

[image: image1]
Comparison of the New Viscoelastic Coagulation Analyzer ClotPro® With ROTEM® Delta and Conventional Coagulation Tests in Critically Ill Patients With COVID-19












	
	ORIGINAL RESEARCH
published: 16 November 2021
doi: 10.3389/fmed.2021.777145






[image: image2]

Comparison of the New Viscoelastic Coagulation Analyzer ClotPro® With ROTEM® Delta and Conventional Coagulation Tests in Critically Ill Patients With COVID-19

Lukas Infanger, Christoph Dibiasi, Eva Schaden, Stefan Ulbing, Marion Wiegele, Conrad Lacom and Johannes Gratz*

Department of Anaesthesia, Intensive Care Medicine and Pain Medicine, Medical University of Vienna, Vienna, Austria

Edited by:
F. Javier Belda, University of Valencia, Spain

Reviewed by:
Hayley Louise Letson, James Cook University, Australia
 Laura Borgstedt, Technical University of Munich, Germany

*Correspondence: Johannes Gratz, johannes.gratz@meduniwien.ac.at

Specialty section: This article was submitted to Intensive Care Medicine and Anesthesiology, a section of the journal Frontiers in Medicine

Received: 14 September 2021
 Accepted: 27 October 2021
 Published: 16 November 2021

Citation: Infanger L, Dibiasi C, Schaden E, Ulbing S, Wiegele M, Lacom C and Gratz J (2021) Comparison of the New Viscoelastic Coagulation Analyzer ClotPro® With ROTEM® Delta and Conventional Coagulation Tests in Critically Ill Patients With COVID-19. Front. Med. 8:777145. doi: 10.3389/fmed.2021.777145



Background: Viscoelastic coagulation testing has been suggested to help manage coagulopathy in critically ill patients with COVID-19. However, results from different viscoelastic devices are not readily comparable. ClotPro® is a novel thromboelastometry analyzer offering a wider range of commercially available assays.

Methods: We compared the results from ClotPro with results from the well-established ROTEM® Delta device and conventional coagulation tests in critically ill patients with COVID-19.

Results: Viscoelastic parameters indicated the presence of a potentially hypercoagulable state in the majority of patients. In up to 95 paired measurements, we found strong correlations between several parameters routinely used in clinical practice: (i) EX test vs. EXTEM CT, A5, A10, MCF, (ii) IN test vs. INTEM A5, A10, MCF, and (iii) FIB test vs. FIBTEM A5, A10, MCF (all R > 0.7 and p < 0.001). In contrast, IN test CT vs. INTEM CT showed only a moderate correlation (R = 0.53 and p < 0.001). Clot strength parameters of both devices exhibited strong correlations with platelet counts and fibrinogen levels (all R > 0.7 and p < 0.001). Divergent correlations of intrinsically activated assays with aPTT and anti-factor Xa activity were visible. Regarding absolute differences of test results, considerable delta occurred in CT, CFT, and clot strength parameters (all p < 0.001) between both devices.

Conclusions: Several parameters obtained by ClotPro show strong correlations with ROTEM Delta. Due to weak correlations of intrinsically activated clotting times and considerable absolute differences in a number of parameters, our findings underline the need for device-specific algorithms in this patient cohort.
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INTRODUCTION

