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Abstract: (1) Background: Allergic reactions and angioedema are important immunologic conditions in acute
care settings. Prior data indicate an association between the severity of symptoms and maximum lysis (ML) in
thromboelastography. We aimed to evaluate the dynamics of ML after two hours of observation after admission
to the emergency department. (2) Methods: We determined ML with thromboelastography using extrinsic
testing (EXTEM, ROTEM?®, Werfen GmbH, Munich, Germany) at the presentation of patients with
immunologic reactions and approximately two hours thereafter. The median test was used to compare the
extent of ML between individuals who were still symptomatic at follow-up and those who were asymptomatic.
(3) Results: We prospectively enrolled 16 individuals (10 (63%) female, mean age 50+14 years). Of these, 6 (38%)
were still symptomatic at follow-up. Patients who had persistent symptoms had significantly higher ML than
those who were asymptomatic (14% (IQR 12-17) vs. 8% (IQR 4-10), p=0.002). (4) Conclusions: ML is elevated in
patients who are still symptomatic two hours after presenting to the emergency department due to an

immunologic reaction.
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1. Introduction

Acute immunologic reactions, including angioedema and allergic reactions, can cause
alterations in the coagulation system.[1,2] Prior data from our study group indicate that the severity
of immunologic reactions is related to the extent of maximum lysis (ML) measured by
thromboelastography.[3] More severe conditions are associated with higher ML in the extrinsic
survey of ROTEM (EXTEM).[3] In the aprotinin assay (APTEM), aprotinin is added to block
fibrinolytic enzymes, allowing the clinician to distinguish true fibrinolysis from other processes and
artifacts.[4] The possible mechanisms behind the connection between fibrinolysis and immunologic
conditions are described in detail in our primary publication.[3]

Guidelines suggest monitoring patients with acute immunologic reactions for up to 8 hours.[5-
9] The reason behind this recommendation is that multiphasic reactions might occur.[6] The latter
implies that a patient’s clinical condition initially improves but afterward worsens again.[6] In this
context, there seems to be no proven connection between the severity of an immunologic reaction
and the time a patient needs to recover fully.[10] In this context, individuals with severe conditions
might recover fast and permanently, while patients with light symptoms might need more time and
encounter clinical setbacks, and vice versa.[10] To optimize resource allocation, objective parameters
that help to identify those with an increased risk of persistent or recurrent symptoms would be
helpful. Clinical consequences may include close monitoring and readiness to re-administer
treatment.

Blood lactate and tryptase levels are objective parameters of the severity of an immunologic
reaction.[6,7,11,12] However, the latter are time- and resource-intensive to obtain, making them rather
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unsuitable for use under emergency circumstances. Thromboelastography assays, such as ROTEM,
on the other hand, are point-of-care tests, relatively easy to perform, and available in many
emergency and intensive care settings worldwide.[13-15] Combining a patient’s clinical gestalt and
thromboelastography might add valuable information for further management.

As far as we are informed, no clinical studies have investigated the dynamics of fibrinolysis
using thromboelastography from presentation to follow-up in patients with acute immunologic
reactions.

We aimed to investigate whether the thromboelastography results of emergency department
patients with acute immunologic reactions who are still symptomatic after observation over two
hours differ from those who are asymptomatic. Furthermore, we aim to investigate the association
between the findings of thromboelastography at presentation and follow-up.

2. Materials and Methods

This study analyzes the follow-up data of a patient population investigated in a prior
prospective survey.[3] All adult patients (>18 years of age) presenting to our academic emergency
department due to acute immunologic reactions between July 2021 and April 2023 were offered to
participate in the study if resources were available. Using a ROTEM® Delta device (Werfen GmbH,
Munich, Germany), study team members performed EXTEM and APTEM assays at presentation and
approximately 2 hours thereafter. Details about thromboelastography's function and measurement
technique can be found in our previously published work.[3]

Clinically, we prospectively assessed immunologic symptoms at presentation, grading them as
mild or severe, as described in our previous publication.[3] At follow-up, we classified patients as
symptomatic or asymptomatic. All patient records were screened by the same physician to ensure
that the patients met the inclusion criteria and to check for consistency.

2.1. Primary Analysis

We compared EXTEM ML between patients with and without symptoms at follow-up 2 hours
after presentation to the emergency department.

2.2. Sensitivity Analysis

Finally, to test the assumption that our findings from EXTEM were duly related to alterations in
the coagulation cascade, we investigated ML in APTEM at follow-up between patients with and
without persistent symptoms.

