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Abstract

identify clinically relevant von Willebrand disease (VWD).

Background: Hemorrhage and blood loss are still among the main causes of preventable death. Global hemostatic
assays are useful point-of-care test (POCT) devices to rapidly detect cumulative effects of plasma factors and platelets on
coagulation. Thromboelastography (TEG) and Thromboelastometry (ROTEM) are established methods in many
anesthesiological departments for guided hemostatic treatment. However, von Willebrand disease remains undetected by
standard ROTEM, especially during emergency care, despite being the most prevalent congenital hemostatic disorder.

Methods: In our monocentric cohort pilot study we focused on hemostatic challenges associated with von Willebrand
disease. Twenty-seven patients with suspected von Willebrand disease were included. We modified the routine ROTEM
assay by adding a preincubation with ristocetin and commercially available plasma-derived von Willebrand factor to

Results: Addition of von Willebrand factor to the ristocetin assay of a VWD type 3 patient restored the reaction of the
whole blood probe to match the response of a healthy person. Our modified ROTEM assay with ristocetin (Ricotem)
showed that all high responders (n=7) had VWD. In the low responder group (n=16) — 10 of 16 had VWD and in the
normal responder group (n=5), 2 of 5 had mild type 1 VWD.

Conclusions: This new modification of the standard ROTEM assay enables the detection of otherwise unnoticed critical
von Willebrand disease based on alterations in clot formation and might serve as a novel approach to reliably assess
severe VWD patients by platelet-mediated blood clotting in an emergency setting. We recommend incorporating this
new VWD-focused screening tool into the current ROTEM-based management algorithm of acute microvascular bleeding.
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Background

Hemorrhage and blood loss are still among the main
causes of potentially preventable morbidity and mortality.
The etiopathology of bleeding complications in trauma
patients and other intensive care situations is diverse.
Development of systematic hemostatic screening tests and
of specific algorithms to guide hemostatic therapy for
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patients undergoing trauma surgery, emergency surgery
and even elective surgery is ongoing [1-4].

Global screening assays for coagulopathy are regaining
interest as point-of-care tests (POCT) based on their ability
to mutually analyse the impact of plasmatic and cellular
factors, such as platelets, white blood cells and erythro-
cytes. Thromboelastrometry (ROTEM) (ROTEM delta,
TEM, Munich, Germany), Thromboelastography (TEG)
(Haemonetics S.A., Signy, Switzerland), Sonoclot (Sienco
Inc., Morrison, CO, USA) coagulation analysis [2, 5, 6],
whole blood aggregation [7], whole blood thrombin
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generation [8] and clot waveform analysis testing [9] have
the potential to dramatically change our current analytical
approach to the assessment of hemostasis, due to their hol-
istic emphasis on the physiology of coagulation. ROTEM
and TEG were introduced to clinical practice as a POCT
devices [10] and are both used as a diagnostic measure in
various bleeding disorders in peri-operative clotting
management [11, 12]. Thus, the viscoelastic approach
became a broadly established method in many anesthesio-
logical departments even beyond the operation room [13]
and is widely used as it enables the temporal assessment of
clot formation and dissolution. It has been modified to
monitor antiplatelet medication. The effectiveness of
ROTEM and TEG in diagnosing coagulopathy, as well as
their clinical use for transfusion guidance and their predict-
ive value for mortality in trauma patients has been thor-
oughly validated [14—16]. The use of ROTEM and TEG in
the management of major bleeding has been described in
recent guidelines [6].

