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Abstract: Background: Liver transplantation (LT) remains a potentially hemorrhagic procedure 19 
whose perioperative bleeding and transfusion could be better monitored using point-of-care de- 20 
vices. Quantra® is a device based on sonorheometry to assess whole blood clot formation. Our aims 21 
were to describe Quantra® parameters during LT and to study their correlations with standard la- 22 
boratory parameters, and to determine Quantra® cut-off values for thrombocytopenia, hypofibrin- 23 
ogenemia and coagulation factors deficit. Methods: In 34 patients undergoing LT, blood samples 24 
were collected before surgical incision, 15 min after the beginning of the anhepatic phase, and 15 25 
min after arterial revascularization of the graft. Results: Clotting time (CT) was well correlated with 26 
prothrombin (PT) ratio and activated partial thromboplastin time (aPTT) ratio. Platelet contribution 27 
to clot stiffness (PCS) was correlated with platelets (ρ=0.82, p<0.001) and fibrinogen contribution clot 28 
stiffness (FCS) with fibrinogen (Fg) (ρ=0.74, p<0.001). CT predicted a PT ratio<30% with an area 29 
under the curve (AUC) of 0.93 (95% CI 0.87-0.98; p<0.001). PCS predicted a platelet count <50 G/L 30 
with an AUC of 0.87 (95% CI 0.76-0.98, p<0.001). FCS predicted a Fg <1.0, 1.2 or 1.5 g/L with an AUC 31 
of 0.86 (95% CI 0.77-094, p<0.001), 0.82 (95% CI 0.74-0.91, p<0.001) and 0.88 (95% CI 0.82-0.95, 32 
p<0.001) respectively. Conclusion: Quantra® provides a rapid assessment of hemostasis during LT. 33 

Keywords: Liver transplantation; point-of-care device; sonorheometry; hemostasis; viscoelastic 34 
tests 35 
 36 

1. Introduction 37 
Liver transplantation (LT) remains a surgery with a high-risk of bleeding, due to cir- 38 

rhosis, portal hypertension, history of previous surgeries and/or donors and grafts char- 39 
acteristics. Management of coagulopathy and transfusion is challenging and can be 40 
guided with standard laboratory tests and point-of-care devices [1–4]. Until recently, the 41 
two available point-of-care devices in the setting of LT were based on viscoelasticity (vis- 42 
coelastic tests, VET): thromboelastography (TEG) and rotational thromboelastometry 43 
(ROTEM). Implementation of VET in a transfusion algorithm was associated with less 44 
blood product transfusion and increased administration of factor concentrates. The im- 45 
pact of these tools on patient outcome remains unknown [5,6].  46 

 



J. Clin. Med. 2023, 12, x FOR PEER REVIEW 2 of 15 
 

 

A newly available point-of-care device, the Quantra® (Stago, Hemosonics, Char- 47 
lottesville, VA, USA) is based on the sonic estimation of elasticity via resonance (SEER) or 48 
sonorheometry, which analyses acoustic radiation force [7]. Briefly, whole blood collected 49 
on a citrate tube is activated with different reagents and is submitted to a focused ultra- 50 
sound pulse. A shear wave is generated, and when a clot begins to form, the sample res- 51 
onates. The ultrasound pulses generated by the clot vibrations are transmitted and ana- 52 
lysed by the device software [8]. The results are available as curves or wheel shaped dials. 53 
The QStat® cartridge allows exploration of clotting time (CT), clos stiffness (CS), fibrino- 54 
gen and platelet contribution to clot stiffness (FCS and PCS) and clot stability to lysis (CSL) 55 
[9]. In trauma, and in orthopaedic and cardiac surgery, Quantra® results were well corre- 56 
lated with VET results and standard laboratory results [9–13]. Moreover, in high bleeding 57 
risk cardiac surgery, a Quantra®-guided transfusion algorithm was associated with a de- 58 
crease in transfusion and major bleeding compared to a laboratory-based transfusion al- 59 
gorithm [14].  60 

In the setting of LT, a recent study compared Quantra® to ROTEM® results and 61 
showed good correlations [15]. However, the authors did not compare Quantra® results 62 
to standard laboratory tests. The main objective of our study was to describe Quantra® 63 
parameters during LT and to study their correlations with standard laboratory parameters 64 
for their potential benefits in routine practice. The second objective was to determine 65 
Quantra® cut-off values for thrombocytopenia, hypofibrinogenemia and coagulation fac- 66 
tors deficit.  67 

2. