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A comparison of the ClotPro 
system with rotational 
thromboelastometry in cardiac 
surgery: a prospective 
observational study
Ryogo Yoshii1, Teiji Sawa1, Hidetake Kawajiri2, Fumimasa Amaya3, Kenichi A. Tanaka4 & 
Satoru Ogawa1,3*

Viscoelastic coagulation tests have been increasingly used for hemostasis management in 
cardiac surgery. The ClotPro system is a novel viscoelastic device based on principles of rotational 
thromboelastometry. We aimed to compare ClotPro with ROTEM and plasma coagulation assays in 
cardiopulmonary bypass (CPB) patients. Blood samples were collected from 25 CPB patients at (1) 
baseline, (2) start of CPB, (3) end of CPB, and (4) end of surgery. The EX-test, IN-test, HI-test, FIB-test 
parameters on ClotPro were compared with corresponding ROTEM assay (EXTEM, INTEM, HEPTEM, 
and FIBTEM). Standard plasma coagulation assays and endogenous thrombin generation (TG) were 
simultaneously evaluated. Pearson correlation analyses showed moderate correlations between 
clotting times (CTs) (r = 0.63–0.67; p < 0.001, respectively), and strong correlations with maximal 
clot firmness (MCF) (r = 0.93–0.98; p < 0.001, respectively) between ClotPro and ROTEM. EX-test and 
IN-test MCF parameters were interchangeable with acceptable percentage errors (EX-test MCF: 7.3%, 
IN-test MCF: 8.3%), but FIB-test MCF (27.0%) and CT results were not (EX-test CT: 44.7%, IN-test CT: 
31.4%). The correlations of PT/INR or peak TG with EX-test CTs were higher than with EXTEM CTs (PT/
INR: r = 0.80 and 0.41, peak TG: 0.43 and 0.18, respectively). FIB-test MCF has strong correlation with 
plasma fibrinogen and factor XIII level (r = 0.84 and 0.66, respectively). ROC analyses showed that 
ClotPro was capable of emulating well-established ROTEM thresholds (area under curves: 0.83–1.00). 
ClotPro demonstrated strong correlations in MCF parameters of ROTEM in CPB patients. It may be 
reasonable to modify ROTEM-based transfusion algorithm pertaining to MCF parameters to establish 
cut-off values for ClotPro device.

In cardiac surgical patients, hemostatic functions are progressively disturbed due to loss of coagulation factors 
and activation of hemostatic  system1,2. Several randomized controlled trials showed the effectiveness of vis-
coelastic testing for reducing the amount of blood loss and transfusion in cardiac  surgery3–5. The recent blood 
management guidelines recommend the use of goal-directed transfusion algorithm using viscoelastic coagula-
tion  tests6–10. Most commonly utilized devices are rotational thromboelastometry  (ROTEM®; TEM Innovations 
GmbH, Munich, Germany) and thromboelastography  (TEG®; Haemonetics Corporation, Braintree, MA, USA).

The ClotPro system (enicor GmbH, Munich, Germany; Haemonetics Corporation) is a novel device that uses 
a modified viscoelastic coagulation test based on principal of rotational  thromboelastometry11–13. For achieving 
more robust measurement and comprehensive coagulation management, some novel technologies are incorpo-
rated as twin bearing guidance-system, 6 multi-test channels, and 8 different assays  lineup13. Several prospective 
randomized studies showed the ROTEM-based algorithm led to a reduction of allogeneic blood in patients 
undergoing cardiopulmonary bypass (CPB)3–5. The protocol development for ClotPro can be facilitated if ClotPro 
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results were interchangeable with well-established ROTEM cut-off  values14. To date, ClotPro has not been com-
pared to other test systems in cardiac surgery. The main aim of this study was to compare various parameters of 
standard ClotPro testing with corresponding ROTEM testing in patients undergoing CPB surgery. In addition, 
we evaluated the relationships between those viscoelastic parameters and plasma coagulation assays including 
prothrombin time (PT), activated partial thromboplastin time (aPTT), fibrinogen, factor XIII (FXIII), and 
thrombin generation (TG) assay. Our hypothesis was that maximal clot firmness (MCF) between corresponding 
ClotPro and ROTEM tests would demonstrate a strong correlation (coefficient, r > 0.7) in CPB surgical patients.