Critically ill patients with COVID-19 might exhibit a number of complex coagulation abnormalities that have been consistently associated with a hypercoagulable state (1). Characteristic findings include the occurrence of endothelial injury (2), increase in factor VIII, von Willebrand factor, and fibrinogen (3), the release of cytokines (4), increased plasma viscosity (5), complement activation (6), and impaired fibrinolysis (7). Conventional coagulation tests such as prothrombin time (PT), activated partial thromboplastin time (aPTT), and antithrombin activity cannot sufficiently depict these changes (8, 9). Recent evidence suggests that viscoelastic testing might be more sensitive to COVID-19-associated coagulopathy in comparison with conventional coagulation tests (10–12). In line with this, a number of recent publications have reported results from viscoelastic tests in patients with COVID-19, including ROTEM (10, 12–16), TEG (17), and ClotPro (1, 7, 18, 19). Additionally, recently published diagnostic pathways for predicting thromboembolic complications and guiding therapeutic interventions in patients with severe COVID-19 suggest that viscoelastic tests be used (11, 12, 15, 20, 21). Moreover, further prospective clinical trials assessing the occurrence of coagulopathy in patients with COVID-19 using viscoelastic tests are underway. However, due to methodological differences, the results of different viscoelastic devices are not interchangeable (22, 23). Studies evaluating the correlations between different viscoelastic coagulation analyzers—such as TEG 5000 and TEG 6s (24, 25), ROTEM Delta and ROTEM Sigma (22, 26), TEG 6s and ROTEM Sigma (27), TEG 5000 and ROTEM Delta (23, 28)—have come up with heterogeneous results, whereas no head-to-head comparison of ClotPro with other viscoelastic point-of-care devices has been published to date.

ClotPro® (enicor GmbH, Munich, Germany) is a novel Conformitè Europëenne (CE) marked viscoelastic whole blood coagulation analyzer that has recently been investigated in patients undergoing orthopedic surgery (29), under treatment with direct oral anticoagulants (30), or with COVID-19 disease (1, 7, 18, 19). In contrast to other viscoelastic devices, ClotPro offers standardized pipette tips prefilled with distinct reagents that allow an ample range of specific assays. Although ClotPro measurements result in thromboelastometry curves similar to those obtained by ROTEM, a direct comparison is pending. Thus, the aim of the present retrospective analysis was to compare simultaneously obtained viscoelastic test results between the novel ClotPro analyzer and the well-established ROTEM® Delta (Tem Innovations GmbH, Munich, Germany) device in critically ill patients with COVID-19.



MATERIALS AND METHODS

This retrospective analysis was approved by the Ethics Committee of the Medical University of Vienna (EK 2269/2020) and was performed in accordance with the principles of Good Clinical Practice and the Declaration of Helsinki. We conducted a review of data from all critically ill patients with COVID-19 disease (SARS-CoV2 detected by polymerase chain reaction) admitted to a single tertiary center, the Medical University of Vienna, between 1 April 2020 and 15 December 2020. Two different viscoelastic test systems with a range of diverse assays are regularly used at our institution: ClotPro (enicor GmbH, Munich, Germany, Software Version 1.45a) and ROTEM Delta (Tem Innovations GmbH, Munich, Germany, Software Version 2.8.1). Due to the simultaneous availability of these test systems, viscoelastic tests were run in parallel on both devices in a considerable number of critically ill patients with COVID-19 throughout their ICU stay. Furthermore, all critically ill patients with COVID-19 underwent daily evaluation with conventional coagulation tests at the same timepoint as viscoelastic testing. Blood samples were routinely obtained at the same time every morning by staff of the Intensive Care Units. We thus designed this study to compare results from the novel ClotPro device with (i) results obtained by ROTEM Delta and (ii) conventional coagulation tests. Electronic medical records were reviewed to identify all patients with (i) laboratory-confirmed COVID-19 disease, (ii) admission to an intensive care unit (ICU) and (iii) the presence of simultaneous viscoelastic test results from both devices (i.e., ClotPro and ROTEM) performed from an identical blood sample. Exclusion criteria were (i) pre-existing coagulation disorder, (ii) liver cirrhosis, and (iii) intake of oral anticoagulants within 48 h before admission to the ICU. Patient characteristics, results from viscoelastic tests and laboratory values—of samples drawn at the same time as viscoelastic tests—were extracted into a spreadsheet. Every blood sample with an available viscoelastic test, simultaneously performed on both devices (ClotPro and ROTEM Delta), was included.