Our work focuses on hemostatic challenges associated
with the highly prevalent, mainly hereditary bleeding dis-
order von Willebrand disease (VWD). In contrast to its in-
cidence that ranges from 0.1-1%, an estimate of only 1/
50,000 and 1/8500 VWD patients requires specific treat-
ment [17-21]. Von Willebrand factor (VWF) is an import-
ant glycoprotein involved in the hemostatic pathway and is
organized in multimers. While acquired forms of VWD
exist, these are far less common [22]. Different quantitative
or qualitative deficiencies in VWF can cause various pheno-
types of bleeding disorders all called VWD [23, 24]. The
commonly used initial hemostasis tests, e.g. platelet count,
activated partial thromboplastin time (aPTT) and
prothrombin time (PT), have a low positive predictive value
when screening for patients with an elevated hemorrhagic
risk [3]. The diagnosis of VWD requires specific methods
involving factor VIII, VWF antigen (VWF:Ag) and collagen
binding (VWFE:CB) levels. Classification and the definitive
diagnosis of VWD, however, additionally depends on Risto-
cetin cofactor levels (VWF:RCo) and Ristocetin-induced
platelet aggregation (RIPA), multimeric analysis of VWF
and genetic analysis [17]. VWD is usually classified into
three main types: Type 1 (quantitative deficiency), Type 2
(qualitative deficiency) which can be further classified into
four subtypes (2A, 2B, 2M, 2N), and Type 3 (absence of
VWEF) [17, 24].

The use of TEG/ROTEM during surgery is well estab-
lished [25-27], and age-related reference ranges for chil-
dren [28] and neonates [29] have been evaluated. Von
Willebrand multimers interact on many levels with
endothelial cells, thrombocytes and fibrinogen. However,
a whole blood ROTEM approach has not been used for
closing the diagnostic gap for hemostatic alterations
caused by VWD so far. TEG seems to have certain ad-
vantages over standard ROTEM in the detection of
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VWD [30]. In fact, standard ROTEM profiles of VWD
do not differ from healthy controls [30]. Thus, our study
describes a modification of the existing standard
ROTEM assay to facilitate the detection of clinically
relevant VWD in whole blood. Thereby, we aim at
extending current emergency treatment options in an
unclear bleeding situation.

Methods

Ethics approval

Ethical approval for this study (# 3763, as of 03/03/08)
was provided by the local ethics committee of the Uni-
versity Hospital Erlangen, Erlangen, Germany. All partic-
ipants signed an informed consent declaration. In cases
where participants were legally minors (< 18 years of
age), consent to participate was collected from the par-
ents/guardians.

Patients

Our prospective monocentric cohort study involved
twenty-seven patients (n=16 females, age range: 3
month - 61.7 years; n =11 males; age range: 4 month -
38.8 years) who were referred to our medical centre for
screening for hemostasis disorders. Testing was indi-
cated by preceding bleeding episodes, findings of abnor-
mal hemostasis tests prior to elective interventions or
routine evaluation of previously diagnosed patients.

The participants were classified based on laboratory
phenotyping [24]: i.e. VWF:Ag, VWF:CB and the analysis
of multimers (all performed at the specialized coagulation
laboratory of Prof. Budde, Hamburg, Germany). PT, aPTT
and fibrinogen (Fib), Factor VIII, VWEF:RCo and blood
count were measured as a routine procedure at the Dept.
of Adolescents and Pediatrics at the University of
Erlangen-Nurnberg, Erlangen, Germany, using a XE-2100
analyser (Sysmex, Norderstedt, Germany) and the BCS XP
System (Siemens Healthcare, Erlangen, Germany).

A threshold of 50% was applied to all laboratory tests
concerning VWF to rule out VWD. If either VWF:Ag,
VWE:CB, or VWE:RCo were below 50%, but other fac-
tors were above 50%, the potential presence of a mild
type 1 VWD was considered. Thus, these patients were
classified as possible VWD. Mild Type 1 was defined by
VWE values between 30 and 50%, while the category of
Type 1 is characterized by bleeding history or at least
one VWF laboratory value below 30%. A VWF Ag below
3% was defined as Type 3, and Type 2 was defined by
gel electrophoresis (performed by Budde Coagulation
Laboratory, Hamburg, Germany, see below).

Statistical analysis

Statistical analysis was performed using GraphPad Prism
7 (GraphPad Software Inc., La Jolla, CA, USA). For
group comparison a two-tailed non-parametric Mann
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Whitney U test was employed. A p-value of <0.05 was
considered statistically significant. Results are given as
median, 25th and 75th quartile and minimum/maximum
value unless stated otherwise. Excel 2010, PowerPoint
2010 (Microsoft Corporation, Redmond, WA, USA) and
Photoshop CS6 (Adobe Systems Inc., San Jose, CA,
USA) were used for graphical layout.