Methods
This study was conducted with approval of the institutional review board of Kyoto Prefectural University of 
Medicine (ERB-C-752), and all procedures followed the guidelines of the Helsinki Declaration. Whole blood 
samples were collected from 25 patients after informed written consent. Inclusion criteria were patients who were 
scheduled to undergo elective CPB surgery with > 20 years of age, normal PT, and aPTT before surgery. Patients 
on anticoagulants and those with hepatic dysfunction before surgery were excluded. In all patients, 300 IU/kg 
heparin was given before instituting CPB. During CPB, activated clotting times were maintained above 450 s 
(Hemochron Signature Elite; Instrumentation Laboratory). Following CPB, heparin was reversed with 3 mg/
kg of protamine sulfate.

Whole blood samples were collected into 3.2% sodium citrated tubes (Venoject II 4.5 mL; Terumo, Tokyo, 
Japan) at following time points: (1) baseline after induction of anesthesia; (2) the start of CPB; (3) the end of 
CPB (before protamine administration), and (4) the end of surgery. Blood was either used immediately for whole 
blood viscoelastic measurements or centrifuged to obtain platelet poor plasma for plasma coagulation assays.

Viscoelastic measurements. The whole blood viscoelasticity was evaluated using ClotPro and ROTEM 
Delta. ClotPro is a modified thromboelastometry which has 6 independent test channels. Clot formation is 
measured with a cup and a pin; the pin is stationary and the cuvette rotates, in contrast with ROTEM  Delta13. 
The change in viscoelastic properties is continuously detected by the analyzer. All reagents are provided in a 
ready-to-use dried form containing a sponge in pipette tips with no requirement for reagent handling: ‘active 
tip’ system. Tests are initiated by electronically pipetting 340 μL of whole blood into a tip. We utilized 4 tests 
on ClotPro that correspond to the commonly used extrinsic, intrinsic, fibrin tests on ROTEM (i.e., EX-test, 
IN-test, HI-test, and FIB-test) (Table 1). Measurement is triggered either by tissue factor (EX-test) or by ellagic 
acid (IN-test). HI-test uses lyophilized heparinase for neutralizing heparin, and a significantly shortened HI-
test clotting time (CT) over IN-test CT suggests residual heparin after protamine reversal. Contrary to single 
action by cytochalasin D with  FIBTEM15, ClotPro measures fibrin-based viscoelasticity (FIB-test) with dual 
drugs, cytochalasin D and a glycoprotein IIb/IIIa inhibitor (tirofiban) for achieving exclusion of the platelet 
contribution in fibrin  viscoelasticity13. Similar to EXTEM and FIBTEM with ROTEM, the EX-test and FIB-test 
with ClotPro contain polybrene to neutralize high concentrations of heparin during CPB. With ROTEM, all 
measurements were performed using 300 μL of whole blood with each reagent and  CaCl2 (total: 340 μL). The 
following variables were collected: CT (s) which corresponds to the lag time before clotting, A5 (mm) and A10 
(mm) which correspond to amplitude of clot firmness 5 and 10 min after CT, MCF (mm) as the maximal tensile 
strength of  clot16. The subtraction of FIB-test (FIBTEM) from EX-test (EXTEM) was also collected as platelet 
component of clot formation.

Laboratory measurements. Platelet counts were measured in a hematology analyzer. Plasma PT, aPTT, 
fibrinogen, and FXIII level were measured on a coagulation analyzer (STACIA; LSI Medience Co., Tokyo, Japan) 

Table 1.  ClotPro and ROTEM assays. TF tissue factor, CT clotting time, MCF maximum clot firmness, N/A 
not available. *Glycoprotein IIb/IIIa receptor inhibitor.

