2-3x baseline if there is no risk for bleeding,
and 1.5-2x baseline if there is high risk for bleeding. HPTT should
be repeated two hours after the initiation of bivalirudin and two hours
after every titration (Table 4).

If dTT is available, the standard target is 0.8-2.6 pg/mL (46). Since
a dTT assay is not standardized for ECMO anticoagulation, combining
HPTT with dTT will help optimize the anticoagulation (Table 5). The
target range for dT'T may vary based on the assay and reagents, so
each institution should adjust its protocol based on validation results.
Target ranges reported in the literature are summarized in Table 6.

Follow-up laboratory studies, including PT/INR, aPTT/HPTT,
dTT (if available), fibrinogen, platelet count, and D-dimer, should
be repeated every six hours or four times a day. Frequency can
be reduced once coagulation markers are stable and stable

TABLE 3 Bivalirudin initiation dose based on creatinine clearance and
age.

Age-based Normal Mild- Severely
initial creatinine moderate decreased
dosage clearance  decreasein  creatinine
adjustment for age creatinine clearance
(mg/kg/ h)  clearance @ by age (mg/
by age kg/ h)
(mg/kg/ h)
Infants <1 year 0.3 0.2 0.1
Children 0.2 0.1 0.05
2-10years
>10years 0.15 0.1 0.05

TABLE 4 Dose adjustment based on heparinase-treated aPTT.

Dose adjustment  Dose adjustment = Time to repeat

10.3389/fmed.2023.1237601

anticoagulation is achieved. ROTEM/TEG and PHb should
be repeated daily (Table 7).

Recently published review articles

There are several recent review articles comparing heparin to
bivalirudin for ECMO anticoagulation (48-55), and all of them favor
bivalirudin (Table 8). It should be noted, however, that all but one of
these studies are meta-analyses and are compromised by the lack of
standard definitions for bleeding and thrombosis. With this significant
limitation in mind, the overall consensus favors bivalirudin for ECMO

TABLE 5 Dose adjustment based on heparinase-treated aPTT and diluted
thrombin time.

Dose
adjustment

Dose adjustment
of bivalirudin

Time to repeat
dTT and HPTT

using dTT
(bivalirudin level)

Increase infusion rate

by 20%

<0.8pg/mL and HPTT
<60s

2h after dose adjustment

Increase infusion rate

by 10%

1-2pg/mL and HPTT 2h after dose adjustment

<1.5x of baseline

1-2pg/mL and HPTT No change Repeat dTT as per ECMO

>1.5x of baseline maintenance protocol

Decrease infusion

rate by 20%

>2.6 pg/mL 2h after dose adjustment

dTT, diluted thrombin time; HPTT, heparinase-treated activated partial thromboplastin
time; aPT'T, activated partial thromboplastin time.

TABLE 6 Summary of reported dTT and aPTT target ranges in the
literature.

dTT target aPTT target

Hasan et al., 2023 (36) 0.5-2.5pg/mL 60-120s

Teruya et al., 2021 (46) 0.8-2.6 ug/mL 1.7-2.3 x normal (60-80s)

Beyer et al., 2020 (34) 0.5-1.5pg/mL (dTT

40-80s)

1.5-2 x normal (50-80's)

Colucci et al., 2015 (47) | 0.8-1.4pg/mL 2.5-3.0 x normal (74-90's)

dTT, diluted thrombin time; aPTT, activated partial thromboplastin time.

of bivalirudin HPTT TABLE 7 ECMO coagulation panel and usual targets.
using HPTT
e Desired Purpose
<60s and/or < 1.5x from Increase infusion rate by 2h after dose target /ran ge
baseline 20% adjustment
To assess underlying
60-70s and < 1.5x baseline | Increase infusion rate by 2h after dose INR <25
coagulopathy
10% adjustment
HPTT 60-80s Targeting bivalirudin
70-80s and at least 1.5x No change Repeat HPTT as per . X
dTT (bivalirudin level) 0.8-2.6 ug/mL anticoagulation
baseline ECMO maintenance
protocol Fibrinogen >200mg/dL FEU )
To monitor clot firmness
3
80-100s and/or > 3x Decrease infusion rate by 2h after dose Platelet count >100,000/mny
increase from baseline 20% adjustment Plasma hemoglobin <150 mg/dL To monitor for hemolysis
>100s Hold infusion for 1h then | 2h after dose To monitor fibrin formation
restart at 50% less than adjustment D-dimer Not established and fibrinolysis in the circuit
previous rate and patient’s circulation

HPTT, heparinase treated activated partial thromboplastin time; aPT'T, activated partial
thromboplastin time.
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INR, international normalized ratio; HPT'T, heparinase-treated activated partial
thromboplastin time; dTT, diluted thrombin time, FEU, fibrinogen equivalent unit.
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TABLE 8 Review articles about heparin versus bivalirudin for ECMO
anticoagulation.

Author, year # of studies = Major findings
reviewed

Li DH et al,, 2022 9 Hospital mortality and thrombosis

(48) events decreased in adult patients on
bivalirudin

Liu L et al., 2022 14 Risks of in-circuit and any thrombosis,

(49) hospital mortality, and bleeding are
decreased on bivalirudin with positive
impact on ECMO survival

MaM et al., 2022 10 Major bleeding in children, adult

(50) patients’ thrombosis, in-circuit
thrombosis/interventions and in-
hospital mortality are reduced on
bivalirudin

Li MJ, et al., 2022 9 Lower risks of major bleeding, ECMO

(51) in-circuit thrombosis, stroke and in-
hospital mortality, and higher rates of
survival to ECMO decannulation in
patients on bivalirudin

GuJetal, 2023 10 Reduction in thrombotic events, major

(52) bleeding events and in-hospital
mortality in patients treated with
bivalirudin

Wieruszewski 5 Higher risk of circuit-related

PM et al., 2023 thrombosis and to die in adult patients

(53) on heparin

Hasegawa D 11 Bivalirudin was associated with

etal,, 2023 (54) significantly lower short-term mortality

Valdes et al., 2023 7 Trends in lower rates of bleeding,

(55) transfusion requirements, and
thrombosis with no difference in
mortality in pediatric patients

All are meta-analysis except for Valdes et al. (55).
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Heidelberg, Heidelberg, Germany, *Division of Obstetrics, Department of Obstetrics and Gynecology,
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Background: Postpartum hemorrhage (PPH) is still the leading cause of maternal
morbidity and mortality worldwide. While impaired fibrin polymerization plays a
crucial role in the development and progress of PPH, recent approaches using
viscoelastic measurements have failed to sensitively detect early changes in
fibrinolysis in PPH. This study aimed to evaluate whether women experiencing PPH
show alterations in POC-VET fibrinolytic potential during childbirth and whether
fibrinolytic potential offers benefits in the prediction and treatment of PPH.

Methods: Blood samples were collected at three different timepoints:
TO = hospital admission (19h + 18 h prepartum), T1 = 30-60 min after placental
separation, and T2 = first day postpartum (19h + 6h postpartum). In addition
to standard laboratory tests, whole-blood impedance aggregometry (Multiplate)
and viscoelastic testing (VET) were performed using the ClotPro system, which
included the TPA-test lysis time, to assess the POC-VET fibrinolytic potential,
and selected coagulation factors were measured. The results were correlated
with blood loss and clinical outcome markers. Severe PPH was defined as a
hemoglobin drop > 4g/dl and/or the occurrence of shock or the need for red
blood cell transfusion.

Results: Blood samples of 217 parturient women were analyzed between June
2020 and December 2020 at Heidelberg University Women's Hospital, and 206
measurements were eligible for the final analysis. Women experiencing severe PPH
showed increased fibrinolytic potential already at the time of hospital admission.
When compared to non-PPH, the difference persisted 30-60 min after placental
separation. A higher fibrinolytic potential was accompanied by a greater drop
in fibrinogen and higher d-dimer values after placental separation. While 70%
of women experiencing severe PPH showed fibrinolytic potential, 54% of those
without PPH showed increased fibrinolytic potential as well.

Conclusion: We were able to show that antepartal and peripartal fibrinolytic
potential was elevated in women experiencing severe PPH. However, several
women showed high fibrinolytic potential but lacked clinical signs of PPH. The
findings indicate that high fibrinolytic potential is a risk factor for the development
of coagulopathy, but further conditions are required to cause PPH.

KEYWORDS

fibrinolytic potential, PPH, ClotPro, TPA-test, viscoelastic hemostatic assay, point-of-care,
VET
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1. Introduction

Postpartum hemorrhage (PPH) is defined as excessive bleeding
in the context of childbirth. Accounting for one death every
7min, PPH is still the leading cause of maternal morbidity
and mortality worldwide (1). Despite all the efforts to improve
the prevention and treatment of PPH, healthcare providers
are facing an increasing number of cases (2, 3). The reasons
behind this are the growing incidences of high-risk pregnancies
and atony-related PPH (2). Furthermore, little progress has
been made in the early recognition of women at increased
risk (4).

To facilitate prevention, efficient tools to identify women at
risk are needed (4). Unfortunately, to this date, the ability to
predict PPH remains low (5). Typically, an interplay of uterine
atony, trauma, and placental abnormalities leads to bleeding
(1). PPH further progresses if disturbances in hemostasis occur
and aggravate bleeding, whereby the fibrinolytic system plays a
crucial role (6). Roberts et al. showed that hyperfibrinolysis is
common in PPH, and malfunctioning of this delicate system
determines maternal mortality and morbidity (7). Despite the
beneficial effects of tranexamic acid (TXA) in PPH (8-10),
prophylactic use of antifibrinolytic agents during childbirth is
still under debate (11). Thus, Arnolds et al. concluded in
2020 that further research is needed to determine optimal
methods to assess fibrinolytic activity in PPH (12). Assessment
of fibrinolytic potential might facilitate the identification of
women at elevated risk for excessive bleeding antepartum and
help in the timely recognition of coagulopathy and the progress
of PPH.

The ClotPro TPA-test is a new viscoelastic point-of-care test
assay to assess fibrinolytic potential. TPA-test stands for “tissue
plasminogen activator-test.” The assay is, like the ex-test, a
recombinant tissue factor-activated whole blood test. However,
unlike the ex-test, the TPA-test contains a 650 ng/ml recombinant
tissue plasminogen activator. The assay results in an extrinsically
stimulated coagulation with r-tPA-stimulated hyperfibrinolysis.
Typically, the viscoelastic trace shows the initiation of the clot
comparable to the ex-test but is followed by fast lysis. Typical TPA-
test viscoelastic traces are shown in Figures 1B, C. The fibrinolytic
potential is measured as “lysis time,” which is defined as the
timespan between clotting time and 50% clot lysis (Figure 1A).
Typical TPA-test lysis time was reported to be ~220s in a patient
population scheduled for elective orthopedic surgery (13). A higher
fibrinolytic potential is expressed as shorter TPA-test lysis time
(LT). To date, evidence of the clinical use of the ClotPro TPA-test
is limited to a few reports. There are three retrospective analyses
and one small case report showing prolonged TPA-test lysis time in
patients with COVID-19 (14-17). One study and one case report
utilized the TPA-test for detecting the TXA effect in cardiac surgery
and elective orthopedic surgery (13, 18). Coupland et al. showed
that the TPA-test LT indicates fibrinolytic resistance in critically
ill patients, independent of COVID-19 (19). Finally, Nitsche et al.
found in an experimental study that like other viscoelastic test
parameters, TPA-test lysis time is temperature dependent and is
prolonged in hypothermia (20).

To the best of our knowledge, fibrinolytic potential during
pregnancy and childbirth has not yet been characterized.
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To fill this gap, we evaluated whether
women experiencing PPH show alterations in fibrinolytic
childbirth and whether ClotPro TPA-

test lysis time may have a clinical value in the prediction

knowledge

potential during
and treatment of PPH. To answer these questions, blood

three different
time, laboratory

of 217 women were taken at
TPA-test

coagulation status, clinical parameters, and short-term outcome

samples

timepoints  peripartum. lysis

were measured.

2. Materials and methods
2.1. Study design

The study was approved by the Ethics Committee
of the Medical Faculty of Heidelberg (trial code no.
S-759/2019) and is registered at the German clinical
trials  register ~ (DRKS00021531). Data  were collected
prospectively in an observational single-center study at
Heidelberg ~ University Women’s Hospital, a level-one

perinatal center. Data were collected between June 2020 and
December 2020.

Blood samples and clinical data of 217 women were collected
peripartum. The inclusion criteria were age >18 years and
written informed consent. The exclusion criteria were refusal
of informed consent and age <18 years. To avoid potential
bias, women with a medical history of coagulopathy were
excluded from the final analysis. Medical history was obtained
by the gynecologist and anesthetist. In addition, individuals
were excluded from further analysis of the fibrinolytic potential
after they received TXA. TXA leads to a strong inhibition of
fibrinolysis, resulting in an artificial prolongation of TPA-test
lysis time.

2.2. Study groups

As described in previous reports and international guidelines,
mild PPH was defined as estimated blood loss >500ml and
hemoglobin drop >3 g/dl (21-23). Severe PPH was defined as the
appearance of one of the following criteria: peripartum hemoglobin
drop of >4 g/dl and transfusion of red blood cell concentrates or
shock (24-29). Non-PPH was defined as a hemoglobin drop of <3
g/dl and estimated blood loss <500 ml (21-23).

2.3. Measurements

Blood samples were collected at three different timepoints.
The first sample (T0) was taken at the time of hospital admission
(19h £ 18h prepartum). The second (T1) was taken 30-60 min
after placental separation and the third (T2) on the first day
postpartum (19h £ 6h after placental separation). At each
timepoint, blood samples were taken for viscoelastic testing
(ClotPro), whole-blood impedance aggregometry (Multiplate),
enzyme-linked immunosorbent assay (ELISA), and laboratory
coagulation tests. All POC measurements were performed by
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FIGURE 1

women included in the study. (B) Shows the TPA-test trace of a woman wi

trademark of Haemonetics Corporation in the US, other countries or both

(A) ClotPro viscoelastic trace including the description of parameters. (B, C) Exemplary viscoelastic traces at TO (prepartum) obtained from two

range and (C) shows the TPA-test trace of a woman presenting with relatively high fibrinolytic potential at hospital admission and developing severe
PPH in the course of delivery. ClotPro® hemostasis analyzer tracing image used by permission of Haemonetics Corporation. ClotPro® is a registered

ith relatively low fibrinolytic potential and blood loss outside the normal

the same experimenter. Citrate-anticoagulated whole blood was
used for ClotPro analysis, and hirudin-anticoagulated whole blood
was used for Multiplate analysis. All samples were transported
from the delivery room or operation room to the research lab
(5-10min transportation time) at room temperature. Samples
for POC VET and Multiplate were analyzed immediately in
the research lab. Samples for routine coagulation testing were
sent to the laboratory facility via tube mail and analyzed
immediately after. Measurements of single coagulation factors
were performed with frozen plasma samples. Therefore, blood
samples were transported to the research lab, centrifuged at 3,000
rpm for 10min, and plasma was aliquoted in 100 pl tubes.
Samples were deep-frozen at —80°C and stored for 9 months.
They were transported on dry ice to the laboratory facility
for analysis and analyzed immediately after defreeze. At each
timepoint, the following coagulation tests were performed for
every patient.

Frontiersin Medicine 3

2.4. Laboratory coagulation tests

Full blood count, hemoglobin, erythrocytes, hematocrit
(Hct), prothrombin time, activated partial thromboplastin time,
fibrinogen (Clauss fibrinogen assay, analyzed with the Sysmex
CS 5100 coagulation analyzer), d-dimers, alpha-2-antiplasmin,
factors V, VIII, IX, and XIII, protein C, protein S, von Willebrand
factor (VWF) antigen, and activity were measured in the laboratory
facility at Heidelberg University Clinic.

2.5. Point-of-care viscoelastic testing

For ClotPro (Enicor GmbH, Munich, Germany), we ran five
channels for each blood sample (EX-test, IN-test, FIB-test, AP-
test, and TPA-test). A detailed description of the TPA-test assay
is provided in the introduction section of the present study. Based
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Spontaneous birth
n=105

Caesarean section
n=101

Primary caesarean
n=65

FIGURE 2

Data collection and inclusion. Flowchart of the data collection process and data exclusion. Definition of mild and severe PPH according to estimated
blood loss, AHb, and shock, as described above. PPH, postpartum hemorrhage.

Secondary caesarean
n =36

on the study by Tahitu et al. (30), the enzymatic fibrinolysis index
was defined as Clotpro EX-test maximum clot lysis (ML) minus
AP-test ML.

Whole-blood impedance aggregometry was performed with
the Multiplate analyzer (Roche Diagnostics Deutschland GmbH,
Mannheim, Germany). ADP-test, TRAP-test, and ASPI-test were
performed for each sample at each timepoint.

All

manufacturer’s guidelines.

measurements were performed according to the

2.6. Clinical data

Clinical data and patient characteristics were obtained from
electronic medical reports. We documented maternal age, date
and time of birth, gestational age, birth weight, gravida and
parity, history of miscarriage, gemini status, mode of delivery,
presence of placental pathologies, presence and degree of birth
injury, presence of preeclampsia or HELLP syndrome, occurrence
for postpartum uterine atony, clinical outcome (death, shock,
hospital and intensive-care-unit length of stay, and need for re-
operation), transfusion of red blood cell concentrate or fresh-frozen
plasma, any medication given in the peripartum period (including
uterotonics, TXA, fibrinogen concentrate, and vasopressors),
and prescription of coagulant drugs). Estimated blood loss was
documented according to the anesthesia protocol and/or birth
report by midwives. The common causes of PPH were assessed
according to the Four Ts mnemonic device for PPH (31).

2.7. Statistical analysis

Statistical analyses were performed using SAS version 9.4 (SAS
Institute Inc., Cary, North Carolina, USA). For continuous data,
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ANOVA was performed for equal variances and a mixed linear
model with Tukey-Kramer post-hoc test for unequal variances. A
chi-squared test was performed for categorical data. For multiple
comparisons of categorical data, p-value correction was made by
performing a Bonferroni post-test. For ROC analysis, simple and
multiple linear regression models were used. Probability values of p
< 0.05 were generally considered statistically significant.

3. Results
3.1. Study groups

From 217 women initially recruited, 206 participants were
eligible for final analysis (Figure 2). Eleven women had a medical
history of coagulopathy (factor V Leiden mutation, von Willebrand
disease, F XII deficiency, MTHFR mutation, and autoimmune
thrombocytopenia either alone or in combination) and were
subsequently excluded from further analysis. Three of 11 women
with preexisting coagulopathy had a prescription for coagulation
modifiers, which potentially influence coagulation and fibrinolysis.
Patients were grouped based on the presence and severity of PPH:
25 (12.1%) women showed mild and 10 (4.9%) women showed
severe PPH according to the aforementioned criteria of estimated
blood loss, hemoglobin drop, red blood cell transfusion, and the
presence of shock. The remaining 171 women revealed no evidence
for PPH with estimated blood loss <500 ml and AHb < 3g/dl. The
mode of delivery did not differ significantly between groups.

3.2. Baseline characteristics

Before POC-VET fibrinolytic potential was evaluated, baseline
characteristics, including sociodemographic data, parameters of
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TABLE 1 Demographic data and baseline characteristics based on the PPH group.

10.3389/fmed.2023.1208103

Age (year) 334+£5.0 332+49 33.4+48 36.5£5.7 0.80 0.04 0.10
Gestation age (week) 389+14 389+14 388+19 39.1£15 0.85 0.57 0.55
Obesity 53 (25.7%) 43 (25.2%) 7 (28.0%) 3(30.0%) 0.76 0.73 091
Gravidity 2(1-3) 2(1-3) 2(1-3) 2(1-3) 0.42 0.86 0.54
Parity 1(0-1) 1(0-1) 0(0-1) 0(0-1) 0.65 0.82 0.95
Nullipara 97 (47.1%) 76 (44.4%) 14 (56.0%) 7 (70.0%) 0.28 0.11 0.45
Gemini 10 (4.9%) 6 (3.5%) 2 (8.0%) 2(20.0%) 0.29 0.01 0.31
Preterm birth 14 (6.8%) 9 (5.3%) 4(16.0%) 1 (10%) 0.04 0.52 0.65
Birthweight (g) 3,322 £502 3,307 £ 501 3,446 + 467 3,268 £611.3 0.20 0.81 0.34
Spontaneous birth (1) 105 90 (53%) 8(32%) 7 (70%) 0.59 0.48 0.17
Primary cesarian (1) 65 53 (31%) 11 (44%) 1 (10%) 0.16 0.85 0.12
Secondary cesarian (n) 36 28 (16%) 6 (24%) 2 (20%) 1.0 1.0 1.0

Data are presented as mean + SD, median and IQR, or absolute and relative counts as appropriate; obesity was defined as BMI > 35, and preterm birth was defined as birth before 374-0 weeks

of pregnancy.
PPH, postpartum hemorrhage.
The bold values indicate significant values of p < 0.05.

pregnancy, and mode of delivery, were obtained. The data are
outlined in Table 1.

Women in the severe PPH group were older, with a mean
difference of 3 years, and the proportion of gemini pregnancies was
higher in this group than in the non-PPH group. The frequency of
preterm birth was higher in the mild PPH group than in the non-
PPH group. Other baseline characteristics were similar between
the groups.

3.3. Follow-up

In the follow-up, maternal outcomes were negatively influenced
by the severity of PPH. Increased blood loss in severe PPH was
accompanied by a higher rate of shock, red blood cell transfusion,
and the need for revision surgery. Women in the severe PPH group
had a longer hospital length of stay and a higher ICU admission
rate than those in the non-PPH and mild PPH groups. Data are
presented in Supplementary Table 1.

At the time of T1 blood sampling, none of the parturient
women presented with ongoing bleeding. One woman developed
bleeding after T1 blood sampling. In all other cases, the bleeding
had already stopped at timepoint T1.

3.4. Antepartum coagulation status

To determine antepartum differences in fibrinolytic potential,
TPA-test lysis time and other indicators of clot initiation, firmness,
and clot lysis were measured at the time of inclusion (T0).

Antepartum TPA-test lysis time was lower in the severe PPH
group than in the non-PPH and mild PPH groups. Statistical
significance was reached only in the comparison between the non-
PPH and severe PPH groups (mean difference 21.7s; 95% CI —3.2
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to 40.4; p = 0.04; Table 2). Shortened TPA-test lysis time indicates
an increased fibrinolytic potential. However, 93 women (45% of
the entire study population) showed low TPA-test lysis time <250 s
but blood loss within the normal range of delivery. The proportion
of low TPA-test lysis time in the non-PPH group was 54%, which
increased to 70% in the severe PPH group. Women with low
TPA-test lysis time and severe PPH showed significantly more risk
factors for bleeding, according to the Four Ts mnemonic device
(0.4 in the non-PPH vs. 1.0 in the severe PPH group, p = 0.005).
Antepartum hemoglobin, Hct, and quantitative and qualitative
platelet analyses, as well as classical POC-VET lysis parameters,
measured as EX-test lysis index 30 and 60 did not differ between the
groups and were within the normal range. In-test clotting time was
prolonged in the mild PPH group, but the values were still within
the normal range defined for pregnancy.

3.5. Evaluation of the fibrinolytic system
over the course of delivery

In the following section, POC-VET fibrinolytic potential
characterized over the course of delivery has been described.
Figure 3 shows the TPA-test lysis time at three different timepoints
during birth. At the time of hospital admission and 30-60 min
after placental separation, the TPA-test lysis time was significantly
reduced in the severe PPH group compared to the non-PPH group.
On the first day postpartum, the TPA-test lysis time increased and
exceeded the antepartum values, independent of the presence of
PPH. Hence, there were no significant differences in fibrinolytic
potential on this day.

Three individuals in the mild PPH group and two individuals
in the severe PPH group received TXA over the course of delivery.
While both women in the severe PPH group received TXA after
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TABLE 2 Measurements of coagulation parameters antepartum (TO).

10.3389/fmed.2023.1208103

Red blood cells

Hb (g/dl) 122+1.0 124+ 0.94 127+1.2 0.40 0.13 0.39
Het (%) 0.36 = 0.03 0.36 + 0.03 0.37 £ 0.04 0.56 0.13 0.32
Clot initiation

CT Ex-test (s) 440476 46.6 + 8.13 47.1+86 0.11 0.21 0.86
CT In-test (s) 140.8 & 10.4 145.44 + 12.44 141.5 £ 11 0.04 0.83 0.32
Clot firmness

Ex-test A10 (mm) 59.6 £3.8 60.4 + 3.69 59.8 £3.9 0.31 0.85 0.67
Fib test A10 (mm) 242434 252 +3.93 251428 0.19 0.44 0.94
Clot lysis

Ex-test CLI30 99.34+0.8 99.16 + 0.69 99.140.6 0.55 0.53 0.83
Ex-test CLI60 944423 94.56 +2.47 949421 0.79 0.54 0.70
Ex-test ML 64426 65424 58422 0.80 0.49 0.45
AP test ML 6.1+24 55420 50+23 0.26 0.16 0.55
Platelets

Platelet count (nl~!) 224.1 £63.7 217.2 £ 55.19 2222 +64.1 0.61 0.93 0.83
TRAP AUC 103.7 £27.8 105.1 £29.5 105.1 £ 28.7 0.81 0.88 1.0
ASPI AUC 96.14+27.3 9532 +23.7 94.9 4+21.2 0.89 0.89 0.97
ADP AUC 69.5 4 24.9 71.4 4 30.23 7414249 0.74 0.58 0.76
Fibrinolytic potential

TPA-test lysis time (s) 253.6 £ 50.4 258.5 £ 46.7 231.9 £24 0.89 0.04 0.11
D-dimers (mg/L) 22417 26423 30+1.8 0.28 0.14 0.52

Measurements of coagulation parameters antepartum (T0). Data are presented as mean %+ SD.

Hb, hemoglobin; Hct, hematocrit; CT, clotting time; A10, clot firmness after 10 min runtime; CLI30, clot lysis index after 30 min runtime; CLI60, clot lysis index after 60 min runtime; AUC, area
under the curve; P1, non-PPH vs. mild PPH; P2, non-PPH vs. severe PPH; P3, mild PPH vs. severe PPH.

The bold values indicate significant values of p < 0.05.

T1 blood sampling, the three women in the mild PPH group
received TXA between T0 and T1. After receiving TXA, the TPA-
test lysis time values of these individuals were excluded from
further analysis.

As shown in Figure 4, increased fibrinolytic potential in
severe PPH was accompanied by a significant drop in fibrinogen
concentration and elevation in d-dimer levels 30-60 min after
placental separation. Fibrinogen levels remained low on the first
day postpartum. D-dimer-fibrinogen ratios were calculated for
every timepoint and are shown in Supplementary Figure 1.

While the main inhibitors of the fibrinolytic system [alpha-
2-antiplasmin and plasminogen activator inhibitor 1 (PAI-1)]
did not differ antepartum (at the time when the fibrinolytic
potential was already altered), they were reduced after placental
separation, indicating a disinhibition of fibrinolysis. The data are
shown in Table 3. PAI-1 drop after placental separation was more
pronounced in the severe PPH group than in the mild PPH group.
Overall, a greater extent of fibrinolysis disinhibition 30-60 min
after placental separation was observed in the severe PPH group
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than in the other two groups. Correlations of TPA-test lysis time
with fibrinogen, d-dimer, alpha-2-antiplasmin, and PAI-1 levels
were calculated as measures of increased fibrinolysis. TPA-test
lysis time showed low to moderate correlation with fibrinogen, d-
dimer, alpha-2-antiplasmin, and PAI-1 levels. The data are shown
in Supplementary Table 2.

Parameters with potential impact on the hemostatic process,
including Hct, Hb, thrombocyte counts, vVWE, and factor XIII
were measured at all timepoints, and the data are given in
Supplementary Table 4. In summary, Hb and Hct were significantly
decreased at timepoints T1 and T2 in the severe PPH group
compared with the non-PPH group, while thrombocyte counts
remained stable. VWF activity was increased at hospital admission
in the severe PPH group (Supplementary Table 4).

Finally, TPA-test lysis time was compared to classic POC-VET
fibrinolysis parameters. Enzymatic fibrinolytic index (EFI) was
calculated as a marker of fibrinolysis insensitive to clot retraction.
None of the 206 individuals in this study reached the common
cut-off of EFI >15% for hyperfibrinolysis.
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3.6. Incidence of additional risk factors for
PPH

It was observed that insufficient uterine tone, placental
retention, and birth injuries were more common in the severe PPH
group. The data are presented in Table 4.

To evaluate the role of uterine atony as a potential confounder
of the influence of fibrinolytic potential on bleeding severity,
we performed a subgroup analysis of fibrinolytic potential for
women with and without uterine atony. Since only two individuals
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FIGURE 3

Dynamic of TPA-test lysis time peripartum. Box and whisker plot:
The box indicates the Q1-Q3 inter-quartile range, the horizontal
line inside the box shows the median value, the marker inside the
box displays the mean, the whiskers indicate observation nearest to
the fences (= 1.5 IQR), the markers below and above the fences
demonstrate observations above and below the fences; TO,
antepartum; T1, 30-60 min after placental separation; T2, first day
postdelivery; groups: white, non-PPH; light gray, mild PPH; dark
gray, severe PPH. PPH, postpartum hemorrhage.
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had documented uterine atony in the PPH groups, it was not
possible to calculate meaningful statistics. However, TPA-test lysis
time was shorter in the severe PPH group than in the non-PPH
and mild PPH groups at timepoints TO and TI, both in the
subset with and without uterine atony. The data are presented in
Supplementary Table 3.