ClotPro tests that were routinely performed included (i) EX test [tissue factor (TF)-activated assay), (ii) IN test (ellagic acid-activated assay), (iii) FIB test (TF-activated assay using cytochalasin D and a glycoprotein IIb/IIIa inhibitor for platelet inhibition), and (iv) AP test (TF-activated assay using aprotinin to inhibit fibrinolysis). Corresponding ROTEM Delta tests were (i) EXTEM (TF-activated assay), (ii) INTEM (ellagic acid-activated assay), (iii) FIBTEM (TF-activated assay using cytochalasin D for platelet inhibition), and (iv) APTEM (TF-activated assay using aprotinin to inhibit fibrinolysis). Except for the IN test and INTEM, all tests contain polybrene to neutralize heparin. Measurements and regular quality controls for both viscoelastic devices were run by experienced and trained personnel in accordance with the manufacturers' instructions. We assessed the results of ClotPro and ROTEM Delta and performed a descriptive analysis of the following parameters: coagulation time (CT; time until clot reaches a firmness of 2 mm, measured in s), clot amplitude 5 min after CT (A5; measured in mm), clot amplitude 10 min after CT (A10; measured in mm), clot amplitude 20 min after CT (A20; measured in mm), clot formation time (CFT; time between 2 and 20 mm of clot firmness, measured in s), maximum clot firmness (MCF; maximum amplitude of the clot during measurement, measured in mm), and alpha angle (alpha; angle between baseline and the tangent to the clotting curve through the 2-mm point, measured in degrees). Furthermore, the parameter maximum lysis (ML; measured in percentage of MCF during measurement) was analyzed for tests with an equal runtime of 60 min on both devices. In accordance with clinical routine, blood samples for conventional coagulation tests, platelet count, and viscoelastic testing were drawn from an arterial line at the same time. As CFT of fibrinogen assays is rarely reached in healthy subjects, CFT of FIB test/FIBTEM assays is not used in clinical practice. Furthermore, ClotPro—as set in the device settings by default—did not record results of FIB test CFT, alpha and ML in the database during the study period. Therefore, CFT, alpha, and ML of fibrinogen assays were not included in our analysis.

We analyzed the following conventional coagulation tests: PT (Owren, reference range: 24.6–32.7 s), aPTT (reference range: 27–41 s), fibrinogen (Clauss method; reference range: 2–4 g.l−1), and anti-factor Xa activity (STA-Liquid AntiXa, REF 00691 and REF 00322, reference range: <0.1 IU.ml−1) via the STA R Max 2 coagulometer (Diagnostica Stago SAS, Asnières-sur-Seine, France). Furthermore, platelet count (reference range: 150–350 109.l−1) was determined via the Sysmex XE-2100 cell counter (Sysmex, Kobe, Japan). Normality for continuous data was assessed using the Shapiro–Wilk test. Normally distributed data are presented as mean (SD), whereas non-normally distributed data are presented as median (25–75th percentile). Non-normally distributed variables were compared using the Wilcoxon Signed Rank test. We used Spearman rank correlation to evaluate correlations between the various tests performed on the ClotPro and the ROTEM Delta and standard laboratory parameters. Bland-Altman plots were used to describe agreement between the ClotPro and ROTEM Delta tests. Correlations were considered as very strong correlation (R 0.9–1.0), strong correlation (R 0.7–0.89), moderate correlation (R 0.5–0.69), and weak correlation (R 0.3–0.49). We considered two-sided p-values ≤ 0.05 to be statistically significant and performed statistical analyses and graphical representations using RStudio (RStudio: Integrated Development for R. RStudio, PBC, Boston, MA, Vers. 4.0.3).