Indications

Assay [activator and inhibitors]

ClotPro ROTEM

Extrinsic coagulation assessment EX-test [TF] EXTEM [TF]

Reference range
CT: 38–65 s
A5: 39–58 mm, A10: 47–64 mm, MCF: 
53–68 mm

CT: 38–79 s
A5: N/A, A10: 43–65 mm, MCF: 50–72 mm

Intrinsic coagulation assessment IN-test [Ellagic acid] INTEM [Ellagic acid]

Reference range
CT: 139–187 s
A5: 32–53 mm, A10: 41–61 mm, MCF: 
49–65 mm

CT: 100–240 s
A5: N/A, A10: 44–66 mm, MCF: 50–72 mm

Heparin-insensitive assessment HI-test [Ellagic acid + Heparinase] HEPTEM [Ellagic acid + Heparinase]

Reference range CT: 141–185 s CT: 100–240 s

Fibrinogen and fibrin polymerization assess-
ment FIB-test [TF + Cytochalasin D + Tirofiban*] FIBTEM [TF + Cytochalasin D]

Reference range A5: 6–21 mm, A10: 7–23 mm, MCF: 
9–27 mm A5: N/A, A10: 7–23 mm, MCF: 9–25 mm
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using manufacturer’s kits and directions. Fibrinogen levels were determined using a Clauss method (Thrombo-
check Fib, Sysmex, Kobe, Japan). FXIII levels were determined using latex photometric immunoassay.

Endogenous TG assay was measured according to the previously published  method17. All reagents for the 
assay were obtained from Diagnostica Stago (Parsippany, NJ, USA). Because TG assay is very sensitive to very low 
concentrations of heparin, only two sample points excluding heparin contamination were chosen (i.e., baseline, 
and end of surgery). Those plasma samples were treated with heparinase-I before TG measurement. Eighty micro-
liter of platelet-poor plasma was added to wells of 96-well microtiter plate followed by 20 µL of 5 pmol/L tissue 
factor. To start the reaction 20 µL of the substrate-buffer solution was added and the TG reaction was monitored 
using a fluorescence reader. The lag times (min), time-to-peak (min), and peak levels of TG (nM) were collected.

Statistical analysis. Based on the previous studies demonstrating the correlations between different vis-
coelastic measurements (r = 0.65–0.87)18–20, sample size calculations for r = 0.7 indicated the need for 23 subjects 
with α = 1% and 1 − β = 90%. Considering drop-outs, the sample size was determined to be 25 subjects with 100 
measurements.

Data was expressed as median (IQR) according to nonnormal distributions with the Kolmogorov–Smirnov 
test. The statistical significances of the difference among groups were assessed by nonparametric Friedman 
test or Wilcoxon singed-rank test. A p value of 0.05 was considered significant. Pearson correlation coefficient 
was used to evaluate linear association between the ClotPro and the corresponding ROTEM variables. The 
strength of the correlation was interpreted based on common definition (0.00–0.19: very weak, 0.20–0.39: weak, 
0.40–0.59: moderate, 0.60–0.79: strong, and 0.80–1.0: very strong). The agreement between measurements were 
analyzed using Bland–Altman plot. The bias was defined as the mean of the difference between 2 devices, and 
95% limits of agreement (LOA) refer to 1.96 standard deviations (SD) of mean difference. Percentage error 
(1.96 SD/mean of reference method) was also calculated, and the percentage error not exceeding 30% was 
defined to indicate interchangeability of two  parameters21,22. Receiver operating characteristic (ROC) curves 
were calculated for ClotPro variables to predict abnormal ROTEM parameters. The ROTEM values represent 
cut-off values typically used in goal-directed transfusion algorithms in cardiac surgery (EXTEM CT > 80–100 s; 
EXTEM A5 < 30 mm, A10 < 40 mm, MCF < 35–45 mm; FIBTEM A5 < 8 mm, A10 < 5–10 mm, MCF < 10 mm; 
INTEM CT > 240 s, HEPEM CT > 240 s, INTEM CT: HEPTEM CT ratio > 1.0–1.2)3,5,23,24, and optimal ClotPro 
cut-off values were obtained from the Youden J value. Cohen’s kappa coefficients were also calculated to measure 
agreement between ROTEM and ClotPro analyses. The strength of agreement was based on common definition 
(< 0.00: poor, 0.00–0.20: slight, 0.21–0.40: fair, 0.41–0.60: moderate, 0.61–0.80: substantial, and 0.81–1.0: almost 
perfect). All analyses were performed with Graph-Pad Prism (version 9; Graph-Pad Software Inc., San Diego, 
CA, USA) or JMP (version 16; SAS Institute Inc., Cary, NC, USA).

