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Background: A new, portable bedside coagulation monitor (VCM Vet) has provided a user-friendly, cartridge-based method to perform viscoelastic testing. However, the use of native whole blood limits the time to analyze the sample to minutes. The objective of this study is to assess whether citrated whole blood can be utilized with the cartridge-based system and whether the results are comparable to those of native whole blood. A secondary objective is to assess the viability of citrated whole blood results after up to 4 hours of resting.

Methods: The study population consisted of 10 healthy mixed breed dogs. Whole blood samples were collected via jugular venipuncture. Blood was immediately transferred to the VCM test cartridge for native whole blood control group analysis per the manufacturer's instructions, and the remainder was used to fill two 3.2% sodium citrate vacutainer tubes. Test group analysis was performed on samples from each tube concurrently after a rest period of 30 min (baseline), 2 h, and 4 h. Citrated whole blood samples were recalcified for analysis immediately prior to introduction into the test cartridge. Data was recorded for all reported parameters. Results from the citrate groups were compared to the control group and to the citrated baseline to assess for differences. Overall results were compared using mixed ANOVA models. Where found, specific differences were evaluated using Tukey's test. Within-sample variation was investigated and reported as median (range). A p < 0.05 was considered significant.

Results: Samples were obtained for a total of 10 control runs and 20 citrated whole blood runs. Comparison of controls to the citrated test groups revealed significant differences in CT (p < 0.001) and MCF (p < 0.002). There were no significant differences between test groups compared to citrated baselines for any parameter. Selected median coefficients of variation were 6.8% (0–68.8%) for CT, 2.4% (0–19.46%) for alpha angle, 3.2% (0–27.4%) for MCF, and 0% (0–16.3%) for 45-min LY45.

Conclusion: Citrated whole blood samples can be used with the VCM Vet device; however, new reference intervals for use with citrated whole blood will be required. Results using citrated whole blood samples are not significantly different from baseline after up to 4 h of resting.
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INTRODUCTION

Viscoelastic testing provides a more comprehensive evaluation of coagulation compared to traditional factor-based tests (1, 2). Traditional methods of viscoelastic testing, including thromboelastography (TEG) and thromboelastometry (TEM), have historically been time intensive and subject to sample handling and lab errors. Traumatic venipuncture, sample collection site, sample resting time, resting temperature, patient age, and patient sex have all been shown to affect results (2–4). Consequently, the clinical utility of the information produced have borne some scrutiny due in large part to variability of results (5).

Recently, a new portable bedside viscoelastic coagulation monitor (VCM Vet™, Entegrion, Durham, NC) has been validated for use in veterinary species (6, 7). This device provides a user-friendly, cartridge-based method to perform viscoelastic testing, which can significantly reduce the points of error that are typically associated with viscoelastic testing. However, the use of native whole blood (NWB) limits the time to begin analysis of the sample to minutes (8). The clinical situation may not always be conducive to such time constraints and sample requirements, especially in cases where venipuncture is challenging and/or post-hoc analysis is desired. The objective of this study was to assess whether citrated whole blood (CWB) can be utilized with this cartridge-based system and whether the results are comparable to those of NWB. A secondary objective was to assess the viability of CWB results after up to 4 hours after blood collection. We hypothesized that results obtained from CWB samples would differ from NWB samples and that CWB results would be affected by increasing rest periods.



MATERIALS AND METHODS


Animals

Ten clinically normal intact female mixed breed dogs were used for this study. The dogs were part of an institutional research colony with a mean age of 3.9 years (range 2.5–4.0) and mean weight of 11.8 kg (range 9.6–13.2). Dogs were deemed clinically normal based on physical examination and clinical history. The dogs were not subjected to any medications or treatments other than prophylactic antiparasitic agents within 1 month of this study. The study protocol was approved by the Institutional Animal Care and Use Committee.



Study Protocol

Jugular venipuncture was performed once on all animals using a 21-ga hypodermic needle attached to a 6-mL syringe. Immediately following sample acquisition, two 3.2% citrate blood tubes labeled “Tube A” and “Tube B” were filled by vacuum with 2.7 mL whole blood as recommended by the manufacturer to obtain a 1:9 citrate-to-blood ratio (4). Samples were gently inverted several times for mixing. The use of two citrate tubes in this case was for the purpose of running samples in duplicate to obtain within-sample variability data.

Samples were divided into two groups. NWB samples made up the control group, and CWB samples made up the test groups. Testing of CWB samples from each of the citrate tubes, labeled as Tube A and Tube B, was performed at three time points—immediately following 30-min rest period, 2 h and 4 h post-collection, termed as the baseline group, the 2-h group (Cit-2), and the 4-h group (Cit-4), respectively.

