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Abstract

Background The role of factor XIII (FXIII) in trauma-induced coagulopathy (TIC) is not fully understood.

Methods We evaluated FXIII supplementation in severely injured patients with persistent bleeding. This was a retrospective
case series analysis.

Results Twenty-four patients received FXIII concentrate within 24 h of admission for bleeding that continued after transfu-
sion of > 6 U red blood cells (RBCs); control patients (n=27) did not receive FXIII concentrate. Both study groups were
similar regarding injury severity score and global coagulation tests, but FXIII activity levels were significantly higher and
lactate levels significantly lower in the control group, respectively. The differences in FXIII activity between the groups
could be attributed to a more severe trauma-induced coagulopathy in FXIII-deficient patients, as demonstrated by lower
fibrinogen and higher lactate levels. The median dose of FXIII concentrate within 24 h of admission was 2500 IU (IQR:
1250-4375). Median 24-h transfusion of RBCs (primary study endpoint) was significantly higher in the FXIII group versus
controls (10.0 U, IQR 5-14 U vs. 2, IQR 0-6 U; p <0.01). Subsequently, while patients were in the intensive care unit, there
was no statistically significant difference regarding RBC transfusion anymore and the overall clinical outcomes were similar
in both patient groups.

Conclusions The substitution of FXIII in patients who were more seriously compromised due to higher lactate levels and
who presented with initially more severe bleedings than patients in the control group, resulted in a comparable transfusion
necessity after 24 h. Thus, we guess that the substitution of FXIII in severely injured patients with ongoing bleeding might
have an impact on their clinical outcome.
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the underlying coagulopathy is mandatory. Surgical meas-
ures should be complemented by a balanced transfusion
strategy based on the transfusion of red blood cells (RBCs),
fresh frozen plasma (FFP) and platelet concentrate (PC).
Some European trauma units use viscoelastic testing to
guide hemostatic intervention and this may support treat-
ment with coagulation factor concentrates such as fibrino-
gen concentrate (FC) and prothrombin complex concentrate
(PCC) (2; 3).

Coagulation factor XIII (FXIII) — also described as ‘fibrin
stabilizing factor’ — is well known to have a physiological
role in the processes of fibrin polymerization and clot stabi-
lization, thereby protecting the clot from premature degrada-
tion [4-8]. This has led to the hypothesis that FXIII supple-
mentation may be effective for treating excessive bleeding
or preventing trauma-induced coagulopathy (TIC). Clinical
data analyzing the effects of FXIII supplementation among
patients with bleeding complications are sparse. Therefore,
we investigated the impact of treatment with FXIII concen-
trate in a cohort of trauma patients with severe bleeding.

Methods

In this retrospective study, we evaluated the charts of
severely injured trauma patients who were admitted to
Hannover Medical School trauma center (certified level
one) between 01/2015 and 12/2020. The primary inclusion
criteria were age 18—80 years and an injury severity score
(ISS) > 16. The main exclusion criteria were the absence of
FXIII analyses within the first 24 h, no complete data sets
or no FXIII measurements at all (see Fig. 1).

Fig. 1 Flowchart describing
patient selection due to pre-

For bleeding management, all patients were treated
according to our local standard operating procedure, which
is based on commonly known and recommended strategies
i.e., a massive transfusion protocol and goal-directed therapy
(administration of coagulation factors) on basis of CCA and
ROTEM analyses. However, during that time some anes-
thesiologists began to substitute FXIII in some cases with
severely ongoing (> 6 RBCs) and otherwise not manageable
bleedings. Since FXIII therapy is not yet evidence-based,
this was not a mandatory step. The decision on whether to
administer FXIII concentrate was exclusively based on the
clinical judgment of the attending anesthesiologist.

Patients who received FXIII concentrate in the early
phase of bleeding management (during the first 24 h after
admission) were included in the FXIII group. In an attempt
to establish a control group, we identified patients of com-
parable age, sex and ISS.

The primary study endpoint was the amount of RBCs
transfused during the first 24 h after admission and later on
during the stay in the intensive care unit (ICU). Secondary
outcome parameters were the amount of other allogeneic
blood products (FFP and PC) and coagulation factor concen-
trates (PCC and FC) administered. Furthermore, the length
of stay in the ICU and deaths during hospitalization were
assessed.