Results
Patient demographic characteristics are shown in Table 2. Twenty-five patients had mildly to moderately complex 
procedures including valve replacements (n = 18), ascending aorta replacement (n = 4), total arch replacement 
(n = 1), and cardiac tumor resection (n = 2). The median CPB time was 147 (134–205) min.

Table 2.  Patient demographics, transfusion, and postoperative blood loss (n = 25). Data are expressed as 
medians and quartiles (Quartile 1, Quartile 3). Volume of product per unit (U): Red blood cell (RBC), 
140 mL/U; Fresh frozen plasma (FFP), 120 mL/U; (apheresis) Platelet concentrate, 250 mL/20U. CPB 
cardiopulmonary bypass.

Age (years) 72 (61–75)

Sex (male/female) 16/9

Height (cm) 163 (152–164.5)

Weight (kg) 60 (55–67.5)

Surgery time (min) 312 (269–383)

CPB time (min) 147 (134–205)

Intraoperative transfusion

RBC (U) 4 (0–8)

FFP (U) 4 (0–10)

Platelet concentrate (U) 20 (0–20)

Total chest tube output in ICU (mL)

6 h 170 (115–300)

24 h 420 (270–680)

Transfusion in ICU

RBC (U) 2 (0–2)

FFP (U) 2 (0–2)

Platelet concentrate (U) 0 (0–0)
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Tissue factor-triggered viscoelastic measurements. There was significant correlation between EX-
test CT and EXTEM CT (r = 0.63; p < 0.001, Fig. 1A). Bland–Altman analysis between the CTs showed 6.3 s dif-
ferences in bias (95% LOA: − 28.4 to 40.9 s), and percentage error of EX-test was 44.7%. There was no difference 
between two at baseline, but the CT after CPB was significantly prolonged in EX-test CT compared to EXTEM 
CT (104 [96–109] and 81 [74–91], respectively; p < 0.05). Both CTs yielded significant correlations with PT/
INR, but the correlation was strong with EX-test than EXTEM (r = 0.80 and 0.41, respectively) (Fig. 2A). There 
were weak to moderate correlations between viscoelastic and TG parameters. Correlation between lag time and 
CT was strong with EX-test compared to EXTEM (r = 0.49 and 0.42, p < 0.005, respectively; Fig. 2B). In addi-
tion, correlation between peak TG and CT was statistically significant in EX-test (r = 0.42, p < 0.005), but not in 
EXTEM (r = 0.19, p = 0.18) (Fig. 2D).

The clot firmness parameter between EX-test and EXTEM showed very strong correlations (r = 0.97, 0.97 
and 0.98 in A5, A10 and MCF, respectively: p < 0.001, respectively) (Fig. 1B–D). The MCF had a less bias 
(bias = − 1.4 mm) with a good agreement (95% LOA: − 5.4 to 2.6 mm), although the bias was relatively wide in 
A5 (bias = 4.9 mm, 95% LOA: 0.1 to 9.6 mm). The percentage error of EX-test MCF was 7.3%.

Ellagic acid-triggered viscoelastic measurements. There was significant correlation between IN-test 
CT and INTEM CT (r = 0.67; p < 0.001, Fig. 3A). Bland–Altman analysis between those showed − 27.2 s differ-
ences in bias (95% LOA: − 89.4 to 35.1 s), and percentage error of IN-test CT was 31.4%. There were moderate 
correlations between aPTT and IN-test CT, or INTEM CT (r = 0.62 and 0.65; p < 0.001, respectively). Bland–Alt-
man analysis between HI-test CT and HEPTEM CT showed − 17.7 s differences in bias with wide LOA (− 76.8 to 
41.4 s), whereas the mean difference between IN-test CT:HI-test CT ratio and INTEM CT: HEPTEM CT ratio 
showed a bias of − 0.003 (95% LOA: − 0.25 to 0.24) (Fig. 4).