Viscoelastic coagulation testing was performed by a single user using the VCM Vet™ device per the manufacturer recommendations (8). Four VCM devices were used to run all of the study samples. Test cartridges (VCM VetTM Test Cartridge, Entegrion, Durham, NC) were prewarmed by use of the VCM heater plate (VCM Heater Plate, Entegrion, Durham, NC) to 37°C. For NWB samples, a 0.3 mL sample volume was introduced into a VCM test cartridge for analysis immediately after the citrate blood tubes were filled with a total time delay of <1 min between sample acquisition and sample introduction to the cartridge. All CWB samples were rested at room temperature for 30 min in an upright position in accordance with recommended sample handling practices for veterinary viscoelastic testing (4, 9). Directly prior to testing, sample recalcification was performed by adding 340 μL of CWB to a transfer vial containing 20 μL of 0.2 M calcium chloride via pipette (4). The sample was then immediately introduced into a VCM test cartridge for sample analysis. Samples were run for 60 min based on the maximum time allowed by the device software (8). All samples were maintained at 37°C during analysis via the VCM internal heating element, and sample drying was prevented by moisture strips contained within each cartridge.

Results were recorded on the device as a bitmap image containing the tracing and calculated viscoelastic parameters. Test results were reported using standard rotational thromboelastometry terminology including clotting time (CT), clot formation time (CFT), alpha angle (AA), maximum clot firmness (MCF), clot firmness amplitude at 10 (A10) and 20 (A20) min after clot formation, and clot lysis at 30 (LY30) and 45 (LY45) min.



Statistical Analysis

All statistics were performed using commercially available software (JMP Pro v. 15.0.0, SAS Institute Inc., Cary, NC, USA). All parameters were evaluated using mixed analysis of variance (ANOVA) models with sample type (NWB, baseline, Cit-2, and Cit-4) as the fixed effect and individual patients as the random effect. When differences were detected, Tukey post-hoc comparisons were performed with least square means for the effect. Within-sample variability was investigated

for each parameter in the CWB group using coefficients of variation (CV%) using values pooled from all CWB data points. Assumptions of these models (linearity, normality of residuals, and homoscedasticity of residuals) and influential data points were assessed by examining standardized residual and quartile plots. All parameters except LY30 and LY45 were presented as means ± standard deviations. LY30 and LY45 were presented as median (range) and were evaluated using Friedman's test against sample types. A post-hoc Wilcoxon signed rank test was used. A P < 0.05 was considered significant for all comparisons. Bland-Altman plots were conducted with Prism 9 for Windows (GraphPad Software, San Diego, CA, USA).




RESULTS

Results were obtained for a total of 10 NWB control runs and 20 CWB runs for each time point. No exclusions due to sample handling or testing errors were necessary. Results of NWB were compared to those of CWB baseline and are summarized in Table 1 and Figure 1. There were significant differences between NWB and baseline CWB in CT (p < 0.001) and MCF (p = 0.002). Comparison of CWB baseline to both other time points (Cit-2 and Cit-4) revealed no significant differences and are summarized in Table 2 and Figure 2. Within sample variability of CWB was determined for each parameter and is listed in Table 3.


Table 1. Results of NWB compared to CWB baseline.
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FIGURE 1. Selected Bland-Altman plots indicating biases of measured parameters of NWB (control) compared with CWB baseline. Mean difference (bias) is indicated by solid lines with dashed lines indicating 95% agreement interval of +/− standard deviations. Parameters included are (A) CT, (B) CFT, (C) AA, and (D) MCF.



Table 2. Results of CWB baseline compared to CWB rested for 2 h (Cit-2) and 4 h (Cit-4).
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FIGURE 2. Selected Bland-Altman plots indicating biases of measured parameters of CWB baseline compared with 4 h rested CWB samples (Cit 4). Mean difference (bias) is indicated by solid lines with dashed lines indicating 95% agreement interval of +/− standard deviations. Parameters included are (A) CT, (B) CFT, (C) AA, and (D) MCF.



Table 3. Within sample variation (CV, %) listed as a median.
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DISCUSSION

In the present study, we determined that citrated blood samples could be used in the cartridge based viscoelastic analyzer and that citrated sample results remained consistent up to 4 h after blood collection. This suggests that citrated samples could be taken upon presentation and could be run up to 4 h later, thereby providing a less constraining, clinically relevant alternative for its use. To the authors' knowledge, prior to this study only, NWB samples have been used with the point of care, cartridge-based viscoelastic device in accordance with the manufacturer's instructions.