Data are presented as the median and interquartile range
(IQR), as well as minimum and maximum. Length of stay
in the ICU as well as duration of vasopressor therapy are
expressed as mean + SD. The distribution of data was evalu-
ated using the Kolmogorov—Smirnov test. Between-group
comparison of normally distributed data was based on the
Student’s #-test, while a non-parametric test for independ-
ent samples with Yates correction was used for data not

Polytrauma pts.
(2015 - 2020)

defined inclusion/ exclusion n=735
criteria
Y
Pts. with ISS >16
n =496
no complete data set:
n =106
_| first measurement later than 24 hrs.:
n=53
no measurement:
n =286
Y
FXIIl group Complete Study group Control group
(FXIII substituted pts.) [« (all pts. evaluated) »  (not FXIII substituted)
n=24 n=>51 n=27
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following normal distribution. All analyses were performed
using SPSS Statistics (Version 26, IBM Inc., Armonk, New
York). Significant differences were defined as p <0.05.

For evaluation of FXIII activity levels probes of cit-
rated blood were measured with the Berichrom® FXIII
assay (Siemens AG, Berlin/Munich/Germany; normal
range: 70-140%). Time point 1 (TP1): was between admis-
sion and the following 24 h; Timepoint 2 (TP2): thereafter
(> 24 h after admission). Prior to all analyses, the study was
approved by the local ethics committee at Hannover Medical
School, Hannover, Germany.

Results
As shown in Fig. 1 as well as Table 1, a total of 51 patients

were evaluated in this study. Of these, 24 were treated with
FXII concentrate (FXIII group) and 27 did not receive FXIII

Table 1 Epidemiologic data and baseline values on admission

(control group). The two groups were comparable regard-
ing age, sex and ISS. There were no significant differences
in global tests of coagulation (Quick, international normal-
ized ratio (INR) and partial thromboplastin time (PTT) or
platelet count upon admission. However, median FXIII
activity levels at the time of admission (TP 1) were signifi-
cantly higher in the control group than in the FXIII group
(94 IQR 67.4-101.8% vs. 66.5 IQR 47-78%; p <0.001)
and fibrinogen levels were significantly lower in the FXIII
group (1.2 IQR 0.91-2 g/L vs. 2.24 IQR 1.79-2.5 g/L;
p<0.001). Furthermore, lactate levels were significantly
higher in the FXIII group (4 IQR 2.8—-4.7 mmol/L vs. 1.6
IQR 1-2.7 mmol/L; p <0.001). The median dose of FXIII
administered during the first 24 h in the FXIII group was
2500 IQR 1250-4375 IU.

Compared with the control group, patients in the FXIII
group received significantly more RBCs (10 IQR 5-14 U
vs. 2 IQR 0-6 U; p<0.01) and FC (1 IQR 0—4 g vs. 0

Age years ISS FXIII % Fib g/lL Lactate mmol/L Quick % PTT sec Platelet k/ul
Control group
Median 53 36 94 2.24 1.6 74 37 119
75% Percentile 63 48 101.8 2.5 2.7 77.6 39 150
25% Percentile 37 29 67.4 1.79 1 64 33 103
FXIII group
Median 45 34 66.5 1.2 4 73 37 111
75% Percentile 63 43 78 2 4.7 81 41 137
25% Percentile 29 34 47 0.91 2.8 65.1 33 88
p value >0.05 >0.05 <0.001 <0.001 <0.001 >0.05 >0.05 >0.05
Bold numbers represent all those comparisons with significant differences
Fib fibrinogen; FXIII factor XIII; ISS injury severity score; PTT partial thromboplastin time; platelet platelet count
Table 2 Hemostatic therapy FFP U PC U FC PCC LU RBC U EXIII con-
administered d.urlhng the first centrate
24 h after admission LU
Control group
Median 0 0 0 0 2 -
75% Percentile 5 2 2000 2000 6 -
25% Percentile 0 0 0 0 -
FXIII group
Median 4 1 1000 1000 10 2500
75% Percentile 9 4 4000 2500 14 4375
25% Percentile 2 0 0 0 5 1250
p value >0.05 >0.05 <0.05 >0.05 <0.01 n.d

Bold numbers represent all those comparisons with significant differences

FC fibrinogen concentrate; FFP fresh frozen plasma; FXIII factor XIII; /U international units; PC platelet
concentrate; PCC prothrombin complex concentrate; RBC red blood cell; U unit
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IQR 0-2 g; p<0.05) during the first 24 h after admission
(Table 2). There were also trends towards increased transfu-
sion of FFP (4 IQR 2 — 9 U vs. 0 IQR 0-5 U; p>0.05) and
PCC (1000 IQR 0-2500 IU vs. 0 IQR 0-2000 IU; p>0.05)
in the FXIII group versus the control group, but these dif-
ferences were not statistically significant. After administra-
tion of FXIII concentrate, the median plasma activity of
FXIII was comparable in both groups (FXIII group: 83.7
IQR 69.8-96.0% vs. control group: 78.1 IQR 59.28-86.63%;
p>0.05). Furthermore, blood loss was reduced/bleeding
stopped and cardio-circulatory system was stabilized in
patients treated with FXIII concentrate.