There were very strong correlations in clot firmness parameters between IN-test and INTEM (r = 0.93, 0.96 
and 0.95 in A5, A10 and MCF, respectively: p < 0.001, respectively) (Fig. 3B–D). Bias of − 5.0 mm was found 
between MCFs in Bland–Altman analysis (95% LOA: − 9.6 to − 0.43 mm), and percentage error of IN-test MCF 
was 8.3%.

Functional fibrin viscoelastic measurements. There were very strong correlations in clot firmness 
parameter between FIB-test and FIBTEM (r = 0.91, 0.93 and 0.93 in A5, A10 and MCF, respectively: p < 0.001, 
respectively) (Fig. 5A–C). Bland–Altman analysis between two MCFs showed 1.8 mm of bias with a narrow 
LOA (− 1.9 to 5.5 mm) (Fig. 5C), and percentage error of FIB-test MCF was 27.0%. There were very strong 
correlations between plasma fibrinogen levels and FIB-test MCF, or FIBTEM MCF (r = 0.84 and 0.90; p < 0.001, 
respectively; Fig. 5D). Plasma factor XIII also yield strong correlation between FIB-test MCF, or FIBTEM MCF 
(r = 0.66 and 0.73; p < 0.001, respectively; Fig. 5E). Significant correlations were found between platelet count and 
difference between EX-test and FIB-test, or EXTEM and FIBTEM (r = 0.58 and 0.68; p < 0.001; Fig. 5F).

ROC analysis. The results of the ROC analyses were shown in Table 3. The cut-off values of ClotPro test-
ing predicted specific values of corresponding ROTEM thresholds with high area under curves (0.86–1.0) and 
negative predictive values (0.92–1.0). Based on the kappa coefficient analyses, there was only slight agreement 
between EXTEM CT and EX-test CT (Κ = 0.34; p < 0.001) and moderate agreement between INTEM CT and 
IN-test CT (Κ = 0.62; p < 0.001). Furthermore, there was only slight agreement between INTEM CT:HEPTEM 
CT ratio and IN-test CT:HI-test CT ratio (Κ = 0.39; p = 0.030). Strong agreements in clot firmness parameters 
between EXTEM and EX-test were found (K > 0.8; p < 0.0001, respectively). Agreement between FIBTEM and 
FIB-test clot firmness parameters were only substantial (K < 0.8; p < 0.0001, respectively).

Discussion
In this comparative study of viscoelastic measurements in cardiac surgery, we demonstrated that ClotPro param-
eters have strong correlations with ROTEM parameters. Our data showed that extrinsic and intrinsic MCF 
parameters were interchangeable with low percentage errors, but fibrin-specific MCF and CT results were not. 
ClotPro parameters had weak to strong correlations with various plasma coagulation assays in central laborato-
ries. The correlation of tissue-factor triggered PT or TG assay with ClotPro was better than with ROTEM. The 
ROC analyses showed that ClotPro was capable of emulating well-established ROTEM thresholds in cardiac 
surgery. However, EXTEM CT, INTEM CT, INTEM CT:HEPTEM CT ratio, and FIBTEM clot firmness param-
eters showed only limited agreement with Cohen’s kappas below 0.8. Accordingly, the extrapolation of ClotPro 
testing results on established transfusion algorithm using ROTEM should be considered with caution.