3.7. ROC analysis—clinical value of
antepartum TPA-test lysis time in the
prediction of PPH

ROC analysis revealed a low predictive value of antepartum
TPA-test lysis time as a single parameter. For the prediction of
severe PPH, AUC was 0.634 (p = 0.053). When combined with
fibrinogen, the predictive power increased (AUC 0.732; p = 0.002).
The best prediction of severe PPH was achieved in a multiple linear
regression model using TPA-test lysis time and the number of risk
factors, according to the 4Ts (AUC 0.75; p = 0.0003).

4. Discussion

In the current study, we evaluated alterations of the POC-VET
fibrinolytic potential in PPH. We demonstrated that women who
developed severe PPH in the course of delivery show increased
fibrinolytic potential already at the time of hospital admission.
We also demonstrated that the difference in fibrinolytic potential
persists 30-60 min after placental separation. Furthermore, we
revealed that childbirth is accompanied by changes in fibrinolytic
potential, independent of the occurrence of PPH. Parturient
women showed an increase in fibrinolytic potential within the
first hour after placental separation, followed by a decrease that
exceeded the baseline level on the first day postdelivery.

The fact that fibrinolytic potential in the severe PPH group was
already increased at the time of hospital admission indicates that

@ @ 00 00
© coo® o
1

fibrinogen [g/1]

TO

T2

FIGURE 4

Dynamic of fibrinogen (A) and d-dimers (B) peripartum. Box and whisker plot: The box indicates the Q1-Q3 inter-quartile range, the horizontal line
inside the box shows the median value, the marker inside the box displays the mean, the whiskers indicate observation nearest to the fences (=1.5
IQR), the markers below and above the fences demonstrate observations above and below the fences; TO, antepartum; T1, 30-60 min after placental
separation; T2, first day postdelivery; groups: white, non-PPH; light gray, mild PPH; dark gray, severe PPH. PPH, postpartum hemorrhage.

B
o +
p=0.01 o
30 p<0.01
" [}
= o
\o, o
E 20 °
[
[y o
E o
2 : .
] o
10 S + ' . M 8 +
H s ~<_ §
g : X //: / \\\
™ Lt - ~
ooz Dy T D
Led e ol
0
TO T1 T2

Frontiersin Medicine

34

frontiersin.org


https://doi.org/10.3389/fmed.2023.1208103
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Gruneberg et al.

TABLE 3 Measurements of fibrinolytic inhibitors over time.

10.3389/fmed.2023.1208103

Mild PPH Severe PPH -value p-value p-value
=25 n=10 vs. mild non vs. severe mild vs. severe
Alpha-2-antiplasmin
TO 96.7 4 18.5 954 12.6 87.7 4333 0.68 0.14 0.30
Tl 87.4 + 20 86.6 4 16.1 68.3+ 17 0.85 <0.01 0.02
T2 98+ 17.9 9344118 82.14 11.4 0.21 0.01 0.11
PAI-1
TO 67.1+28.6 68.8 + 33.2 74.7 + 48.3 0.79 0.44 0.60
T1 4274233 582+ 55.6 417 +42 0.02 0.93 0.18
T2 26.8 4 14.1 2414137 72.7 4+ 85 0.53 <0.01 <0.01

PAI-1, plasminogen activator inhibitor 1; T0, at hospital admission; T1, 30-60 min after placental separation; T2, first day postpartum; P1, non-PPH vs. mild PPH; P2, non-PPH vs. severe PPH;

P3, mild PPH vs. severe PPH.

The bold values indicate significant values of p < 0.05.

TABLE 4 Risk factors for the development of PPH and the use of uterotonics.

Non-PPH Mild PPH Severe PPH

n=171 n=25 n=10
Tone
Insufficient uterine contraction n (%) 0(0%) 2 (8.0%) 2 (20.0%)
Oxytocin usage 1 (%) 143 (83.6 %) 24 (96.0%) 9 (90.0%)
Sulprostone usage 7 (%) 0 1 (4%) 0
Tissue
Retention of placenta n (%) 0 0 3(30.0%)
Placenta previa 1(0.5%) 2 (8%) 0
PAS disorder n (%) 2 (1.1%) 0 0
Trauma
Birth injury n (%) 68 (39.8%) 8 (32.0%) 7 (70.0%)

Additional risk factors for PPH according to the Four Ts mnemonic device. Values are extracted from electronic medical reports and presented as absolute counts and relative proportions.

Insufficient uterine contraction clinically diagnosed by obstetricians.
PAS disorder, placenta accrete spectrum disorder.

the ClotPro TPA-test lysis time could identify altered fibrinolysis
earlier than classical POC-VET fibrinolysis markers. This offers
potential clinical use in the prevention and timely treatment of
PPH. The fact that TPA-test lysis time indeed measures amplified
fibrinolysis is supported by correlations between increased
fibrinolytic potential, disinhibition of fibrinolysis (reduced PAI-
1 and alpha-2-antiplasmin), and fibrinogen consumption markers
(drop in fibrinogen and rise in d-dimers).

ROC analysis revealed that TPA-test lysis time alone is not
specific enough to predict PPH. However, a combination of
antepartum TPA-test lysis time with either fibrinogen levels or the
number of risk factors according to the 4Ts improves the prediction
of severe PPH. Nevertheless, we found important restrictions in
the clinical applicability of TPA-test lysis time. A high fibrinolytic
potential was found in 54% of individuals in the non-PPH group,
leading to an AUC of only 0.6434 for TPA-test lysis time to predict
severe PPH. Women presenting with high fibrinolytic potential
but without PPH showed significantly fewer risk factors according
to the Four Ts mnemonic device for PPH than women with
severe PPH. Our interpretation of the results is that increased

Frontiersin Medicine

fibrinolytic potential should be understood as a moderating variable
that increases the risk of developing coagulopathy, while high
fibrinolytic potential alone is not sufficient for causing excessive
bleeding. Additional factors such as uterine atony, soft tissue
trauma, and placental pathologies are needed to cause severe PPH.

While our data provide new insights into the measurement
of POC-VET fibrinolytic potential during childbirth, our study
also has some limitations. First, blood loss was estimated by the
obstetric team. However, no exact blood loss measurements were
performed using calibrated blood bags because such systems were
not established at the site of investigation, and implementation in
a multidisciplinary setting would have surpassed the capabilities
of this study. Since technical aids for blood loss measurement
are not established to a large extent, hemoglobin and hematocrit
are established as common parameters to objectify blood loss in
clinical studies (24, 26, 32). Hemoglobin drop has been shown
to correlate with PPH severity, and the most significant decline
occurs within the first 24 h postdelivery (29). Second, there was
a significant difference in age between the non-PPH and severe
PPH groups. As fibrinolysis might be influenced by age and
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complications might increase in high-risk pregnancies in older
women, age might have acted as a confounder in the present
study. Since the size of the severe PPH group was extremely small,
it was not possible to perform age-matched comparisons of the
results. However, no significant correlation was found between
age and TPA-test lysis time in our study population of parturient
women between 20 and 45 years of age. Therefore, it seems unlikely
that age differences would have exerted significant bias on our
measurements. Nevertheless, age should be considered a potential
confounder in future studies, especially if individuals of older age
are studied. Furthermore, it must be mentioned that POC-VET
fibrinolytic potential, measured by performing the ClotPro TPA-
test, does not allow for statements about local fibrinolysis at the
uteroplacental unit level, as it measures fibrinolytic potential in
the systemic circulation. Although early administration of TXA
was already recommended by international guidelines (22, 33) at
the time of data collection, the recommendations were based on
moderate evidence. During that time, the local standard was to
administer TXA more restrictively than it is done today. Only a few
patients included in the PPH group received TXA.

5. Conclusion

In the present study, we demonstrated that women who
developed severe PPH presented with increased POC-VET
fibrinolytic potential before experiencing overt bleeding, but
this increased fibrinolytic potential alone was not sufficient for
predicting PPH. We interpret fibrinolytic potential as a moderating
variable that increases the risk of developing coagulopathy,
although high fibrinolytic potential alone is not sufficient
for causing excessive bleeding. Further research is needed to
integrate fibrinolytic potential into established risk scores to refine
their predictive ability and evaluate its use to guide targeted
antifibrinolytic therapy in PPH and other fields.
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Introduction: Coagulopathy associated with isolated traumatic brain injury
(C-iTBI) is a frequent complication associated with poor outcomes, primarily due
to its role in the development or progression of haemorrhagic brain lesions. The
independent risk factors for its onset are age, severity of traumatic brain injury
(TBI), volume of fluids administered during resuscitation, and pre-injury use of
antithrombotic drugs. Although the pathophysiology of C-iTBI has not been fully
elucidated, two distinct stages have been identified: an initial hypocoagulable
phase that begins within the first 24 h, dominated by platelet dysfunction and
hyperfibrinolysis, followed by a hypercoagulable state that generally starts 72h
after the trauma. The aim of this study was to design an acronym as a mnemonic
device to provide clinicians with an auxiliary tool in the treatment of this
complication.

Methods: A narrative analysis was performed in which intensive care physicians
were asked to list the key factors related to C-iTBI. The initial sample was comprised
of 33 respondents. Respondents who were not physicians, not currently working
in or with experience in coagulopathy were excluded. Interviews were conducted
for a month until the sample was saturated. Each participant was asked a single
question: Can you identify a factor associated with coagulopathy in patients with
TBI? Factors identified by respondents were then submitted to a quality check
based on published studies and proven evidence. Because all the factors identified
had strong support in the literature, none was eliminated. An acronym was then
developed to create the mnemonic device.
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Results and conclusion: Eleven factors were identified: cerebral computed
tomography, oral anticoagulant & antiplatelet use, arterial blood pressure
(Hypotension), goal-directed haemostatic therapy, use fluids cautiously, low
calcium levels, anaemia-transfusion, temperature, international normalised
ratio (INR), oral antithrombotic reversal, normal acid—base status, forming the
acronym “Coagulation.” This acronym is a simple mnemonic device, easy to apply
for anyone facing the challenge of treating patients of moderate or severe TBl on

a daily basis.

KEYWORDS
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1 Specific aims and theoretical
grounds of the study

A narrative approach involves pluralism, relativism, and
subjectivity. Despite advances in the care of neurocritically ill patients
from the prehospital stage through rehabilitation, traumatic brain
injury (TBI) continues to be a pathological entity associated with
significant rates of functional disability and mortality (1). Narratives
have classically been a mode of transmitting culture on macro-
societal levels, and a way to create evidence. Irrespective of the
mechanism of injury, TBI is understood to consist of two clearly
defined processes (1-4). The primary injury depends on the type,
location, and amount of energy absorbed by the structures that
comprise the cranial cavity and the results of focal (intra or extra-
axial haemorrhages) or diffuse (axonal damage) lesions. These
lesions, in turn, trigger different and multiple neurotoxic cascades,
most notably, the inflammatory and coagulation cascades that
negatively influence haemodynamics, oxygenation, and cerebral
energy metabolism (1-4). Secondary injury involves a series of
phenomena that can originate within the skull (intracranial
hypertension, cerebral hypoxia) or systemically (hypotension,
hypoxemia, sodium, and glycaemic alterations) which combine to
perpetuate or exacerbate the primary injury (1-4). While primary
injuries are irreversible, secondary injuries can be prevented and
corrected, and this is precisely one of the pillars upon which the
modern management of severe TBI is based (1-4).

Normal haemostasis involves a delicate balance between
mechanisms that promote bleeding and those that try to prevent it, a
balance that can be disrupted following TBI. Coagulation disorders in
severe isolated TBI (C-iTBI) are common and contribute to secondary
damage, mainly due to their role in facilitating the development or
progression of both ischemic and haemorrhagic lesions (5-10). TBI
has increasingly come to affect older patients who often present with
polypharmacy including antithrombotics and anticoagulants due to
multiple comorbidities (11). The incidence of C-iTBI as reported in
the literature averages 33%, with figures ranging from 7 to 90%. The
disparities in results may be due to differences in study design, lack of
uniform definition, varied cohorts, points of the parameters used to
define it, concomitant presence of polytrauma, or the time it was
analysed (5-10, 12). Nonetheless, based on these figures, we can posit
that approximately one of three patients will develop C-iTBI, strongly
suggesting its origin in the brain itself (7-10, 12).
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The pathophysiology of C-iTBI has not yet been fully and
accurately elucidated; however, current evidence indicates that it is a
primary haemostasis disorder broadly characterised by an early
hypocoagulable period, where platelet dysfunction and
hyperfibrinolysis predominate, and a later prothrombotic stage, where
the described mechanisms reverse their role (12). By platelet
dysfunction, we understand the generic and non-specific term
conventionally used to denote alterations in platelet physiology. In the
context of trauma, this may either involve a decrease in number
(thrombocytopenia) or function, i.e., alteration of one of the steps in
which platelets are actively involved (adhesion, aggregation, and
secretion). Such alterations may occur directly secondary to traumatic
injury or as a consequence of pre-existing disease or prior use of
antithrombotic medications. The incidence of platelet dysfunction
ranges from less than 1% in mild TBI to >60% in severe TBI.

Predisposing factors identified for the development of C-iTBI
include the severity of the trauma (GCS <9), age (> 75 years), previous
fluid therapy (> 2L), base excess (< —6), hypothermia, arterial
hypotension, and prior use of anticoagulant or antiplatelet agents (12,
13). The presence of C-iTBI adds predictive power to validated
prognostic scales (14, 15). C-iTBI is associated with poor outcomes in
terms of functionality and mortality, which explains why this factor is
a key therapeutic target to consider (7-10, 12-16). The real
implications that early detection and correction of coagulation
disorders have in the context of severe TBI remain unknown, however,
they open up a wide range of future research possibilities.

Healthcare providers communicate the events of treating a
difficult case through narratives. Narratives are also used to concretize
a body of knowledge in specific contexts, as in the case of intensive
care medicine. Stories encapsulate professional experiences to
be shared with students in practise, or advanced professionals. In this
study, we used the narrative experience of intensive care physicians to
design a mnemonic device we called “Coagulation” to provide
clinicians with an auxiliary tool in the treatment of C-iTBI.

2 Methods

To carry out this study based on narrative, the authors of the
manuscript have selected the best possible evidence on the topic under
study. Once selected, it was debated until the variables that were
considered most important were obtained. Three rounds were carried
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out until the selection of variables began to be repeated and
we considered that the selection was saturated, something that in
qualitative methodology indicates the end of the selection process. The
initial sample was comprised of 33 respondents. Respondents who
were not physicians, not currently working in or with experience in
coagulopathy were excluded. The process and the meeting to select
variables were conducted for a month until the sample was saturated.
In this meeting, all participants have been arranged to make the
mnemonic rule more easily understandable.

Each participant was asked a single question: Can you identify a
factor associated with coagulopathy in patients with TBI? The
respondents identified specific concepts during the interviews which
were then collected and mapped. Following the initial reading and
validation, we consulted the literature to justify the factors identified.

Ultimately, we identified 11 factors.

The factors identified by the respondents were submitted to a
quality check, based on the published literature and proven evidence.
Because all the factors identified had strong support in the literature,
none was eliminated.

3 Results

3.1 Factor 1: cerebral computed
tomography was identified by participants
as “Essential to the classification of severity
and monitoring”

Cerebral computed tomography (CT) is the neuroimaging of
choice during the acute phase of severe TBI (17-19). In addition to
being widely available, it is cost-effective, has a short radiation
exposure time and can even be performed on patients with prostheses
or on mechanical ventilation (17-19). The CT scan allows for the
simultaneous evaluation of other body regions and is an essential
complementary tool to categorize TBI (17-19). It provides an objective
assessment of the type and extension of lesions, their volume, location,
and impact on intracranial anatomical structures (18-20). It is highly
sensitive for the detection of blood collections (17, 18, 21). Finally, it
yields pathophysiological information and has a proven predictive
capacity for both intracranial hypertension and outcome (20, 22, 23).

Different CT scales have been developed and validated in the
clinical field (20, 23-26). Its serial determination allows clinicians to
monitor the progression of the broad spectrum of lesions following
TBI (17-20, 22-26). Therefore, CT plays an important role in
diagnosis, evaluation of lesion progression, and therapeutic decision-
making in the context of C-iTBI (Figure 1).

3.2 Factor 2: oral anticoagulant and
antiplatelet use was identified by
participants as “High Alert”

The increase in life expectancy over the last decades has led to an
increasingly older adult population with associated pathologies,
mainly cardiac and cerebrovascular, that require the use of oral
anticoagulants (OAC) or antiplatelet agents (APA). The global
incidence of cerebral bleeding secondary to OAC/APA utilisation is
20% (12). Specifically, clinical studies have shown that the use of
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warfarin before iTBI doubles the possibility of poor outcomes (27),
while pre-injury use of APAs increases the risk of presenting post-
traumatic cerebral haemorrhage (28). This risk is increased even
further with the use of second-generation APAs (clopidogrel) in
individuals with mild TBI (29). Regarding the new oral anticoagulants
(NOACQ), the few prospective clinical studies conducted on iTBI have
had conflicting results, making it difficult to draw valid conclusions
(30, 31), however a retrospective study found increased hematoma
expansion in individuals with pre-injury use of NOACs compared to
warfarin (32). Recently published data from the Collaborative
European NeuroTrauma Effectiveness Research in Traumatic Brain
(CENTER-TBI)
epidemiological data, indicating that prior use of OACs/APAs

Injury corroborate  the  aforementioned
increases the risk of development or progression of haemorrhagic
lesions, with a 3-fold higher mortality rate and greater frequency of
poor outcomes at 6 months after iTBI, especially in individuals taking
vitamin K antagonists (12, 13). Mathieu et al. (33) serially and
comparatively analysed CT scans in iTBI patients who used
antithrombotic agents (APAs or OACs) pre-injury vs. those who did
not. In the group with prior antithrombotic use, an increase in the
volume of extra-axial hematomas was observed, as well as an increase
in the rate of haematoma expansion and the risk of developing delayed
traumatic intracerebral haemorrhages (33). A Swedish study
evaluating the risk of bleeding in individuals with prior use of OACs
vs. APAs and iTBI secondary to ground-level falls found an increased
risk of bleeding in the group that had used APAs (34). Finally, a recent
meta-analysis (low quality of the included studies) that sought to
establish the adverse effects of pre-iTBI APA use, found associations
between dual therapy and the progression of lesions (OR 2.81; 95% CI
1.19-6.65; p =002) and need for neurosurgery (OR 1.61; 95% CI
1.15-2.28) but no related impact on hospital mortality (35).

3.3 Factor 3: arterial blood pressure
(hypotension) was defined by participants
as “the most dreaded latent threat for the
traumatised brain”

Maintaining cerebral blood flow (CBE), one of the primary goals
in the management of TBI, is usually associated with the metabolic
rate of oxygen (CMRO,) (1, 4, 17). Its key determinants are cerebral
perfusion pressure (CPP) and the diameter of resistance arterioles
(50-150 pm) (1, 4). CPP is the result of the difference between mean
arterial pressure (MAP) and intracranial pressure (ICP) (1, 4).

CPP = MAP - ICP

The CBF remains normal and stable through the intrinsic capacity
of its resistance vessels to modify their diameter, a phenomenon called
“cerebral autoregulation” (CAR). The change in diameter is due to
different stimuli, including MAP, arterial partial pressure of oxygen
(Pa0,), arterial partial pressure of carbon dioxide (PaCO,), and others
of neural origin (1). CAR is a natural survival mechanism that is not
infinite; on the contrary, it typically functions within certain CPP
levels ranging from 50 to 150 mmHg. Above or below these limits, the
CBF passively follows changes in MAP (1, 17).

During TBI, however, this mechanism is altered, and the limits
narrow and shift to the right. Therefore, during injury, higher levels
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of CPP are necessary to maintain adequate levels of CBF (17, 21).
When CAR is disrupted or completely lost, even temporarily,
arterial hypotension is deleterious as it causes a decrease in CBF
and ischemic hypoxia with irreversible and devastating
consequences (1, 17).

The traumatised brain does not cause arterial hypotension per se
and it should not always be attributed to hypovolaemia, which is why
its cause should be thoroughly investigated (36). Arterial hypotension
independently increases the possibility of poor outcomes (37, 38) and

is a risk factor for the development of C-iTBI (12, 13).
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3.4 Factor 4: goal-directed haemostatic
therapy was defined by participants as a
factor in which “Knowledge of
pathophysiology is essential”

Goal-directed haemostatic therapy (GDHT) is an element of
personalised precision medicine. This approach focuses on the specific
point problem a given pathology can cause, considering the overall
context at all times. In order to do so, monitoring systems capable of
promptly alerting healthcare professionals to any alterations that
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threaten physiological homeostasis are essential. At the same time,
in-depth knowledge of the pathophysiology of the disorder is
necessary for the correct interpretation, analysis, and decision-making
based on the information such monitoring provides.

The coagulation system is finely tuned process, continuously
balancing the mechanisms that promote and prevent clot formation.
C-iTBI, a multifactorial entity different from coagulopathy secondary
to multisystem trauma without TBI, occurs when these mechanisms
are disrupted (6-10, 39). While its pathophysiology has yet to
be accurately defined, C-iTBI generally begins within 24h of
admission; the more severe the TBI, the earlier it manifests (40). Its
duration is variable, averaging 72 h, although this period is sometimes
prolonged (40). C-iTBI is characterised by an initial hypocoagulable
state consisting of platelet dysfunction, increased consumption of
platelets and coagulation factors, disseminated intravascular
coagulation (DIC), and hyperfibrinolysis,
both
microcirculation-ischemic lesions) and systemic (deep vein

followed by a

hypercoagulable, prothrombotic state, local (cerebral
thrombosis). However, these states are linked and often it is difficult
to differentiate one from the other (6-10, 39).

Although discussion of these mechanisms is beyond the scope of
this manuscript, it is worth noting that multiple mediators and
cascades are involved in the genesis of C-iTBI, including protein C,
protein S, thromboxane, prostaglandins, adenosine, and brain tissue

factor (6, 10, 39).

3.5 Factor 5: use fluids cautiously was
defined by participants as a factor in which
“Type and volume matter”

Fluid administration is one of the key elements in the initial
resuscitation of TBI, especially when necessary to correct arterial
hypotension and maintain adequate CPP values (41). Recent
guidelines recommend 0.9% normal saline as the fluid of choice (41).
Some considerations are necessary in this context such as avoiding
hypotonic solutions (dextrose 5%, lactated ringer, albumin 4%) and
the use of colloids (41). In terms of the implications that fluids have
on coagulation, both isotonic crystalloids and colloid solutions
provoke haemodilution, causing a decrease in the function and
number of platelets and plasma factors involved in coagulation (42—
44). This effect is directly proportional to the volume infused (42-44).
Available evidence indicates that 0.9% saline at low doses does not
affect coagulation (45) or has a minimal hypercoagulable effect, while
at higher doses the effect is the opposite (hypocoagulable), associated
with increased bleeding (42-44, 46-49). Infusions of more than
2,000 mL of fluids have been identified as an independent risk factor
for the development of C-iTBI (51). Because the osmotically active
solutions used for the control of intracranial hypertension such as
hypertonic saline or mannitol are crystalloids, they retain their dose-
dependent haemodilution capacity and cause hypocoagulable states
(42-44). However, clinical studies have shown that neither 20%
mannitol nor 3.5% saline affect coagulation at equimolar doses and
limited infusion volumes during neurosurgery or in moderate TBI
(50, 51). On the other hand, all colloids (dextran, gelatins, and
hydroxyethyl starches) invariably affect coagulation, compromising
platelet function and fibrin formation, decreasing the activity of
coagulation factors, and increasing fibrinolysis (42-44).
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3.6 Factor 6: low calcium levels was
defined by participants as a “necessary and
essential co-factor”

Calcium (Ca++) is an essential co-factor for the enzymatic
activation of the coagulation cascade, specifically K- Vitamin
dependent factors (II, VII, IX, and X) and factor XIII, which is
involved in the structure and strength of the clot (52-54). Additionally,
it plays a central role in platelet activation (52-54). Eleven percent of
individuals suffering from spontaneous intracerebral haemorrhage in
the acute phase present hypocalcaemia (serum Ca++<8.4mg/dL),
which is associated with the development of coagulopathy, higher
haematoma volume, and increased risk of haematoma expansion (55).
Shock associated with polytrauma (without TBI), causes a decrease in
ionised Ca++ (<1.Immol/L) in 50% of individuals, a condition
associated with the development of coagulopathy, increased
transfusion requirements, and death (55), findings corroborated in a
recent systematic review (56). In patients with moderate and severe
TBI, decreases in ionic Ca++ (<l.lmmol/L) on the third day
postadmission were found to be predictive of mortality and poor
functional outcomes (57). The main pathophysiological reasons for
the decrease in calcium are chelation phenomena, primarily through
the action of inflammatory mediators, lactate, and intracellular
proteins released by astrocytes or damaged neurons (58). Additional
mechanisms of hypocalcaemia include hypoalbuminemia secondary
to increased capillary permeability post-shock resuscitation and
citrate chelation after transfusion of storage blood (56, 57, 59).

3.7 Factor 7: anaemia-transfusion was
defined by participants as “Sometimes
beneficial, sometimes dangerous”

Traumatic brain injury itself rarely causes blood loss requiring
transfusion (60, 61). Most TBI patients are not severely anaemic at the
time they are admitted to the ICU but develop anaemia during their
stay (60, 61). Post-ICU anaemia is a secondary complication but its
effect on outcome remains controversial (60-62). Since the landmark
work of Hébert et al. (63) more than 20 years ago, the trend has been
towards restrictive transfusion therapy (64, 65). There is no cutoff
point to consider a haemoglobin (Hgb) level as optimal (61, 66).
Inasmuch as red blood transfusion has been associated with poor
outcomes after TBI (65-70), transfusion should be guided by clinical
goals rather than a “magic” number (61, 64, 65).

Indications for transfusion in the context of iTBI should therefore
follow the hemodynamic status, cerebral tissue oxygenation, and
premorbid state (cardiopathic patients are less tolerant to anaemia)
(61, 64, 65). Hgb is responsible for nearly all the O, transported by the
blood, provided it is of good quality and in sufficient quantity. When
these conditions are compromised, cerebral tissue hypoxia (anaemic
hypoxia) may develop (71, 72). Physiologically, below 7g/dL, O,
transport capacity drops by half, while above 12g/dL, O, availability
provides no beneficial changes; on the contrary, O, transport may
decrease due to increased blood viscosity and decreased CBF (61, 71).
Transfusion does not ensure correction of cerebral tissue hypoxia,
which is multifactorial and requires exhaustive analysis (71, 73). Blood
stored for long periods decreases its 2,3-diphosphoglycerate
component, which increases the affinity of Hgb for O,, restricting the
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availability of O, to the cell (65-69, 74). Transfusions can generate
acute lung injury (TRALI), multiorgan dysfunction, and C-iTBI
depending mainly on the volume (> risk if massive) and storage time,
the so-called “blood bank coagulopathy;,” which causes a series of
physiological alterations such as tissue hypoxia, hypocalcaemia
(citrate intoxication), hypothermia, acidosis, hyperglycaemia and
hyperkalaemia, generating a vicious circle that perpetuates and
exacerbates C-iTBIL. In sum, balancing the risks and benefits of
transfusion is paramount (65, 67-69, 74). Available evidence suggests
that it is reasonable to maintain Hgb values between 7 and 9g/dL (61,
65, 66).

3.8 Factor 8: temperature was defined by
participants as a factor where “Too low or
too high, both are detrimental”

Post-trauma and shock hypothermia affect the coagulation
system, resulting in an independent risk factor for mortality and poor
outcomes (75-77). Hypothermia increases the affinity of Hgb for O,
(shift to the left), making it more difficult to transfer the necessary O,
to the cell (high-affinity hypoxia) (72, 78). Hypothermia generates a
hypocoagulable state, facilitating bleeding by blocking coagulation
enzymatic cascades, prolonging the initiation phase, altering platelet
aggregability, and decreasing fibrinogen synthesis (79-82). These
mechanisms are mediated by thrombin (79, 80). Hyperthermia is
prevalent after TBI (83-85). During the first hours of evolution, this
constitutes a secondary insult, associated with the severity of the
injury and with poor outcomes (83-85). Hyperthermia increases ICP,
exacerbates oedema and inflammation, causes rupture of the blood-
brain barrier (BBB), and can trigger cerebral hypoxia (83-85).
Temperatures between 38 and 39 degrees Celsius generally either do
not modify coagulation or cause a prothrombotic state without major
consequences (86), but in cases of extreme elevation (heatstroke), the
fibrinolytic mechanism initially ceases to function to then consume
coagulation factors and platelets, leading to DIC and multiple organ
dysfunction (87).

3.9 Factor 9: international normalised
ratio-monitoring was defined by
participants as a factor in which
“Interpreting information is key”

For years and through today, in ICUs worldwide, coagulation
monitoring has been based on the determination of conventional
coagulation assays (CCA) such as International Normalised Ratio
(INR), platelet count, activated partial thromboplastin time (aPPT),
and D-dimer, which have also been used to define C-iTBI (Table 1)
(6-10, 12, 88).

Two issues are important to highlight. On the one hand, the
methods of analysis and cohort points from which to define alterations
have been variable and heterogeneous. On the other, multiple
limitations emerge in assessing the role of the components during the
different phases of coagulation, among which we found (6-10, 12, 88):

- Non-standardised parameters and cutoff points
- Do not assess the onset of clot formation
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TABLE 1 Conventional coagulation assays (CCA).