We used the nonparametric equality-of-medians test for all comparisons. We present median
values as well as interquartile ranges (IQR) for the groups as well as p-values for the comparisons. A
two-sided p-value of <0.05 is considered statistically significant. We utilized MS Excel 16.82
(Microsoft Corp., Redmond, WA) for data management and Stata SE 18.0 (Stata Corp., College
Station, TX) for calculations. The STROBE statement for this manuscript can be found in Supplement
1.[16]

3. Results

Of the 31 patients included in the initial survey, 16 (10 (63%) female, mean age 50+14 years)
individuals underwent follow-up. Of these, 6 (38%) were still symptomatic at follow-up. Table 1
presents the baseline characteristics of the study population.

Table 1. Baseline characteristics of the study population regarding symptom persistence at follow-

up.
Patients with ‘
ersistent Asymptomatic
All patients, N=16 (100%) p paticnts, n=10
symptoms, n=6 (©3%)
(38%) 0

Female, n (%) 10 (63) 2 (33) 8 (80)
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Age, years, mean (SD) 50 (14) 50 (16) 51 (11)
Suspected trigger, n (%)
Medication 7 (44) 4 (67) 3 (30)
Insect venom 4 (25) 1(17) 4 (40)
Food 1(6) 1(17) 0 (0)
Unknown 3(19) 0 (0) 3 (30)
Severe symptoms at presentation, n(%) 8 (50) 6 (100) 2 (20)
Symptom onset to ED presentation,
minutes, median (IQR) 89 (31 -279) 25 (16 — 44) 120 (80 — 375)
Time between initial and follow-up
thromboelastography, median (IQR) 136 (104 - 151) 125 (105 -177) 136 (103 — 150)

SD standard deviation, ED emergency department, IQR interquartile range.

3.1. Primary Analysis

Patients who were still symptomatic at follow-up had significantly higher ML in the EXTEM
assay than those who were asymptomatic (14% (IQR 12-17) vs. 8% (IQR 4-10), respectively, p=0.002).
(see Figure 1) The dynamics of EXTEM ML from presentation to follow-up are displayed in Figure 2.

maximum lysis (%)

asymplomatic symptomatic

Figure 1. Maximum lysis in ROTEM'’s extrinsic test (EXTEM) at follow-up in patients with persisting

and non-persisting symptoms.
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maximum lysis (%)
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|

Figure 2. Dynamics of maximum lysis in ROTEM’s extrinsic test (EXTEM) between presentation to

the emergency department and follow-up. Dashed lines refer to patients with persisting symptoms at
follow-up.

3.2. Sensitivity Analysis

We did not detect a significant difference regarding ML in APTEM between patients with (12%
(IQR 11-15)) and without persistent symptoms (9% (IQR 5-13), p=0.152). Figure S1 shows ML at

follow-up before and after inhibition of fibrinolysis with aprotinin.
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4. Discussion

Our data suggest that thromboelastography reveals altered ML in patients with immunologic
reactions who are still symptomatic two hours after presentation to the emergency department.

Many authors define hyperfibrinolysis as an ML>15%, which is reversed by adding aprotinin
(i.e., an APTEM assay).[4] To answer our study question, we did not take any formal definition of
fibrinolysis into account. Only 3 of our patients had ML values slightly over 15%. Of these, 2 had
persistent symptoms. However, ML measured with EXTEM was likely close enough to the normal
range for the APTEM not to cause any further decreases. Nevertheless, our findings might be
interesting: The release of tPA from the activated endothelium might be subtle but still detectable. In
this context, one must keep in mind that the thromboelastography thresholds were originally tailored
to the acutely bleeding trauma patient, where massive thrombolysis might occur. None of the
individuals we included had any signs of inner or outer bleeding, which is seen in very severe or
lethal cases.[17] We believe that the conventional cutoffs of thromboelastography do not apply to our
cohort of interest, where the assay is still experimental.

Our study has several limitations. One might argue that our sample size is relatively small,
which is a valid concern. We initially aimed to control for covariates, including age and gender, in
regression models but were unable to do so given the few patients included. However, in
consideration of up-to-date literature, our cohort is comparably large. Data on the topic are generally
scarce.

5. Conclusions

Patients with persistent immunologic reactions continue to have higher maximum lysis on
thromboelastography than asymptomatic individuals a few hours after presentation to the
emergency department.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Figure S1: Maximum lysis in ROTEM before (extrinsic test (EXTEM)) and after
inhibition of fibrinolysis using aprotinin (aprotinin test (APTEM)). Dashed lines refer to patients with persisting
symptoms at follow-up.; Table S1: STROBE statement.
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