Laboratory testing

Viscoelastic measurements were performed as instructed
with a ROTEM-Coagulation Analyser (ROTEM delta,
TEM, Munich, Germany). Trisodium citrate was used as
anticoagulant. Our modification protocol has been previ-
ously described in detail elsewhere [31].

In short, ROTEM measurements were performed with
whole citrated blood. The remainder of the sample was
centrifuged initially at 3000 g for 10 min. PT, aPTT, fi-
brinogen, FVIIL:C (via an one stage assay) [32], VWF:Ag
and VWE:RCo were determined by kit using commer-
cially available reference plasma (all from Siemens
Healthcare Diagnostics Products, Marburg, Germany).
All measurements were carried out using the BCS XP
System (Siemens Healthcare).

Gel electrophoresis, VWF:Ag and VWF:CB were per-
formed at the reference laboratory (Budde Coagulation
Laboratory, Hamburg, Germany).

Thromboelastometry (ROTEM)
Rotational Thromboelastography (rTE), now known as
rotational Thromboelastometry (ROTEM) [33], was per-
formed at four channels simultaneously. Parameters in-
cluded Clotting time (CT), Clot formation time (CFT),
Maximum clot firmness (MCF) [34] and the Area Under
Curve (AUC), as shown in Table 1. In short, after recal-
cification of citrated blood, different coagulation path-
ways were initialised using the commercially available
agents Intem (contact pathway activation), Extem (tissue
factor pathway) and Fibtem (fibrinogen dependent
clot-formation via the tissue factor pathway, thrombo-
cyte inhibition) (TEM, Munich, Germany) [31, 34].
a) Clotting after ristocetin platelet activation was analysed,
as described in detail [31]:

In short, ristocetin (Trinity Biotech, Wicklow, Ireland)
at a concentration of 15 g/L was added to the blood sam-
ple with subsequent incubation and mixing on a Spiramax
5 mixer (Ortho-Clinical Diagnostics, Neckargemuend,
Germany). Afterwards we repeated the procedure as men-
tioned above. After recalcification the coagulation was
started by the addition of Extem reagent. The resulting
clot formation curve (AUC,,, Fig. 1 b, e) represents the
clot strength, that remains after available platelets were re-
duced within the system via platelet agglutination through
ristocetin prior to the standard EXTEM assay. The change
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in clot formation was calculated via the following formula:
AUC ¢/ AUC e ¥100.

b) Clotting after ristocetin platelet activation and
addition of VWF-containing concentrate:

Our novel modification of the established ROTEM
method [31] outlined above, requires the addition of 5 pl
of Haemate® P (CSL Behring) solution (0.8 IU) to 400 pl
of each sample prior to the addition of ristocetin (see
(a)). Afterwards procedure (a) was followed, as described
above. The resulting clot formation curve (AUC ¢ ; hae-
mater Fig. 1 ¢, f) represents the clot strength, which re-
mains after available platelets were reduced within the
system through platelet agglutination by ristocetin in the
presence of additional plasma-derived VWF.

These assays resulted in three different AUCs, which
we named after their modification: i) AUCeyen, repre-
sents the regular Extem value; ii) AUC,;, represents the
AUC values after addition of ristocetin; iii) for AUCco -
haemate Haemate® P was added prior to the ristocetin
assay. We used the AUC values 30min after the
ROTEM was started. The normal clot is formed by fi-
brin interacting with activated platelets. The mechanical
strength and the viscoelasticity reflects the strength of
this interaction [35]. The AUC values were used for
comparison of the different modifications of the routine
ROTEM procedure. To detect the effect of ristocetin on
the whole blood coagulation process we calculated the
ratio of the AUC,;, and the regular Extem (AUCcyienm)-

Finally, for optimum comparison of results the differ-
ence of the respective AUC values was normalized to
the corresponding Extem AUC values using the follow-
ing formula: (AUCico- AUCico + haemate)/ AUCexterm *100.
If the addition of Haemate® P to the ristocetin assay has
little effect, the formula returns values below 15%. In
cases where AUC,., equals AUCic, + haemate the equa-
tion returns zero. However, if a substantial effect of Hae-
mate® P is present the resulting values should increase
up to 80%. 80% is expected to be the maximum value as
approximately 20% of the clot strength is merely
fibrinogen-dependent [35].