CCA Cohort value to

C-iTBI definition

< 100,000/mm (11)

Evaluation

Platelet count Number only

INR Prothrombin time >1,2

PT Time to clot formation in >15s
blood. Extrinsic pathway

(old coagulation

physiology)
Thrombin time Similar to PT >20s
aPPT Contact activation in >35s
plasma
Heparin-sensitive
Intrinsic pathway
Fibrinogen <l.5gr/L
D-dimer Fibrinolysis. Unspecific >0.5 pg/mL
Fibrinogen Fibrinolysis >11 mg/mL

degradation products

Do not assess clot strength and integrity
Low sensitivity especially in trauma
Do not assess platelet function

Ll

Non-specific and inaccurate assessment of the

fibrinolytic system

1

Do not detect the broad spectrum of clotting alterations
when antithrombotic drugs were used pre-injury

As a point of comparison, viscoelastic tests (VET) such as TEG
thromboelastography or ROTEM thromboelastometry and their
variations allow for a more detailed and rapid evaluation of the full
spectrum of coagulation physiology at the bedside using whole blood
(6-10, 12, 88). Clot formation kinetics, fibrin-platelet interactions,
platelet functionality, and fibrinolysis can be graphically monitored
(6-10, 12, 88). The parameters evaluated with VETs and their cohort
points reported in the literature are outlined in Figure 2.

Viscoelastic tests are more sensitive than CCAs for the full
evaluation of the coagulation system (6-10, 12, 87) and their use is
recommended in current guidelines for the management of bleeding
secondary to trauma (89); however, these modalities also have
limitations, including the following:

- Not widely available

- Longer learning curve

— They are in vitro tests (like CCA) that do not allow for
assessment of endothelial contribution or von Willebrand
factor deficiency.

- Low sensitivity for detecting abnormalities when using low
molecular weight heparins or the new oral anticoagulants

- High negative predictive power, but low positive
predictive power

- Quality control and maintenance of difficult systems

Coagulation disorder therapy guided by VETs following
craniotomy has shown promising results (90). A recent clinical
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FIGURE 3
Monitoring methodology. PCC, Prothrombin complex concentrate; FFP, Fresh frozen plasma; GDHT, Goal-directed haemostatic therapy; CCA,
Conventional coagulation assays; VET, Viscoelastic tests.

study comparing the management of coagulation disorders during
trauma resuscitation demonstrated improved survival and less use
of plasma and platelets in patients managed by GDHT directed by
VETs vs. GHDT guided by CCA, although an analysis of the
subgroup of individuals with TBI found no difference (91).
Similar results were observed in the ITACTIC trial, specifically in
terms of mortality (92). In the pre-defined TBI group, 64% of
individuals managed and guided by VETs did not undergo massive
transfusion protocols during the first day of trauma compared to
40% of patients in the group whose therapy was CCA-guided (OR
2.12, 95% CI 0.84-5.34) (91). Irrespective of the monitoring
methodology available, we can direct therapy more precisely
based on the results obtained. An example found in the evidence
is outlined in Figure 3.
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3.10 Factor 10: oral antithrombotic reversal
was defined by participants as “Urgent,
emergent, or both?”

We have previously explained why clinicians must be on “high
alert” when a patient with TBI has a history of pre-injury
antithrombotic drugs (12, 28-35). Due to the risk of lesion
progression, and that of haemorrhagic lesions in particular, and given
its close association with poor outcomes, this is a situation that
requires prompt resolution (12, 28-35). Once the administration of
the causative agent has been suspended, this next step must emphasise
the assessment and clinical-tomographic categorisation of the TBI,
establishing the presence of bleeding (volume, location, extension,
anatomical distortions or displacements, and associated lesions); its
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TABLE 2 Summary of agents employed for reversal of anti-thrombotic drugs.

Antithrombotic Reversal agent

PCC +vitamin K

10.3389/fpubh.2023.1309094

Evidence quality

Oral anticoagulants (K-vitamin dependents) 1A

If PCC is not available, FFP is an alternative
New oral anticoagulants factor Xa inhibitors (apixaban, PCC + Tranexamic Acid + Activated charcoal®** 2C
endoxaban, rivaroxaban)* PCC +Idarucizumab + Activated charcoal*** 2C+1B
Thrombin inhibitor (dabigatran)**
Antiplatelet agents (aspirin, dipyridamole, ticlopidine, Platelet transfusion®*##* 2C
cilostazol, clopidogrel) Desmopressin®## 2C

Unfractionated heparin (UFH) Protamine sulphate

Strong recommendation, moderate quality of

evidence®*#*

Low weight molecular heparin (LWMH) Protamine sulphate

Strong recommendation, moderate quality of

evidence***

PCC, Prothrombin complex concentrate; FFP, Fresh frozen plasma. *Guidelines suggest plasma dosing of the drugs in question, calibrating the anti-factor Xa activity for each agent. Consult

with Haematologist (Level of evidence 2C) (89). **Guidelines suggest plasma dosing of dabigatran. If not available, follow up with thrombin time. Consult with Haematologist (Level of

evidence 2C) (89). ***Taken from reference (94). ****QOnly for individuals with active bleeding and demonstrated evidence of platelet dysfunction (2C) or undergoing surgery (2B) (89).

#kkSuggested for individuals with pre-injury intake of antithrombotic agents or von Willebrand disease (89).

severity and therapeutic possibilities, including the need for surgical
intervention (89, 93-95). Coagulation monitoring (CCA or VET) is
essential to establish the starting point, follow-up, and above all to
avoid the undesirable effects of “overtreatment” (89). Undoubtedly,
severe life-threatening bleeding associated with pre-injury use of
antithrombotic agents requires immediate reversal (89, 94). In other
situations, the need for reversal must be balanced against the risks
involved (thrombosis) (89, 94). A detailed analysis of how and with
what agents this reversal should be implemented is beyond the scope
of this manuscript; but generally the strategy depends fundamentally
on the antithrombotic agent in question (89, 93-97). In Table 2,
we summarise the agents used in accordance with current
guidelines (89).

Although they are not oral agents, we have included unfractionated
heparins (UFH) and low molecular weight heparins (LWMH) here
due to their frequent pre-injury use, particularly in older adult with
significant prothrombotic comorbidities or undergoing prolonged
postoperative periods, especially orthopaedic surgery (94).

3.11 Factor 11: normal acid—base status
was defined by participants as “Neither acid
nor alkaline; neutral”

During acute TBI it is essential to achieve a balanced physiological
microenvironment to prevent secondary insults (1, 4, 36, 71).
Acidosis causes cerebral vasodilation, increased cerebral blood
volume, and consequent increase in ICP; while alkalosis increases the
affinity of Hgb for O, without the possibility of ceding it to the cells,
causing cerebral tissue hypoxia of low extraction (1, 4, 36, 71, 72).
Coagulation is not exempt from modifications if the acid-base state
is modified (75, 76, 80). Although alkalosis does not modify
coagulation parameters (86); acidosis compromises both platelet
aggregation and clot formation, increases the prolongation phase due
to alterations in thrombin, and accelerates the degradation of
fibrinogen (75-77).
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4 Summary of the design and
implications of the mnemonic device
“Coagulation”

In this study, we complemented our narrative analysis with
evidence-based studies. The methodological premise was that analytic
actions should coincide with both evidence-based studies and the
characteristics of the factor identified by study participants.

In the Figure 4, we summarise the algorithm based on the
comprehensive analysis of the acronym “Coagulation,” we designed as
a mnemonic device encompassing the primary factors involved in the
management of C-iTBI in the intensive care unit. In the process,
we have suggested a comprehensive clinical approach to the variables
and situations that may predispose patients to developing this
condition, as well as the management of risk factors and complications
requiring prompt resolution.

5 Conclusion

Narrative analysis is an interdisciplinary tool that may be applied
as a qualitative approach to research using temporally situated data
from a wide range of discourses. In this study, we conducted a
narrative analysis based on the responses of intensive care physicians
regarding the key factors associated with C-iTBL

Knowledge and detection of the risk factors, pathophysiology, and
kinetics of the coagulation system and its alterations allow for the
prompt recognition and management of traumatic injury to the brain.
The essential information obtained from the serial monitoring of
coagulation in conjunction with clinical judgement allows for a
personalised and goal-directed therapy that can help prevent or
minimise the adverse effects of conventional therapies and reduce the
negative consequences of coagulopathy.

Given the time-sensitive nature of such decisions, in this study,
we aimed to design an acronym as a mnemonic device to provide
clinicians with a simple auxiliary tool in the treatment of this critical
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FIGURE 4
The mnemonic device “Coagulation.”
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complication. We believe that the acronym “Coagulation” meets the
stated objectives. It is a simple and easy to apply tool for anyone facing
the challenge of treating victims of moderate or severe TBI on a
daily basis.

Numerous challenges remain to prevent or minimise secondary
damage and ensure improved patient outcomes in C-iTBI. Issues such
as the harmonisation of definitions and validation of timely,
appropriate, personalised, goal-based management require the prompt
design and execution of large-scale clinical studies. The dissemination
of knowledge as well as technological advances in the monitoring
systems of the coagulation system offer a unique opportunity to unify
criteria aimed at achieving increasingly precise medicine in this
critical field.

6 Limitations and bias

This study is presented as a narrative method supported by
scientific evidence and must take into account the limitations that
such an approach entails. It is also specifically focused on TBI.

7 Clinical implications

In this article, we provide a mnemonic device for critical situations
that will improve clinical care in the context of intensive care units.
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Introduction: Inherited or acquired molecular abnormalities form a clinically
heterogeneous group of fibrinogen disorders called dysfibrinogenaemia. Apart
from a pediatric case report and in contrast to other clinical conditions, acquired
dysfibrinogenaemia has not been previously reported in septic patients.

Methods: In an observational cohort study, 79 adult septic patients were
investigated for the presence of acquired dysfibrinogenaemia at the time of their
admission to the intensive care unit (ICU) of the University Hospital Frankfurt.
Following established recommendations, fibrinogen clotting activity vs. antigen
ratios were analyzed using Clauss fibrinogen, prothrombin-derived fibrinogen,
and radial immunodiffusion (RID) fibrinogen concentration.

Results: Prothrombin-derived fibrinogen levels were highest (527+182mg/dL)
followed by Clauss fibrinogen (492+209mg/dL) and radial immunodiffusion
fibrinogen (426+159mg/dL). Very few cases demonstrated hypofibrinogenaemia
making overt disseminated intravascular coagulation (DIC) unlikely in the cohort
investigated. Clauss/RID fibrinogen ratios were lower (1.17+0.19) compared to
prothrombin time-derived/RID ratios (1.35+0.33). Using the Clauss/RID dataset,
21% of patients (16/76 patients) demonstrated values below a threshold ratio
for suspected acquired dysfibrinogenaemia arbitrarily set at 1.0. In contrast,
prothrombin-derived ratios were below the threshold in only 7% (4/58 patients).

Discussion: The results point to the presence of acquired dysfibrinogenaemia in
part of adult septic patients. If confirmed in further studies, this may form part
of a specific laboratory signature of a sepsis-associated coagulation phenotype.

KEYWORDS

fibrinogen, dysfibrinogenaemia, sepsis, disseminated intravascular coagulation (DIC),
clauss/RID fibrinogen ratios, prothrombin time-derived/RID ratios
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1 Introduction

Fibrinogen is a critically important plasma protein expressed by
hepatocytes as a hexameric glycoprotein. Its main functions in
primary and secondary hemostasis include fibrin clot formation,
fibrin crosslinking by factor XIlIIa, platelet aggregation, and
fibrinolysis. Being a positive acute phase reactant, fibrinogen levels
may increase 2—-4-fold during an inflammation response.

Inherited or acquired structural abnormalities of fibrinogen are
collectively referred to as dysfibrinogenaemia and may interfere with
any of its multiple functions (1). Congenital fibrinogen disorders are
rare and include hypo- and afibrinogenaemia, dysfibrinogenaemia,
and combinations thereof. Clinical presentations are dominated by
bleeding events of varying severity. However, thrombotic events occur
in up to 20% of patients. The most common acquired fibrinogen
disorder is hypofibrinogenaemia typically resulting from consumptive
coagulopathy or hemodilution. Acute or chronic liver disease with
reduced liver synthesis may also cause and contribute to hypo(dys)
fibrinogenaemia. Additional causes of acquired dysfibrinogenaemia
include drug therapy, malignancy, and the presence of anti-fibrinogen
antibodies in autoimmune disorders. Patients may be asymptomatic
or present with either bleeding and/or thrombotic events (2, 3).

The
dysfibrinogenaemia relies on the use of different fibrinogen assays

laboratory approach to congenital or acquired
with the aim to demonstrate a critical difference between functional
and antigen concentration levels. Screening tests including thrombin
time and reptilase time may hint at the presence of dysfibrinogenaemia
but are not performed routinely in the clinical laboratory. The
diagnosis of dysfibrinogenaemia can be established by obtaining a
fibrinogen activity vs. antigen ratio (4). For this purpose, most
commonly thrombin-clottable fibrinogen is determined by the Clauss
method or the fibrinogen activity is derived from the prothrombin
time polymerization curve. Immunoreactive fibrinogen can
be determined by different immunologic methods including enzyme-
linked immunosorbent assays, turbidimetry/nephelometry, or radial
immunodiffusion (5). Method-specific reference intervals should
be considered and have an impact on resulting activity-antigen ratios.
The diagnosis of inherited dysfibrinogenaemia can be verified at the
molecular level using genetic analysis. In contrast, acquired
dysfibrinogenaemia is considered a transient phenomenon with no
specific molecular abnormalities (6).

Sepsis is a complex syndrome resulting from a dysregulated host
response to infection. Increasing incidence and a high number of fatal
outcomes are hallmarks of this life-threatening condition. Coagulation
abnormalities have long been recognized to be present in virtually all
patients with sepsis. They range from minimal activation of
coagulation to overt disseminated intravascular coagulation (DIC)
and variably contribute to sepsis morbidity and mortality. Diagnostic
criteria for DIC were first established in 2001 and supplemented in
2019 with sepsis-induced coagulopathy (SIC) scoring system to detect
the compensated phase of DIC. Hypofibrinogenaemia (<100 mg/dL)
is an established diagnostic criterion for the overt DIC scoring system
whereas no SIC range has as yet been added (7). Dysfibrinogenaemia
is not included in the currently available scoring systems. Apart from
a pediatric case report (8), the issue of acquired dysfibrinogenaemia
in sepsis has not been approached. The aim of the present study was
to investigate a clinical cohort of adult patients fulfilling the diagnostic
criteria of sepsis for the presence of acquired dysfibrinogenaemia at
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the time of their admission to the intensive care unit (ICU) using three
different fibrinogen assays and establishing fibrinogen activity-
antigen ratios.

2 Materials and methods
2.1 Patients and study design

The present observational study was approved by the local ethics
commiittee (protocol number 368/2010), and informed consent was
obtained from all patients or their legal representatives, respectively.
We included 79 adult patients, fulfilling the diagnostic criteria of
sepsis according to the Consensus Criteria Sepsis-3 (9, 10),
consecutively admitted to the ICU of the University Hospital
Frankfurt. A cohort of 60 males and 19 females, aged between 18 and
80 years, was assessed for acquired dysfibrinogenaemia. Except for
thromboprophylaxis with fixed-dosed subcutaneous low molecular
weight heparin to 58 patients (74%), no further coagulation-directed
drug therapy was administered. Patient characteristics are summarized
in Table 1.

2.2 Fibrinogen assays

Plasma samples were obtained at the time of admission to the
ICU from venous citrate-anticoagulated blood and stored in

TABLE 1 Characteristics of a cohort of 79 septic patients, at the time of

admission to the intensive care unit.
Total cohort (n =79)

Patient characteristics

Age, median, years 62
Sex, male, % 67
Reason for admission
Cardiac 16
Hepatic 5
Abdominal 18
Renal 2
Pulmonary 30
Hematologic 3
Oncologic 5
Comorbidities, median (range) 3(1-5)
Comorbidity conditions, % (1)
Diabetes mellitus 22(17)
Chronic pulmonary disease 11(9)
Chronic kidney disease 19 (15)
Coronary heart disease 43 (34)
Malignancy 13 (10)
Liver disease 15 (12)
Neurologic disease 11 (9)
Rheumatoid arthritis/autoimmune disorder 6(5)
Thromboprophylaxis, % (1) 74 (58)
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aliquots at —80°C. Hemolytic, lipaemic, icteric, and turbid plasma
samples were excluded for their potential interference with the
fibrinogen assays. Samples demonstrating hemolysis, Thrombin-
clottable fibrinogen was assessed using Clauss method reagents
(STA Fibrinogen). Prothrombin time (PT)-derived fibrinogen was
obtained from PT curves using PT reagents (STA Neoplastin Plus).
The coagulation analyzer STAR-R Evolution (Stago) was used in
automated mode according to the manufacturer’s instructions
including internal and external quality control assessment.
Immunoreactive  fibrinogen was analyzed by radial
immunodiffusion using NOR-Partigen fibrinogen plates (Siemens),
and readings were obtained at 18 and at 48h after incubation,
respectively, to not miss late diffusion endpoints. Fibrinogen ratios
were calculated using Clauss fibrinogen and PTder fibrinogen,
respectively, divided by RID fibrinogen. The “relative fibrinogen
deficit” was obtained by subtracting fibrinogen activity from
fibrinogen concentration.

3 Results

Using three methods, fibrinogen data were obtained from 79
adult septic patients consecutively admitted to the ICU. Two
assays, clottable fibrinogen using the Clauss assay and
prothrombin time-derived (PTder) fibrinogen, reflect functional
fibrinogen levels whereas fibrinogen antigen concentration was
determined by radial immunodiffusion (RID). For the lack of
sufficient sample volume, prothrombin time-derived fibrinogen
could not be analyzed for 21 patients. Prothrombin time-derived
fibrinogen levels were highest (527 +182mg/dL) followed by
Clauss fibrinogen (492 +209 mg/dL), and radial immunodiffusion
(426 £ 159 mg/dL). Hypofibrinogenaemia defined as fibrinogen
below 100 mg/dL was detected in two cases by Clauss and RID
assays, respectively. PTder fibrinogen was not below 100 mg/
mL. Conversely, the proportion of hyperfibrinogenaemia defined
as fibrinogen above 450 mg/dL was highest using PTder fibrinogen
(65.5%) followed by Clauss fibrinogen (54.5%) and RID fibrinogen
(48.7%; Table 2).

We next calculated fibrinogen activity vs. antigen ratios using
Clauss fibrinogen and PTder fibrinogen, respectively, divided by
RID fibrinogen. Clauss/RID fibrinogen ratios were lower
(1.17£0.19, n=76) compared to PTder/RID fibrinogen ratios
(1.35+0.33, n=58). Giving the expectation that fibrinogen
activity should align with its concentration, a threshold ratio for
suspected dysfibrinogenaemia was arbitrarily set at 1.0 with lower

TABLE 2 Fibrinogen data obtained from adult septic patients (n =79).

10.3389/fmed.2023.1294301

ratios being a possible indicator for the presence of
dysfibrinogenemia. Using the Clauss/RID fibrinogen dataset, 16
of 76 ratios (21%) were below the threshold ranging from 0.81 to
0.99. In contrast, the PTder/RID fibrinogen dataset yielded only 4
of 58 ratios (7%) below the threshold ranging from 0.69 to 0.99
(Figure 1). The corresponding “relative fibrinogen deficit”
(fibrinogen concentration minus fibrinogen activity) was between
4 and 158 mg/dL.

4 Discussion

The present observational cohort study aimed to investigate the
presence of acquired dysfibrinogenaemia in adult septic patients at the
time of their admission to the ICU. Fibrinogen clotting activity vs.
antigen ratios were calculated for 97 patients. Using the Clauss
fibrinogen/radial immunodiffusion dataset, 21% of patients (16/76
patients) demonstrated values below a threshold ratio for suspected
acquired dysfibrinogenaemia. Prothrombin-derived fibrinogen ratios
were below the threshold in only 7% (4/58 patients). Collectively, these
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FIGURE 1
Fibrinogen activity vs. antigen ratios were calculated using Clauss
fibrinogen (white) or PTder fibrinogen (gray), divided by RID in adult
septic patients. Clauss/RID fibrinogen ratios were lower (1.17 + 0.19,
n =76) compared to PTder/RID fibrinogen ratios (gray; 1.35 + 0.33,
n = 58). Ratios below the threshold of 1 were suspected as being a
possible indicator for dysfibrinogenemia. PTder, Prothrombin time-
derived fibrinogen; RID, Radial immunodiffusion (RID).

Clauss PTder RID
n 77 58 78
Mean +SD (mg/dL) 492+209 527+182 426+159
Hypofibrinogenaemia (< 100 mg/dL), n (%) 2(2.6) n.d. 2(2.6)
Range (mg/dL) 66-70 50-93
Hyperfibrinogenaemia (> 450 mg/dL), 1 (%) 42 (54.5) 38 (65.5) 38 (48.7)
Range (mg/dL) 457-1,026 453-940 452-736

Fibrinogen was analyzed as clottable fibrinogen (Clauss), as prothrombin time-derived fibrinogen (PTder), and as immunoreactive fibrinogen using radial immunodiffusion (RID). n.d., none

detected.
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results point to the occurrence of acquired dysfibrinogenaemia in part
of adult septic patients.

Dysfibrinogenaemia comprise a group of inherited or acquired
structurally abnormal fibrinogen molecules with variable
pathophysiology and clinical features (1). Knowledge on inherited
dysfibrinogenaemia has been steadily accumulating with most
details gained from studies of rare bleeding disorders (3). In
contrast, the issue of acquired dysfibrinogenaemia has not been
comprehensively addressed in the past. Most studies were
performed in patients with liver or biliary tract disease, with fewer
studies and case reports on its presence in malignancy and other
clinical conditions. The pathophysiology of acquired
dysfibrinogenaemia in liver disease involves increased sialylation
of carbohydrate side chains whereas cancer-associated
dysfibrinogen is supposed to be synthesized and secreted by tumor
cells (7). The pathogenesis of acquired dysfibrinogenaemia in
sepsis has not been formally approached in studies. We propose
that it may involve inflammation-induced abnormal glycosylation
of plasma fibrinogen and/or yet unidentified additional
posttranslational protein modifications. Clinically, it remains
largely unknown if acquired dysfibrinogenaemia contributes to
either bleeding or thrombotic events in addition to the disease-
specific bleeding or thrombotic risk.

Being an example of significant cross talk between inflammation
and coagulation, sepsis-induced coagulopathy is a continuum ranging
from subclinical coagulopathy to overt, potentially fatal disseminated
intravascular coagulation (DIC) (11) with a severely deranged
hemostatic balance. Diagnostic criteria for overt, decompensated DIC
were first established in 2001 and recently supplemented by the sepsis-
induced coagulopathy (SIC) scoring system to allow for detecting
earlier stages of compensated DIC in sepsis (7). With regard to
fibrinogen, hypofibrinogenaemia defined as values below 100 mg/dL
is only included in the overt DIC diagnostic scoring system. To the
authors’ best knowledge, the presence of acquired dysfibrinogenaemia
in sepsis has not been systematically studied in the past. Only one
study investigated a fibrinogen function vs. antigen ratio in sepsis and
concluded that ratios were largely aberrant in septic patients compared
to normal values with plasmin-mediated fibrin(ogen) breakdown
products possibly contributing to over-proportionally decreased
fibrinogen function versus antigen ratios (12).

We conducted an observational cohort study in adult septic
patients at the time of their admission to the intensive care unit.
Fibrinogen was investigated using three different methods.
Hypofibrinogenaemia defined as values below 100mg/dL were
observed in only very few patients. As this finding would be consistent
with overt DIC, this advanced sepsis-induced hemostatic derangement
could be excluded for the majority of the patients investigated.
However, it should be noted that fibrinogen was assessed only at a
single time point instead of being followed sequentially (13).

Using a generally accepted diagnostic approach to suspected
dysfibrinogenaemia employing a fibrinogen clotting activity to
antigen ratio (4), we investigated its presence in 79 sepsis patients
at the time of their admission to the intensive care unit. Fibrinogen
assays were selected according to their availability in a routine
coagulation laboratory. It should be emphasized that several
methods have been developed to determine fibrinogen in plasma
(5). Assays vary in technical principles, equipment and reagents

requirements, degree of expertise, and turnaround time, to name
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but a few. Under routine conditions, most laboratories use either
the Clauss fibrinogen assay or a prothrombin time-derived
fibrinogen estimation. The Clauss assay’s readout is clot formation
(14) and it is generally accepted as a measure of clottable
fibrinogen. Fibrinogen estimation derived from the prothrombin
time is an attractive alternative as it provides a fibrinogen value at
no extra time and cost (15). Depending on the method used and
the cohort of patients under consideration, PT-derived fibrinogen
concentrations have been reported increased compared to the
Clauss method with varying discrepancies (6). Correlations
between either fibrinogen value or in vivo hemostasis remain
difficult to judge. True clottable fibrinogen assays are time
consuming and technically difficult precluding their routine use.
A number of immunological assays are available to measure
ELISA,
immunodiffusion, and nephelometry. The disadvantage for

fibrinogen  concentration  including radial
clinical interpretation is that a protein concentration is measured
rather than functional activity. However, it is exactly this
combination of measures that is required to investigate inherited
or acquired dysfibrinogenaemia (4). Harmonization efforts
notwithstanding (16), no consensus has been reached as to which
methods should be preferentially employed for the investigation
of dysfibrinogenaemia (17).

Confirming data from previous investigations, the present study
yielded discrepant fibrinogen values being highest for PT-derived
fibrinogen followed by Clauss fibrinogen and radial immunodiffusion.
Accordingly, the percentage of hyperfibrinogenaemia ranked in the
same order. Increased fibrinogen in a substantial number of septic
patients is expected to result from its behavior as a positive acute
phase reactant.

The focus of the present study was to investigate the presence
of acquired dysfibrinogenaemia in adult septic patients using the
concept of calculated fibrinogen activity versus antigen ratios.
Clauss/RID ratios were lower compared to PT-derived/RID ratios.
Applying a threshold ratio of 1.0 for suspected dysfibrinogenaemia,
the Clauss/RID approach yielded 21% values below threshold
compared to 7% using the PT-derived/RID ratio (Figure 1). It may
be argued that the acute phase response would have a critical
impact on the ratio concept. However, it has been previously
that the
concentration ratio can be applied regardless of the presence of an

demonstrated fibrinogen function vs. antigen
acute phase reaction (18). In contrast to previous studies using a
fibrinogen activity vs. antigen ratio threshold of 0.7 to identify
dysfibrinogenaemia, the present analysis considered a threshold
ratio of 1.0 with the aim to demonstrate substantial ratio
heterogeneity within the dataset (Figure 1), and identified a subset
of patients with evidence of dysfibrinogenaemia. Receiver
operating characteristic (ROC) analyses to compare different
threshold ratios were beyond the scope of the present analysis.

If validated by independent studies, our results point to a
significant proportion of adult septic patients displaying evidence
of acquired dysfibrinogenaemia. It should be emphasized that this
potential hemostatic derangement occurs before fibrinogen
consumption reaches the limit of hypofibrinogenaemia as defined
by values below 100 mg/dL and may therefore be part of sepsis-
induced coagulopathy (SIC). Data from the present study apply
only for the methods employed as variability among fibrinogen
methods is well known (5) and have an impact on calculated ratios
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between any two of them. This is further exemplified in the present
study by the varying proportion of acquired dysfibrinogenaemia
depending on the fibrinogen activity assay used for calculating
ratios. Future studies may consider cross-calibrating various
fibrinogen assays used. This would equally apply to both functional
as well as immunological assays. However, this approach would
be beyond the manufacturers’ assay specification and require
validation efforts. Nevertheless, improved comparability between
fibrinogen assays may thus be obtained and equimolarity with a
fibrinogen activity vs. antigen ratio of 1.0 may form the basis for
future studies in both inherited and acquired dysfibrinogenaemia.
A different approach has recently been selected with a fibrinogen
ratio obtained from two functional assays to identify inherited
dysfibrinogenaemia (19) However, this concept has not yet been
employed for acquired dysfibrinogenaemia.

The functional implications of sepsis-induced acquired
dysfibrinogenaemia remain unknown and call for confirmatory
studies with a focus on fibrin structure and clot properties in septic
patients. Viscoelastic tests including thromboelastography (TEG) and
rotational thromboelastography (ROTEM) should be added in future
SIC studies focusing on acquired dysfibrinogenaemia (20). We propose
that acquired dysfibrinogenaemia in part of septic patients may belong
to a laboratory signature of a sepsis-associated coagulation phenotype.
It remains to be investigated if this will translate into a risk indicator
for clinical outcome.

In contrast to inherited dysfibrinogenaemia, acquired
dysfibrinogenaemia has been less extensively studied (1). Except for a
pediatric case report (19), the lack of studies in sepsis appears
surprising given the central role of fibrinogen in inflammation (21).
Although not focusing on dysfibrinogenaemia, a recent study
compared Clauss and PT-derived fibrinogen with specific categories
of disease and concluded that both methods are not interchangeable
for certain clinical conditions raising the possibility of
dysfibrinogenaemia (22). Another study investigated hemostatic
impairment in postpartum hemorrhage being a specific form of DIC
and reported evidence of acquired (hypo)dysfibrogenaemia in acute
obstetric coagulopathy (23). Collectively, these data call for further
studies to more fully characterize the occurrence and clinical
significance of acquired dysfibrinogenaemia in a wider variety of
clinical settings.

