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Abstract

Background: Viscoelastic test—guided coagulation management has become increasingly important in assessing hemostasis.
We developed Visua Clot, an animated, 3D blood clot that illustrates raw rotational thromboel astometry (ROTEM) parameters
in a user-centered and situation awareness—oriented method.

Objective: This study aimed to evaluate the applicability of Visual Clot by examining its effects on users that are novicesin
viscoel astic-guided resuscitation.

Methods: We conducted an investigator-initiated, international, multicenter study between September 16, 2020, and October
6, 2020, in 5 tertiary care hospitals in centra Europe. We randomly recruited medical students and inexperienced resident
physicians without significant prior exposure to viscoelastic testing. The 7 participants per center managed 9 different ROTEM
outputs twice, once as standard ROTEM tracings and once as the corresponding Visual Clot. We randomly presented the 18
viscoelastic cases and asked the participants for their therapeutic decisions. We assessed the performance, diagnostic confidence,
and perceived workload in managing the tasks using mixed statistical models and adjusted for possible confounding factors.

Results:. Analyzing atotal of 630 results, we found that the participants solved more cases correctly (odds ratio [OR] 33.66,
95% CI 21.13-53.64; P<.001), exhibited more diagnostic confidence (OR 206.2, 95% Cl 93.5-454.75; P<.001), and perceived
less workload (coefficient —41.63; 95% Cl —43.91 to —39.36; P<.001) using Visual Clot compared to using standard ROTEM
tracings.

Conclusions: This study emphasizes the practical benefit of presenting viscoelastic test resultsin a user-centered way. Visual
Clot may alow inexperienced users to be involved in the decision-making process to treat bleeding-associated coagul opathy.
The increased diagnostic confidence, diagnostic certainty, reduced workload, and positive user feedback associated with this
visualization may promote the further adoption of viscoelastic methods in diverse health care settings.
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Introduction

Since Hartert invented viscoelastic testing in 1948 [1] and its
later clinical introduction in the 1980s [2,3], viscoelastic
coagulation monitoring has become increasingly important in
assessing acute bleeding in patients. To thisend, several leading
guidelines have proposed the use of viscoelastic-guided
transfusion algorithms [4,5]. Compared to standard laboratory
coagulation assays, rotational thromboelastometry (ROTEM)
isfaster [6,7], reducesinappropriate blood transfusions[ 8], and
is more cost-efficient overall [9]. Further, previous studies
showed that goal-directed viscoel astic hemostatic resuscitation
improved patient outcomes in various different surgical
specialties [9-13]. However, despite its evident importance,
widespread acceptance, and increasing use, correctly interpreting
ROTEM outputs remains a significant challenge for
inexperienced physicians.

Hence, our research department aimed to simplify viscoelastic
test outputs by developing Visual Clot technology. This
animated, 3D blood clot illustrates the raw ROTEM parameters
in a user-centered and situation awareness—oriented method.
Visual Clot displaysdifferent coagul ation components aseither
present or absent based on empiricall ROTEM cutoff values,
without making the final decision for the user. Figure 1 shows
the functionality of the Visua Clot technology. In a previous,
prospective, dual-center study, Visual Clot helped anesthesia
and intensive care physicians in Germany and Switzerland to
improvetheir therapeutic decisionsin coagul ation management
[14]. In a computer-based environment, the physicians were
faster, exhibited more confidence, and experienced less
workload in managing the hypothetical ROTEM outputs [14].
After their initial experiences, the same physicians considered
Visual Clot as intuitive, easy to learn, and useful for the
decision-making process [15].

Figure 1. Example of the animated blood clot, Visua Clot. Blood drops are shown in cases of deficient hemostatic components.
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In contrast to the previous research [14,15], this study aimed to
evaluate the applicability of Visual Clot by examining its effects
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on users that are novices in viscoelastic-guided resuscitation.
Without giving any instructions on analyzing or interpreting
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viscoelastic results, we tested the performance of using Visua
Clot compared to that of using standard ROTEM readings. We
hypothesized that these inexperienced users would solve more
simulated bleeding scenarios correctly, with more diagnostic
confidence and less perceived workload using this avatar
technology. The results of this study may support the concept
of Visual Clot technology and demonstrate its potential for
involving inexperienced physicians in coagulation diagnostics
and management. Moreover, this study promotes the further
development of user-centered, situation awareness—oriented
visualization technologies.