Results

As shown in Table 1, twenty-seven patients were in-
cluded in our study. Based on their laboratory values
seven patients were identified as controls, nine were
classified as VWD Type 1, including one patient with re-
current bleeding history, six were classified as Type 2A
VWD and two patients were classified as Type 3 VWD.
In two patients VWD was suspected (possible VWD,
Table 1) based on the reduction of a single VW marker
below its healthy reference value. One patient suffered
from mild hemophilia (Table 1). For all patients the
Extem, Fibtem, Extem with prior incubation of Ristoce-
tin alone (i.e. Ricotem -) and the Extem with incubation
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Table 1 Overview of patient’s characteristics and hemostatic parameters
o ]
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Normal A | 73 [a76 [ 430 [ 102 | 88 | 71 | 63 | 69 | 68 [68ie | 64 | 23 2277 | 220 | 0 | 374 [ 424 | 5
Normal A 93 32.2 458 | >150 | 172 201 152 52 70 6918 47 22 2139 70 13 1291 811 19
Type 1 mild O | 108 | 392 | 340 | 43 | 35 | 47 | 34 | 57 | 64 |63%0 | 52 | 17 | 1637 | 74 | 9 | 876 | 406 | 14 | 7
Type 1 mild (o} 89 41.8 304 64 40 38 38 51 62 6140 45 15 1488 74 15 1451 652 24 13
Normal A 91 31.1 321 >150 87 104 88 55 55 5484 37 14 1397 86 13 1288 | 448 23 15
Normal A | 9 |41.2 | 337 | 109 | 69 | 61 | 75 | 56 | 62 |6161 | 50 | 12 | 1194 | o7 | 15 | 1638 | 1235 | 27 | 7
Type 2A 0 103 42.1 323 21 14 16 7 54 66 6507 53 14 1379 | 151 14 1900 | 741 29 18
Possible VWD na | 102 | 36.9 | 388 | 147 | 55 | 49 | 56 | 56 | 72 | 7173 | 49 | 20 | 1928 | 71 | 25 | 2546 | 1166 | 35 | 19
Normal B 75 38.7 220 106 67 63 66 51 60 5975 54 10 948 256 22 1906 | 634 32 21
Type 2A [o) 24 54.9 224 64 49 33 36 98 68 6743 91 20 1954 | 295 7 2073 | 631 31 21
Type 1 mild O | 110 | 335 | 390 | 84 | 47 | 45 | 31 | 50 | 66 |6545| 53 | 15 | 1451 | 76 | 19 | 1918 | 473 | 29 | 22
Possible VWD 0 84 40.2 348 102 60 49 74 57 65 6386 56 14 1371 92 27 2744 | 1130 43 25
Type 1 mild A 81 39.2 262 85 44 M 38 54 64 6356 44 12 1204 | 334 18 2069 | 246 33 29
Mild hemophilia A 35 >120 | 331 5 179 134 182 36 63 6243 35 18 1773 44 47 4743 | 2629 76 34
Type 1 O | 121 | 342 | 342 | 53 | 33 | 44 | 20 | 56 | 63 | 6228 | 53 | 13 | 1318 | 106 | 31 | 3117 | 818 | 50 | 37
Clinical-bleeding | o | 88 | 41.2 | 493 | 108 | 68 | 50 | 66 | 51 | 64 | 6330 | 53 | 23 | 2208 | 74 | 54 | 5448 | 3058 | 86 | 38
Type 1 A | 104 | 352 | 313 | 80 | 51 | 52 | 53 | 54 | 63 | 6303 | 49 | 14 | 1416 | 134 | 33 | 3277 | 861 | 52 | 38
Type 1 mild O | 93 | 431 | 176 | 84 | 44 | 34 | 56 | 50 | 63 | 6257 | 56 | 11 | 1068 | 88 | 40 | 4055 | 1392 | 65 | 43
Type 1 mild [o) 97 39.2 310 111 49 50 51 55 65 6472 46 18 1732 82 42 4185 | 1093 65 48
Normal A | 116 | 31.6 | 403 | 151 | 140 | 129 | 155 | 49 | 64 | 6326 | 46 | 16 | 1584 | 45 | 49 | 4801 | 1726 | 76 | 49
Type 2A A 83 36.5 214 76 63 27 32 54 74 7358 52 42 4118 92 62 6195 | 1702 84 61
Type 3 A | 100 | 67.8 | 177 | 3 2 | 12 | 1 | 52 | 60 |5957 | 48 | 10 | 991 | 74 | 46 | 4520 | 832 | 76 | 62
Type 2A A | 81 | 440 | 199 | 23 | 24 | <10 | 3 | 57 | 63 |6252| 52 | 10 | 969 | 130 | 46 | 4509 | 464 | 74 | 66
Type 1 bleeding [o) 93 34.3 257 76 26 36 35 66 59 5908 53 12 1172 | 109 47 4695 | 649 79 68
Type 2A na | O | 518 | 262 | 12 | 8 | 16 | 5 | 62 | 67 |6603| 49 | 11 | 1078 | 136 | 54 | 5451 | 910 | 83 | 69
Type 2A n/a | 95 | 59.0 | 260 | 6 7 | 14 | 4 | 55 | 65 |6567 | 53 | 12 | 1167 | 89 | 53 | 5315 | 616 | 81 | 72
Type 3 B 108 78.3 317 5 1 10 2 48 63 6248 44 11 1047 79 54 5350 | 818 86 73