Limitations of the present study include:

First, the study included only a single point of analysis at the
time of admission of adult septic patients to the ICU. Dynamic
studies with multiple analyses are required to follow the natural
history of acquired dysfibrinogenaemia and specifically to answer
the question if this condition will resolve with clinical
improvement. Second, data reported in the present study apply
only to the fibrinogen methods used and future studies should
include additional fibrinogen methods for comparison. Specifically,
more sophisticated immunological assays should be used to allow
for high throughput and short turnaround times. Third, the
possible importance of acquired dysfibrinogenaemia on in vivo
hemostasis in septic patients is at present unknown and should
be investigated in future studies by adding measures of fibrin and
clot properties including thrombin and reptilase times, D-dimer,
and/or other fibrin(ogen) degradation products. Similarly, clinical
outcome measures should be determined in adult septic patients
in the presence of acquired dysfibrinogenaemia.
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Background: Abdominal venous thromboses are rare thrombotic events with
heterogeneous etiologies. They are related to myeloproliferative neoplasms
(MPNs) in some patients and can occur as first signs of the disease. MPNs
are characterized by mutations in the genes of Janus kinase 2 (JAK2),
myeloproliferative leukemia virus oncogene (MPL), and calreticulin (CALR).

Methods: Within the prospective trial “Prevalence of JAK2 mutations in patients
with abdominal venous thromboses” (JAK2 MV study; German Clinical Trials
Register: DRKS00026943), the peripheral blood of patients with abdominal
venous thromboses in Mecklenburg-West Pomerania, a federal state located in
north-east Germany, was analyzed by next-generation ultradeep sequencing for
MPN-associated mutations. Clinical characteristics and blood cell counts were
also of interest. The primary endpoint was the detection of the mutation JAK2
p.V617F. Secondary endpoints were the detection of other acquired variants of
JAK2, as well as MPL and CALR.

Results: A total of 68 patients with abdominal venous thromboses were included
from February 2017 to January 2021, with splanchnic veins affected in 65
patients. The mutation JAK2 p.V617F was present in 13 patients (19%), with four
patients showing low variant allele frequencies (VAF 0.1% to 1.9%). The time
interval from the thrombotic event to analysis was longer for patients with the
mutation. The mutation MPL p.W515R was detected in three cases, all of them
with low VAF. One patient among them had a concurrent mutation of JAK2
p.V617F. The mutations CALR type | or type Il were not found.

Discussion: By analyzing peripheral blood for the mutation JAK2 p.V617F,
an important cause of these rare thrombotic events can be identified. The
development of a diagnostic workup with next-generation ultradeep sequencing
for the analysis of the JAK2 p.V617F mutation and further mutations has the
potential to better understand the etiology of abdominal venous thromboses in
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individual patients in regional clinical care, as abdominal venous thromboses are
diagnosed by various medical disciplines.

KEYWORDS

abdominal venous thromboses, splanchnic vein thrombosis, JAK2 mutation, ultradeep
sequencing, anticoagulation

Introduction

Abdominal venous thromboses are rare events (1). In the
literature, hepatic vein thromboses (also known as Budd-Chiari
syndrome), portal vein thrombosis, splenic vein thrombosis, and
mesenteric vein thromboses are grouped as splanchnic vein
thromboses (SVT) (1-4). Incidences range from 0.7 per million
people per year for hepatic vein thromboses to 70 per million
people for portal vein thromboses (5-7). Thromboses in the
abdominal region may also involve the vena cava inferior and
other abdominal veins such as renal or ovarian veins. Multiple
causes and triggers of abdominal venous thromboses have been
described: cirrhosis, inflammatory disease, particularly pancreatitis
and inflammatory bowel disease (8), abdominal surgery (9),
malignancies (8), myeloproliferative neoplasms (MPN) (1, 10), and
congenital or acquired coagulation disorders (1, 11). Abdominal
venous thromboses can be complicated by acute sequelae such
as liver failure, gastrointestinal bleeding (1), intestinal infarction
(12), perforation, peritonitis, and sepsis (11) and can lead to
chronic complications, mostly the formation of varices with
bleeding risk or re-thrombosis (1, 13). Therefore, in addition to
the diagnosis of abdominal venous thrombosis, clarification of
causality is fundamental for further treatment decisions and clinical
outcomes (2).

The study “Prevalence of JAK2 Mutations in Patients with
Abdominal Venous Thrombosis” (JAK2 MV Study) prospectively
investigated patients with abdominal venous thromboses in the
federal state of Mecklenburg-West Pomerania (MV) in north-
east Germany (see Supplementary Figure 1) for the presence of
mutations in the gene of Janus kinase 2 (JAK2). The mutation
JAK2 p.V617F represents one of the major diagnostic criteria of
MPN (14, 15) and is frequently found in patients with abdominal
venous thromboses. JAK2 is a non-receptor tyrosine kinase (16).
Activated JAK2 generates the transcription factors known as
“Signal transducers and activators of transcription.” This JAK-
STAT pathway is involved in the proliferation, differentiation,
and self-renewal of the hematopoietic system. The mutation JAK2
p-V617F constitutively activates the tyrosine kinase (16), leading
to increased erythropoiesis and thrombopoiesis and thus resulting
in the phenotype MPN (17). Other known driver mutations of
MPN, though less commonly detected, exist for myeloproliferative
leukemia virus oncogene (MPL p.W515R) and calreticulin (CALR
type I and CALR type II) (18). Both of these also result in
the activation of the JAK-STAT pathway: mutations in the MPL
gene that encodes the thrombopoietin receptor by affecting the
intracellular domain of the protein followed by ligand-independent
signaling through JAK2, mutations in the CALR gene that alter
binding of CALR to MPL associated with JAK2, and thereby
over-activating the JAK-STAT signaling pathway (19-22). Both
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mutations of MPL and CALR were included in the JAK2 MV study
as secondary endpoints.

The implementation of the study in the federal state of
Germany allows for the depiction of the reality of clinical care for
patients with abdominal venous thromboses in a defined region
with existing data about population and infrastructure. It also
helps to better characterize one of the main causes of abdominal
venous thromboses. Potentially, it can lay the groundwork for the
development of a diagnostic workup in general clinical care in
this area.

Methods
Study design

The investigator-initiated JAK2MV trial was a prospective
cohort study to analyze patients in MV with abdominal venous
thromboses for the presence of acquired single nucleotide
variants in the JAK2 gene. The primary endpoint was the
detection of the JAK2 p.V617F mutation. Secondary endpoints
were the detection of other acquired variants of JAK2, as
well as the mutations MPL p.W515R and CALR type I and
type II, which are also part of the diagnostic criteria of
MPN (14, 15).

Patients in MV with thromboses in hepatic veins, portal
veins, splenic veins, mesenteric veins, and/or other abdominal
veins were included in the study, regardless of the timepoint
of the thrombotic event. For this study, all thrombotic events
within 1 month before inclusion were classified as recent events,
whereas the others were termed past events. Thrombosis
had to be confirmed by imaging [ultrasound, computed
tomography (CT), and magnetic resonance imaging (MRI)]
or surgically for inclusion in the study. Written informed
consent by the patient was required. Patients < 18 vyears
were excluded.

A total of 5ml of peripheral blood (anticoagulant EDTA) was
collected for next-generation sequencing (NGS) and a blood smear
for cytology. A standardized recording of demographic, clinical,
and laboratory parameters using a questionnaire was within the
scope of the study.

The organization of the study, data collection, and analysis,
as well as laboratory work (NGS and cytology) were performed
at Clinic III—Hematology, Oncology, and Palliative Medicine,
Rostock University Medical Center.

The Ethics Committee of Rostock University Medical Center
has approved the trial (approval date: 22 November 2016, A 2016-
0200), and the trial is registered in the German Clinical Trials
Register (DRKS00026943).
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Study implementation

At the beginning of the study, all departments of internal
medicine (n = 27) and surgery (n = 28) at hospitals in MV with
at least 80 beds, all specialists in hematology and oncology (n =
17), and ~7 months after the start of the study, all specialists
in gastroenterology (n = 20) were informed about the study
by post. In addition to a general brochure about the trial, a
patient information sheet, an informed consent form, and a clinical
questionnaire were included in the postal mailing. The trial was also
promoted at regional educational and scientific meetings.

Patients were informed and included by their treating
physicians, who also collected peripheral blood and answered the
clinical questionnaire. Blood samples were sent by standard mail.
Only upon receipt of the blood sample, together with a valid
informed consent form and clinical questionnaire, the analysis
of the blood sample was proceeded within the study. Sample
processing and analysis were performed pseudonymously.

In cases where a mutation was identified, the respective
physician was informed by phone and by written report.

Next-generation sequencing

A dedicated targeted sequencing gene panel for NGS was
designed and validated for use in routine diagnostics. In addition to
the total protein-coding sequences of JAK2, the panel also captures
the total protein-coding sequences of MPL and CALR. Nucleic
acid segments with known mutation hotspots were covered by at
least two amplicons in the panel design. Nucleic acid isolation
as well as the performance of NGS are outlined in the study
by Grunwald et al. (23). Generally, in routine diagnostics for
conventional applications, a sensitivity of NGS of approximately
2% is described (24). Here, validation of the above-described NGS
panel detected variant allele frequencies (VAF) of 1% and below as
the condition of high amplicon coverage (> 2,000) was fulfilled as
ultradeep sequencing.

Statistical analysis

Descriptive participants’ characteristics were calculated.
Interval-scaled data were tested for normal distribution using the
Shapiro-Wilk test. Mean differences were tested using Fisher’s
exact test or the Mann-Whitney U-test. The significance level was
set at p < 0.050. SPSS 25.0 (SPSS Inc., Chicago, IL, United States)

was used for the analysis.

Results

Study participants

Between 22 February 2017 and 31 January 2021, 73 blood
samples were submitted, of which 68 could be included and
analyzed in the study (Figure 1). From Rostock originated 84% of
samples, and 16% were from different locations in MV (n = 4 from
Ribnitz-Damgarten, #n = 2 from Greifswald, n = 2 from Stralsund,
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Blood samples submitted
(N=73)

Patient duplication (n =2) ‘

Lack of clinical questionnaire (n = 1) ‘

Withdrawal of patient consent (n = 1) ‘

Unknown diagnostics (n = 1) I

1]

A

Blood samples included
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FIGURE 1

Flowchart of the study. Unknown diagnostics: the diagnostic
method for the detection of the thrombosis was not known
(Thrombosis had to be confirmed by imaging or surgically for
inclusion in the study).
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FIGURE 2
Medical disciplines that submitted blood samples to be included in
the study (n = 68).

n =1 from Neubrandenburg, n = 1 from Waren, and n = 1 from
Wismar) (see Supplementary Figure 1). Figure 2 lists the medical
disciplines that submitted blood samples.

Patients characteristics are summarized in Table 1. Overall, 40
(59%) patients were male, 28 (41%) were female. The median age
was 62.0 years (range 28-84 years) for male patients and 53.5 years
(range 29-80 years) for female patients. In 65 of the 68 patients
with abdominal venous thromboses (96%), splanchnic veins were
involved. Thrombosis was most commonly localized in the portal
vein (n = 52), followed by the splenic vein (n = 27) and mesenteric
veins (n = 27). In 33 patients, thromboses were located in two or
more abdominal veins. In total, 37 patients had a recent thrombotic
event. For the other patients, the thrombotic diagnosis lasted from
32 days to 20 years (in the mean 12 months).
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TABLE 1 Characteristics of study participants (n = 68).

JAK2 p.V617F
negative

JAK2 p.V617F positive

VAF 0.1-1.9 %

10.3389/fmed.2023.1344769

p (negative vs.
positive)
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Sex, n (%) 0.123
Female 28 (41) 20 (36) 3(75) 5 (56)
Male 40 (59) 35 (64) 1(25) 4 (44)
Age (years) 0.167
Median (min-max) 61 (28-84) 60 (28-84) 69 (60-77) 64 (44-73)
Thrombotic site, n
Portal vein 52 40 3 9 0.636
Hepatic vein 5 4 0 1 0.22
Splenic vein 27 22 1 3 0.502
Mesenteric vein 27 22 1 3 0.553
SVT 65 53 3 9 0.353
Other veins 9 6 2 1 0.327
Single vs. multiple sites, 1 (%) 0.107
Single site 26 (38) 23 (42) 2 (50) 1(11)
Multiple sites 33 (49) 27 (49) 2 (50) 4 (44)
Unknown 9 (13) 5(9) 0 4 (44)
Date of thrombotic event, 1 (%) 0.041*
</=1month 37 (54) 33 (60) 2 (50) 2(22)
>1 month 29 (43) 20 (36) 2 (50) 7(78)
Unknown 2(3) 2(4) 0 0
Treatment, n
Surgery 8 4 1 3 0.041*
Thrombolysis® 3 3 0 0
Anticoagulation 54 45 4 5 0.13
Not specified 7 6 0 1
Hepatomegaly, 1 (%) 0.142
Yes 10 (15) 9 (16) 0 1(11)
No 49 (72) 40 (73) 4 (100) 5(56)
Unknown 6(9) 3(6) 0 3(33)
Not specified 3(4) 3(6) 0 0
Splenomegaly, 1 (%) 0.373
Yes 19 (28) 15 (27) 0 4 (44)
No 41 (60) 34 (62) 4 (100) 3(33)
Unknown 5(7) 3(6) 0 2(22)
Not specified 3(4) 3(6) 0 0
Previous thrombosis, 1 (%) 0.239
Yes 7 (10) 4(7) 0 3(33)
No 44 (65) 37(67) 3(75) 4 (44)
Unknown 14 (21) 12 (22) 1(25) 1(11)
Not specified 3(4) 2(4) 0 1(11)
(Continued)
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TABLE 1 (Continued)

JAK2 p.V617F
negative

10.3389/fmed.2023.1344769

JAK2 p.V617F positive p (negative vs.

positive)
VAF0.1-19%

Thrombophilia, 1 (%) 1
Yes 3(4) 3(6) 0 0
No 37 (54) 30 (55) 2(50) 5 (56)
Unknown 27 (40) 22 (40) 2(50) 3(33)
Not specified 1(2) 0 0 1(11)
Malignancy, 1 (%) 0.291
Yes® 21 (31) 19 (35) 1(25) 1(11)
No 34 (50) 25 (46) 2(50) 7 (78)
Unknown 12 (18) 10 (18) 1(25) 1(11)
Not specified 1(2) 1(2) 0 0
Liver cirrhosis, 7 (%) 0.193
Yes 8(12) 5(9) 0 3(33)
No 49 (72) 42 (76) 2(50) 5(56)
Unknown 11 (16) 8 (15) 2(50) 1(11)

SVT, splanchnic vein thrombosis; VAF, variant allele frequency. °No systematic recording of lysis therapy in the JAK2-MYV trial. °° Malignancies reported in patients without detection of the

JAK2 p.V617F mutation: (suspected) pancreatic cancer (n = 6), lymphoma, carcinoma of unknown primary (suspected,) gastric cancer (suspected), lung cancer (suspected), cholangiocellular
carcinoma, lymphoma (n = 2 each), rectal cancer, intraductal papillary mucinous neoplasia, liver tumor, chronic lymphocytic leukemia (n = 1 each). Malignancies reported in patients with the

mutation JAK2 p.V617F are listed in Table 2. *Statistical significant.

Data on the clinical situation were presented by the referring
physician and recorded as text on the questionnaire. The presenting
symptoms were variable. Pain, gastrointestinal complaints, and
liver-associated symptoms were most often mentioned. Of note, the
diagnosis was incidental (no symptoms) in 13 patients.

CT was used most frequently (n = 54), followed by ultrasound
(n = 21) and MRI (n = 5) as diagnostic procedures. Multiple
methodologies were applied to 13 patients. In three patients,
diagnosis was established during surgery.

As therapeutic procedure, surgery was performed on eight
patients (12%) (Table 1). The use of anticoagulation was reported
for 54 (79%) patients in total (Table 1) with the following
distribution: low-molecular-weight heparins (LMWH) (n =
24), heparin (n = 3), phenprocoumon (n = 7), direct oral
anticoagulants (n = 10), and unspecified (n = 6). Furthermore,
enoxaparin in prophylactic dosage was mentioned for two
patients, as was clopidogrel =+ acetylsalicylic acid for two patients.
For three patients, information about thrombolysis was listed.
It has to be noted, though, that this treatment option was
not systematically queried in the standardized reporting form
(Table 1).

Prevalence of the mutation JAK2 p.V617F

The mutation JAK2 p.V617F was detected in 13 of 68
study participants (VAF 0.2-43%), corresponding to 19%. Four
of the thirteen patients had VAF between 0.1% and 1.9%,
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which is below the conventional cut-off used for routine
diagnostics by NGS. The characteristics of study participants
with the mutation JAK2 p.V617F are summarized in Table 2.
Strikingly, all but one study participant with the mutation had
portal vein thrombosis. Five patients also had thromboses in
other abdominal veins, and two patients had experienced a
previous thrombotic event. Tumor diseases were reported in these
patients as “suspected leukemia” (MPN38; VAF 43.0%), possibly
MPN, and carcinoma of the esophagogastric junction (MPN36;
VAF 1.4%).

Table 1 presents the characteristics of the total study population
for patients without mutation of JAK2 p.V617F and for patients
with JAK2 p.V617F mutation (VAF 0.1-1.9% and VAF > 2%,
respectively). Patients with a mutation of JAK2 p.V617F, regardless
of VAF, were summarized for statistical analysis. Individuals with
the mutation were more likely to be female and older. Patients
with the mutation also tended more often to have suffered
from a previous thrombotic event or to have liver cirrhosis,
whereas malignancy was less commonly suspected. Hepatomegaly
and splenomegaly were comparable between patients with and
without the mutation of JAK2 p.V617F. Figure 3 visualizes the
findings of the hemoglobin and platelet counts of the three
groups, showing a scattering of the values without classification
of the groups. Patients with the mutation JAK2 p.V617F had a
significantly longer history of abdominal venous thromboses. They
were significantly more often treated by surgery (4 of 13 patients).
Nine of the thirteen patients with the mutation JAK2 p.V617F
received anticoagulants.
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TABLE 2 Patients with the mutation JAK2 p.V617F: site of thrombosis, previous thrombotic event, malignancy, and liver cirrhosis.

JAK2 p.617F VAF  Portal vein Hepatic vein Splenic vein Mesenteric Other veins Previous Suspected Liver
(VA vein thrombosis malignancy cirrhosis

MPN38 43.0 + Unknown Unknown Unknown Unknown + +4 -+

MPN18 314 + Unknown Unknown Unknown Unknown Not specified - -

MPN43 28.4° + Not specified Not specified Not specified Not specified - - +
MPN30 24.6 + Unknown Unknown Unknown Unknown - Unknown Unknown
MPN42 17.3 + + + Not specified - - - -

MPN11 132 + Unknown + + +! Unknown - -

MPN44 13.2 + - - . - + : .

MPN67 123 + - - + - + - +
MPN72 45 + - + + - - - -

MPN36 1.4 - - - - +2 - +° -

MPN34 0.6 + - + + Not specified Unknown Unknown Unknown
MPN45 03 + - - - +3 - - -

MPN28 0.2 + Not specified Not specified Not specified Not specified - - Unknown

VAE, variant allele frequency; +, yes; —, no.
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FIGURE 3
Hemoglobin and platelet count for blood samples included in the
study (n = 68).

Prevalence of the mutations MPL p.W515R
and CALR type | and type |l

Mutations of MPL p.W515R were detected in three cases with
VAFs of 1.2%, 0.4%, and 0.2%, thus showing low VAF. The latter
patient had a concurrent mutation of JAK2 p.V617F (MPN43; VAF
28.4%) (Table 2). CALR mutations were not found.

Discussion

In the literature, in 50%—75% of patients with abdominal
venous thromboses, the etiology could be identified (8, 11,
22). In addition to thrombophilia, acquired local and systemic
pathophysiological factors are responsible; among the latter, MPNs
are of particular importance (3, 22). MPNs associated with
abdominal venous thromboses predominantly show the mutation
JAK2 p.V617F (2). In the prospective study “Prevalence of
JAK2 mutations in patients with abdominal venous thrombosis”
(JAK2 MV study) described here, a prevalence of 19% was found for
the mutation JAK2 p.V617F, whereas the mutation MPL p.W515R
was only detected in two additional patients (3%) with low VAF.
This is in line with other reports about the distribution of the
driver mutations in the genes of JAK2, MPL, and CALR in
patients with SVT with and without MPN (25-27). While all driver
mutations can cause hyperproliferation of myeloid progenitor cells,
the mutation JAK2 p.V617F has been described to contribute to
a prothrombotic state by different mechanisms, like enhanced
vascular and intercellular adhesion of neutrophils and increased
formation of neutrophil extracellular traps (18, 28-30), all of which
have not yet been fully elucidated (31). However, as shown in
this study and others, the association between the mutation JAK2
p.V617F and abdominal venous thromboses is clinically evident.
Ageno et al. (1) reported a frequency of JAK2 p.V617F of 20.1
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% in a multicentric cohort of patients with SVT with thrombotic
events ranging back < 6 months. In the prospective multicenter
pilot study for rivaroxaban as a treatment for SVT, JAK2 p.V617F
was detected in 13 of 50 patients tested (26%); patients with
Budd-Chiari syndrome or liver cirrhosis were excluded (32). In
a monocentric study from 1994 to 2021, published by Colaizzo
et al. (13), JAK2 p.V617F was found in 29.8% by systematic
screening of 152 patients at the time of diagnosis of SVT without
concomitant cirrhosis or carcinoma. In this study, patients were
followed up (median for 64 months, range 1-214 months) for
both detection of JAK2 p.V617F and diagnosis of MPN: 9 of
13 patients with the initial finding of JAK2 p.V617F and 6 of 8
patients with detection of JAK2 p.V617F during follow-up were
diagnosed with MPN during the course of the study. Analysis of
JAK2 p.V617F was performed using real-time quantitative PCR; the
detection limit was defined at 1.5%, but information on VAF was
not given.

In the JAK2MV study, ultradeep sequencing was used to
detect and quantify the mutation JAK2 p.V617F. Given the
sensitivity of ultradeep sequencing, VAF from 0.1% to 1.9%
could also be described. In the study cohort, four patients
showed JAK2 p.V617F with VAF in this range, and nine
patients showed VAF >/= 2% (range 4.5%—43.0%). Patients
with evidence of the mutation were diagnosed earlier with
abdominal venous thromboses, in line with the observation
of Colaizzo et al. (13). How et al. (2, 33) postulate that
abdominal venous thromboses are early events, preceding the
diagnosis of MPN in some patients. In a Danish population
study with nearly 20,000 participants, Cordua et al. (17) showed
an increased odds ratio for venous and arterial thromboses
in case JAK2 p.V617F was present with low VAF without a
diagnosis of MPN. In light of this, the high sensitivity of the
sequencing method is particularly important. In parallel, within
the JAK2MV study, the presence of JAK2 p.V617F in patients
was not associated with hepatomegaly, splenomegaly, or blood
count abnormalities (clinical or laboratory signs of MPN). As
depicted in Figure 1, hemoglobin levels and platelet counts varied.
Particularly hemoglobin levels > 16.5 g/dl or > 16.0 g/dl (referring
to men or women), or platelet counts > 450 GPT/l as major
diagnostic criteria for MPN (polycythemia vera and essential
thrombocythemia, respectively), according to the International
Consensus Classification of 2022 (15), were only seen in a
few cases with the presence of JAK2 p.V617F. This implies
that high blood cell counts are not the main trigger factors
for thrombotic events. The abdominal venous thromboses may
influence the development of blood count abnormalities through
portal hypertension, inflammation, or bleeding episodes (27). More
importantly, as described above, abdominal venous thromboses
can be found early before evidence of MPN by diagnostic criteria
(14, 15).

Consistent with the literature (2, 13, 33), individuals with
abdominal venous thromboses and JAK2 p.V617F were more likely
to be female. Individuals with JAK2 p.V617F tended to be older.
In the literature, comparative data about age refer to individuals
with SVT compared to patients with other thromboses (2) or
patients with MPN (4, 33). In this regard, patients with SVT tend to
be younger.
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Population aspects

The JAK2 MV study had no defined exclusion criteria except for
age < 18 years. The study was open to all patients with current or
precedent evidence of abdominal venous thromboses in MV. As a
consequence, the study cohort was heterogeneous, with competing
causes of the thrombotic event, but it represented general clinical
care. This highlights the study because, in contrast to other reports,
it was not confined to patients of referral centers (1,7, 12, 13, 34) or
MPN or SVT registries (4). Compared to the literature (1, 13), the
prevalence of JAK2 p.V617F in total was lower, but the mutation
was still found in about one in five patients. Patients with SVT were
represented within the study cohort at 96%.

The study was restricted to MV. The federal state in northeast
Germany is an area of low population density with 69 inhabitants
per km?, consisting of 1.6 million inhabitants (35). In contrast to
urban areas, the distribution of medical specialists is limited, and
specialized diagnostic centers are scarce. Patients with rare medical
problems might be underdiagnosed. Initiating the prospective trial
“Prevalence of JAK2 mutations in patients with abdominal venous
thromboses” was a step toward distributing highly sophisticated
diagnostic tools to potentially all patients in MV.

Diagnostic aspects

A unique feature of this study was the application of a highly
sensitive and quantitative diagnostic method for the detection of
the mutation JAK2 p.V617F: ultradeep sequencing. This allowed
the detection of VAF below the sensitivity limitation of NGS or
conventional applications such as quantitative polymerase chain
reaction (36, 37). Baumeister et al. (37) mention that VAFs of 1%
lead to subclinical manifestations of MPN. The JAK2 MV study
was not designed to confirm the diagnosis of MPN by further
investigation or to follow-up patients. Nevertheless, this aspect is of
particular interest for patients with VAF of JAK2 p.V617F between
0.1% and 1.9%. It should be emphasized that with the detection
of JAK2 p.V617E, further hematological diagnostics regarding
MPN are required. This was communicated to the submitting
colleagues. Due to the study design, no information about the
results was available.

Limitations

The following limitations of the study have to be acknowledged.
First, the study is restricted to MV and might therefore be
influenced by the geographic or genetic characteristics of its
population. Second, due to the population of MV and the rarity of
the thrombotic manifestations, the cohort is small. Still, the results
are comparable to data from the literature, taking into account
the differences in the inclusion criteria. Third, because the study
period ranged from 22 February 2017 to 31 January 2021, the data
might be influenced by the COVID-19 pandemic in the last 12
months. During this time, 12 patients were included. Finally, the
study was designed as a prevalence study, and a follow-up was
not within the scope of the study protocol. Nevertheless, receiving
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results of further hematological diagnostics would be of great
interest for patients with mutations in JAK2 V617 with VAF > 2%
to differentiate MPN from clonal hematopoiesis of indeterminate
potential (CHIP) and in those with VAF between 1.0% and 1.9%.

Conclusion

The JAK2 MV study presents relevant aspects of general clinical
care in patients with abdominal venous thromboses: Patients were
diagnosed by various medical disciplines. Clinical criteria and
blood counts were not conclusive for etiology. By ultradeep next-
generation sequencing of peripheral blood samples, the mutation
JAK2 p.V617F was detected in 19% of patients included in the
JAK2 MV study. Looking ahead, longitudinal examination of VAF
is of interest, as is patients’ follow-up with a focus on additional
hematological results, especially in the light of evolving data about
the pathophysiological influence of CHIP (38). The JAK2 MV study
suggests, along with others (38), that “CHIP-associated SVT” (38)
or “SVT-predominant MPN” may become a novel clinical entity
consisting of patients with abdominal venous thrombosis with
the mutation JAK2 p.V617F. It has therapeutic and prognostic
implications before fulfilling the diagnostic criteria of MPN, for
example, continuation of anticoagulation, regular surveillance
of blood cell counts, and clinical follow-up. Corresponding
to the rapid development and distribution of highly sensitive
diagnostic procedures like next-generation ultradeep sequencing
patients with VAF < 2% will perhaps be included in the future
(39). Meanwhile, a larger cohort of patients can contribute to
better characterizing different patient groups with abdominal
venous thromboses.

Implications

Patients with abdominal venous thromboses are seen by various
medical disciplines.

In a prospective prevalence study in MV, a federal state in
Germany, the mutation JAK2 p.V617F was detected in 19% of
patients with abdominal venous thromboses. Clinical or laboratory
criteria did not provide evidence for the mutation JAK2 p.V617F.

Establishing a diagnostic workout for peripheral blood samples
in a region can help clarify the etiology of abdominal venous
thrombotic events.

Peripheral blood samples are suitable for mutation analysis of
JAK2. Ultradeep sequencing, as a highly sensitive and quantitative
detection method, is advantageous. By using next-generation
sequencing, other mutations of interest can be investigated at the
same time.

If mutations are detected, further hematological diagnostics
should be initiated, and regular follow-up is warranted.
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Objective: Hemophilia B is a rare X-chromosome linked hereditary bleeding
disorder. Patients require lifelong treatment and it is costly, but there is a
lack of research in China on the treatment and burden for this group. Our
aim was to review the actual treatment pattern of hemophilia B patients in
China, and describe the financial burden and other disease burden from the
patient’s perspective.