The ClotPro is increasingly used as new viscoelastic  device11–13,25–29, and is currently available in Europe 
and Japan. There was one clinical study for CPB patients using ClotPro, but the aim of study was evaluation of 
TPA-test  alone27. Our study was first head-to-head ex vivo comparison of standard ClotPro tests with a well-
established ROTEM assays in CPB surgery. Implementing ROTEM parameters into transfusion algorithms has 
been repeatedly shown to reduce blood transfusion amounts in CPB  surgery3–5. In the randomized clinical tri-
als with ROTEM, transfusion algorithm mainly incorporated EXTEM CT, EXTEM and FIBTEM clot firmness. 
Device-specific thresholds of ClotPro need to be established to implementing it in cardiac surgery. Our data 
suggested high agreement between EXTEM and EX-test clot firmness parameters with low percentage errors (K 
between 0.85 and 0.89). However, other parameters showed only slight to substantial agreement (K between 0.34 
and 0.76). The biases between two devices were minimal in clot firmness parameters for extrinsic or intrinsic 
assay. However, the inferior agreement with a percentage error of 27% and apparent bias (bias = 1.8 mm, Fig. 5C) 
between FIBTEM and FIB-test MCF may affect fibrinogen replacement therapies. Our study also confirmed that 
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Figure 1.  Relationship between EX-test and EXTEM. Linear regression and Bland–Altman analysis, between 
EX-test CT and EXTEM CT (A). Linear regression and Bland–Altman analysis of clot firmness, between EX-test 
and EXTEM; A5 (B), A10 (C), and MCF (D). Solid line in Bland–Altman analysis depicts bias, and dotted lines 
depict 95% limits of agreements. CT clotting time, MCF maximum clot firmness.
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the efficacy with early clot firmness of ClotPro (A5 or A10) for predicting ROTEM thresholds are comparable 
to with MCF.

Regarding CT, substantial variabilities were found in extrinsic and intrinsic tests between ClotPro and 
ROTEM devices (Figs. 1, 3). And, the variability was prominent in EX-test CT with high percentage error of 
44.7%. Gillissen et al. compared various parameters between ROTEM delta and ROTEM sigma, semi-automated 
successor, in postpartum hemorrhage  patients30. In their study, there was strong correlation in EXTEM MCF 
between two devices (r = 0.84), but no significant correlation in EXTEM CT (r = 0.18). It is speculated that multi-
ple factors including reagent compositions, and different measurement principles affect clotting time  results13,31. 
In particular, use of different tissue factor sources may lead to variation in tissue factor-triggered clotting time 
results, in contrast with standardized prothrombin time testing in central laboratories. Although the addition 
of reagent causes some extent of dilution with blood sample in ROTEM measurements, extra dilution is not 
accompanied with dry-reagent technology of ClotPro measurements. Indeed, the reference ranges of CTs in 
ROTEM assays are high compared to those in corresponding ClotPro assays (Table 1). Extra dilution in ROTEM 
measurement may attribute to CT results.

In addition, our data demonstrated that both viscoelastic measurements have significant correlations with 
standard plasma coagulation tests. The correlations between tissue-factor triggered PT and TG parameters were 
strong with EX-test CT compared to EXTEM CT (Fig. 2). Interestingly, the prolongation of CT after CPB was 
more extensive in EX-test. Those result may indicate that EX-test CT is more susceptible to decrease of pro-
thrombin after the  hemodilution32. Further clinical studies are needed to assess if EX-test CT is more sensitive 
than EXTEM CT in determining the need for transfusion in CPB surgery. Our data showed that both IN-test 
and HI-test CT results were significantly lower than INTEM and HEPTEM CT, respectively. Accordingly, there 
was no bias between IN-test:HI-test ratio and INTEM:HEPTEM ratio. It is feasible that IN-test: HI-test ratio is 
a clinical surrogate of ROTEM after the protamine reversal.

For aim of excluding platelet contribution in fibrin viscoelasticity, ClotPro uses tirofiban as platelet inhibitor 
in addition to cytochalasin D. Solomon et al. compared the effect of tirofiban combined with cytochalasin D 
(FIBTEM PLUS) on ROTEM-clot firmness compared to cytochalasin D  alone33. In their study, FIBTEM MCF in 
the combination was significantly lower than in cytochalasin D alone at baseline  sample33. However, our results 
did not show an advantage of using tirofiban in fibrin-specific viscoelastic testing. FIB-test MCF had strong 
correlations with plasma fibrinogen concentration and factor XIII activity (r = 0.84 and 0.66, respectively), but 
correlations were superior for FIBTEM (r = 0.90 and 0.73, respectively) (Fig. 5D,E). The correlation of platelet 
component of clot formation (using difference between extrinsic-triggered and fibrin-specific testing) with 