The mean duration of stay in the ICU was similar in the
two study groups (FXIII group: 22.9 +11.9 days; control
group: 22.6 + 14.2 days; p>0.05). While in the ICU, patients
in the FXIII group received additional treatment with FXIII
concentrate (median dose 2500 IQR 1250-3625 IU). Com-
pared with the control group, patients in the FXIII group
received significantly more PC and FC while in the ICU
(Table 3). However, no statistically significant differences
were observed regarding transfusions of RBC and FFP or
treatment with PCC. Vasopressor therapy (norepinephrine)
was administered for significantly longer in the FXIII group
(11.5+9.8 days vs. 7.6 +4.6 days; p <0.05). Three patients
from each group died during their time in the hospital. No
patient of either group developed complications (e.g., throm-
boembolic events) due to the administration of procoagulant
substances.

Discussion

It has long been known that FXIII acts as the’final” enzyme
of the coagulation cascade. By cross-linking fibrin chains,
it stabilizes newly formed blood clots, thereby helping to

prevent bleeding complications and to ensure appropriate
conditions for wound healing [7]. In recent years, it has
become evident that the actions of FXIII are complex and
involve a wide variety of additional substrates. In addition to
fibrin as the primary target of the action, the enzyme targets
antifibrinolytic proteins as well as plasma- and extracellular
matrix components. Binding of alpha2-antiplasmin, throm-
bin-activatable fibrinolysis inhibitor (TAFI) and alpha2-mac-
roglobulin minimizes plasmin-mediated degradation of the
fibrin clot, and interactions with molecules such as fibronec-
tin and vitronectin influence and modulate the behavior of
blood cells directly involved in tissue repair and remodeling
[9]. Consequently, a variety of different disorders are caused
by congenital FXIII deficiency, including spontaneous or
prolonged post-traumatic bleeding and delayed or deficient
wound healing [10-12]. All these aspects have been dis-
cussed in detail by Dickneite et al. [6].

Despite the general function of FXIII being well known,
detailed understanding of its pathophysiological impact and
possible role in treating TIC is lacking. Some clinical studies
have suggested that increased FXIII activity levels might
be beneficial in the management of surgical patients. For
example, in a cardiovascular surgery study, preoperative
FXTII supplementation significantly reduced perioperative
blood loss and the need for RBC transfusion [13, 14]. In neu-
rosurgical patients, decreased FXIII levels have been asso-
ciated with an increased risk of postoperative hemorrhage
[15, 16]. The impact of FXIII activity in more complex,
acute bleeding situations (as frequently observed in major
trauma patients), is uncertain as no randomized controlled
trials have specifically analyzed FXIII levels or the effects of
FXIII replacement therapy. However, some trauma centers
evaluated the effect of FXIII substitution in major bleeding
situations/ after transfusion of a certain amount of RBCs [2,
3, 17] One major finding, observed in all these studies was

Table 3 Hemostatic therapy

o : : FXIII FFP U PCU FCg PCCILU RBCU FXIII con-
administered while patients centrate
were in the ICU (after 24 h-end) LU

Control group
Median 78.1 0 0 0 0 6 -
75% Percentile 86.63 1 0 1000 10 -
25% Percentile 5928 0 0 0 0 3 -

FXIII group n.d
Median 83.7 0 0 0 0 8 2500
75% Percentile 96.0 3 6 0 0 14 3625
25% Percentile 69.8 0 0 0 0 6 1250

p value >0.05 >0.05 <0.05 <0.05 >0.05 >0.05 n.d

Bold numbers represent all those comparisons with significant differences

FC fibrinogen concentrate; FFP fresh frozen plasma; FXIII factor XIII; IU international units; PC platelet
concentrate; PCC prothrombin complex concentrate; RBC red blood cell; U unit
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a low FXIII activity. Thus, the aim of our current study was
to further evaluate the effect and potential impact of coagu-
lation FXIII substitution in patients with severe bleedings.

As in many other trauma centers, the Hannover Medical
School trauma center SOP for the management of severe
acute bleeding mainly based on commonly known and rec-
ommended strategies i.e., a massive transfusion protocol and
goal-directed therapy (administration of coagulation factors)
on basis of CCA and ROTEM analyses. However, during
that time some anesthesiologists began to substitute FXIII in
some cases with severely ongoing (> 6 RBCs) and otherwise
not manageable bleedings. Notably, and comparable to other
studies, e.g. Katzenstensteiner et al., the decision whether to
substitute FXIII exclusively based on clinical judgment and
independently from FXIII values [17].