Color code: Blue = healthy subjects, red = low responders, green = high responders. Legend: ABO blood type: A, B, O and n/a as not available, sec = seconds. CT
represents a measure of the initiation of clot formation, CFT represents the speed of clot formation, MCF is the value of the maximum clot strength and AUC is
defined as the area under the velocity curve, i.e. the area under the 1st derivative curve ending at 30 min; PT (%) represents the prothrombin time, aPTT (sec)
represents the activated partial thrombin time, VWF:Ag (%) represents the von Willebrand factor Antigen, VWF:RCo (%) represents the Ristocetin Cofactor activity,
CB (%) represents the collagen binding activity of VWF, Extem represents the Extem activator reagent, Fibtem represents the Fibtem activator reagent, Ex Rico
represents the assay, activated by Extem activator reagent after preincubation with ristocetin, Ex Rico + Haemate represents the assay, activated by Extem
activator reagent after preincubation with ristocetin and Haemate® P, “Ricotem - "is the calculation according to the formula: AUC;;co/AUCextem ¥100, “Ricotem +”

is the calculation according to the formula: (AUC;ico- AUC ico + haemate)/AUCextern *100

The interquartile ranges for Ex Rico AUC were: 574 (25th perc.) -1463 (75th perc.); and for “Ricotem -": 9.7 (25th perc.) -24 (75th perc.)

of Ristocetin and Haemate® P (i.e. Ricotem +) were per-
formed. The respective results are given in Table 1.

The straightforwardness of our novel ROTEM assay (es-
pecially of the graphical readout) is exemplary shown in
Fig. 1, displaying representative ROTEM curves and AUCs
retrieved from whole blood of a healthy subject (Fig. 1 a-c,
n=1) compared to a patient with diagnosed type 3 VWD
(Fig. 1 d-f, n=1). In the healthy subject (Fig. 1 a-c)
addition of ristocetin resulted in a 94.5% reduction of the
AUC (Fig. 1 b), when compared to baseline AUCyem
(100%, Fig. 1 a). Subsequent addition of Haemate® P to the
assay increased the AUC;., to 14.0% of the initial AUC,,.
tem (Fig. 1 ). The addition of ristocetin to the representa-
tive patient with VWD type 3 (Fig. 1 d-f) on the contrary,
only resulted in a minor reduction of the AUC by 24.1%
(Fig. 1 e), when compared to baseline AUC e, (100%,
Fig. 1 d). Subsequent addition of Haemate® P to the assay,
further reduced the AUC,;., to 6.2% of the initial AUC,,.
tem (Fig. 1 f), similar to that of the representative healthy

subject (Fig. 1c). Thus, addition of VWF (i.e. Haemate® P)
to the ristocetin assay of a VWD type 3 patient was able to
restore the reaction of the whole blood probe to match
the response of the healthy control (Fig. 1 a-c).