Figure 2.  Correlation between EX-test/EXTEM CT and laboratory coagulation variables. Linear regression 
analysis, between EX-test/EXTEM CT and PT/INR (A), TG lag time (B), TG time to peak (C), and peak TG 
(D). CT clotting time, PT/INR prothrombin time/international normalized ratio, TG thrombin generation.
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Figure 3.  Relationship between IN-test and INTEM. Linear regression and Bland–Altman analysis, between 
IN-test CT and INTEM CT (A). Linear regression and Bland–Altman analysis of clot firmness, between IN-test 
and INTEM; A5 (B), A10 (C), and MCF (D). Solid line in Bland–Altman analysis depicts bias, and dotted lines 
depict 95% limits of agreements. CT clotting time, MCF maximum clot firmness.
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platelet count was also superior with ROTEM, compared to ClotPro (r = 0.68 and 0.58, respectively; Fig. 5F). 
Moreover, FIB-test was associated with higher clot firmness results compared to FIBTEM which may suggest 
even less platelet inhibition in FIB-test (Fig. 5A–C). The further investigation is required to clarify the difference 
between two fibrin-specific viscoelastic measurements.

Measurement process of current generation of ROTEM (ROTEM sigma) is fully-automated, and reagents 
consist of a consumable ready-to-use cartridge. Although pipetting is required on ClotPro device, the “active tip” 
system with no requirement for reagent handling may facilitate an uncomplicated procedure. ClotPro allows 6 
simultaneous testing while other viscoelastic devices have normally 4 channels. Extensive test availability may 
cause clinical advantage from comprehensive coagulation assessment for severe coagulation depletions, preop-
erative anticoagulant usage, and protamine-heparin dosing in cardiac surgery.

There is a major limitation in our study. Although main purpose of this study was to evaluated the relation-
ships between ClotPro and ROTEM, the sample numbers may be underpowered to define optimal cut-off values 
of ClotPro. The study was not designed to detect clinical outcomes as bleeding or blood transfusion amounts. 
Because the decision to transfuse hemostatic products was not based on ROTEM or ClotPro results, we are unable 
to comment the reduction effect of ClotPro on blood transfusion. The future interventional studies to evaluate 
the association between ClotPro and relevant clinical outcomes are required.

Our study has another limitation. We did not perform TPA-test for evaluating the effect of antifibrinolytics, 
although common dose of tranexamic acid was used for all patients. It is plausible that more comprehensive 
hemostatic approach could be implemented using this specific test, in parallel with standard ClotPro testing we 
used. Additional study is currently in progress to evaluate the efficacy of TPA-test in cardiac surgery.

In conclusion, our data indicated that ClotPro clot firmness parameters were strongly correlated with ROTEM 
and plasma laboratory measurements in cardiac surgical patients. The interchangeabilities of MCFs between 
EX-test and EXTEM assays were high, but substantial variabilities were found in CTs and FIBTEM clot firmness 
parameters. Additional clinical studies with large patient populations are warranted to define optimal cut-off 
values of ClotPro in cardiac surgery.

Figure 4.  Relationship between HI-test and HEPTEM. Linear regression (A) and Bland–Altman analysis (B), 
between HI-test CT and HEPTEM CT. Linear regression (C) and Bland–Altman analysis (D), between IN-test 
CT:HI-test CT ratio and INTEM CT:HEPTEM CT ratio. Solid line in Bland–Altman analysis depicts bias, and 
dotted lines depict 95% limits of agreements. CT clotting time.
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Figure 5.  Relationship between FIB-test and FIBTEM. Linear regression and Bland–Altman analysis of clot 
firmness, between FIB-test and FIBTEM; A5 (A), A10 (B), and MCF (C). Linear regression between FIB-test/
FIBTEM MCF and plasma fibrinogen (D), or plasma FXIII (E). Linear regression between platelet count and 
difference between EX-test MCF and FIB-test MCF, or EXTEM MCF and FIBTEM MCF (F). Solid line in 
Bland–Altman analysis depicts bias, and dotted lines depict 95% limits of agreements. MCF maximum clot 
firmness, FXIII factor XIII.
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