Methods

This was an investigator-initiated, computer-based,
within-subject, international multicenter study comparing
standard ROTEM results with a corresponding animated
viscoelastic visualization in simulated bleeding situations. We
conducted this study between September 2020 and October
2020in 5, large, tertiary care hospitals. The Cantonal Hospital
Winterthur and University Hospital Zurich in Switzerland, the
University Hospital Frankfurt and University Hospital
Wuerzburg in Germany, and Hospital Clinic de Barcelona in
Spain participated as different centers. The leading ethics
committee in Zurich waived this study as it was not within the
scope of the human research act (no. BASEC-Nr.
Reg-2020-00906). The other centersin Germany and Spain also
waived ethical approval. All participants agreed in writing to
the further use of obtained data for research purposes.

Study Procedure

For participants, we included medical studentsin their last or
penultimate year of study and inexperienced resident physicians
without significant prior exposure to viscoelastic coagulation
testing. Further inclusion criteriawere that they had never seen
Visual Clot before and had no or minimal self-declared ROTEM
skills. All participants worked in the respective hospitals.
Participant selection was according to availability in clinical
practice and inexperience in viscoelastic resuscitation. This
subject population was completely different from that of the
previous Visua Clot study [14], in which we investigated the
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technology’s effect on experienced anesthesia and intensive
care physicians.

We prepared 9 different bleeding scenarios that indicated
specific coagulation disorders or a normal hemostatic state. In
Multimedia Appendix 1, we provide a detailed list of all
scenariosincluding their recommended therapeutic options. We
showed each scenario twice, either asstandard ROTEM readings
or asthe corresponding Visual Clot. Figure 2 showsan example
of astandard ROTEM presentation with acorresponding Visual
Clot, while Multimedia Appendix 2 shows the Visual Clot
instructional video. We programmed Visual Clot according to
the Zurich coagulation algorithm (Multimedia Appendix 3),
which was validated in clinical practice [11]. When showing
the bleeding scenarios as standard ROTEM readings, we
provided the participants with the same coagul ation algorithm'’s
normal values[11]. At the beginning of the study, wefirst asked
the participants to fill out a demographic survey on persona
data, such as age, gender, and educational level. We then
randomly presented the 9 different coagul ation scenarios twice
without any instructions on how to interpret them. We used
online software [16] to randomize the sequence of these 18
scenarios, providing each participant with a unique set. We
showed all ROTEM readings or the respective Visual Clot on
an Apple MacBook (Apple Inc). Using exclusively the
respective viscoelastic results presentation, we asked the
participants to choose their targeted therapeutic
recommendationsfrom atotal of 6 given answer options. It was
possible that multiple therapeutic interventions were necessary
for sufficient treatment. We provided the answers as checkboxes
in multiple choice form using the app iSurvey (Harvest Your
Data) displayed on an iPad (Apple Inc) [17]. We encouraged
all participants to submit their therapeutic recommendations as
quickly and accurately as possible. After each scenario, the
participants rated their diagnostic confidence and perceived
workload in fulfilling the given task. At the end of the study
session, we asked the participants to rate 4 statements on a
5-point Likert scale (from strongly disagree to strongly agree).
These statements aimed to obtain adeeper understanding of the
participants’ opinions about Visual Clot technology.
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Figure 2. Example of astandard rotational thromboelastometry (ROTEM) presentation with a corresponding Visual Clot. Adhering to the coagulation
algorithm used at the University Hospital Zurich, this hemostatic state represents fibrin deficiency.

Outcomes

The primary outcome of this study was performance, a binary
outcome defined as correctly or incorrectly solved scenarios.
In scenarios with multiple required therapeutic elements, we
considered them to be correctly managed if the participant
selected all the correct therapeutic options and no incorrect ones.
Assecondary outcomes of this study, we assessed the diagnostic
confidence binary as unconfident or confident, and the perceived
workload using theraw NASA (Nationa Aeronautics and Space
Administration) Task Load Index questionnaire. This subjective
workload assessment tool has been validated in many different
areas, including health care [18-23]. The raw questionnaire
defines the total perceived workload as the arithmetic mean of
6 different, workload-associated subscores [23-25]. This study
did not investigate the physical demand subscore, as our tasks
were not physically challenging.