In the current study, a retrospective evaluation of lab-
oratory results revealed that patients who received FXIII
had significantly reduced FXIII activity levels before treat-
ment. The results suggest that (a) clinical impression and
the decision to administer FXIII were correct and (b) FXIII
deficiency is associated with higher transfusion require-
ments over the first 24 h after admission. Following sup-
plementation of FXIII (i.e., when patients were in the ICU),
RBC transfusion was not significantly different between
the groups, suggesting that treatment might have a positive
effect in stabilizing the patients’ coagulation status. This
finding is in line with observations made by Katzensteiner
et al. who reported a stongly negative correlation between
FXIII levels and the amount of RBCs transfused prior to
the first FXIII evaluation [17]. The observed necessity for
an increased transfusion of FC, PC as well as additional
supplementation of FXIII in some patients during the ICU
stay might be related to prolonged bleeding due to more pro-
nounced coagulopathy and prolonged vasopressor therapy
in the FXIII group.

The processes leading to massive hemorrhage in
severely injured patients are complex and cannot be attrib-
uted to the failure of a specific pathway of the coagula-
tion cascade as i.e., a too-low FXIII level alone. However,
the observation that FXIII supplementation might help to
reduce transfusion of RBCs supports the hypothesis that
FXIII might play an important role in these processes. The
fact that the administration of PCC and FFP was not signif-
icantly different between treatment groups further supports
this idea. Additionally, Korte’s working group reported
data from a large cohort of 1023 patients undergoing non-
cardiac surgery where the risk of RBC transfusion was
4.6-fold higher in patients with FXIII activities < 70%
[18]. According to the current version of the European
trauma guidelines, “monitoring factor XIII levels and
replacement below a certain threshold is suggested” [1].

However, no optimal range of FXIII activity or threshold
value for supplementation is specified. Updated guidelines
from the European Society of Anaesthesiology suggest
the administration of FXIII in patients with severe bleed-
ing and FXIII activity level <30%, while a multimodal
algorithm based on two studies of trauma patients recom-
mended FXIII supplementation when activity levels fall
below 60% [2, 3, 19]. Furthermore, a review of an expert
group suggested a FXIII activity of 60-70% as threshold
value for an acquired FXIII deficiency [20]. Considering
all these observations and the results of our study we con-
clude, that it is still not possible to define a clear threshold
or at least an activity range below which FXIII should be
supplemented. However, due to the observations made in
this study, we speculate, that FXIII supplementation may
has a positive effect in patients with ongoing severe bleed-
ings. Thus, the clinical condition in combination with low
FXIII activity may be more crucial than a certain value
alone. Furthermore, Theusinger et al. hypothesized that
early intervention may be beneficial, as they observed that
FXIIT activity decreased between the accident scene and
arrival at the emergency room by approximately 20% and
directly correlated with ISS [5].

In our study, ISS values were comparable in both
groups. However, lactate levels were significantly elevated
and fibrinogen levels were significantly reduced in the
FXIII group, respectively. This means that FXIII-supple-
mented patients initially presented with distinct labora-
tory signs of acidosis and coagulopathy. In other words,
although patients in the FXIII group were initially prone
to a much higher risk of death, the outcome of both groups
was comparable in the end. This observation is supported
by Duque et al. who reported on the association between
low FXIII activity and long ICU stay as well as high inci-
dences of major bleedings [21].

Main limitation of our study is its’s retrospective charac-
ter. In this sense, we have to stress that both patient groups
evaluated in this study did not perfectly match. Although
comparable with respect to age, gender and ISS, initially sig-
nificantly higher lactate and lower fibrinogen levels indicate
that patients of the FXIII group were prone to a much more
severe coagulopathy. Furthermore, the risk of bias relating
to patient selection or administration of FXIII cannot be
completely excluded. Time points for initial as well as later
FXIII analyses were not pre-defined. Furthermore, the deci-
sion on whether to administer FXIII was based exclusively
on clinical judgment and was completely independent of
FXIII activity values.. Together with the lack of a sample
size calculation, the small number of patients limited the
robustness of the study findings, too.
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Conclusions

In our current study, we could observe, that the substitu-
tion of FXIII in patients who were more seriously com-
promised due to higher lactate levels and who presented
with initially more severe bleeding than patients in the
control group, resulted in a comparable transfusion neces-
sity. Thus, we guess that early substitution of FXIII in
severely injured patients with ongoing bleeding might have
an impact on their clinical outcome.

“Despite of the results of our current study, there is
a clear need for further i.e., large, randomized con-
trolled trials of FXIII supplementation in trauma”
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