Next, we used a stepwise approach to assess the effect-
iveness our assay in all potential VWD-positive patients:
Following the performance of AUC.em, AUC,, and
AUC,ico + haemate @ssays (Table 1), patients were grouped
according to the result of their AUC;.,/AUCtem 100
(i.e. Ricotem -) values to discern healthy patients
(Table 1, blue) from individuals with suspected VWD
(Table 1, non-blue), according to the modified ROTEM,
as published [31]. Subsequently, the two groups were
subjected to further subgrouping according to their re-
covery rate (%) by Haemate® P addition, as calculated by
the formula (AUCco- AUCico + haemate)/ AUCextem 100
(i.e. Ricotem +). The detailed results are displayed in
Table 1. Healthy patients (as defined by Ricotem -)
served as controls (Table 1, n =5, blue). The remaining
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Fig. 1 Representative graphical comparison of thromboelastometric (ROTEM, mm/min) results after consecutive addition of Haemate® P and
ristocetin to whole blood in a healthy subject (a-c) and a patient suffering from VWD type 3 (d-f). Color code: Green = CT (clotting time), purple
= CFT, blue = stable clot phase

twenty-two patients with suspected VWD were further
analysed with respect to their response to Haemate® P.
While the reaction to the VWF was heterogeneous in #
=15 patients (Table 1, marked in red, so-called low re-
sponders), we found a clear-cut reaction in n = 7 patients
(Table 1, marked in green, so-called high responders) to
VWE. The statistical comparison of the clot change re-
sponse to Haemate® P per group (Fig. 2) showed signifi-
cant differences (p <0.001 and p < 0.0001). As expected,
some overlap between patients diagnosed as healthy and
low responding subjects was visible, while the group of
high responders (>50%) could easily be distinguished
(Fig. 2).

While further statistical analysis of potentially lower
cut-off values was limited by our small cohort size we
have supplied a graphical display of a lower cut-off value
of 35% in Additional file 1: Figure S1. Additional file
1:Figure Sla represents all patients as color-coded de-
pending on their group in Table 1 (cut-off 50%), which
would qualify n=7 patients for VWF treatment in an
emergency setting at a specificity of 100%. In contrast,
Additional file 1:Figure S1b displays the same patients,
however the color-code was adjusted according to the
lower cut-off value of 35%. This increased the number of
qualifying patients by almost two-fold (n =13) while re-
ducing the specificity to 84% (11 of 13 patients).

Discussion

Altered hemostasis and major blood loss largely con-
tribute to potentially preventable morbidity and mor-
tality in trauma patients or unexpected bleedings in

the operation room [36], hence the term “hemostatic
resuscitation” [37]. Current laboratory methods to
diagnose severe coagulopathies are limited by labora-
tory runtimes. Viscoelastic analysis might solve many
of these challenges, because it provides rapid informa-
tion on clot stage and stability [13]. The efficacy of
various hemostatic strategies has been intensively
studied, as the massive transfusion of blood products
might cause dangerous side effects. Thus, related
guidelines mostly adhere to goal-directed strategies or
algorithms [38-40]. Fibrinogen seems of high import-
ance, but fibrinogen alone is not sufficient in all cases
[41]. Early administration of hemostatic agents in
clinical relevant bleeding, such as prothrombin com-
plex concentrate (plasma- derived), fibrinogen (plasma
derived or recombinant) or activated factor VIla (re-
combinant), is proposed [42]. An increase of tranex-
amic acid and factor XIII usage was noted [43]. The
administration of frozen plasma, DDAVP and throm-
bocytes are treatment possibilities for the bleeding pa-
tient. In our opinion the administration of VWF in
emergency scenarios with bleeding patients has been
neglected as a treatment option in those patients, so
far. Correctly diagnosing VWD and in particular type
1 VWD, remains difficult [44]. The diagnosis of VWD
is being further complicated by the fact that VWF is
an acute phase protein [45] and thus a correct diag-
nosis can be masked in different clinical conditions.
This circumstance was the incentive to further modify
our initial laboratory-based assay to function as a
bedside method with sufficient sensitivity and
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Fig. 2 Statistical comparison of the response to Haemate® P in
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specificity to enable a reasonable implementation of
VWE supplementation in an emergency setting [31].
Of course surplus transfusion of plasma and throm-
bocytes or sometimes DDAVP can be a good strategy
in the treatment of a VWD-caused bleeding, but in
some cases DDAVP could even harm the patient if
VWD Type 2B is causative [46].