Methods: Using data collected by the Beijing Hemophilia Home Care Center,
descriptive statistics were made on the sociodemographic characteristics
and treatment of patients. The annual drug costs were calculated according
to the actual factor dosage and price.

Results: During the study period, 29.9% of the patients only received on-
demand treatment, while the rest of the patients received varying numbers of
prophylaxis treatment. The total cost of clotting factors for 341 patients in one
year was 16.0 million CNY ($2.5 million), with 46990.8 CNY ($7283.7) per patient.
The drug cost of prophylaxis was significantly higher than that of on-demand
treatment. The amount of prothrombin complex concentrates used by patients
was the largest, more than 5 times of recombinant coagulation factor IX. Based
on the average annual wage and average working time of Chinese employees
in 2021, the average annual wage loss of HB patients reached 31544.2 CNY
($48894). The results of the questionnaire showed that 77.1% and 65.3% of
patients had chronic pain and acute pain of different frequencies.

Conclusion: The level of prophylaxis for Chinese patients is low; safer
and more effective recombinant drugs are not widely available. Patients
also face a high burden of drug costs, as well as indirect costs that cannot
be underestimated. Therefore, continued efforts are needed to improve the
quality of life of patients by reducing their financial burden and promote
standardized treatment.

KEYWORDS

China, hemophilia B, economic burden, cost, prophylaxis

1 Introduction

Hemophilia B (HB), a rare X-chromosome linked hereditary bleeding disorder (1),
has been included in the Circular of Publishing the First List of Rare Diseases in China
(2). HB usually occurs in males [global prevalence is 1 in 30,000 (3), and Chinass is about
1 in 100,000 (4)], while it is extremely rare in females. Patients with HB have a deficiency
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of coagulation factor IX (FIX) activity due to mutations in the genes
encoding FIX, which leads to coagulation dysfunction (5, 6). Bleeding
is the most prominent clinical manifestation of HB, among which
spontaneous bleeding, minor post-traumatic bleeding, and severe
bleeding after wound or surgery are more common (7). As a lifelong
disorder, hemophilia is associated with significant clinical burden
driven by haemarthrosis, joint damage and pain, with subsequent
negative impact on patients’ mental health, daily functioning and
overall quality of life (8).

Given the nature of HB, replacement therapy of high-quality
factor concentrates is essential (9). Patients with HB mainly receive
clotting factor replacement therapy and surgical treatment for
bleeding and joint problems. In addition, gene therapy which has
shown promising results in some clinical studies (10). Replacement
therapy is currently the primary and most effective clinical treatment
for HB (11). It is used to replenish the FIX deficiency in patients and
includes on-demand treatment and prophylaxis. The former is to
address timely hemostasis after bleeding episodes, and the latter is a
regular continuous replacement therapy to prevent bleeding (12). The
Chinese guidelines on the treatment of hemophilia (version 2020) (5)
and The WFH Guidelines for the Management of Hemophilia, 3rd
edition (13) state that recombinant FIX (rFIX) or viral-inactivated
prothrombin complex concentrates (PCCs) is the preferred alternative
treatment for HB. Fresh frozen plasma (FFP) can be used if these
clotting factor concentrates (CFCs) are not available. PCCs are the
main product of HB replacement therapy in China today. However,
they are not the most ideal products. Because PCCs contain
coagulation factors II, VII, and X in addition to FIX components,
some of which may lead to the risk of venous and arterial thrombosis
or disseminated intravascular coagulation (DIC) formation with long-
term high dose use.

The implementation of replacement therapy means that patients
will be on medication for the rest of their lives, resulting in ongoing
treatment costs, most notably for clotting factor medications. During
the course of replacement therapy, some patients may develop
inhibitors to clotting factor, which can reduce the effectiveness of
replacement therapy. Additional costs and medication burden will
be incurred if patients are treated with bypass agents [e.g., genetically
recombinant activated coagulation Factor VII (rFVIIa) and immune
tolerance induction (ITI) therapy]. Furthermore, incomplete
treatment of long-term recurrent joint bleeding can damage the joint
structure, resulting in joint deformity and loss of function. Worse
still, joint replacement may be required, and patients have to endure
pain during the recovery process while bearing the high cost of
surgery. Studies have been conducted in Europe and the
United States to demonstrate the clinical, human, and economic
burden of severe HB patients (14, 15). However, most available
studies (over 70%) on the burden of hemophilia in China did not
distinguish between HA and HB or only targeted HA patients, and
were conducted from a third-party perspective, analyzing direct
treatment costs through health insurance system data. There is a lack
of studies specifically focusing on patients with HB, where the
sample size of hemophilia B patients is small or does not indicate the
type of hemophilia (16, 17).

In view of the above, this study aims to review the actual treatment
pattern of HB in China using data from the Beijing Hemophilia Home
Care Center patient database, thereby aiming to identify the
shortcomings in treatment. At the same time, the study also describes

Frontiers in Public Health

10.3389/fpubh.2023.1303787

the financial burden and other disease burden from the patients
perspective, so as to better understand the HB patients’ burden. These
will help the relevant parties to explore better treatment strategies and
burden reduction measures.

2 Method
2.1 Study design

The study was conducted using data from current patients (with
a confirmed diagnosis of HB, excluding carriers) in the Beijing
Hemophilia Home Care Center database. Sociodemographic
information and treatment information in the database were mainly
accessed. For the reason of data availability, usability, completeness,
and quality, only patient data within one consecutive year from
September 1, 2020 to August 31, 2021 were extracted. We also
added a patient questionnaire study to investigate other patient
burden, which consisted of two parts. One part was about health
service utilization (visits within two weeks, hospitalizations within
one year) and patient labor loss (work time lost due to illness, actual
work time, and impact on productivity). The questions in this
section were generated from literature reviews and expert
interviews. The other part assessed pain levels using a visual
analogue scale (VAS).

2.2 Data collection

The Beijing Hemophilia Home Care Center is the largest
organization for hemophiliacs in China, with over 14,000
registered patients. The organization collects data on hemophiliacs
on Chinese mainland through an application called “Hemophilia
Home” The App allows patients and their families to record
information on bleeding, treatment, medical appointments,
medication costs, etc.

Patient inclusion criteria: (1) be a citizen of the People’s Republic
of China, regardless of age or sex; (2) knowingly and voluntarily
register for the Hemophilia Home APP and agree to the APP
registration agreement; (3) be diagnosed with hemophilia B by a
regular hospital, excluding carriers. Patients register in the APP on
their own, and their caregivers can register on behalf of infants, the
elder or other people with mobility difficulties who cannot complete
the registration on their own. Patients will record their use of each
treatment in the APP for each episode, along with the cause, site, and
symptoms of each bleeding. All other information will be registered
only once.

In this study, we mainly used sociodemographic information
and treatment data of patients in the database. Specifically, the
sociodemographic included gender, age, education and employment
status, marital status and health insurance information; the disease
treatment information included disease severity and treatment
records (including type of treatment, type and dosage of medication
for each treatment). Additionally, a convenience sample of the active
patient users was conducted in the form of an online questionnaire
that patients voluntarily completed via the Internet, ultimately
collecting data on patient health service utilization and loss to the
labor force.
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2.3 Statistical analysis

The raw database data were cleaned before analysis. The
sociodemographic information of individual patients was corrected
by verifying with the staff of the Beijing Hemophilia Home Care
Center. We merged two types of medical insurance (i.e., urban
resident basic medical insurance and new rural cooperative medical
scheme) used in the APP into urban and rural resident basic medical
insurance to reflect the current status in China. Also, patients with
obvious logical errors in information were excluded.

The study could be divided into three parts: basic patient
characteristics, treatment status, and patient burden. Only patients
with relevant data were considered in the treatment and burden
analysis. Basic patient characteristics included gender, age, marital
status, education, and employment status. The treatment status
includes disease severity, treatment modality, type of drug used and
factor dosage. The financial burden of patients was reflected by direct
costs. Only factor treatment costs were considered due to data
limitations. Furthermore, since the database only counted patients’
drug use and did not record each drug cost in detail, it was necessary
to use an appropriate formula to estimate the cost. The annual drug
cost calculation formula is as follows. The conversion between the
Chinese Yuan (CNY) and the US dollar was made using the average
exchange rate of the CNY to the US dollar in 2021, 6.4515 (Number of
people completely unemployed due to illness * average weekly working
hours +number of people whose working hours are partially affected by
illness * average weekly working hours affected) * average hourly
wage * 52,

#The average weekly working hours and average wages are
obtained from the public data of the National Bureau of Statistics
of China.

Data were presented as means with standard deviation (SD) or
medians for continuous variables and as frequencies with percentages
for categorical variables. Given that the distribution of drug cost data
did not satisfy normality and chi-square, a nonparametric test, the
Kruskal-Wallis H test, was used in this study to compare differences
in factor doses and drug costs between patients with different
treatment modalities or different levels of severity.

All statistical analyses were performed using SPSS 26, Microsoft®
Excel 2016 and Stata 15.

3 Results
3.1 Sociodemographic characteristics

A total of 1,654 patients’ sociodemographic information was
collected, the majority of whom were male (99.8%, n=1,651). The
mean age of the patients was 22.4 (£15.1) years, with 53.7% (1 =2889)
and 46.3% (n=765) of adult (>18) and underage (<18) patients,
respectively. In our sample, 54.2% (n=411) of the patients were of
marriage age (The legal marriage age in China is 22 for men and 20
for women.) were unmarried, 4.7% (n=36) were divorced or widowed,
and the rest were married. Considering the large age span of patients,
the education and employment status of patients were combined and
analyzed. Of the total patients, 163 (9.9%) patients were in the
preschool stage; 769 (46.5%) patients were in the education stage, but
41.4% (n=318) of them were out of school. Additionally, 519 (31.4%)
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TABLE 1 Sociodemographic characteristics of HB patients.

ltems (N = 1,654)  n(%)/mean (SD)

Gender

Male 1,651 (99.8%)
Female 3(0.2%)
Age 224 (15.1)
Minors (<18) 765 (46.3%)

Adults (>18) 889 (53.7%)
Marital status

Unmarried 411 (54.2%)

Married 312 (41.1%)
Others (divorced/widowed) 36 (4.7%)
Education and employment status
Preschool 163 (9.9%)
Educated and in school 451 (27.3%)

Educated but out of school 318 (19.2%)

Employed 191 (11.5%)
Unemployed 519 (31.4%)
Retired 12 (0.7%)

SD, standard deviation.

patients were unemployed, and the rest worked normally or retired
(12.2%, n=203) (Table 1).

3.2 Treatment

A total of 341 patients were included in the analysis of treatment.
Patients were diagnosed as having mild (5<IU/dl<40), moderate
(1<IU/dl<5), or severe (IU/dl < 1) hemophilia based on factor activity
levels. The vast majority of the 341 patients had moderate and severe
HB, 48.4% (n=165) and 48.7% (n=166), respectively, and only 10
(2.9%) had mild HB (Table 1).

Because the database recorded the type of each treatment during
the study period, patient treatment types were classified into three
categories: having had on-demand treatment only, prophylactic
treatment only, or both. During the study period, 178 (52.2%) had
received both on-demand and prophylactic treatment, 61 (17.9%)
received only prophylaxis, and the remaining 102 (29.9%) received
only on-demand therapy. In terms of different severity levels, the
percentages of the three treatment modalities were basically the same.
About half (52.7%) of moderate patients and half (50.0%) of severe
patients administered a combination of on-demand therapy and
prophylaxis. Relatively, the proportion varied more due to the small
number of patients with mild disease. Over the study period, the total
amount of FIX used was 7.7x10°1U, with 22660.7TU per patient. The
mean factor dosage was higher in moderate and severe patients than
in mild, but the Kruskal-Wallis H test did not show a significant
difference (p>0.05). The total amount of PCCs used was the highest,
reaching 6.5 x 1061U, followed by rFIX (1.2 x 100 1U), while human
coagulation factor IX (1.3 x 104IU) was the least (Table 2).

In view of the treatment level, the average annual factor dosage of
341 patients was 619.5IU/Kg, of which the average annual factor
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TABLE 2 Treatment status.

ltems n (%)

Severity Only on-demand Only prophylaxis A combination of both
Mild 10 (2.9%) 2 (20.0%) 0 8 (80.0%)

Moderate 165 (48.4%) 46 (27.9%) 32 (19.4%) 87 (52.7%)

Severe 166 (48.7%) 54 (32.5%) 29 (17.5%) 83 (50.0%)
Treatment modality

Only on-demand

102 (29.9%)

Only prophylaxis

61 (17.9%)

A combination of both

178 (52.2%)

clotting factor

Total quantity (IU) 7,727,300

Per patient (IU/person) 22660.7
Mild 8390.0 chi2 (2)=1.711
Moderate 21160.0 Prob=0.4251
Severe 25012.0

PCCs (IU) 6,522,300

rFIX (IU) 1,192,000

human coagulation factor IX (IU) 13,000

Average annual factor dosage (IU/Kg) 619.5

For on-demand therapy (IU/Kg) 1943

For prophylaxis (IU/Kg) 656.2

Minors (<18 years) 845.8

Adults (>18years) 318.9

Number of injections per year

Mean (+SD) 29 (+31.8)

Range (1-176)

IU, international unit; PCCs, prothrombin complex concentrates; rFIX, recombinant factor IX; SD, standard deviation.

dosage was 656.2 IU/Kg in 239 patients with prophylaxis and 194.31U/
Kg in 280 patients with on-demand treatment. The mean factor
dosage of patients with prophylaxis showed a fluctuating upward
trend (37.0-74.31U/Kg), while there was no significant trend in the
mean dosage of on-demand treatment patients (Figure 1).

3.3 Economic burden

The total cost of clotting factors for 341 patients during the study
period (total of one year) was 16.0 million CNY ($2.5 million)
calculated according to the aforementioned method, with a mean of
46,990.8 CNY ($7283.7) per patient and a median of 15,262.5 CNY
($2365.7). Of these, the cost for prophylaxis amounted to 11.7 million
CNY ($ 1.8 million), with an average cost of 48,962.2 CNY ($7589.3)
per patient with prophylaxis (n=239), and the cost for on-demand
therapy mounted to 4.3 million CNY ($0.7 million), with an average
cost of 15434.9 CNY ($2392.5) per on-demand patient (n=280)
(Table 3). As each treatment was recorded as either “prophylaxis” or
“on-demand,” the number of people corresponding to the two
treatments mentioned above (n=519) was greater than the total
number of patients (n=341).

Frontiers in Public Health

The results of the Kruskal-Wallis H test for drug costs between
patients with different treatment modalities and between severity
levels are shown in Table 3. There was a significant difference in drug
cost between patients with the three treatment modalities (p <0.05),
while there was no significant difference among patients with different
levels of severity.

3.4 Other disease burden

For the further questionnaire study, 153 valid questionnaires were
obtained. In the two weeks prior to the questionnaire study, 52 (34.0%)
had a visit (both outpatient and emergency) with an average of 1.9
visits in two weeks. This indicated that there was a 60% average visit
rate of patient within a two-week period. Thirty-two patients (20.9%)
had been hospitalized in the previous year, with an average of 1.9
hospitalizations per year (Table 4).

Thirty-five of 153 (22.9%) reported never having chronic pain,
the majority of patients (64.7%, n=99) had chronic pain
occasionally or sometimes, 90.7% (n=107) of those with chronic
pain had mild or moderate pain, and 8.5% (n=10) had severe
chronic pain. Regarding the frequency of acute pain, 53 (34.6%)
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Mean monthly factor dosage in patients with different treatment.
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TABLE 3 Result of Kruskal-Wallis H.

Obs Rank sum chi2 (2) Prob
Treatment 72.858 0.0001
On-demand (1) 102 10822.00
prophylaxis (2) 61 10042.50
combination (3) 178 37446.50
Severity 4325 0.1151
Mild 10 1172.50
Moderate 165 27475.50
Severe 166 29663.00
Groups Rank means Critical Prob
difference value
(1) & (2) 5852 38.20 0.000123 (S)
(1) & (3) 104.26 2931 0.000000 (S)
(2) & (3) 4575 35.01 0.000880 (S)

Obs, the number of observations in the current dataset.

patients had no acute pain and the majority of patients with
occasional or sometimes acute pain (61.4%, n=94). Again, mild to
moderate pain was predominant in those with acute pain (74.0%,
n=74) (Table 4).

The results from the 153 responses to the questionnaire showed
that the work time lost due to HB was 30.2 h per week. This numerical
value was used to estimate the work time and wages lost due to illness
for that patient overall (n=1,654). The average annual wage in China
in 2021 was 85,945 CNY ($13321.8), and the average weekly working
time was 47.8h, or an average wage of 34.6 CNY ($5.4) per hour,
resulting in a lost wage of 52,170,000.4 CNY ($8,087,129.3) for 1,654
patients in one year, or 31,544.2 CNY ($4889.4) per patient.
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Using the sum of patient’s drug costs and lost wages to represent
the total patient costs, the total annual cost was 68,197,963.3 CNY
($10,570,869.3), or an average of 78,530.0 CNY ($12,173.1)
per patient.

4 Discussion

This study provides an overview of the treatment and disease
burden of 1,654 hemophilia B patients from across China based on the
Beijing Hemophilia Home Care Center’s patient database. As few
studies in China have focused on this special group of HB patients,
this study analyzes their treatment and burden at the national level,
which can fill the gap in knowledge on burden to a certain extent.
Meanwhile, it objectively established that HB patients are mostly
troubled by the disease in daily life; and they faced a high financial
burden and need improved treatment level.

A total of 97.1% of patients in this study had moderate or severe
disease, similar to existing studies [81.7% (18), 90.0% (19)].
Nevertheless, mild patients may have been overlooked because of the
lack of obvious preexisting bleeding resulting in delayed diagnosis.
Approximately 30% of patients received only on-demand treatment
during the study, and not all of those receiving prophylaxis received
standard prophylaxis on a regular basis, leaving a gap in treatment
patterns. Sixty-four per cent of patients with prophylaxis were under
18 years of age. The average annual factor dosage among prophylaxis
patients was 656.2IU/Kg, including 845.81U/Kg in children
(<18years) and 318.91U/Kg in adults (>18years), which is lower than
in a single-center study at the Tianjin Blood Center (1328.01U/kg for
prophylaxis and 878.8 IU/Kg in adults from 2014 to 2018) (18), while
our low-dose prophylaxis regimen (5) (hemophilia B FIX preparation
20IU/Kg once a week) requires at least 1,000 IU/Kg per year, which
also indicates that there are still a large number of patients with
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TABLE 4 Other disease burden.

items n (%)/mean (SD)

Visits within two weeks

No 101 (66.0%)

Yes 52 (34.0%)

Average number of visits (per fortnight) 1.9

Hospitalization within one year

No 121 (79.1%)

Yes 32 (20.9%)

Average number of hospitalizations (per 1.9

year)

Chronic pain frequency

Never 35 (22.9%)

Occasionally 64 (41.8%)

Sometimes 35(22.9%)
Often 15 (9.8%)
Always 4(2.6%)
Chronic pain frequency

No pain 1 (0.8%)
Mild 70 (59.3%)
Moderate 37 (31.4%)
Severe 10 (8.5%)

Acute pain frequency

Never 53 (34.6%)

Occasionally 71 (46.4%)

Sometimes 23 (15%)
Often 6(3.9%)
Always 0
Acute pain level

No pain 0
Mild 37 (37.0%)
Moderate 37 (37.0%)
Severe 26 (26.0%)

Work status (n =26)

Work normally 7 (26.9%)

Work affected by HB 19 (73.1%)

Average time of work affected (hours/ 30.2 (40.4)

week)

extremely low levels of prophylaxis nationwide. For presentation
purposes, we calculated the overall average patient dose monthly. The
upward trend of dosing during prophylaxis may be caused by
implementation of more intense regimens, but due to limited data, it
is uncertain to accurately infer whether patients’ prophylaxis levels
have improved over time. The treatment was the same among patients
with moderate and severe disease, which suggests that those with
moderate disease had similar phenotypes to those with severe disease,
and were therefore included in the Registry, hence in our study.
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However, another reason may be that only those with severe disease
felt the need to register on the APP.

The per patient factor cost calculated in this study was 46,990.8
CNY ($7283.7), and the median of 15,262.5 CNY ($2365.7) may
be more representative due to the skewed distribution of the data. In
a study of medical costs for urban hemophilia patients in China from
2010 to 2016 (16), the cost of coagulation factors for HB patients was
7,128.0 CNY ($1,104.9), and some difference between them may
be due to the study being from a third-party payer perspective,
including only inpatients, and having a small sample size (n==80). The
total cost of factor IX drugs for only 341 patients amounted to
16,024,000 CNY ($2,483,763.5) a year. The reported prevalence of
hemophilia B in Chinese mainland was about 0.5/100,000 (4), which
would result in over 300 million CNY ($46.5 million) in factor IX drug
costs given the large population base in China. The ANOVA showed
no significant differences in factor drug costs between patients with
different severity levels. However, in the study by Buckner et al. (20),
the total annual medical costs of hemophilia B patients increased with
severity. This difference possibly resulted from inconsistencies in the
calculation of costs, differences in patient baseline (only adult patients
in their study), and differences in severity classification (mild,
moderate, moderate-severe, and severe in their study). Again, another
likely explanation is the difference in the diagnosis (and inclusion into
the studies) of patients with mild bleeding phenotype (in mild and
moderate patients).

In addition to economic losses, the physical and psychological
harm to patients may be more serious. The average number of
injections per year was 29, with a maximum of 176. Frequent
injections brought physical injury to patients. Patients suffer from pain
due to bleeding. In our study, about 77.1% of the patients experience
chronic pain on a daily basis, which is generally consistent with
existing studies [85% (14), 81% (15)], suggesting the importance of
improving nursing care to alleviate the pain of patients. Better overall
management including early diagnosis, early and adequate treatment
as well as the availability of multidisciplinary comprehensive care etc.
are of great benefit to patients.

It is necessary to note that this study has certain limitations.
Firstly, only 341 patients had complete treatment records in the
database, which may make the analysis of treatment modality and
factor dosage different from the actual situation. Similarly, there is a
bias in estimating the total indirect cost (wage loss) of patients based
on the results of 153 supplementary questionnaires. Although some
studies believed that the direct medical cost of hemophilia B was
almost entirely caused by factor therapy (99%) (15), some studies
showed that the treatment service accounted for 1/3 of the total
medical cost (21), and other medical expenses of patients (such as
other drug costs, joint surgery costs, etc.) were also worth
considering. Furthermore, the analysis of patient bleeding pattern
and comparison of pain in children and adults was hindered due to
data limitations.

5 Conclusion

This study demonstrates the treatment profile and burden of
hemophilia B patients in China. The level of prophylaxis for Chinese
patients is low; safer and more effective recombinant drugs are not
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widely available. Inadequate treatment causes overwhelming suffering.
Patients also face a high burden of drug costs, as well as indirect costs
that cannot be underestimated. Therefore, patients with HB need
access to more preferential policies to improve their quality of life by
their
standardized treatment.

reducing financial burden and promoting better,
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University of Leipzig Medical Center, Leipzig, Germany, 8Pediatric Thrombosis and Hemostasis Unit,
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Introduction: The disease burden and bleeding risk of patients with mild
hemophilia may be underestimated. Their health-related quality of life (Qol)
may be negatively impacted by insufficient treatment and bleed-related joint
damage connected to a potentially delayed diagnosis.

Aim: This study aims to gain information on the care reality and QoL of patients
aged >12 years with mild hemophilia in Germany.

Methods: An anonymous cross-sectional patient survey using standardized
questionnaires was conducted in a validated electronic patient-reported
outcome system. Medical specialists, hemophilia centers, patient organizations,
and support groups across Germany invited the patients.

Results: A total of 43 patients (35 patients with hemophilia A, 5 patients with
hemophilia B, and 3 patients for whom the information was missing) with a
median age of 33 years were analyzed. The median age at diagnosis was 6.0 years
(interquartile range [IQR] 2.0-15.0), and the median factor activity was 14.0%
(IQR 12.0-25.0). Nearly 85% of the patients received factor concentrates in the
past, and the most common reasons for the treatment were surgery or joint
bleeding (each 65.6%). Half of the patients who provided feedback experienced
complications during bleeding episodes. Prophylactic treatment with factor
concentrates was rare (10.3%). The patients had minor problems regarding their
health status.

Conclusion: Bleeding complications and joint bleeding, in particular, may
be highly underestimated in patients with mild hemophilia, highlighting a medical
need in this population. Patients with a potential benefit from prophylaxis
need to be identified. Mild hemophilia has a negative impact on patients’ QoL.
Hemophilia centers satisfied the patients’ needs. Further research is needed to
address the current lack of awareness and improve adequate treatment in the
future.
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1 Introduction

Hemophilia refers to a rare congenital bleeding disorder (1)
mainly affecting men (2). It is characterized by a coagulation factor
deficiency of factor VIII (FVIII; hemophilia A, HA) or factor IX (FIX;
hemophilia B, HB) (1).

Normal factor (FVIII or FIX) activity ranges from 50 to 150% (3)
Residual factor activity in a patient’s plasma is used to differentiate
three severity degrees of hemophilia: mild with a relatively broad
range of >5 to <40%, moderate with 1 to 5%, and severe with <1% of
normal factor activity. Those with the normal factor activity ranging
from 40 to 50% are not yet classified (4) Mild hemophilia with its wide
range shows a varying phenotype. Some patients may present with a
bleeding phenotype overlapping with severe hemophilia, possibly
requiring prophylactic treatment (5), highlighting the importance of
an individualized treatment strategy (1, 6).

Unlike severe hemophilia, mild phenotypes are often diagnosed
later in life (5, 7), usually as a result of extended bleeding episodes
provoked by injury or medical interventions; however, recurrent
spontaneous bleeding episodes are rare in mild hemophilia. Recently,
patient age was reported to correlate with arthropathy, a most relevant
factor negatively affecting the quality of life (QoL) (7).

In mild HA, the development of FVIII neutralizing antibodies
(inhibitors) is usually due to intensive exposure to factor concentrates
(7, 8); the risk of inhibitor development may be associated with certain
F8 mutations (8). While occurring less frequently in patients with
mild or moderate HA compared to the severe form, these conditions
pose a lifelong risk (8). Inhibitors can increase the severity of bleeding
episodes (7) and may even shift a mild phenotype to a severe one (9),
thereby complicating the treatment (10). FIX inhibitors are rare
(1.5 to 3% of patients) and are almost exclusively found in patients
with severe HB (1, 11), for whom an HB-specific formal clinical
guidance may be lacking due the rarity of their condition (12). FIX
inhibitor formation is unrelated to the type of FIX clotting factor
concentrate (CFC) and is considered a most serious complication as
anaphylaxis and nephrotic syndrome may occur (11).

Exact numbers of patients with (mild) hemophilia are unknown
(1) due to various reasons (2, 7), and the number of undiagnosed
patients is likely to far exceed (1) than those reported (2): in 2020,
4,518 patients with HA (mild type: 738 patients) and 860 patients with
HB (mild type: 152 patients) were newly registered in the German
Hemophilia Registry (13).

In patients with mild HA without medical contraindications,
desmopressin is recommended for minor bleeding episodes, surgeries,
and other invasive procedures (1). Desmopressin, a synthetic
vasopressin analog, induces von Willebrand factor release from
endothelial organelles and simultaneously increases FVIII levels by
two- to six-fold (7, 14, 15). Factor replacement therapy may
be required upon serious trauma or surgical procedures. Anti-
fibrinolytic therapy with or without desmopressin can be used for the
treatment of mucosal bleeding or invasive dental procedures. The use
of desmopressin is cheaper than CFCs, avoids exposure to FVIII
concentrates, and reduces the risk of inhibitor development (1, 16). It
is ineffective in patients with HB (1, 7).

Abbreviations: DHG, Deutsche Hamophiliegesellschaft e.V.; IGH,

Interessengemeinschaft Hamophiler e.V.
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Patients with mild hemophilia or their families may initially lack
awareness of the disease (9), leading to a delay in diagnosis (7).
Suspicion may only be raised upon severe symptom development or
complications, such as prolonged bleeding episodes after medical
interventions, resulting from inadequate management. The literature
on mild hemophilia including diagnosis and management is limited
(7), and mild hemophilia may be underdiagnosed and undertreated
compared to severe hemophilia (7, 17).

The current treatment of severe hemophilia aims to change its
phenotype to that of moderate-to-mild hemophilia (1, 18) by
prophylaxis (1). However, for patients with mild-to-moderate
hemophilia, unmet needs (18), such as recommendations for physical
activity (19), remain.

This survey aimed to investigate the care reality and QoL of
patients with mild hemophilia, as daily problems and restraints may
remain largely neglected (7).

2 Materials and methods

This cross-sectional survey was conducted to collect information
on the care reality and the QoL of patients aged >12years in Germany;,
diagnosed with mild HA or HB. The main objectives of this study were
to assess the patient satisfaction with the therapy and support provided
by hemophilia centers, the impact of hemophilia on daily life, QoL
[EQ-5D-5L questionnaire (20)], and medical treatments. The
web-based survey collected anonymous data directly from patients in
a single session using standardized electronic questionnaires filled out
in the AMS-ePRO® tool, a validated electronic patient-reported
outcome system. Consequently, the captured data were encrypted.