Statistical Analysis

Asafirst unadjusted analysis, we applied the McNemar test to
compare the numbers of correctly and incorrectly solved cases
with ROTEM and Visual Clot. We calculated mixed logistic
regression models with arandom intercept for each participant
for the binary outcome variables, performance as correct or
incorrect, and confidence as unconfident or confident. Further,
we calculated alinear mixed model with arandom intercept per
participant for the continuous outcome regarding perceived
workload as measured by the overall NASA Task Load Index
scores. Apart from the variable denoting the respective
viscoelastic modality (ROTEM vs Visua Clot), we adjusted all
models for the center, gender, and job experience as
confounders. We did not include the respective scenario as a
confounding factor because the order was completely
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randomized for each participant and would not have
consequently influenced the overall results.

As we expected similar or greater performance differences as
in the previously published Visual Clot study with experienced
ROTEM users, we conducted an apriori sample size calculation
based on these previous results[14]. We had reported amedian
of 44% (317/720) correct decisions for ROTEM and 100%
(720/720) correct decisions using the Visual Clot. Based on the
McNemar test and assuming the proportions of correct solutions
were found in the pilot study, we calculated a sample size of
15 participantsto achieve asignificancelevel of 5% and apower
of 90%. Asthedatacollection was very cost- and time efficient,
we decided to include 7 participantsin each center to adjust the
analyses for the different centers.

We examined all data using R Version 3.6.2 (R Foundation for
Statistical Computing) and created graphs using GraphPad Prism
Version 9.0.0 (GraphPad Software Inc). Statistical significance
was considered at a P value <.05.

Results

Between September 16, 2020, and October 6, 2020, each of the
5 study centers included 7 participants, amounting to 35
participants in total. We exposed each participant to 18
coagulation management scenarios, providing ROTEM results
in 9 casesand Visual Clot inthe remaining corresponding cases.
No data were excluded in the final analysis. We investigated a
total of 630 results, 315 per viscoelastic output modality.
Regarding the participants, 49% (17 of 35) were female and
none had previous contact with Visual Clot technology. Table
1 displays further study and participant characteristics. In
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Table 1. Study and participant characteristics (N=35).
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of this study.

Characteristic Value
Study centers, n 5
Age (years), median (IQR, range) 28 (25-32, 24-36)
Self-rated theoretical ROTEM? knowledgeb, median (IQR, range) 0(0-10, 0-20)
Number of ROTEMs interpreted per year®, median (IQR, range) 0(0-0,0-6))
Experience, n (%)
Penultimate year of medical studies 3 (9%)
Last year of medical studies 10 (29%)
First year resident physician 19 (54%)
Second year resident physician 2 (6%)
Third year resident physician 1(3%)

8ROTEM: rotational thromboelastometry.

PThe self-rated ROTEM knowledge scale ranges from O (very low) to 100 (very high).
“The number of ROTEM interpreted per year ranges from 0 (very low) to 100 (very high).

Regarding our primary outcome, binary performance, the mixed
logistic regression provided very strong evidencefor adifference
between the 2 viscoelastic modalities. The odds of correctly
solving the case were about 33 times as high when using Visual
Clot compared to when using conventional ROTEM tracings
(oddsratio [OR] 33.66, 95% CI 21.13-53.64; P<.001). In Figure
3, we illustrate the unadjusted comparison between the
viscoelastic modalities using the McNemar test. There was no
significant differencein performance between the genders (OR

0.63, 95% CI 0.38-1.03; P=.06) or the different study centers
(al P vaues >.05; Cantonal Hospital Winterthur P=.41,
University Hospital Frankfurt P=.65; University Hospital
Wiirzburg P=.60; Hospital Clinic de BarcelonaP=.69). Thejob
experience, represented by the educational level, did not differ
significantly in terms of performance either (all P>.05; last year
of studies P=.59; first year of residency P=.64; second year of
residency P=.96; third year of residency P=.75).