While the vast majority of VWD subtypes can be
treated in a specialized manner by supplementing
plasma-derived or recombinant VWE, for our proposed
scope it is not necessary to diagnose the exact form of
VWD at the emergency level. Of course, subtyping of
VWD has to be done later in a specialized setting [47-
50]. Nonetheless, a rapid diagnosis of a critical VWD,
may it be inborn or acquired even, could be a great clin-
ical advantage. Our novel ROTEM-assay might suggest a
possible diagnostic cut-off for rapid identification of pa-
tients in need of VWF supplementation. As a limitation,
however, our proof-of-principle study was performed on
a limited number of pre-diagnosed patients in a
non-emergency setting only.
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Based on our previous study [31], we chose to utilize
the clotting curve generated by the Extem activator re-
agent as reference to improve comparability to the
work of others [51] and our own [31]. Nonetheless, the
alternative or even additional use of Intem activator re-
agent seems feasible and could be taken into consider-
ation, especially as Espinosa et al. could demonstrate
that the correlation between conventional coagulation
tests and ROTEM variables is subject to temporal
change [52]. As shown by us earlier, the initial ratio
(AUC,ico/ AUCcxtem *100) already is of high prognostic
value for the global function of VWEF ([31]. Further
addition of the antibiotic ristocetin to whole blood or
platelet rich plasma (PRP) initiates the binding of VWF
to platelets, thereby generating platelet clumps. Subse-
quently, these newly formed platelet clumps are no lon-
ger available for the regular clotting reaction. This
causes the AUC curve to decline in healthy patients, as
fewer functional platelets are available. The effect of
ristocetin on the clot is based on the presence of func-
tional VWE. The clot strength of a blood sample, which
was preincubated with ristocetin, is diminished com-
pared to a blood sample without ristocetin. AUC .,/
AUCytem *100 describes the decrease of the AUC of
the ristocetin inducible platelet agglutination. Thus, the
effect of ristocetin and the likelihood of VWD preva-
lence are inversely related. Values of 100% indicate that
ristocetin did not induce platelet agglutination. Based
on our previous work [31] a cut-off value of 25% for
Ricotem - was chosen. This resulted in an estimated
sensitivity of about 65% and a specificity of 76% for the
identification of VWD in our previous publication [31].
The greater the observed effect of additional VWF on
the ROTEM AUC of a ristocetin-treated blood sample,
the higher the likelihood that a bleeding patient could
benefit from VWF treatment. For Ricotem +, we chose
a cut-off value of 50% based on the graphical distribu-
tion of the recovery rate. However, in a clinical emer-
gency setting, a lower cut-off (e.g. >35%) might be
eligible (Additional file 1: Figure Sla and 1b). Unfortu-
nately, our study was limited by the low number of
non-acute patients and our proof-of-principle approach
only aimed to identify patients highly susceptible for
major bleeding. Thus, future studies should involve lar-
ger cohorts to further enable statistical determination
of Ricotem + cut-off ranges. Additionally, it remains to
be determined, whether the quality of our test assay
might benefit from the use of a recombinant VWF
product instead of Haemate® P [50].