Various medical specialists, hemophilia centers, patient
organizations, and support groups across Germany distributed
invitations. Distribution and individualized one-time QR codes on
invitations were not tracked, thereby ensuring anonymity. To minimize
the selection bias, invitations were handed out to all eligible patients.
Patients accessed the survey using their own smartphones/tablets by
scanning the QR code. Internet connection via a standard web browser
was secured by hypertext transfer protocol secure, and the database
server was hosted under controlled conditions in an off-site facility.

Easy-to-complete lay language questions focused on demographics,
diagnosis, and main objectives discussed earlier. It is important to note
that drug-related adverse events were not collected, and there were no
free-text fields. However, respondents were able to skip questions, and
while logged in, questions could be answered in any order and ticked
answers could be amended. Data capture could end prematurely, and
re-entry was not possible. Logic and plausibility checks were
implemented to ensure data quality and to minimize data inconsistencies.

Based on the number of patients and demographics in Germany,
150-200 patients were expected to participate. The sample size was
based on the estimated number of suitable patients and was not
formally calculated, as this was an exploratory survey without formal
hypothesis testing. Statistical analyses were conducted using SAS®
(v9.4 or later; SAS Institute Inc., Cary, NC, United States). The analysis
set included all eligible patients who answered at least one question.
All results were reported descriptively. Continuous variables were
represented using mean, standard deviation, median, quartiles (Q1
and Q3), range (minimum/maximum), and the number of missing
values. Categorical variables were represented as absolute and
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percentage frequencies of answers. All available data were included in
the analyses and summarized as far as possible. Unless otherwise
specified, missing data were not replaced. The survey started in
September 2021 and ended in July 2022.

3 Results
3.1 Patient characteristics

A total of 44 datasets were collected, and 43 were included in
the final analysis set; one was excluded because it was a test input. The
median age was 33.0 years (min-max 12-75; 41 answers; Table 1). The
sex of the patients was recorded. The median age at the initial diagnosis
of mild hemophilia was 6.0 years (min-max 0-37; 39 answers). Most
patients had HA (87.5%, 40 answers).

The median factor activity at diagnosis was 14.0% (min-max 4-55),
with a mean (SD) activity of 18.1% (11.8), and 10 patients (23.8%) did
not know their factor activity at diagnosis (30 answers). One patient with
HA had factor levels within the lower limit of normal (4), experiencing
increased hematoma frequency/intensity and unusual blood test results,
suggesting a possible coagulopathy. In another patient with HA, factor
levels below the limit of “mild” (4) were detected by coincidence.

Patients could provide multiple answers regarding the reasons
for which blood coagulation was checked at hemophilia diagnosis
(41 answers). The three most common reasons for hemophilia
diagnosis were familial predisposition (46.3%), bleeding episodes
during/after surgery or dental treatment (36.6%), and increased
hematoma frequency or intensity (24.4%, 41 answers). The time
elapsed between first symptoms and hemophilia diagnosis was
<3 months for one-third of the patients (33.3%). Another third of the
patients (35.9%) did not know how much time passed between first
symptoms and hemophilia diagnosis. Approximately one-quarter of
patients received their diagnosis >1year after their first symptoms
(39 answers, Table 1).

3.2 Previous hemophilia treatment

The majority of the patients (84.2%) had received the factor
concentrate for hemophilia treatment in the past (38 answers, Table 2).
The median age of first factor administration was 10.0 years (min-max
0-56; 27 answers; Table 2).

Almost half of the patients with HA (43.6%) had not received
desmopressin treatment in the past (39 answers). The median age at
first desmopressin administration was 27.5 years (min-max 4-49); the
mean age (SD) was 23.0years (14.9, 8 answers, including three patients
who could not recall).

Half of the patients (50.0%, 38 answers) experienced complications
due to untreated bleeding episodes in the past.

3.3 Reasons for previous hemophilia
treatment and for complications due to
untreated bleeding episodes

Patients could provide multiple answers regarding the reasons for
previous treatments (ranging from 11 to 32 answers). There were
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TABLE 1 Self-reported patient characteristics (full analysis set: N = 43).

Patient characteristics FAS N =43

Age (years)*

Median (IQR) 33.0 (23.0-48.0)
Mean (SD) 36.0 (16.8)
Min-Max 12-75
Age at diagnosis of mild hemophilia (years)®

Median (IQR) 6.0 (2.0-15.0)
Mean (SD) 10.6 (10.6)
Min-Max 0-37
Unknown, n (%)* 1(2.4)
Hemophilia type, n (%)

Mild hemophilia A 35 (87.5)
Mild hemophilia B 5(12.5)

Factor activity at diagnosis*

Median (IQR) 14.0 (12.0-25.0)
Min-Max 4-55
Unknown, 1 (%)" 10 (23.8)

Reason for which blood coagulation was checked at hemophilia diagnosis, n (%)"¢

Familial predisposition 19 (46.3)
Bleeding episode during/after surgery or 15 (36.6)
dental treatment

Increased hematoma frequency/intensity 10 (24.4)
Problems with stopping the bleeding episode 7(17.1)
Coincidence 4(9.8)
Frequent and/or severe nosebleeds 4(9.8)
Unusual blood test results, indicating a 3(7.3)
possible coagulopathy

Frequent and/or severe gum bleeding 2(4.9)
Unusual bleeding episode, e.g., knee, 1(2.4)
gastrointestinal

Unknown' 0(0)

Time elapsed between first symptoms and diagnosis of hemophilia, n (%)"

<3 months 13 (33.3)
3 to 12months 2(5.1)

>1year 10 (25.6)
Unknown' 14 (35.9)

Percentages are calculated for patients with non-missing data; number (missing) n="41 (2),
39 (4), <40 (3), 930 (13), ¢41 (2), 39 (4). 'Patients could answer “I do not know”.

*Multiple answers were possible. FAS, full analysis set; IQR, interquartile range 25-75;
n, number; SD, standard deviation.

multiple reasons for the treatment with the factor concentrate
(Table 3), with the most common being joint bleeding and/or a
perioperative setting (21; 65.6% each). The most common reasons for
using desmopressin were medical procedures (dental treatments and
surgery) or accidents (11 answers). Spontaneous or joint bleeding
was less frequently treated with desmopressin. The most common
reasons for complications due to untreated bleeding episodes—19
patients (50%) who answered that they had experienced
complications—were due to medical procedures, such as dental

frontiersin.org


https://doi.org/10.3389/fmed.2024.1347024
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Alesci et al.

TABLE 2 Previous hemophilia treatment—type of treatment and age of
first treatment administration (full analysis set: N = 43).

Characteristics FAS N =43

Treatment with a factor concentrate in the past, n (%)

Yes 32 (84.2)

No 6 (15.8)

Age at the first factor concentrate administration (years)®

Median (IQR) 10.0 (6.0-19.0)
Mean (SD) 16.0 (14.1)
Min-Max 0-56
Unknown, 7 (%)" 5(15.6)
Treatment with desmopressin in the past, n (%)

Yes 11 (28.2)
No# 20 (51.3)
Unknown' 8 (20.5)

Age at the first desmopressin administration (years)*

Median (IQR) 27.5(9.0-29.0)
Mean (SD) 23.0 (14.9)
Min-Max 4-49
Unknown, 1 (%)" 3(27.3)
Complications due to untreated bleeding episodes, n (%)°

Yes 19 (50.0)
No 18 (47.4)
Unknown' 1(2.6)

Percentages are calculated for patients with non-missing data; number (missing) n="38 (5);
%27 (16); <39 (4), 98 (35), <38 (5). 'Patients could answer “I do not know”.

“Includes 3 patients with hemophilia B; 17 patients (43.6%) with hemophilia A did not
receive desmopressin. FAS, full analysis set; IQR, interquartile range 25-75; n, number; SD,
standard deviation.

treatment (10/19 patients; 52.6%), surgery (11/19 patients; 57.9%),
and joint bleeding (10/19 patients; 52/69%). Patients could provide
multiple answers to this question.

3.4 Current hemophilia treatment and
reasons for choosing prophylaxis with
factor concentrate

Patients could provide multiple answers regarding their current
treatment/the use of prophylaxis (39 answers). Most patients (69.2%)
received the factor concentrate on-demand. One-quarter of the
patients used medications other than factor concentrates, such as
tranexamic acid or desmopressin. Furthermore, 59% of the patients
received non-medicinal treatment or no medication for the treatment
of bleeding episodes (Table 4) and used, e.g., plasters or dressings.

Additionally, four patients (10.3%), two with HA and two with
HB, currently used prophylaxis with factor concentrate. They
indicated multiple reasons for choosing prophylaxis (Table 4). The
three most frequent reasons were a desire for better control of bleeding
episodes even in the case of non-apparent bleeding (100%), a
reduction of bleeding episode frequency (100%), or severity (75%).
The desire for more safety in daily life or a more carefree life was not
in focus (0%).
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TABLE 3 Reasons for previous hemophilia treatments and for
complications due to untreated bleeding episodes (full analysis set:
N =43).

Characteristics FAS N =43

Reason for treatment with factor concentrate, n (%)"*

Joint bleeding 21 (65.6)
Perioperative setting 21 (65.6)
Dental treatment/tooth replacement 19 (59.4)
Accident 15 (46.9)
Spontaneous bleeding 4(12.5)
Unknown 0(0)
Reason for treatment with desmopressin, n (%)"**

Dental treatment/tooth replacement 6 (54.5)
Perioperative setting 4(36.4)
Accident 3(27.3)
Joint bleeding 2(18.2)
Spontaneous bleeding 2(18.2)
Unknown 0(0)
Reason for complications due to untreated bleeding episodes, n (%)"*<
Bleeding after surgery 11 (57.9)
Dental treatment/tooth replacement 10 (52.6)
Joint bleeding 10 (52.6)
Accident 4(21.1)
Spontaneous bleeding 2(10.5)
Unknown 0(0)

Percentages are calculated for patients with non-missing data; number (missing) n=32 (11),
11 (32), €19 (24). "Patients could answer “I do not know”.
“Multiple answers were possible. FAS, full analysis set; n, number.

Concentrates with an extended half-life were rarely used in this
patient population (27 answers; Table 4), and most patients (63%)
were unaware of whether they were receiving them.

3.5 Visits at hemophilia centers

Patients visited hemophilia centers only when needed (55.3%)
or on a regular basis, i.e., more often than every six months and
every 6 or 12 months (44.7%; 38 answers). Half of those patients
(nine, 52.9%) who needed regular visits (17 patients) attended the
hemophilia center about every six months or only about once a
year (seven, 41.2%). One patient required more frequent visits
(Table 5).

3.6 Satisfaction with treatment and support

There were 37 patients who provided feedback on their satisfaction
with the support and treatment received at the hemophilia center
(Figure 1). Generally, patients were very satisfied (n=16; 43.2%) or
satisfied (n=17; 45.9%) with the support from their hemophilia
center. Then, two patients each (5.4%) were neutral or unsatisfied in
this respect. The results were similar for the satisfaction with therapy
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TABLE 4 Current hemophilia treatment of bleeding episodes and reasons
for choosing prophylaxis with factor concentrate (full analysis set:
N =43).

Characteristics FAS N =43

Current treatment/use of prophylaxis, n (%)"*

Current treatment of bleeding episodes

Factor concentrate if required 27 (69.2)
Non-medicinal treatment or no medication 23 (59.0)
Other medications except factor concentrate 10 (25.6)
Current use of prophylaxis

Factor concentrate 4(10.3)
Use of factor concentrate with extended half-life, n (%)"*

No 8(29.6)
Yes 2(7.4)
Unknown 17 (63.0)
Reasons for choosing prophylaxis with factor concentrate, n (%)"<

Better bleeding episode control even in the 4(100.0)
case of non-apparent bleeding

Reduction of bleeding episode frequency 4 (100.0)
Reduction of bleeding episode severity 3(75.0)
Desire for a more active life 2 (50.0)
Reduction of hospitalizations 2 (50.0)
Prevention of joint damage 1(25.0)
Not specified 0(0.0)

Percentages are calculated for patients with non-missing data; number (missing) n="39 (4),
27 (16), “4 (39). "Multiple answers were possible.

“Based on patients using “prophylaxis” and/or “factor concentrate if required”. FAS, full
analysis set; n, number.

for the treatment of bleeding episodes (very satisfied: n=18; 48.6%
and satisfied: n=17; 45.9%). Two patients (5.4%) were neutral, and
none was unsatisfied regarding the therapy for the treatment of
bleeding episodes received at the hemophilia center. None of the
patients was very unsatisfied with either the support or the treatment
received at their hemophilia center (Figure 1).

The majority of the patients (73.7%) did not seek medical care
from other physicians other than their hemophilia center, while
approximately one-quarter of patients (26.3%) sought another medical
opinion (38 answers).

Patients could provide multiple answers regarding the use of
additional services for medical support (39 answers). Again, most
patients (74.4%) did not utilize services in addition to their contact with
the hemophilia centers (Table 5). Online services of patient societies or
online communities/personal exchange with other patients were rarely
used (39 answers). Nearly half of the patients (45.9%) used a diary to
track bleeding episodes and treatments (37 answers; Table 5), while
others did not. If patients used a diary, 64.7% of physicians incorporated
this information into their decision-making (17 answers; Table 5).

3.7 Impact of hemophilia on daily life

Answers were provided by 37 patients; most patients could usually
(67.6%) or always (13.5%) detect the bleeding episodes and assess
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when they needed treatment (Figure 2A). Hemophilia was sometimes
(43.2%) a burden, for example, at work, school, or during leisure time,
and seldom for one-third (35.1%) of the patients (Figure 2B). Patients
needed support always (40.5%), usually (32.4%), or sometimes
(18.9%) from the hemophilia center upon bleeding episodes
(Figure 2C).

3.8 Health questionnaire (EQ-5D-5L)

EQ-5D-5L includes the dimensions “mobility”, “self-care”, “usual
activities”, “pain/discomfort”, and “anxiety/depression”, with the
ratings ranging from “no problems” to “unable” and “no” to “extreme”
(20). The number of answers varied in different dimensions:

The answers were provided by 37 patients for mobility, 35 for self-
care, and 34 patients for each of the dimensions: usual activities, pain/
discomfort, and anxiety/depression. Most patients had no problems
in all five dimensions, except for pain/discomfort (Figure 3). Here, the
results were roughly similar for no and slight impairment (41.2 and
47.1%, respectively). For mobility and usual activities, >10% of the
patients experienced slight problems (21.6 and 14.7%, respectively),
and for anxiety/depression, >20% of the patients had slight symptoms
(26.5%; Figure 3). Information was missing for eight patients
regarding self-care and nine patients each for usual activities, pain/
discomfort, and anxiety/depression.

The EQ-VAS scale allows patients to self-report their health status
on a scale from 0 (“worst imaginable health”) to 100 (“best imaginable
health”). The median EQ-VAS was 80.0 (range 30-100; based on
33 answers).

4 Discussion

This survey aimed to shed light on the reality of care for patients
with mild hemophilia, as daily problems and restrains may remain
largely neglected (7).

The proportion of hemophilia types in our patient population
examined (HA: 87.5% and HB: 12.5%; 40 answers) was in line with
that of the population affected (HA: 80 to 85% and HB: 15 to 20%) (1).
The median age at diagnosis reported here (6.0 years) was similar to
other publications (2.4 to 6.5years), (9, 10, 21, 22), and the median
factor activity at diagnosis (14%) was also in line with other findings
(15%) (21). One patient indicated FVIII levels within the lower limit
of normal (4), and medical history suggested a possible coagulopathy.
Due to limited data, we can only speculate if this was due to
temporarily elevated FVIII activity, or artifacts in applied assays (1),
reporting an error or a misunderstanding by the patient. The two latter
reasons or false low values (1) may be causal for the factor levels below
the limit of “mild” (4), which were detected by coincidence in another
patient with FVIII deficiency. Both patients were included in the
analysis as local laboratory standards on categorization levels for
hemophilia slightly differ.

The main reasons for diagnosis in this survey, such as familial
predisposition, bleeding episodes during/after a surgery or dental
treatment, and increased hematoma frequency or intensity, were also
reported by other publications (7, 21). The diagnosis of mild
hemophilia is often delayed compared to that of more severe
phenotypes (7, 9, 18) and this delay is highly dependent on a country’s
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TABLE 5 Frequency of visits to the hemophilia center, use of additional
services, and patient diaries (full analysis set N = 43).

Characteristics FAS N =43

Frequency of visits to the hemophilia center, n (%)"

Only when needed 21 (55.3)
Regularly 17 (44.7)
Visit frequency by patients who regularly visit the hemophilia center, n (%)°
About every 6 months 9 (52.9)
About once a year 7(41.2)
More often than every 6 months 1(5.9)
Use of additional services, n (%)"*

No additional services 29 (74.4)
Online services of the IGH 6 (15.4)
Online services of the DHG 5(12.8)
Online community 2 (5.1)
Personal exchange with other patients 2 (5.1)
Tracking of bleeding episodes and treatments in a diary, n (%)

No 20 (54.1)
Yes 17 (45.9)
Physician takes a diary into account when deciding on treatment, n (%)
No 6(35.3)
Yes 11 (64.7)

Percentages are calculated for patients with non-missing data; number (missing) n=238 (5)," 17
(26), 39 (4), 437 (6), °17 (26). Multiple answers were possible. FAS, full analysis set; DHG:
Deutsche Himophiliegesellschaft e.V;; IGH: Interessengemeinschaft Himophiler e.V;; n, number.

10.3389/fmed.2024.1347024

economic status (2, 9). Patients unaware of their condition may
neglect symptoms until late (7, 9). The main reason for a late(r)
diagnosis is the late(r) onset of bleeds as patients with a mild
phenotype often do not have spontaneous bleeds and require
“adequate” trauma (7).

In our survey, most patients (84.2%) had previously received the
factor concentrate for the treatment of hemophilia. Other studies
report lower proportions to treat bleedings (51 to 75%) (16, 21) or
joint bleeds (40%) (21); an exact comparison of the results is limited
as, due to limited data, we cannot report the exact specification of the
CEC use. Generally, the use of CFCs bears the risk of inhibitor
development, which may eventually complicate treatment (10, 23).
The age at first FVIII treatment largely depends on the level of the
baseline factor activity. In addition, patients with mild HA may receive
their first CFC dose at 4.4 years. A known family history of HA may
lead to an earlier treatment (3.9 years), while a negative family history
can lead to a delay in therapy (6.4 years). Patients with mild HA and a
negative familial history tended to be older if factor activities ranged
between 10 and 15% (7.2 years) and 25 and 40% (12.1 years) (24). This
is approximately in line with our cohort: The familial predisposition
was known by less than half of the patients (46.3%), and they initiated
the CFC treatment at a median age of 10.0 years, with a median factor
activity at diagnosis of 14.0% (12.0-25.0%). The patients in our survey
used factor concentrates mainly to treat joint bleeding and/or in a
perioperative setting, as reccommended (1).

Most patients (69.2%) received the factor concentrate on-demand
as a current treatment option, which was lower than that reported in
the DYNAMO study (98%), an international multicenter study
including men aged 12 to 55years with non-severe hemophilia

Patient satisfaction with support and therapy for treatment of bleeding episodes at the
haemophilia centre
25 r
20 f
48.6% @ Satisfaction with the support of the haemophilia center
18 45.9% 45.9%
R 43.2% 17 _1 7 O Satisfaction with the therapy for treatment of bleeding episodes
=
2 15 f
=
Q2
®
o
10 f
5 F
5.4% 5.4% 5.4%
B B oo
0
Very satisfied Satisfied Neutral Unsatisfied Very unsatisfied
FIGURE 1
A bar chart depicting patient satisfaction with the support and therapy for the treatment of bleeding episodes at the hemophilia center. This chart is
based on the information provided by 37 patients; the answers for six patients per topic were missing. The bars show the patient numbers at the inside
end of the bars; the corresponding percentages are shown on top of the bars. Percentages relate to the number of patients who provided answers.
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FIGURE 2
A bar chart representing the impact of mild hemophilia on daily life; this chart is based on the information provided by 37 patients; the answers for six
patients were missing. The bars show the patient numbers at the inside end of the bars; the corresponding percentages are shown on top of the bars.
Percentages relate to the number of patients who provided answers. (A) The majority of patients can always or usually detect bleeding episodes and
assess when they need treatment; (B) Hemophilia is sometimes a burden on the patients, e.g., at work, school, or during leisure time; (C) The majority
of patients always or usually needs support from the hemophilia center if bleeding occurs, which is sometimes the case for seven patients.

(residual FVIII/IX activity: 2 to 35%) (21). Other patients (59.0%)
chose non-medicinal treatment or no medication for the treatment of
bleeding episodes and used plasters or dressings or other medications
except the factor concentrate (25.6%; see below).

We observed a higher prophylaxis rate (10.3%) than the
DYNAMO study (1.7% prophylaxis/intermittent prophylaxis), which
included patients with a lower factor activity range (2 to 35%)
determined by the central laboratory upon inclusion (21), while
we report a patient-reported factor activity at diagnosis. The
prophylaxis rate in our study was similar to the PROBE study (11.8%
of men with mild hemophilia with regular/intermittent prophylaxis
[n=12] and 2.63% of women [n=1] with regular prophylaxis) (25);
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however, we did not overtly offer the prophylaxis subcategories
“regular/intermittent” (4) and did not ask for the participants’ sex.
Knowledge on the benefits of prophylaxis is scarce (18). Patients with
mild hemophilia may receive prophylaxis for the treatment of acute
bleeding episodes or before invasive procedures (7, 25), potentially at
a later stage than patients with severe hemophilia (5). There may
be patients with mild hemophilia, who would benefit from
prophylaxis, fostering “adequate” hemostasis and protection from the
consequences of the diseases (5).

Factor concentrates with an extended half-life were rarely used
by patients using “factor concentrate if required” and/or “on current
prophylaxis”, and most patients (63%) were unsure if they are treated
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Health at survey day
Anxiety/Depression 9 I
Pain/Discomfort 9 ‘
Usual activities 9 ‘
Self-Care 8 I
Mobility 6 l
Patients (n)
B No problems @ Slight problems  @Moderate problems BSevere problems B®Unable for task OMissing
FIGURE 3
A bar chart representing the health of patients with mild hemophilia at the day of the survey; this chart is based on the information provided by 34, 35,
and 37 patients, with missing information for six patients in mobility, eight patients in self-care, and nine patients each in their usual activities, pain/
discomfort, and anxiety/depression. The bars show the patient numbers in the center of the respective bar section. Most patients experienced no
limitations due to their condition in all five dimensions, except for the pain/discomfort dimension where nearly half of the patients experienced slight
impairment.

with those concentrates. FVIII concentrates with extended half-life,
non-replacement, or gene therapy may even raise target trough
levels (26). Gene therapy, non-replacement, or novel concentrates
might be a future option, at least for some carefully selected patients
(1, 27).

Less than half of the patients (43.6%) had received desmopressin
in the past, and one-quarter of the patients (25.6%) used medications
other than factor concentrates such as tranexamic acid or
desmopressin as a current treatment option. Desmopressin is
recommended for most patients with mild hemophilia A (28). The
majority of the patients will reach adequate peak FVIII levels (>30%)
post-desmopressin and almost all if treatment decisions are adapted
to desmopressin response testing results (16). However, FVIII levels
>50% are considered safe for major surgery may not be reached (29).
Desmopressin, recommended for patients with mild (and moderate)
HA (1), was used by the patients in our survey for medical procedures,
surgery, or accidents. Spontaneous or joint bleeding was less frequently
treated with desmopressin, which is similar to the DYNAMO study.
In the DYNAMO study, desmopressin was most commonly used for
the treatment of minor wounds, oral cavity bleeds, and soft-tissue/
(sub)cutaneous bleeds (16).

Approximately 60% of patients chose non-medicinal treatment or
no medication for the treatment of bleeding episodes as compressions,
a procedure applied by others for small bleeds or cuts, that is following
the standard RICE (rest, ice, compression, and elevate) principle (30).

Half of the patients (50.0%) experienced complications due to
untreated bleeding episodes in the past, which was lower than the
percentage reported in the DYNAMO study (75%) (21). The
treatment of mild hemophilia may be suboptimal regarding joint
outcomes (25, 31). Increasing factor levels do not automatically

Frontiers in Medicine

correspond to a less severe phenotype (32); for individuals with
HA, it is necessary to maintain factor levels of >15% (33) or >20%
(34) to prevent all spontaneous joint hemorrhages. Regression
models of a longitudinal study (34) predicted 1.4 and 0.6 bleeds/
year for patients with hemophilia A and B and factor levels of
15%, which seemed unlikely to prevent all joint bleeds. This may
highlight the importance of adequate prophylaxis to avoid loss of
joint range-of-motion and final hemophilic arthropathy after
infrequent but ongoing bleeding episodes over time (35). Patients
with mild HA may experience destruction of cartilage or mild-to-
moderate synovitis (17). Repeated (limited or subclinical) or even
single joint bleeding may lead to joint arthropathy, resulting in
pain and decreased mobility of affected joints (1, 17, 18, 26). A
large proportion of patients with non-severe hemophilia may
therefore be at risk of long-term sequelae if not receiving more
intensive treatment (31). Therefore, early detection of signs of
joint damage (26), and patient education on prevention and early
recognition of joint bleeding (21) are crucial (36).

Approximately, half of our patients (55.3%) visited the
hemophilia center only when needed. Those patients requiring
regular visits (44.7%) had to visit either once in every six months
(52.9%) or only about once a year (41.2%). Patients with mild or
mild-to-moderate hemophilia should visit a hemophilia
treatment—/—comprehensive care center at least every two years
(37). In daily routine, visits to hemophilia centers may be much
more frequent with every 6 to 12months, while the mean
frequency could be even higher (19).

The generally (very) high satisfaction of the patients in our survey
with the support from their hemophilia center and the treatment of
bleeding episodes was also reported in another, yet small, survey from
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the United Kingdom, (30) and a larger study from the United States
comprised patients with all severities (mild 32.8%), females patients
with hemophilia, and patients with other bleeding disorders, such as
von Willebrand disease (38).

In our survey, patients perceived hemophilia sometimes (43.2%)
a burden during their daily life, and one-third (35.1%) of patients
seldom had this feeling. This is slightly less than reported by other
publications (26, 39). Mild hemophilia may negatively impact
employment (19, 39) and have a moderate (59%) or large (53%)
impact on education or work (39). Interestingly, the impact on
education and work may be lower for patients with severe hemophilia,
suggesting a better care reality for these patients (39). QoL data in
mild hemophilia and comparisons to healthy controls are rare (26)
indicating an unaddressed unmet need.

Most patients (73.0%) always/usually needed support from the
hemophilia center, indicating the need for adequate treatment (10).
However, patients may choose a wait-and-see approach before seeking
healthcare services, depending on the severity of bleeding episodes
and pain (30). Improved patient education may lead to earlier
intervention and, thereby, timely treatment (7, 9).

Most patients had no problems in all five EQ-5D-5L

» o«

dimensions (“mobility”,

»

self-care”,

» o«

usual activities”, “pain/
discomfort”, and “anxiety/depression”), with the only exception of
pain/discomfort. In this dimension, approximately similar
proportions of patients experienced either no (41.2%) or a slight
(47.1%) impairment. The patients experienced slight problems
with mobility (21.6%) and usual activities (14.7%), and 26.5% of
patients had slight symptoms of anxiety/depression. Our findings
was similar to that of the B-Natural study HB cohort (31). The
QoL was found to be affected in our study as well as in other
studies (26). Patients with mild hemophilia may experience pain
and long-term disabilities typically associated with severe
hemophilia (40). Here, the percentage of slight/moderate pain/
discomfort and no severe pain was lower than that in the
B-HERO-S study, which included adult patients and caregivers of
children with HB of all grades (19, 41). Patients with mild (and
moderate) hemophilia reported higher acute and chronic pain
levels than people without bleeding disorder, suggesting
suboptimal treatment of joint disease (25), which again negatively
impacts QoL (25, 31), strengthening the need for regular, close
surveillance (17).

In this study, the median patient self-rated health, as reported by
the EQ-VAS scale, was 80.0, ranging from 30 to 100, with a score of
100 equaling “best imaginable health”. This score was higher than that
in the B-HERO-S study (41) and was similar to the P-FiQ study, which
included both patients with HA and HB (19).

4.1 Limitations

As with any observational study, there is a risk of bias such as
the selection bias due to differing patient populations visiting
different centers. The patients who came to the centers in a certain
period of time were approached, i.e., potentially those with a
lower factor activity. It cannot be excluded that patients with more
problems were more motivated to answer the questionnaire. The
participation was lower (21.5 to 28.7%) than expected, which was
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also frequently observed in previous electronic/web-based surveys
(14-18%) (42, 43). Increasing these through supportive measures,
e.g., reminders, was not possible in our setting. Results may not
be representative of all patients with mild hemophilia, as only
those with smartphone/tablet access and the ability to scan QR
codes could participate. Motivation/approaches in filling out
questionnaires may differ, but retrospective verification is
impossible due to anonymized data capture. Captured data were
patient-reported and were not validated by a physician. Due to the
survey design, reviewing unclear/incorrect information was
impossible. While automated measures reduced the possibility of
implausible data, it is important to note that missing/implausible
data may still exist. The generation of irrelevant/double/fake
datasets cannot be completely ruled out. Additionally, some data
may be missing due to accidental or purposeful premature
survey termination.