Figure 3. Donut charts displaying the binary performance defined as the number of correctly and incorrectly solved cases using standard ROTEM
results (left donut) or Visual Clot (right donut). The unadjusted analysis using the McNemar test showed very strong evidence for a difference between
the 2 viscoel astic modalities (P<.001). N=315 per viscoelastic modality. ROTEM: rotational thromboel astometry.

I Correctly managed cases

B Incorrectly managed cases

ROTEM

Visual Clot

McNemar test: P<.001

For the analysis of the participants’ diagnostic confidence about 200 times higher than when using ROTEM printouts (OR

ratings, our results showed very strong evidence in favor of

Visual Clot. The odds of being diagnostically confident were
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206.2, 95% CI 93.5-454.75; P<.001). Regarding this outcome,
no significant differences were not found for the ratings of
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genders (P=.96), centers (Cantonal Hospital Winterthur P=.10;
University Hospital Frankfurt P=.42; University Hospital
Wiirzburg P=.12; Hospital Clinic de Barcelona P=.08), or job
experiences (last year of studies P=.73; first year of residency
P=.97; second year of residency P=.32; third year of residency
P=.18).

Said et al

Finally, mixed linear regression yielded very strong evidence
for adifference between the 2 viscoel astic modalitiesregarding
perceived workload ratings. The overall raw NASA Task Load
Index scores were on average about 40 points lower if Visual
Clot was used, with a coefficient of —41.63 (95% CI -43.91 to
—39.361; P<.001). In Figure 4, we provide the analysis of the
overall perceived workload and its subscores as boxplots.

Figure 4. Boxplots representing the analysis of the participants’ perceived workload after using the respective viscoelastic modality. The overall
workload and its subscores were evaluated using the modified, raw NASA Task Load Index questionnaire. Low workload scores correspond to low
perceived workload. The box represents the first and third quartiles, with the lineindicating the median. N=315 per viscoelastic modality. The whiskers
represent the 5th and 95th percentile. NASA: National Aeronautics and Space Administration; ROTEM: rotational thromboelastometry; TLX: Task

Load Index.
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Figure 5 illustrates the 4 statements regarding the participants
opinions about Visual Clot and the results of their assessment.
All following results are presented as agree (strongly agree or
agree), neutral, or disagree (strongly disagree or disagree). Out
of 35 participants, 34 (97%) agreed that the interpretation of
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Visual Clot was simple and 33 (94%) agreed that Visual Clot
helped them feel better prepared to interpret viscoelastic test
results. Moreover, all participants (35/34, 100%) agreed that
they would use Visual Clot technology in a rea bleeding
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situation, and 28 of 35 (80%) would want their treating physician

Said et al

to use Visual Clot if they were experiencing acute bleeding.

Figure5. Graphical presentation of the participants' rated survey statements as 10 x 10 parts of whole dot plots. Results are presented as median and

IQR. N=35 in each rated statement.

B strongly agree (=4) = agree (= 3)

The interpretation of Visual Clot was simple.
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I would use Visual Clot if 1 had to interpret
viscoelastic test results in a real bleeding
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000000 Q®0O®
o000 000OQ®O®
000000000
e00000Q0Q®0O0®
o00000OOOO®
000000 Q®00
0000000000
0000000000
0000000000
000000000

Median response 4, IQR 3-4

Discussion

This study compared 315 within-subject therapeutic decisions
of 35 participantswho wereinexperienced in viscoel astic-guided
hemostati ¢ resuscitation and who did not receive any instructions
in interpreting the result printouts. Using the animated blood
clot, Visua Clot, the participants interpreted more viscoel astic
test results correctly than when using the standard ROTEM
tracings. Moreover, they felt more confident in their therapeutic
decision and perceived less workload using Visual Clot
technology. None of the participants had any previous contact
with the avatar-based presentation before attending the study.
We examined the results using mixed models and adjusted for
different confounders.