RESULTS

Between 1 April 2020 and 15 December 2020, 86 critically ill patients with COVID-19 were admitted to an ICU of the Medical University of Vienna. We identified 27 patients (17 men and 10 women) who met the inclusion criteria, resulting in a range of 31 (AP test/APTEM) to 95 (EX test/EXTEM) paired measurements simultaneously performed on ClotPro and ROTEM Delta. Baseline patient characteristics upon ICU admission are depicted in Table 1. Median length of ICU stay was 14 (8–26) days, and throughout their ICU stay, nine (33%) patients received venovenous extracorporeal membrane oxygenation for treatment of acute respiratory distress syndrome. EX test/EXTEM were measured simultaneously at 95 different timepoints in 27 patients, IN test/INTEM at 64 different timepoints in 24 patients, FIB test/FIBTEM at 94 different timepoints in 27 patients, and AP test/APTEM at 31 different timepoints in 16 patients. The median runtime of viscoelastic tests was 60 (60–60) min for ClotPro and 60 (60–60) min for ROTEM Delta. All patients received heparin for pharmacological thromboprophylaxis or anticoagulation. At the time of IN Test/INTEM analysis, 22 (92%) patients received subcutaneous LMWH (Enoxaparin) at a median dose of 80 (40–120) mg.day−1, whereas two (8%) patients received continuous intravenous UFH at a mean rate of 1,117 (324) IU.h−1. Median time between the last subcutaneous application of LMWH and conduction of IN test/INTEM was 11 (10–14) h. The results of conventional coagulation tests and anti-factor Xa activity at the time of corresponding viscoelastic measurements are depicted in Table 2.


Table 1. Patient baseline characteristics upon ICU admission (n = 27).
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Table 2. Platelet count and conventional coagulation tests at the timepoint of ROTEM/ClotPro measurements.
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Figure 1 shows scatterplots and the correlation coefficients for the parameters CT, A5, A10, MCF, and ML for all four distinct assays performed on both devices. We found strong correlations between several parameters routinely used in clinical practice: (i) EX test vs. EXTEM CT, A5, A10, MCF, (ii) IN test vs. INTEM A5, A10, MCF, and (iii) FIB test vs. FIBTEM A5, A10, MCF. In contrast, IN test CT showed only moderate correlations with INTEM CT. Separate analysis for patients receiving LMWH and UFH revealed a similar grade of correlation between IN test CT and INTEM CT (LMWH: 55 timepoints, r = 0.45, p < 0.001; UFH: 9 timepoints, r = 0.47, p < 0.001). Scatterplots for further parameters (CFT, alpha, and A20) are shown in Supplementary Figure 1.
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FIGURE 1. Scatterplots and correlation coefficients for the parameters CT, A5, A10, MCF, and ML for EX test/EXTEM (A), IN test/INTEM (B), FIB test/FIBTEM (C), AP test/APTEM (D) performed on both devices.


Table 3 shows absolute differences (delta) and correlations between ClotPro and ROTEM for EX test/EXTEM, IN test/INTEM, and FIB test/FIBTEM measurements. In decreasing order, considerable absolute differences between the two devices occurred for IN test vs. INTEM CT, EX test vs. EXTEM CT, and EX test vs. EXTEM CFT. Furthermore, clot strength parameters (i.e., A5, A10, A20, and MCF) showed differences, with mainly lower values obtained by ClotPro in extrinsically activated, intrinsically activated, and functional fibrinogen assays. In comparison with ROTEM, ClotPro measurements resulted in smaller interquartile ranges in all assays. Bland-Altmann plots (Supplementary Figure 2) suggested a positive relationship between inter-device differences and the mean of paired measurements for clot strength parameters (i.e., A5, A10, A20, and MCF) throughout all assays. Furthermore, we observed the same pattern for EX test vs. EXTEM ML and IN test vs. INTEM CT. Differences and correlations between AP test/APTEM can be found in Supplementary Table 1.