As monitoring of hemostasis has become increasingly
crucial for acute bed side decision making [53], e.g. to
improve the treatment of women with postpartum
hemorrhage [54], the modification of established assays
used either in the laboratory or as a POCT, can help to
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reliably diagnose coagulation problems. A modification
of an established assay using factor XIII has already
been published [51]. Small sample volumes might espe-
cially argue for the use of these viscoelastic devices in
paediatric patients [28, 29]. As a limitation, ROTEM-
based detection of platelet-dependent bleeding disor-
ders can be significantly affected by numerous variables
known to affect platelet function. These include, but
are not limited to drugs or pathologic thrombocyte
function [55]. This could explain why some of our pa-
tients with clinical hemorrhage showed increased AUC
ratios, although we were not able to diagnose them as
VWD later on. Hence further research is necessary for
the clinical interpretation of results with values suspi-
cious for VWD. Clearly, patients who were classified as
“suspected VWD” by our assay would have to see a spe-
cialist for a safe diagnosis later. As VWF interacts with
factor VIII in some cases, type 3 VWD could have been
misdiagnosed earlier [56]. Prior to elective surgery all
patients with suspected hemostatic disorders should
visit a specialist for hemostasis allowing the diagnosis
of severe VWD via the determination of VWF activity
(GP1bM; GP1bR). In cases of acute bleeding that re-
quire fast clinical decision making without a confirmed
diagnosis, however, the possibility of a loss of functional
VWE should at least be taken into account.

For emergency settings Bollinger et al. elaborated a
treatment algorithm based on routine laboratory results
or ROTEM values [2]. We suggest adding another deci-
sion path (Fig. 3) to the proven flowchart [2] although
further studies are needed to evaluate the benefits of
this new thromboelastometric assay as a routine
parameter. To stay in the tradition of the ROTEM
names given to existing assays [34], we suggest the
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name “Ricotem +”. The Ricotem values represent the
difference in clot stability through supplementing VWF
within the ristocetin modified Extem assay. To proof a
benefit of our new strategy a multicentre approach
would be necessary. Additionally all patients with
hemostatic disorders included in such a study should
be genetically characterized.

Conclusions

The main aim of our proof-of-principle study was to
draw attention to VWF supplementation as a treat-
ment option in trauma and emergency bleeding situa-
tions by providing ROTEM as an easy and helpful tool
for deciding, if such supplementation could be reason-
able. As plasma contains only low amounts of VWF,
its substitution does not cover VWD sufficiently. The
development of systematic hemostatic POCT tests is
still ongoing, but to our knowledge, specific algo-
rithms to guide hemostatic diagnostics and therapy for
patients undergoing trauma/emergency surgery do not
take the supplementation of VWF into account so far.
VWD, the most prevalent congenital bleeding
disorder, remains undetected by standard hemostatic
testing and is difficult to detect in an emergency
setting, if it has not already been diagnosed before.
The addition of VWF (e.g. Haemate® P) to a
well-established test assay provides a powerful tool to
decide which patient should receive VWF in case of
bleeding as an individualized treatment option. This
extension of the current ROTEM-based bleeding
management might help emergency physicians to
recall this important, yet somewhat neglected treat-
ment option.

Microvascular
Bleeding

ROTEM + All Surgical
Coagulation tests normal Exploration
|
A\ 17 Y Y L4
MCF Extem < 48 mm CT Extem > 100 sec
and MCF Fibtem < 10 mm and/or ML Extem > 15% Ricotem + > 50%
MCF Fibtem > 10 mm CT Intem > 240 sec
and/or and/or and/or

Platelets < 100 x 10%L| | Fibrinogen < 1.5 g/L | [PT/aPTT > 1.5 x normal

/

Y

}

Y

Y

Cryoprecipitates FFP
Platelets and/or and/or
Fibrinogen concentrate PCC

Tranexamic acid
or
Aminocapronic acid

VWEF Concentrate

Fig. 3 Modified management algorithm of microvascular bleeding from Bolliger et al. [2]: Based on the results of our presented ROTEM-
technique we suggest an extension of the current version by an additional decision path (highlighted in blue)
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Additional file

Additional file 1: Figure S1. a) Patients response to Haemate® P. Values
represent recovery in percent, as calculated via (AUCico- AUCico + haemate)/
AUCeytem ¥100. Color code: Red = low responders, green = high
responders. Cut-off 50% as in Table 1. Cut-off values (i.e. 50 and 35%) are
indicated by solid black and orange horizontal lines, respectively. Figure
S1.b) Patients response to Haemate® P. Values represent recovery in per-
cent, as calculated via (AUCico- AUC ico + haernate)/ AUCextern *100. Color
code: Red = low responders, green = high responders with alternative
cut-off value of 35%. Different cut-off values (i.e. 50 and 35%) are indi-

cated by solid black and orange horizontal lines, respectively. (ZIP 83 kb)
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