Analysis of the participants' performance revealed that the
participants sel ected the correct therapeutic optionsin over 90%
(282 of 315) of the Visual Clot cases, whilethey made the same
choicesin only about 22% (69 of 315) using the corresponding
ROTEM. This resulted in a relative risk ratio of about 4 and
33-times higher odds of correctly interpreting the test results
when using Visua Clot technology. Thispositive effect persisted
both across the different study centers and across the
participants' educational levels. These results are even more
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RenderX

[ neutral (= 2)

[ disagree (= 1) I strongly disagree (= 0)

Visual Clot helped me feel better prepared to
interpret the viscoelastic test results.

o00000COCOOO
o000000OQC®OO
ooo000COO®O®®
0000000000
0000000000
o0o000O0OOGOOO
00000000OO
@0O00000000
0000000000
0000000000

Median response 4, IQR 3-4

If T myself were in a bleeding situation, I would

like my treating physician to interpret the

viscoelastic test results using Visual Clot.
0000000000
000000000
0000000000
o000000O00®0
0000000000
000000000
000000000
0000000000
0000000000
0000000000

Median response 3, IQR 3-4

pronounced than those in the primary Visua Clot study, where
weinvestigated viscoel astic-experienced physicians[14]. There,
the odds of a correct therapeutic decision using the avatar
technology were around 22 timesincreased. Visual Clot appears
to have significant positive effects even without any instructions
for interpretation and even for users with minimal
viscoel astic-guided resuscitation knowledge.

Indeed, perceived usability isaprerequisite for user acceptance
of innovative technologies [26]. Both users intuition (ie,
unconscious reasoning) and the technology’s characteristics,
such as shape, color, and presentation of its features, directly
influence how peopleinteract with unfamiliar devices[27]. Out
of 35 participants, 33 agreed that interpreting Visual Clot was
simple. In a previous study investigating physicians’ opinions
on Visual Cloat, the participants found the avatar useful, easy to
learn, and intuitive [15]. Likewise, they mentioned that it
allowed a faster overview of complex coagulation situations
[15]. Visua Clot dichotomizes a disease state or the presence
of substrates necessary for optimal clotting based on
pathological, self-determinable ROTEM thresholds of an
integrated, adequate coagulation algorithm. Indicating essential
factorsas present or absent and demonstrating themin aplayful,
user-centered manner reduces information complexity, leading
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to increased cognitive reception [28]. This binary illustration
facilitates decision-making, may help to enforce loca
coagulation guidelines, and can reduce uncertainty in ambiguous
situations through its clear presentation. On the other hand, the
standard ROTEM printouts require that the physician
understands the numerical results and the data-driven tracings
in the context of the coagulation algorithm’s normal values to
form a mental model of the current bleeding situation. This
seems to cause more insecurity and incorrect therapeutic
decisions that may affect the treatment of patients.

Our analysis showed a significant reduction of participants
perceived workload scores when using Visua Clot than when
using traditional ROTEM results. Furthermore, our analyses
showed 200 times higher odds of being confident when using
Visual Clot. Again, these results are more pronounced in these
novice users than in the experienced anesthesiologists and
intensive care specialists of the previous Visual Clot study [14].
In large hospitals, inexperienced resident physicians may be
confronted with acute bleeding situations and coagul opathy
even before they possess sufficient medical training inthisfield.
This may cause a high-pressure working environment, which
isknown to degrade performance [29] and lead to fatigue from
perceived work overload [30]. Staff well-being directly
influencesthe prevalence of medical errors[31], and confidence
positively affects performance [32]. We should strive to
minimize workload and promote the staff's diagnostic
confidence to ensure better patient outcomes.

In this study, all of the participants agreed that they would use
Visual Clot in areal bleeding situation. Further, 80% (28 of 35)
agreed that they would want their treating physician to use this
technology if they were experiencing acute bleeding themselves.
It seemsthat the participants trust the technology and accept its
application. However, we designed Visua Clot to complement
the quantitative ROTEM data as a graphical representation,
rather than to replace them.

This study had severa limitations. Using a computer-based
simulation design, we generated ROTEM printouts and
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Multimedia Appendix 1

All scenarios including their recommended therapeutic options.
[PDE File (Adobe PDF File), 2082 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Instructional video showing the functionality of Visual Clot.
[MPA4 File (MP4 Video), 7648 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Visual Clot algorithm according to the local rotational thromboel astometry thresholds at the University Hospital Zurich.
[PDEF File (Adobe PDF File), 152 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Full statistical analysis of this study.
[PDE File (Adobe PDF File), 131 KB-Multimedia A ppendix 4]
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