Results obtained using NWB were consistent with, but not directly comparable to those using CWB. This was expected, in large part, due to previous studies that have shown a tendency toward hypercoagulability in citrated samples compared to NWB samples using TEG and TEM modalities (10, 11). Differences were found in the CT and MCF between NWB samples and baseline CWB samples. It is known that viscoelastic tests run on NWB and without activators are subject to more variabilities than their treated and activated counterparts. Such variabilities may include contact activation, operator-dependent factors, and other preanalytical factors (6, 10). These variabilities may explain the differences in CT and MCF between NWB and CWB samples. In the present study, CT values of NWB control samples were significantly longer than those of CWB samples. This echoes findings in both human and canine studies that have shown citrated samples' tendency toward hypercoagulability when compared with NWB samples used for TEG and rotational thromboelastometry (10, 12). Citration of blood largely inhibits thrombin formation and coagulation activation, but does not do so entirely (13, 14). Both of these mechanisms could explain the relative hypercoagulability of the present study's citrated CT results. On the other hand the MCF values of NWB showed a tendency toward hypercoagulability compared to the CWB samples. Further studies would be required to determine a potential cause of this finding. One potential explanation is a decrease in platelet numbers over time in citrated samples, which has been shown to occur in both EDTA and citrated blood samples (15). It has yet to be determined whether similar findings exist between NWB and CWB taken from patients with hemostatic disturbances, as the present study assessed only healthy patients.

No significant differences were found when comparing CWB baseline results to CWB results tested after both 2- and 4-h sample rest periods. These findings were unexpected, given previous work in both dogs and humans that demonstrated resting samples at room temperature for longer than 30 min prior to analysis caused a trend toward hypercoagulability (3, 4, 11–13, 16). The previously noted trend toward hypercoagulability could be explained by some level of ex vivo contact activation occurring over time with sample storage. Previously proposed mechanisms to explain this trend in stored samples include that citrated blood does not entirely inhibit thrombin formation or, later, activation of coagulation (13). One possible explanation for the lack of significant differences seen in viscoelastic parameters of citrated samples following increasing rest periods in this study is the lack of activators used for the point of care analyzer, despite the recommendation that activators be used for viscoelastic tests to reduce variability. Large efforts were made during this study to reduce sample variability factors. Further, the point of care viscoelastic analyzer of the present study utilizes different testing methods (two glass slides) than the traditional pin-and-cup methodology used in TEG and TEM, which could potentially account for the lack of hypercoagulability seen in samples with longer storage time. Further research is required to determine if this device is less prone to the variabilities with increasing sample storage time that are commonly seen using other modalities.

The current study demonstrated smaller within-sample variation than that of the analyzer's manufacturer (8). It is unknown whether the data collected by the VCM Vet manufacturer was compiled from testing completed by one operator or multiple. It is possible that the low within sample variation seen in the current study is because only one operator conducted the testing. The small sample size of dogs utilized in this study could also account for the lower within-sample variation. Another explanation for the present study's low within-sample variation is its use of only four analyzers, whereas the manufacturer used eight analyzers to generate their data. Previous studies involving humans and equids have shown that variability may exist between different operators conducting viscoelastic tests, thus reducing the number of operators may help to reduce within sample variation (5, 6, 17). Inter-operator variability has been studied using both TEG and rotational thromboelastometry, though inter-operator variability is currently not known for the VCM Vet device; however, a proposed advantage of the utilized cartridge-based viscoelastic testing system is that the cartridge system could reduce inter-operator variability. Another explanation for the current study's low within sample variation is strict standardization of the testing protocol that was made in accordance with the PROVETS guidelines, which were in part made to reduce variation in analyses caused by venipuncture site and technique as well as sample storage temperature.

There are several limitations to the current study. The utilized sample size of 10 dogs was sufficient for statistical analysis in this pilot study to determine significant differences between NWB and CWB samples, however, such a small sample size can lead to a type II statistical error. Secondly, this pilot study utilized blood samples from only healthy, intact female dogs. Though this allowed for uniformity of the sampled population, sex has been shown to affect results in some traditional methods of viscoelastic testing in people (2, 18). It is currently unknown whether sex affects viscoelastic testing in dogs. An additional limitation includes variabilities in venipuncture technique. Though all samples were collected with the same materials and from the jugular veins of test subjects, two different people were required to collect samples from the test subjects. Though the use of two different sample collectors could have influenced the overall statistical significance, this would not have altered sample consistency because each sample was collected at the same time and from the same venipuncture event. Variabilities from running of samples across multiple devices is an additional limitation, however, this effect was mitigated by using the same VCM Vet™ unit for each sample tube at each time point. Other efforts made to reduce variability included use of a single operator for all test analyses, the smallest number of analyzers possible, and the same equipment for all operator-dependent variables (i.e., venipuncture equipment, pipette, blood tube types).

In conclusion, recalcified CWB can be used with the cartridge based VCM Vet™ for reliable viscoelastic coagulation analysis up to 4 h after collection, however, new canine reference intervals will need to be established using this methodology. Further research will be necessary to assess consistency of recalcified CWB results in patients with coagulation derangement.
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