5 Conclusion

The definition “mild” based on the residual factor activity may not
result in an actual perception of a mild disease by the affected patients.
Mild hemophilia can be easily overlooked, leading to inadequate
patient management, especially regarding joint problems/hemophilic
arthropathy and lowering the patients’ QoL. Further research, such as
longitudinal studies to track the progression of clinical outcomes or a
study to determine whether individuals with higher factor activity
have fewer emergency visits or scheduled appointments, might
be useful in this patient population. Increased awareness of mild
hemophilia is needed to improve diagnosis and treatment for
these patients.
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Are all fibrinogen concentrates
the same? The effects of two
fibrinogen therapies in an
afibrinogenemic patientand in a
fibrinogen deficient plasma
model. A clinical and laboratory
case report

Soutiam Goodarzi'?, Jeries Abu-Hanna??, Sarah Harper?,
Dalia Khan?®, Gael Morrow?* and Nicola Curry?3*

tOxford University Medical School, Medical Sciences Division, John Radcliffe Hospital, Oxford,
United Kingdom, 2Radcliffe Department of Medicine, Oxford University, Oxford, United Kingdom,
SOxford Haemophilia and Thrombosis Centre, Oxford University Hospitals National Health Service
(NHS) Foundation Trust, Oxford, United Kingdom, *School of Pharmacy and Life Sciences, Robert
Gordon University, Aberdeen, United Kingdom

The choice of treatments for inherited, or acquired, fibrinogen deficient
states is expanding and there are now several fibrinogen concentrate
therapies commercially available. Patients with the rare inherited bleeding
disorder, afibrinogenemia, commonly require life-long replacement therapy
with fibrinogen concentrate to prevent hemorrhagic complications. Recent
reports in the setting of acquired bleeding, namely trauma hemorrhage, have
highlighted the potential importance of the different compositions of fibrinogen
supplements, including cryoprecipitate and the various plasma- derived
concentrates. Clot strength and the subsequent susceptibility of a clot to
lysis is highly dependent on the amount of fibrinogen as well as its structural
composition, the concentration of pro- and anti-coagulant factors, as well as
fibrinolytic regulators, such as factor Xl (FXIIl). This report details the effects

. . o . ® .
of two commercially available fibrinogen concentrates (Riastap , CSL Behring

and Fibryga®, Octapharma) on important functional measures of clot formation
and lysis in a patient with afibrinogenemia. Our report offers insights into the
differential effects of these concentrates, at the clot level, according to the
variable constituents of each product, thereby emphasizing that the choice of
fibrinogen concentrate can influence the stability of a clot in vivo. Whether this
alters clinical efficacy is yet to be understood.

KEYWORDS

afibrinogenemia, fibrinogen concentrate, hemostasis, inherited bleeding disorder,
fibrinolysis

Introduction

Fibrinogen (Fg) is the main architectural component of a blood clot (1). Following
its cleavage by thrombin, soluble Fg is converted into insoluble fibrin monomers which
can self-polymerize. The resultant protofibrils form a fibrin mesh at sites of injury (2).
Clot formation, clot structure and clot stability are influenced by the interplay of many
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factors during the process of fibrin formation. These influences
can broadly be thought of as: (1) the effects of pro-/anti-
coagulant and fibrinolytic regulatory proteins directly affecting
either thrombin generation or fibrinolysis; (2) the natural variety
in Fg structure (e.g., relative amounts of gamma-prime; post-
translational modifications); (3) the effects of blood flow and the
cell surface (e.g., endothelial, platelet) (3). The complex interplay of
these interactions results in variations in the diameter, and density,
of the fibrin strands that form, which affects clot strength and
subsequently the susceptibility of the clot to lysis (2).

Fibrinogen deficiency is most often encountered clinically in
an acquired setting, for example, during major bleeding after
traumatic injury or childbirth (4). Much less commonly, it may
be the result of an inherited rare bleeding disorder, namely hypo-
or afibrinogenemia, which affect 1-2 individuals per million (5).
These are hereditary conditions characterized by an abnormally
low production of Fg, with Clauss Fg levels 1.0 g/L or less for
hypofibrinogenemia, and undetectable levels for afibrinogenemia
(5). Afibrinogenemia carries a lifelong high risk of bleeding and is
often managed with regular infusions of fibrinogen concentrate on
a prophylactic basis.

There are several Fg concentrates available commercially. Data
from the trauma setting have shown that these concentrates are
compositionally different and in vitro and ex vivo work has reported
variation in both clot lysis and clot structure, dependent on the
Fg supplementation used (6-8). One important difference noted
between the Fg concentrates has been the concentration of factor
XIII (FXII), which is much higher in Fibryga® (Octapharma,
Switzerland) concentrate when compared to RiaSTAP® (CSL
Behring, Germany). FXIII plays a vital role in cross-linking fibrin
gamma chains, thus stabilizing the fibrin mesh and reducing lytic
susceptibility. This may alter a patient’s hemostatic response to
Fg therapy.

Here we present data from a young patient with congenital
afibrinogenemia who was switched from RiaSTAP ™ to Fibryga
concentrate due to an operational change in hospital prescribing.
The aim of this study was to explore, in detail, the differential
effects of two Fg concentrates on clot formation, stability and
lysis. Further experiments, to investigate the hemostatic differences
in more detail, were conducted using fibrinogen-deficient plasma
spiked with each concentrate, in vitro.

Case report

Our patient is a 26-year-old male of Pakistani descent, born
to distantly related parents, who was diagnosed with congenital
afibrinogenemia a few weeks after birth. He has given informed
consent for his details to be presented. He was originally admitted
to the Special Care Baby Unit at 4-days-old with jaundice and
vomiting. There was no history of trauma or of a bleeding disorder
in the family (Figure 1). He was born at 39 weeks via elective C-
section. There were no known complications during pregnancy.
The patient received his first dose of vitamin K immediately
after birth.

He developed tonic-clonic seizures 6h into his admission,
treated with phenobarbitone, phenytoin and paraldehyde. He was
diagnosed with a small germinal matrix hemorrhage on cranial
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ultrasound scan with no ventricular dilatation. He stabilized
within a few days and was sent home. Three weeks later, at a
routine check, another cranial ultrasound scan was taken due
to an abnormal increase in his head circumference, upon which
ventricular dilatation and parieto-occipital ischemia were noted,
caused by the previous hemorrhage. Review of his blood tests
showed abnormal coagulation: PT 31 s (normal range, NR: 9-12s);
APTT 41s (NR: 20-305s). Clauss Fg was undetectable at <0.3 g/L,
as was Fg antigen.

Congenital afibrinogenemia was suspected and considering his
clinical presentation of prior intracranial bleeding, cryoprecipitate
was given immediately. His trough Fg level was then maintained
above 0.8 g/L, necessitating cryoprecipitate infusion every 3 days.
Genetic testing confirmed the homozygous variant ¢.78+5G>A
(Supplementary Figure S1) (9). His parents were confirmed as
heterozygote for the variant, both with a low Clauss Fg
level (mother-—1.3 g/L; father-—1.2 g/L), and neither had a
bleeding history.

Following a good recovery at 3 months, the cryoprecipitate was
discontinued. Unfortunately, he developed a second intracranial
hemorrhage at 8 months of age, and since then, has received Fg
concentrate prophylaxis, maintaining a trough >1 g/L. He has
had no further bleeding episodes and was taught to self-infuse at
18-years. He has not been exposed to any significant hemostatic
challenges, such as surgery, since commencing prophylaxis. In
2023, the hospital routinely switched Fg concentrate therapy
due to operational changes in hospital prescribing and we
undertook extended laboratory testing to compare the two licensed
products. At the time of testing, the patient weighed 82.7kg,
and had a body mass index of 25.6 kg/m2. We report the
results below.

Methods

Venous blood samples were taken from the patient at various
time points, drawn into 3.2% citrate (Becton Dickinson®,
New Jersey, USA), after written informed consent. Trough
(taken at 72h) and peak (10min post-dose) samples were
taken for RiaSTAP
for RiaSTAP®
first Fibryga®

. A second trough sample was taken
immediately prior to administration of the
dose to delineate how much RiaSTAP® had
remained from the previous dose. A combined RiaSTAP

: ®
+ Fibryga
Fibryga® injection.

sample was taken immediately after the first
(taken at 72h)
(10min post-dose) samples were taken for Fibryga

Trough and peak
several
months after the switch to ensure complete clearance of
any RiaSTAPY.

At each sample draw, the following tests were performed:
Clauss Fg, Fg antigen; FXIII, alpha-2 anti-plasmin (A2AP),
ROTEM EXTEM and FIBTEM (10); fibrin polymerization; plasmin
generation; confocal microscopy. In some instances, these tests
were conducted on increasing concentrations of RiaSTAP® or
spiked into fibrinogen-deficient plasma (F1DP) (Affinity
Biologicals, Canada). Briefly, Fg concentrate was reconstituted to

Fibryga®
the standard 20 g/L concentration, and in each assay, increasing
volumes of Fg concentrate was added replacing the equivalent

volume of buffer (assay dependent).
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Standard and extended clotting factor tests

Clauss Fg (Dade Thrombin Reagent, Siemens, Germany) (NR:
1.5-4.5 g/L), Fg antigen (LIAPHEN, Hyphen BioMed, France) (NR:
1.94-4.17 g/L), FXIII (FXIIIA, Siemens) and alpha2 antiplasmin
(a2AP, Siemens) were measured with chromogenic assays: NR: 50—
150% and 80-130%, respectively. All assays were analyzed using a
Sysmex CS-5100 analyzer in the specialist hemostasis laboratory.

Clot lysis

Patient or FIDP (30%), 16 M phospholipids (Rossix, Molndal,
Sweden), 45 pM tPA (NIBSC, Potters Bar, UK) in 10 mM TRIS pH
7.4 0.01% Tween20 was added to 96 well flat-bottom assay plates.
In F1DP experiments an increasing dose of Fg (range: 0.5-6 g/L)
was added, using RiaSTAP® or Fibryga~. Clotting was initiated
with 0.01 U/mL thrombin (Sigma Aldrich, USA), 10.6 mM CaCl,.
Absorbance at 405 nm was recorded every 60 s for 4 h using Ascent

Frontiersin Medicine

software (version 2.6). Data were analyzed by calculating time to
50% lysis using Shiny App software.!

Fibrin polymerization

Several concentrations—0.5, 1.0, 2.0, 4.0, and 6.0 g/L of
RiaSTAP® and Fibryga® were chosen to compare polymerization
rates, under standard conditions. Briefly, polymerization was
activated using 0.1 U/ml thrombin and 5 mM calcium chloride, in
10 mM TRIS buffer. Turbidity was measured every 10 s for 265 min.

Plasmin generation

10% plasma was mixed with 0.5mM S§-2251 chromogenic
substrate (Chromogenix, Ohio, USA), and added to 10nM tPA

1 Shiny Apps for clot lysis analysis. Available online at: https://drclongstaff
shinyapps.io/clotlysisCL_2019/ (accessed January 15, 2024).
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(Actilyse, Boehringer Ingelheim, Germany). Absorbance readings
at 405 nm were taken every 30 s for 8 h at 37 °C. The rate of plasmin
generation was determined using the Shiny App for zymogen
activation.?

Confocal microscopy

Clots were formed usi é 30% plasma (patient samples or F1IDP
with 3 or 6 g/L RiaSTAP™ or Flbryga ), 0.25uM Alexa Fluor
488 (AF488) fibrinogen (ThermoFisher Scientific, USA) and 16 pM
phospholipids. Clotting was initiated with 0.1 U/ml thrombin and
10.6 mM CaCl2 before adding to Ibidi ju-slide VI0.4 chambers
(Ibidi GmbH, Germany). Representative images are shown in the
manuscript. Images were recorded on Zeiss LSM 880. Images were
analyzed using FIJI v2.15.0 and the Diameter ] plug-in.

SDS-PAGE

Proteins were boiled in NuPAGE LDS Sample Buffer
(Invitrogen) and NuPAGE Sample Reducing Agent (Invitrogen) at
70°C for 10 min. Equal amounts of protein along with SeeBlue Plus
2 Pre-stained Protein Standards were loaded into wells of NuPAGE
4-12% Bis-Tris Protein Gels (Invitrogen) and run in NuPAGE
MOPS SDS Running Buffer (Invitrogen) at 200 V for 50 min. Gels
were stained with 0.1% (w/v) Coomassie Brilliant Blue in 10%
(v/v) acetic acid, 50% (v/v) methanol, and 40% (v/v) distilled water
for 3h with shaking. Gels were washed with 10% acetic acid, 50%
methanol, 40% distilled water 3 times for 2 h.

Statistical analysis

Data are presented descriptively using mean and standard
deviation. Categorical data are presented as frequencies and
percentages. Clinical and laboratory measures were compared
using students f-test (two-group comparisons) and one-way
ANOVA (three-group comparisons). A P-value of <0.05 was
chosen to represent statistical significance throughout. Data
analysis was performed using GraphPad Prism 10, GraphPad
Software LLC.

Results

Patient samples

The patient had no change in their clinical picture throughout
this study and they did not experience any abnormal bleeding
whilst receiving treatment with either Fg concentrate.

Prophylactic treatment with either concentrate, at a dose of 3 g,
led to a similar incremental recovery: Clauss Fg rose from 0.9 to
2.0 g/L, Riastap® and 0.9 to 2.1 g/L, Fibryga®

. Trough Clauss
Fg was higher following Fibryga®

infusion (1.4 g/L), compared to

2 Shiny Apps for plasmin generation analysis. Available online at: https://

drclongstaff.shinyapps.io/zymogenactnCL/ (accessed January 15, 2024).
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RiaSTAP® (0.9 g/L). EXIII levels were higher following Fibryga®
infusion (1.59 IU/mL), vs. 0.96 1U/mL, RiaSTAP®, reflecting
previously reported higher FXIII levels in Fibryga™ (11, 12).
EXTEM and FIBTEM ROTEM showed an expected increment in
the maximum amplitudes, with no differences between the two
products. FIBTEM maximum amplitude (MA) rose from 8 to
14 mm (after 3g R1aSTAP®) and from 10 to 15mm (after 3g
Flbryga ). At the same timepoints, EXTEM MA rose 57 to 63 mm
(R1astap®) and 59 to 66 mm (F1bryga®). 6% lysis was detected in
the Pre-Fibryga™ FIBTEM sample, otherwise all samples showed 0
or 1% lysis.

At the trough sample timepoints, lysis was quicker in the
Flbryga sample (79.6min) when compared to Riastap
(90.3min) p < 0.0001
clot lysis times prolonged after both treatments.

(Supplementary Figure S2A).  50%
However,
the increase with Fibryga™ (~50% longer, to 119min) was
significantly greater than after Riastap ~ (~7% longer, to 97 min)
Clot turbidity rose after both
treatments, as expected, but the change was less with RiaSTAP

0.095 (trough) to 0.098 (peak) compared with 0.0133 Fibryga®
(trough) to 0.125 (peak). The first trough Riastap

hemolyzed, which may have affected these results.

(Supplementary Figure S2B).

sample was

To evaluate these fibrinolytic differences further and explore
fibrin clot structure, we performed confocal microscopy (Figure 2).
Compared to PNP, the fibrin fibers in most patient samples
were shorter and thinner. Treatment with R1astap®, or when the
Flbryga dose was given for the first time (e.g., with Riastap ~ still
present) led to no change in diameter or length of fibrin fibers.
Flbryga treatment led to an increase in fiber length, with fibers
showing a greater diameter, when compared to pre-treatment.
There was a reduction in numbers of pores after treatment with

both concentrates.

In vitro results, reconstituted fibrinogen
concentrates

Factor levels for RiaSTAP® and Fibryga® concentrates are
shown in Supplementary Table S1. Clauss Fg and antigen levels
were comparable. A2AP levels were low in both products, Fibryga

(4%), RiaSTAP®
FXIII levels were higher in Fibryga®
RiaSTAP®

Fibrin polymerization rates with RiaSTAP

(1%). Plasminogen levels were comparably low.
(1.24 TU/mL) vs. negligible,
(0.01 IU/mL), as previously reported (6).

were slower,
across all Fg concentrations (Supplementary Figure S3). Fibrin
polymerization was fastest at 2 g/L for both concentrates (772.51
Abs/s RiaSTAP® and 1,879.88 Abs/s Fibryga®). Maximum
turbidity was lower with RiaSTAP ™ across all concentrations (0.12
RiaSTAP® vs. 0.46 Fibryga® at 0.5 g/L; 1.52 RiaSTAP® vs. 1.71
Fibryga® at 6 g/L), though the difference between the two products
was much less at the higher concentrations.

SDS-Page analysis (Figure 3) of the reconstituted concentrates
revealed differences. RiaSTAP™ had uneven distribution of chains
with a strong signal for the f chain and a lower signal for the
a chain, unlike the Fibryga™ product which produced an equal
signal for the «, B, and y chains. Addition of thrombin resulted

in relatively small amounts of y-y crosslinks for RiaSTAP®. The y
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PNP control

Fibryga Trough

FIGURE 2

Confocal imaging of patient samples. Confocal microscopy, Alexa Fluor 488 (AF488) fibrinogen, delineating fibrin strands in: pooled normal plasma
(PNP) as a control; R\astapw' trough and peak samples; F\brygaw' trough and peak samples and the "combined sample”—a mix of R\astap\n’ —F\brygaw'

Riastap Trough

Fibryga Peak

Riastap Peak

Combined Riastap + Fibryga

chain signal was reduced for Fibryga® on exposure to thrombin,
with marked increases in y-y cross-linking, likely because of
the higher FXIII levels. There was incomplete fibrin breakdown
with Riastap~ as the signal at the B position remained after

plasmin treatment.

In vitro results, fibrinogen-deficient plasma

Like the fibrin polymerisation experiments, reduced turbidity
was seen in F1DP clot lysis assays when spiked with Riastap®,
compared to Fibryga™, at the same Fg concentration. Faster
was added to F1IDP compared to
at the lower concentrations (e.g., 0.5-4 g/L) but at

lysis was seen when Fibryga
RiaSTAP®
6 g/L, clot lysis was faster with Fibryga™ . Des%ite slower lysis,
there was faster plasmin generation in RiaSTAP™ supplemented
FIDP compared to Fibryga® and notably the rate of plasmin
generation plateaued at 2 g/L with Riastap ~, but not until 4 g/L
with Fibryga™ (Figure 4). Confocal imaging for spiked-FIDP at

two concentrations (3 and 6 g/L) revealed differences (data not

Frontiersin Medicine

shown). Fibryga® fibers were longer with a greater diameter at the
same Fg concentration, in line with the turbidity assays.

Discussion

We present detailed in vivo and in vitro data which explore
the impact of two commercially available fibrinogen concentrates
on standard laboratory coagulation tests, dynamic measures of
fibrinolysis, and confocal microscopy. Our results show that in
our patient with afibrinogenemia there were comparable effects of
the two concentrates on measures of Fg activity and clot strength
(Clauss Fg and ROTEM measures), in line with other data (13).
However, there were differences seen, both in the patient samples
and the in vitro experiments, on measures of FXIII (14) and
fibrinolysis (clot lysis and plasmin generation). Confocal images
confirm structural differences between the two concentrates, both
in the in vivo samples and in vitro experimental FIDP samples.

In the patient, after treatment with either concentrate, clot lysis
times prolonged when compared with pre-treatment, confirming
both treatments increase resistance of clots to fibrinolysis. This

frontiersin.org
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is as expected, and in line with many other published reports
(1, 11, 12, 15). However, despite similar trough Clauss Fg levels
and similar recovery after the two therapies, lysis was consistently
slower in the samples with Fibryga™ present.

Fibrin polymerization, fibrin structure and subsequent
fibrinolysis are highly dependent on several variables. One
important reason is the rate at which a clot is formed,
which is of thrombin

and fibrinogen. produce

influenced by the concentrations

High thrombin concentrations

Frontiersin Medicine

thinner fibrin fibers within dense networks that are less
permeable and more resistant to fibrinolysis (1, 16). One
of the other in fibrin clot stability,
and its subsequent resistance to breakdown, is the cross-
linking of fibers resulting from the action of activated FXIII
(17, 18).

Faster fibrin polymerization, and greater turbidity, was

important factors

seen with Fibryga™, compared to Riastap , across all Fg
concentrations. These differences are important, particularly as the
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thrombin concentration was controlled across experiments and
suggests that the structure of the fibrinogen is different between
concentrates (19). Certainly, there were differences seen in the
Western blot comparative analysis, with less alpha chain in the
Riastap ~ . The confocal images also provide some explanation for
the changes in susceptibility to lysis. After both treatments, the
fibrin structure became denser and pores less numerous. The fibers
after Fibryga® treatment were visibly longer and the structure of
the clot more readily resembled PNP. Denser fibrin structures,
with fewer pores, are known to be more resistant to lysis (16,
17).

Rising concentrations of Fibryga®, both in vivo and in
vitro, were strongly associated with longer 50% lysis times. In
the patient samples, prolongation of lysis occurred in a dose
dependent manner with Fibryga™ e.g., the Riastap® —Fibryga®
sample lysed more slowly than Riastap ~ alone, and the longest
lysis time was seen in the sample containing only Fibryga
concentrate. This effect was mirrored in the F1DP-spiked plasma.
Across the same concentration range of Riastap ', there was no
important change in lysis. These data suggest that constituents
within Fibryga ™, that are absent in Riastap ~, contribute strongly
to lysis susceptibility.

Our subsequent experiments aimed to determine whether
plasmin generation capacity explained the differences. Both
products showed a sigmoidal dose response, with increasing
plasmin generation with higher Fg concentrations. Contrary
to the clot lysis experiments, the EC50 was markedly lower
(0.35 vs. 1.77 g/L). The

possible reasons for more rapid plasmin generation in this

for Riastap™ compared to Fibryga®
experiment might be a lower A2AP or greater plasminogen
concentration in Riastap , although we were not able to
show differences (Supplementary Table S1). Our findings require
further exploration.

A notable difference between the Fg concentrates, however,
is the FXIII concentration. Fibryga™ contains substantially more
FXIII (1.24 vs. 0.01 IU/mL). Our clot lysis data both in vivo, and in
vitro, show that the lysis time is affected by the type of concentrate.
The Western blot data lend further strength to the notion that
one of the important effectors of the difference in lytic resistance
is the FXIII concentration. Our data show that RiaSTAP
exposed to thrombin, does not form y-y crosslinks, whereas

, when
crosslinks are evident in the Fibryga™ experiments; data which
align with a prior publication (18). Lower quantities of FXIII
crosslinks increases the susceptibility of a fibrin clot to breakdown
(19, 20).

Notably, our patient has normal FXIII levels. The sample taken
when he was in receipt of Riastap® (e.g., no supplementary FXIII)
was 0.96 TU/mL. It might be hypothesized that additional FXIII in
a Fg concentrate would be of no consequence, however, our data
suggest that resistance to lysis is further enhanced by Fibryga®
This may have important clinical consequences, particularly if a Fg
concentrate were to be used for a patient with dysfibrinogenemia
(where some variants confer a pro-thrombotic phenotype) or
conversely, for those patients where supplementing FXIII might
also be beneficial; e.g., in trauma-hemorrhage (6, 13).

Both concentrates are derived from human plasma, and some
of the manufacturing steps taken may have caused structural
post-translational alterations in the fibrinogen chains. The viral
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inactivation steps particularly are different, involving a 20-h heatin
process for RiaSTAP
which is treated with solvent-detergent for virus inactivation, and

at 60°C.> This compares to Fibryga

nanofiltration for virus removal (18).* Denaturation of Fg chains
can occur above 65°C (21).

Our data suggest that more attention should be paid to
how fibrinogen concentrates are used clinically (22) and which
laboratory tests are conducted to monitor therapy, e.g., should
measures of fibrinolysis be considered? Notably, there are no
rapid and reliable tests available to clinicians which measure
mild to moderate fibrinolysis (standard ROTEM and TEG
assays detect more significant lysis only) and this is an area
of active laboratory research. It may be that the differences
shown between these two products are not sufficiently marked
to manifest as differences in clinical outcome, but our data
suggest there may be room to tailor the prescription of Fg
concentrate more individually. For example, for those patients
in receipt of fibrinogen replacement for vascular malformations
(where FXIII may also be reduced) or for those patients where
fibrinolysis is an important part of the acquired coagulopathy,
for example after trauma, a product with greater FXIII or
greater resistance to fibrinolysis, may be preferable. Conversely,
for patients with a dysfibrinogenemia genotype that confers
a thrombotic risk, fibrinolytic resistance may be preferred to
be avoided.

The data we present highlight that fibrinogen concentrates
should not be considered entirely interchangeable, and they have
differences with regards to clot stability against lysis. Further
evaluation in a larger group of patients is required to answer
whether these fibrinolytic changes seen in laboratory assays can be
translated into important clinical outcome differences.
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inflammation markers as
predictors of venous
thrombo-embolism and death in
COVID-19
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Background: The COVID-19 pandemic related to SARS-CoV-2 virus was
responsible for global pandemic. The severe form of the disease was linked
to excessive activation of immune pathways together with a systemic cytokine
storm response and thrombotic venous or arterial complications. Factors
predicting severe outcomes including venous and/or pulmonary thrombosis
(VT) and death were identified, but the prognostic role of their combination was
not addressed extensively.

Objectives: We investigated the role of prognostic factors from the coagulation
or inflammatory pathways to better understand the outcome of the disease.

Methods: For this, we prospectively studied 167 SARS-CoV-2-positive patients
from admission in intensive care units (ICU) or emergency departments from
four academic hospitals over a 14-month period. Besides standard biology, we
assessed serum concentrations of inflammatory markers, coagulation factors
and peripheral blood cells immunophenotyping.

Results: Thirty-nine patients (23.3%) developed VT and 30 patients (18%) died.
By univariate analysis, C-reactive protein (CRP) level > 150 mg/L, interleukin-6
(IL-6) > 20 pg/mL, D-dimers > 1,500 png/L, ADAMTS13 activity < 50%, Von

92 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2024.1399335
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2024.1399335&domain=pdf&date_stamp=2024-06-10
https://doi.org/10.3389/fmed.2024.1399335
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2024.1399335/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Zhu et al.

10.3389/fmed.2024.1399335

Willebrand factor Antigen (VWF:Ag) > 400 IU/dL, VWF cofactor binding
activity (VWF:CB) > 350 IU/dL and VWF:Ag/ADAMTS13 activity ratio > 10 were
associated with VT, ICU admission or death. Using these thresholds, a scoring
system was built by logistic regression based on the odds ratios derived from
CRP, VWF, IL-6 and ADAMTS13 activity. This score was discriminant to predict
ICU requirement, death and VT.

Conclusion: A combination of coagulation and inflammatory markers can refine
the prognostication of severe outcome in COVID-19, and could be useful for the

initial evaluation of other types of viral infection.

KEYWORDS

thrombosis, COVID-19, ADAMTS13, von Willebrand factor, interleukin-6, C-reactive

protein, prognosis

Investigating predictive markers in COVID-19 for severe
outcomes, including venous thromboembolism and mortality
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GRAPHICAL ABSTRACT

Introduction

The severe acute respiratory syndrome (SARS) disease caused
by the human SARS coronavirus 2 (SARS-CoV-2) has been
responsible for the COVID-19 pandemic (1). The major advances
in the understanding of the natural history and pathophysiology of
the disease helped better clarifying its prognosis, now tampered by
vaccination. This may apply in the future to other viral infections
and could prove useful to explore and better manage infections by
new SARS variants.

COVID-19 patients were mostly asymptomatic or mildly
symptomatic. However, 5% of them developed a critical form of the
disease with severe pulmonary damages with hypoxemia (2) The
profound inflammatory response linked to an excessive activation
of immune pathways, together with the related systemic cytokine

Frontiers in Medicine

storm response, led for these patients to an acute respiratory
distress syndrome that induced thrombosis in pulmonary vessels
(3), increasing mortality (4).

The coagulation system is activated in response to infection
by a variety of different pathogens, including bacteria and viruses.
This response appears to have developed as a host defense
system to limit the spread of the pathogen. During infections,
there is an interplay between blood coagulation, immune cells,
and platelets to restrict dissemination of pathogens within the
body. The activation of coagulation is beneficial for infections
with bacteria and viruses by limiting pathogen dissemination
and supports pathogen killing and tissue repair. On the other
hand, over-activation can lead to thrombosis with subsequent
depletion of hemostatic factors and secondary bleeding (5). This
scenario applies for COVID-19 (6); in that regard, venous and/or
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pulmonary thrombosis (VT) in patients with COVID-19 has
been shown to involve multiple mechanisms, including activation
of coagulation pathways, endothelial cells dysfunction, release
of neutrophil extracellular traps (NETs), systemic inflammation
and activation of the complement system (7). Consistent with
endothelial cell activation, it has been proposed that abnormal, Von
Willebrand factor (VWF)-mediated, interactions between platelets
and the endothelium might also contribute to thrombosis in severe
forms of COVID-19 (8-11). In this regard, it has been suggested
that the VWF-cleaving protease ADAMTS13/VWEF antigen ratio
could be related to disease severity and predict poor outcome
when elevated (12-14). Reflecting the coagulopathy of severe
COVID-19, abnormal coagulation parameters including increased
D-dimers and fibrinogen levels, mildly prolonged prothrombin
time (PT) and mild thrombocytopenia have also been associated
with disease severity and poor prognosis (15-18). A role for tissue
factor (TF) (factor III, tissue thromboplastin or CD142) was also
suggested in COVID-19-related thrombosis (7, 19). Lastly, the
acute inflammatory response to SARS-CoV-2 has been shown
to induce multiorgan failure, through the production of pro-
inflammatory cytokines, notably interleukin (IL)-1p and IL-6 (20).
In patients with severe COVID-19, a relationship has been reported
between the extent of endothelial dysfunction and the magnitude
of the immune inflammatory response (20). Especially, a unified
pathophysiological hypothesis suggests that the imbalance between
angiotensin-II and angiopoietin; 7, caused by the interaction
between SARS-CoV-2 and the angiotensin converting enzyme
2 (ACE2), results in an angiotensin-II “intoxication” with an
abnormal activation of the angiotensin-II/angiotensin-II type 1
receptor, producing end-organ damage through the production
of inflammatory cytokines and activation of the coagulation and
complement cascades (21). In this way, several biomarkers of a
pathway involving angiotensin-II, cytokines, C-reactive protein
(CRP), coagulation (including ADAMTS13 and its substrate VWF)
and finally peripheral blood immune cells have been individually
described to predict the outcome of COVID-19 (22). Moreover,
differences in ACE2 expression are linked to the severity and
outcome of COVID-19 patients (23). Most of these markers were
explored for their prognostic value; however, the role of their
combination in the prognostication of severe outcomes including
death, VT and ICU admission in COVID-19 patients was not fully
addressed. We attempted here to assess simultaneously the role of
coagulation and inflammation markers in order to better identify
patients with COVID-19 at risk of severe outcomes.