Table 3. Differences and correlations between ROTEM Delta and ClotPro.
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With regard to conventional coagulation tests, we found no correlation between EX test or EXTEM CT and PT (r = 0.15, p = 0.161 and r = 0.16, p = 0.132), whereas clot firmness parameters in the extrinsically activated assays (A5, A10, MCF) showed strong correlations with platelet counts. Furthermore, fibrinogen levels correlated strongly with both the FIB test and FIBTEM A10 and MCF. In contrast, intrinsically activated assays revealed differences between the two devices regarding correlations with the aPTT and anti-factor Xa activity. IN test CT showed a strong correlation with aPTT, whereas the correlation between INTEM CT and aPTT was weak. This difference in correlation remained when analyzing for subgroups of pharmacological thromboprophylaxis: LMWH r = 0.70, p < 0.001 (IN test CT) vs. r = 0.40, p < 0.001 (INTEM CT); UFH r = 0.85, p = 0.004 (IN test CT) vs. r = 0.38, p = 0.308 (INTEM CT). Regarding the correlation between IN test/INTEM CT and anti-factor Xa activity, ClotPro, and ROTEM Delta showed no relevant differences in patients receiving LMWH (r = 0.34, p = 0.012 vs. r = 0.36, p = 0.007, respectively), whereas different correlations occurred in patients receiving UFH (r = 0.75, p = 0.020 vs. r = 0.55, p = 0.125, respectively). Scatterplots and correlation coefficients between ClotPro/ROTEM measurements and conventional coagulation tests are depicted in Figure 2.
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FIGURE 2. Scatterplots and correlation coefficients between ClotPro/ROTEM measurements and conventional coagulation tests for EX test/EXTEM A10 and platelet count (A), FIB test/FIBTEM A10 and fibrinogen (B), IN test/INTEM CT and aPTT (C), EX test/EXTEM MCF and platelet count (D), FIB test/FIBTEM MCF and fibrinogen (E), IN test/INTEM CT and anti-factor Xa activity (F).




DISCUSSION

To the best of our knowledge, we are the first to present a direct head-to-head comparison between the novel ClotPro analyzer and the well-established ROTEM Delta device in a clinical setting, i.e., a cohort of critically ill patients with COVID-19. Critically ill patients with COVID-19 regularly exhibit hemostatic alterations associated with an increased risk for thromboembolic complications (31), and conventional coagulation tests fail to adequately depict these complex changes (9). Hence, a multimodal diagnostic approach, including the use of viscoelastic testing, may confer benefits in the management of this specific patient cohort. However, the comparability of results obtained by different viscoelastic devices has repeatedly been questioned due to methodological discrepancies (22, 23, 28). Therefore, the assessment of correlation between results from distinct viscoelastic devices in defined patient populations is crucial.

Generally, the characteristics of patients included in the present study were similar in comparison to current literature describing the use of viscoelastic tests in critically ill patients with COVID-19. Our patients showed a higher sequential organ failure assessment (SOFA) score, a lower Horowitz index and younger age (1, 7, 10, 12, 13, 15, 32). This can be explained by the fact that the majority of patients were transferred from other hospitals to our ICUs for extracorporeal life support evaluation. Regarding conventional coagulation tests, our results corroborate those found in current literature, largely reporting high levels of fibrinogen, normal to increased platelet counts, and normal or slightly prolonged PT and aPTT (1, 7, 14, 15, 32, 33). Moreover, our viscoelastic test results are comparable with those reported by other study groups (1, 7, 11, 12, 32, 34). In line with a possible shift of haemostatic balance toward a prothrombotic state in critically ill patients with COVID-19, the median results of most viscoelastic clot strength parameters exceeded both manufacturer reference ranges and values of healthy controls (1, 7, 35).

Critical illness due to COVID-19 has been shown to result in similarly high rates of venous thromboembolism compared to critically ill patients with sepsis (36). Both patient cohorts share a number of similar pathophysiologic features, such as the excessive release of cytokines. In this regard, impaired fibrinolysis has been previously described as a hallmark of both sepsis-induced and COVID-19-associated coagulopathy (7, 10, 37). Of particular interest, impaired fibrinolysis cannot be depicted by conventional coagulation tests. In our study, fibrinolytic shutdown, previously defined as an ML <3.5% in patients with sepsis and severe trauma (37, 38), was present in 26 (96%) of the included patients at some timepoint throughout their ICU stay (extrinsic TF-activated assay; ClotPro or ROTEM Delta). Notably, however, ClotPro might provide a higher sensitivity with regard to detecting impaired fibrinolysis: 57 (82%) of ClotPro EX test results fulfilled the criteria for fibrinolytic shutdown, whereas only 32 (46%) of ROTEM Delta EXTEM results did so. These differences might be of importance when designing viscoelastically guided algorithms for the treatment of this specific patient cohort.

Patients included in the present study received heparin for pharmacological thromboprophylaxis or therapeutic anticoagulation. Despite the use of mainly intermediate doses of LMWH and UFH, we found both IN test and INTEM CT values to remain within normal values. The manufacturers of ClotPro and ROTEM provide divergent reference ranges: IN test CT 100–240 s and INTEM CT 136–187 s, which is in line with available published results of healthy controls (Bachler et al.: IN test CT 153–166 s; Lang et al.: INTEM CT 137–246 s) (7, 35). These differences might be attributable to distinct reagent compositions and might explain the poor correlation between the IN test and INTEM CT found in our study. Up to date, no evidence-based viscoelastically guided algorithms for patients with COVID-19 have been established. But literature suggesting the use of viscoelastic testing to guide prevention and treatment of thromboembolic complications in this patient cohort has emerged (39, 40). Against this background, our findings represent a clinically relevant discovery. In clinical practice, the moderate correlation of IN test/INTEM CT implies that algorithms based on results from one device cannot readily be used with results obtained from the other device. On the other hand, some statistically significant absolute differences between these two devices might not translate into clinical relevance. For example, a difference between FIB test and FIBTEM CT would almost certainly not result in changes in patient management, whereas different results of clot strength parameters (A5, A10, MCF) might lead to alterations in medical interventions in bleeding patients (41, 42).

Regarding conventional coagulation tests, we found correlations between (i) EX test/EXTEM MCF and platelet count and (ii) FIB test/FIBTEM MCF and fibrinogen that were stronger than previously reported (19). Furthermore, we found strong correlations between IN test CT and aPTT as well as anti-factor Xa activity, except for anti-Xa levels obtained in patients receiving LMWH. In contrast, INTEM CT showed moderate to no correlations with aPTT and anti-Xa levels. A previous study found moderate (r = 0.69, p < 0.001) correlations between ROTEM INTEM CT and aPTT in patients not receiving heparin and healthy volunteers, whereas in our study population ROTEM INTEM CT only showed poor correlations in comparison with aPTT (38). Our findings suggest that the novel ClotPro might show higher sensitivity for UFH than ROTEM Delta.

The limitations of the present study need to be recognized. First, the retrospective design of our study carries an inherent risk of bias. Second, baseline characteristics indicate a selection of patients that were most severely affected by COVID-19, which can be explained by the status of our institution as an ECMO referral center. Finally, our study reports results obtained from a rather small sample size. Taken together with the fact that we conducted a single-center study, this might limit the generalizability and transferability of our results. Although we are convinced that our findings add important knowledge to the field of viscoelastic testing in critically ill patients, they remain to be confirmed by future prospective multi-center trials.

In conclusion, we found several parameters obtained by the novel viscoelastic coagulation analyzer ClotPro to show strong correlations with the well-established ROTEM Delta device in critically ill patients with COVID-19. In contrast, intrinsically activated clotting times showed only weak correlations. Moreover, in a large number of parameters, considerable differences occurred between the results from the two devices. Although these results remain to be confirmed by prospective trials, our findings underline the need for the development of device-specific algorithms in defined patient cohorts.
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