Materials and methods
Patients

SARS-CoV-2-positive  patients prospectively and

consecutively enrolled in four centers of the Assistance

were

Publique-Hopitaux de Paris (AP-HP) (Avicenne, Ambroise
Paré, Raymond-Poincaré and Lariboisiére) from March 2020 to
April 2021. Inclusion criteria allowed to select severe COVID-
19 forms as enrolled patients had to be treated in intensive
care unit (ICU) or hospitalized in emergency departments. All
cases were confirmed as being positive by reverse transcription
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polymerase chain reaction (RT-PCR) of nasal swabs or tracheal
aspirates. Clinical characteristics were collected from patient
charts. VT was suspected clinically during hospitalization
and systematically confirmed by Doppler-ultrasonography or
computerized tomography.

Blood cell count, standard coagulation tests [prothrombin time
(PT), activated partial thromboplastin time (ATT), fibrinogen and
D-dimer] and serum CRP were assessed on admission.

Written informed consent was obtained from all participants or
representatives. The study protocol at all sites was approved by the
Ethics committee: CE SRLF 20-29 and CER-Paris-Saclay-2020-050.
For all patients, the following blood sample analyses were issued on
first admission as part of the routine care; therefore, no additional
sampling was performed for the study.

Flow cytometry

Peripheral blood (PB) was processed for immunophenotyping
as reported (24), Briefly, PB was stained with fluorochrome-
conjugated antibodies to CD45, CD3, CD4, CD8, CD14, CD16,
CD38 and HLA-DR to evaluate lymphocyte subsets, monocytes and
activated cells. The expression of TF on monocytes was investigated
with antibodies to CD142. All antibodies were purchased from BD
Biosciences (Supplementary Table 1). Samples were acquired on a
BD FACS Lyric instrument (BD Biosciences) and data were further
analyzed with the Kaluza software (Beckman Coulter).

Peripheral inflammatory cytokines and
thrombotic factors

IL-1B, IL-6, angiotensin-II and TF activity levels were
measured using standard commercially available enzyme-linked
immunosorbent assay (ELISA) kits according to manufacturer
instructions (Duoset reagents from Bio-Techne; LSBIO and
Abcam, respectively). ADAMTSI13 activity, VWEF antigen
(VWF:ag) and VWEF cofactor binding activity (VWF:CB) were
assessed in plasma as previously described (10).

Statistical analyses

Qualitative variables are reported as numbers and percentages.
Quantitative discrete and continuous variables are reported as
medians and interquartile ranges (IQR). Pearson’s Chi Square was
used for comparison of qualitative variables and Mann-Whitney
test to compare quantitative variables between subgroups. In order
to identify factors independently associated with VT and mortality,
a Cox proportional hazards regression was performed. The Youden
Index was calculated to identify optimal cut-off values for the
parameters found to be significant in univariate analysis (sensitivity
+ specificity-1). The sensitivity, specificity, positive / negative
predictive values and their respective confidence intervals (Cls)
were determined. The discriminative performance of a scoring
system in predicting death and the likelihood of being in ICU were
assessed using the area under the receiver operating characteristic
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TABLE 1 Patient characteristics at diagnosis.

VT n =39 p-value Survivors Non- ICUn =284 p-value
n =137 survivors
n =30
Age (years) 72 [60-85] 73 [61-87] 71 [58-82] 0.38 71 [58-84] 74.5 [67-88] 0.11 83 [64-91] 66.5 [56-75] <0.001
Gender
Female, n (%) 64 (38.3) 49 (38.3) 15 (38.5) 0.98 58 (42.3) 6 (20) < 0.001 45 (54.2) 19 (22.6) 0.023
Male, n (%) 103 (61.7) 79 (61.7) 24 (61.5) 79 (57.7) 24 (80) 38 (45.8) 65 (77.4)
Comorbidity
Obesity, 1 (%) 43 (25.8) 37 (28.9) 6 (15.4) 0.09 34(24.8) 9 (30) 0.56 12 (14.5) 31 (36.9) 0.001
Smoking, 7 (%) 37(22.2) 26 (20.3) 11 (28.2) 0.30 28 (20.4) 9 (30.00) 0.25 16 (19.3) 21(25.0) 0.37
Prior history of cancer, n 34 (20.4) 29 (22.7) 5(12.8) 0.18 26 (19.0) 8 (26.7) 0.34 20 (24.1) 14 (16.7) 0.23
(%)
Hypertension, n (%) 66 (39.5) 52 (40.6) 14 (35.9) 0.60 54 (39.4) 12 (40.0) 0.95 32(38.6) 34 (40.5) 0.80
Body mass index (kg/m?) 25.7 [22-29.1] 26.2[22.6-29.4] | 24.3[21.7-27.6] 0.19 25.8 [22.5-29.4] 25.1 [22-27.6] 0.33 23.7[203-27.2] | 27.3[23.3-30.5] 0.001
Intensive care unit, n (%) 84 (50.3) 56 (43.8) 28 (71.8) 0.002 66 (48.2) 18 (60.0) 0.24 0(0.0) 84 (100.0)
ARDS, 1 (%) 134 (80.7) 27 (21.26) 100 (78.7) 0.24 105 (77.2) 29 (96.7) 0.01 54 (65.9) 80 (95.2) < 0.001
Sa02 (%) 92 [87-96) 93 [88-96) 93 [84-94] 0.04 92 [88-96] 92 [84.5-94] 0.25 94 [92-97] 90 [84-93.5] <0.001
pO2 (mmHg) 64 [55-75] 67 [58-76] 56.5 [50-72.5] 0.02 66 [56-76] 61 [49-72] 0.19 68.5 [54-87] 62 [56-74] 0.41
Non-invasive ventilation, n 81(49.7) 56 (45.2) 25 (64.1) 0.04 60 (45.1) 21 (70.0) 0.01 15 (18.8) 66 (79.5) < 0.001
(%)
Duration of non-invasive 4[2-7] 4[2.5-7] 5[2-8] 0.78 4[2.5-7] 4[2-8] 0.48 6 [3-10] 4[2-7] 0.14
ventilation (days)
Mechanical ventilation, n 40 (24.5) 27 (21.8) 13 (33.3) 0.14 25 (18.8) 15 (50) < 0.001 1(1.3) 39 (47) NA
(%)
Duration of mechanical 12 [5-19] 11 [6-18] 15 [4-20] 0.83 13 [4.5-18.5] 12 [7-20] 0.75 16 11.5 [5-19] NA
ventilation (days)
Venous thrombosis, 1 (%) 39(23.4) 0(0.0) 39 (100.0) NA 32(23.4) 7(23.3) 0.99 11 (13.3) 28 (33.3) 0.002
Pulmonary 29 (17.4) 0(0.0) 29 (74.4) NA 23 (16.8) 6 (20) 0.67 3(3.6) 26 (31.0) NA
embolism/thrombosis, n
(%)
Treatments
Corticosteroids, n (%) 63 (17.4) 46 (35.9) 17 (43.6) 0.39 50 (36.5) 13 (43.3) 0.48 12 (14.5) 51 (60.7) < 0.001
Antithrombotic therapy, n 130 (77.8) 91 (71.1) 39 (100) < 0.001 107 (78.1) 23(76.7) 0.86 51 (61.5) 79 (94.1) < 0.001
(%)
(Continued)
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TABLE 1 (Continued)

96

No VT Survivors Non- p-value ICUn =84 p-value
n =128 n =137 survivors
n =30
Tocilizumab (anti-IL6), 1 22(13.2) 16 (12.5) 6 (15.5) 0.64 18 (13.1) 4(13.3) NA 2(2.4) 20 (23.8) NA
(%)
Death, n (%) 30 (18.0) 23 (18.0) 7 (18.0) 0.99 0(0.0) 30 (100.0) NA 12 (14.5) 18 (21.4) 0.24
Laboratory findings
C reactive protein (mg/L) 159.5 [70-236] 149.5 [52-219.5] 218 [142-296) <0.001 149.5 [61-237] 177.5 [143-230] 0.22 97 [39-77] 208 [142-284] <0.001
Hemoglobin (g/dL) 11.6 [9.6-13.3] 11.7 [10.1-13.3] 10.6 [9.1-12.4] 0.02 11.65 10.7 [9.2-12.4] 0.14 11.7 [10.4-13.3] 11.5 [9.5-13.25] 0.26
[9.95-13.3]
Platelets (x10°/L) 272.5 [193-350] 261 [192-335] 311 [194-404] 0.15 269.5 290 [185-433.5] 0.32 256 [191-335] 286 [196-379] 0.34
[194.5-339.5]
MPV (fL) 10.6 [9.8-11.3] 10.65 105 [9.6-11.2] 0.32 10.6 [9.8-11.3] 10.9 0.96 1045 [9.8-11.2] 10.8 [9.85-11.4] 0.17
[9.85-11.3] [9.75-11.25]

Leucocytes (x10°/L) 8.15 [5.4-10.75) 7.7 (5.3-10.59] 8.5 [6.5-12.3] 0.09 8.0 [5.3-10.4] 9.0 [6.6-12.3] 0.16 7.0 [4.5-8.6] 9.8 (6.8-13.4] <0.001
Lymphocytes (x10°/L) 0.95 [0.59-1.51] 0.98 [0.64-1.54] 0.86 [0.43-1.37] 0.38 0.99 [6.25-1.61] 0.75 [0.25-0.99] 0.02 1.05 [0.76-1.67] 0.82 [0.53-1.35] 0.02
Neutrophils (x10°/L) 6.22 [4.07-8.79] 5.6 [3.75-8.68] 7.23 [8.84-8.86] 0.10 5.81 [3.81-8.69] 7.81 [4.42-10.1] 0.12 4.77 [2.58-6.45] 8.3 [5.6-10.5] <0.001
Monocytes (x10°/L) 0.5 [0.33-0.74] 0.51 [0.34-1.54] 0.48 [0.28-0.71] 0.22 0.52 [0.33-0.75) 0.48 [0.36-0.72] 0.93 0.55 [0.37-0.75] 0.48 [0.32-0.73] 0.30
Neutrophil-lymphocyte 6.39 5.32 9.34 0.06 5.22 10.39 0.023 3.71 [2.52-6.39] 5.32 < 0.001
ratio [3.01-12.96] [3.01-12.09] [3.11-19.95] [2.82-12.49] [6.43-12.96] [10.89-21.94]
Lymphocyte-monocyte 1.93 [1.11-1.89] 1.93 [1.21-2.94] 2.15 [1.04-3.01] 0.85 1.99 [1.24-3.22] 1.5 [0.82-2.14] 0.013 1.94 [1.33-3.01] 1.88 [0.92-2.82] 0.25
ratio
Platelet-lymphocyte count 264.8 [160-414] 248.2 348.0 0.04 251.5 336.8 0.12 220.5 301 0.02
ratio [138.3-385.2] [191.3-521.9] [160-388.7] [189.7-683.9] [135.3-352] [187.6-587.5]
Prothrombin ratio (%) 72 [60-81] 74 [60-82] 68.5 [61-80] 0.55 72 [60-82] 74.5 [59.5-80] 1.00 79.5 [64.5-91.5] 69 [57-80] 0.02
aPTT ratio 1.29 [1.11-1.53] 1.29 [1.08-1.5] 1.24 [1.12-1.63] 0.36 1.28 [1.1-1.57] 1.33 [1.17-1.48] 0.53 1.21[1.0-1.33] 1.36 [1.14-1.65] 0.007
D-dimers (jg/L) 1,200 1,055 1,856 0.005 1,124 1,397 0.15 1,012 1,762 0.008

[750-3,214] [596-1,962] [1,150-8,994] [669-3,214] [1,127-4,680] [669-1,207] [952-6,093]
Fibrinogen (g/L) 6.65 [5.25-7.85] 1.29 [1.08-1.5] 1.24 [1.12-1.63] 0.48 6.6 [5.2-7.9] 6.7 [5.4-7.6] 0.95 5.5 [4.4-6.6] 7.3 [5.9-8.5] <0.001
IL-6 (pg/mL) 17.7 [6.7-47.9] 14.8 [6.2-45.9] 26.5 [11.8-65.9] 0.14 14.6 [6.0-44.7) 45.2 (16.1-169] 0.005 9.4 [3.9-21.4] 33.0 <0.001

[13.5-104.5]
IL-1 (pg/mL) 39.3 [36.1-57.1] 40.5 [36.9-51.6] 37.4 [25.4-61.4] 0.20 39.8 [35.5-60.3] 38.2 [36.5-50.5] 0.88 40.5 [35.7-59.8) 38.2 [36.3-48.9] 0.55
(Continued)
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TABLE 1 (Continued)

No VT
n =128

VTn=39

p-value

Survivors
n =137

Non-
survivors
n =30

p-value

ICUn =284

p-value

Angiotensin-II (pg/mL) 159 [2.0-782.3] 427 [4.5-797.6] 26.0 [0.5-631.3] 0.21 31.8 [0.9-774.2] 565 [44.5-791.2] 0.21 10.2 [0.5-785.9] 492.9 0.07
[15.7-782.3]

Tissue factor level (pg/mL) 8.0 [4.9-27.0] 8.0 [4.7-24.4] 8.2 [6.0-40.6] 0.47 8.7 [5.5-7.1] 7.1 [3.4-13.7] 0.11 7.2 [5.2-15.0] 11.9 [3.9-38.4] 0.13

Activated monocytes (MFI) 18,592 19,279 16,940 1.00 20,522 12,561 0.06 24,707 16,940 0.30
[12,017-31,408] [11,932-31,804] [13,286-8,994] [13,189-33,467] [8,154-24,221] [15,138-31,804] [9,534-36,545]

Classical monocytes (%) 92.0 [86.1-96.1] | 91.8[84.5-96.0] | 94.3[87.9-97.3] 0.39 923 (86.3-96.8] | 89.4 [82.1-94.5] 0.10 92.0 [86.2-95.7] | 92.0 [85.2-96.2] 0.09

Tissue factor™ monocytes 1.74 [0.77-3.84] 1.75 [0.79-4.42] 1.70 [0.66-2.7] 0.37 1.63 [0.75-4.14] 1.76 [0.81-2.57] 0.92 1.37 [0.72-3.27] 2.34[0.81-3.99] 0.21

(%)

Tissue factor HLA-DR* 1,449 1,461 1,372 0.38 1,504 1,283 0.30 1,452 1,405 0.30

monocytes (MFI) [1,041-2,287] [1,085-2,393] [883-2,105] [1,041-2,450] [1,022-1,774] [1,065-3,000] [1,016-2,019]

CD3" T-cells (%) 74.5[66.9-80.3] | 75.1[68.2-80.3] | 71.1[64.5-81.6] 0.30 745 (68.3-80.3] | 74.5 [64.3-80.8] 0.57 748 [69.3-82.1] | 74.5[66.3-78.4] 0.54

CD4* T-cells (%) 67.7 [58.2-78.0] 66.8 [56.6-76.9] 75.3 [63.3-83.8] 0.008 67.4 [58.7-78.0] 69.5 [52.3-80.6] 1.00 61.8 [54.9-73.4] 72.6 [61.4-81.4] 0.007

CD8™ T-cells (%) 27.5[17.1-37.4] 28.8 [18.5-39.6] 21.8 [12.2-27.8] 0.008 28.3[17.1-36.9] 24.2 [17.6-41.1] 0.75 31.9 [22.7-40.6] 22.6 [14.8-32.6] 0.008

CD47/CD8™ T-cell ratio 2.46 [1.59-4.49] 2.31[1.45-4.06] 3.57 [2.33-6.98] 0.007 2.31 [1.45-4.06] 3.57 [2.33-6.98] 0.87 2.37 [1.64-4.49] 2.81[1.28-4.68] 0.007

HLA-DR*+/CD38+/CD4* 10.7 [7.0-17.8] 11.6 [7-18.0] 6.7 [8.5-16.9] 0.32 10.2 [6.3-16.7] 15.3 [9.9-24.5] 0.019 12.5 [8.1-20.8] 9.8 [7.0-16] 0.12

T-cells (%)

HLA-DR*+/CD38+/CD8* 34.3[21.3-509] | 35.8[18.3-51.6] 31 [22.1-41.9] 0.45 347 [19.9-50.9] | 34.0 [28.3-41.7] 0.98 34.4[253-51.6] | 34.3[19.7-47.1] 0.21

T-cells (%)

ADAMTS13 activity (%) 55 [38.5-77.5] 62 [46-80] 39 [31-68] 0.002 66 [41-81] 38.5[33-50] 0.004 73 [47-85] 49 [33-71] 0.008

vWEF:Ag (IU/dL) 400.5 383.2 453.4 0.17 385.6 463.7 0.20 293.6 423.6 0.002

[312.9-521.5] [264.3-522.5] [362.4-510] [293.6-509] [375.3-529.6] [197.9-410.6] [355.7-555.5]
vWEF:CB (IU/dL) 351 346 [236-442] 368 [293-489] 0.17 330 [237-438] 431 [316-546] 0.03 285 [181-340] 370 [308-483] 0.005
[282.5-477.5]
vWEF:Ag/ADAMTS13 6.96 5.56 5.62 0.005 5.64 12.26 0.02 4.10 [1.76-5.70] 10.09 < 0.001
activity ratio [4.22-12.72] [3.77-10.76] [11.83-19.53] [4.10-11.69] [7.82-15.45] [5.32-15.01]

VT, venous and pulmonary thrombosis; ICU, intensive care unit; BMI, body mass index; ARDS, acute respiratory distress syndrome; SaO2, oxygen saturation; pO2, oxygen pressure; MPV, mean platelet volume; aPTT, activated prothrombin time; IL, interleukin; TE,
tissue factor; MFI, mean fluorescence intensity; VWE von Willebrand factor. Qualitative variables are reported as numbers and percentages. Quantitative discrete and continuous variables are reported as medians and interquartile ranges (IQR). Pearson’s Chi Square

was used for comparison of qualitative variables and Mann-Whitney test to compare quantitative variables between subgroups. Bold values reflect statistically significant values.
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(ROQC) curve (AUC). Statistical analyses were performed with R
version 3.6.1 (2019-07-05) (The R Project).!

Results

During the inclusion period, 167 COVID-19 patients were
enrolled. About half of these patients (50.3%) were in ICU at the
time of the study. Of the 167 patients, 39 (23.3%) developed VT
and 30 (20%) died (Table 1 and Figures 1A, B).

Clinical features associated with VT

Patients with VT were more often admitted in ICU (p = 0.002),
and had consistently lower O2 saturation (p = 0.04), lower pO2
(p = 0.02) and more non-invasive ventilation (p = 0.04). All
these patients received anti-thrombotic therapy. They had more
D-dimers (p = 0.005), a lower ADAMTS13 activity (p = 0.002)
with higher vWF:Ag/ADAMTS13 activity ratios (p = 0.005), higher
CRP levels (p < 0.001) and more anemia (p = 0.02). CD8+ T-cells
(p =0.008) were lower and CD4+ T-cells were higher (p = 0.008) in
this population (Table 1 and Figure 2).

Clinical features associated with ICU
hospitalization

Patients in ICU differed from those recruited through
emergency rooms by several factors. They were younger
(p < 0.001), more often males (p < 0.001) and mostly obese
(p = 0.001). They presented more often with acute respiratory
distress syndrome (ARDS) (p < 0.001) and received more non-
invasive ventilation (p < 0.001). These patients had more VT
(p = 0.002); they received more corticosteroids (p < 0.001) and
more anti-thrombotic therapy (p < 0.001) (Table 1). They had
more inflammation with higher CRP levels (p < 0.001), PB
polymorphonuclears (p < 0.001) and IL-6 (p < 0.001), and a
higher CD4/CD8 T-cell ratio (p = 0.007). Lastly, levels of D-dimers
(p = 0.008), fibrinogen (p < 0.001) and VWF/ADAMSI3 ratio
(p < 0.001) were higher in this population (Figure 2).

Clinical features associated with survival

Non-survivors were predominantly males (p = 0.023) with
more ARDS (p = 0.01) and requiring more mechanical ventilation
(p < 0.001); they had more activated CD4+ T-cells (p = 0.019),
higher IL-6 levels (p = 0.005) and a lower lymphocyte count
with lower neutrophil-lymphocyte and lymphocyte-monocyte
ratios (Table 1). Considering coagulation pathways, patients who
deceased had a lower ADAMTSI3 activity (p = 0.004), higher
VWEF:CB (p = 0.03) and a higher VWF:Ag/ ADAMSI13 ratio
(p =0.02) (Table 1 and Figure 2).

1 https://www.r-project.org/
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Predictive features of VT, ICU
hospitalization or death at admission

By univariate analysis, CRP level > 150 mg/L, IL-
6 > 20 pg/mL, D-dimers > 1,500 wg/L, ADAMTSI13
activity < 50%, VWF:Ag > 400 IU/dL, VWE:CB > 350 IU/dL and
VWF:Ag/ADAMTS13 activity ratio > 10 were associated with VT,
ICU admission or death (Table 2).

Using these thresholds, a scoring system was built based on
the odds ratios derived from significant parameters identified by
logistic regression: (i) CRP and VWF (3 points each) and (ii) IL-6
and ADAMSI13 activity (4 points each).

The probability to require ICU hospitalization yielded an AUC
of 0.74 with a sensitivity and a specificity of, respectively, 67.8 and
63.9% for a score > 4; for a score of > 7 sensitivity was 60.7% and
specificity 74.7%. With an AUC of 0.73, death could be predicted
with a sensitivity of 76.7% and a specificity of 53.3% for a score
of > 4; for a score of > 7 sensitivity was 63.3% and specificity 61.3%.
Death was significantly associated with a score of > 4 (p = 0.004).

Discussion

By assessing simultaneously various inflammation and
coagulation markers in a large cohort of COVID-19 patients,
this study provides a comprehensive description of risk factors
for VT, death or hospitalization in ICU in this viral infection.
Conducted over 14 months, this work likely involved mostly alpha
and beta SARS-CoV-2 variants (25) and provides risk factors
associated with these viruses. Here, 23.3% of patients experienced
VT. This rate is comparable to this of other non-COVID-19
cohorts with severe infection (26), although the pathophysiological
mechanism may differ.

An activated angiotensin-II/IL-6/CRP pathway and a high pro-
aggregant VWF/ADAMTS]13 ratio, reflecting strong inflammation
and endothelial damage axis, appeared as independent risk factors
for VT, death and/or ICU hospitalization. This study confirms and
extends the view that ADAMTS13 activity is a reliable marker
to assess the severity of SARS-CoV-2 infection (10). In this
regard, normal levels of ADAMTSI3 activity were identified as
a strong predictor of survival. By contrast, platelet parameters,
previously reported as early predictive markers of severity (27,
28), had no prognostic value in this series (29). Although most
prognostic factors identified here confirm previous findings (25),
the strength of this work is that multiple markers were addressed
simultaneously, allowing to provide a more comprehensive
prognostication of patients with COVID-19. These results may
therefore help identifying patients for whom a so far undiagnosed
thrombosis (especially pulmonary embolism/thrombosis) should
be investigated.

The strong association of the IL-6/CRP inflammation
pathway with both severe thrombotic events, survival and
ICU hospitalization supports therapeutic approaches based
on monoclonal antibodies directed against IL-6 alone or with
with
31). Interestingly, IL-6 but not CRP levels were significantly
27)s

confirming that IL-6 assessment should be preferred over CRP

corticosteroids in patients intermediate severity (30,

discriminative between survivors and non-survivors
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FIGURE 1

(A) Demographic data; (B) main severe outcomes (thrombo-embolic events and survival) according to sex. VT, venous or pulmonary thrombosis.
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to evaluate critically ill patients (28). Similarly, the identification
of a high pro-aggregant VWF/ADAMTSI3 ratio as a strong
prognostic factor, opens perspectives for VWEF-targeted therapies
(13). No influence of TF was observed in this series, confirming
previous findings (32), although TF has been reported by
others as a potential mediator of pathogenesis in COVID-19
by driving endothelial dysfunction and coagulopathy (29).
Moreover, TF-expressing monocytes, that were found to be
mildly increased in symptomatic vs. asymptomatic patients
(30), were not different here between patient groups; hence,
the role of serum or cell surface-expressed TF as a predictive
marker of thrombo-embolism in patients with COVID-19
remains debatable.

T cells play are crucial in maintaining immune function and
viral clearance. The impact of immune modulation as reflected here
by an increased peripheral CD4/CD8 T-cell ratio, was confirmed to
segregate patients with VT and those requiring ICU hospitalization.
Yet, we did not confirm that a higher peripheral CD4/CD8 T-cell
ratio was associated with a better outcome (31, 33), and whether
peripheral CD4/CD8 T-cell ratio reflects prognosis in COVID-19
deserves further studies.

Frontiers in Medicine

Taken together, these observations support a tentative unifying
model where SARS-CoV-2 primarily induces a deregulation of the
renin-angiotensin-aldosterone system axis. In this model, SARS-
CoV-2 S protein binds to and internalizes its receptor ACE2,
leading to a lack of conversion of angiotensin-II into the protective
peptide angiopoietin; 7 and thereby to the accumulation of
angiotensin-II (21). In turn, angiotensin-II through the activation
of its receptor ATIR induces the production of IL-6 and
subsequently CRP. Lastly, the release of IL-6 may at least in
part account for the high levels of circulating VWE, but also in
the decrease of ADAMTSI13 activity, leading to a pro-aggregant
phenotype and thrombotic microangiopathy-like features (10, 13).

Altogether, this study suggests that the simultaneous analysis of
a combination of multiple key coagulation and inflammatory
in COVID-19 pathophysiology could refine the
prognostication of severe outcome in COVID-19, and allow
identifying patients at risk of VT, ICU hospitalization and death,
and those in whom a VT (especially a pulmonary thrombosis)

markers

should be investigated. The score proposed here, relying on 4 key
assessments could be refined/validated by retrospective analyses
of COVID-19 patient cohorts where these markers were possibly
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FIGURE 2
(A) C-reactive protein, (A) interleukin-6 (IL-6), (B) ADAMTS13 activity, (C) VWF:CB at the baseline between patients with (red bars) or without (blue
bars) venous and pulmonary thrombosis (VT); (D) interleukin-6 (IL-6), (E) ADAMTS13 activity, (F) VWF:Ag, at the baseline between ICU patients (red
bars) vs. non ICU patients (blue bars); (G) Interleukin-6 (IL-6), (H) ADAMTS13 activity, (I) VWF:CB at baseline between survivors (blue bars) and
non-survivors (red bars). *p < 0.05; **p < <0.01; ***p < 0.001.

TABLE 2 Clinical findings on admission associated with VT, death or ICU hospitalization by univariate analysis.

CRP > 150 mg/L 1.16 (0.51-2.63) 0.73 3.02 (1.01-9.35) 0.05 3.19 (1.53- 6.62) 0.002
IL-6 > 20 pg/mL 1.51 (0.70-3.32) 0.30 3.96 (1.54-10.15) 0.004 3.88(1.93-7.81) <0.001
D-dimers > 1,500 pg/L 2.72 (1.00-7.39) 0.05 1.28 (0.41-3.99) 0.68 12.6 (2.67-59.59) 0.001
ADAMTS]13 activity < 50% 3.26 (1.29-8.2) 0.01 4.32 (1.49-12.53) 0.004 2.09 (0.89-4.91) 0.09
VWE:Ag > 400 IU/dL 1.73 (0.70-4.25) 0.23 2.23 (0.80-6.20) 0.13 1.37 (0.60-3.10) 0.75
VWE:CB > 350 IU/dL 1.25 (0.46-3.42) 0.67 3.39 (1.06-10.88) 0.04 1.37 (2.10-21.09) 0.001
VWEF:Ag/ADAMTS13 2.92 (1.05-8.14) 0.04 5.2 (1.60-16.86) 0.006 3.89(1.14-13.28) 0.03
activity > 10

VT, venous and/or pulmonary thrombosis; ICU, intensive care unit; OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; TF, tissue factor; MFI, mean fluorescence intensity; VWE
von Willebrand factor. Bold values reflect statistically significant values.
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independently measured. They should also be generalizable to other
types of severe viral infections with evidence of prevalent venous
and pulmonary thrombosis (34) where their prognostic value could
be of help in patient management.
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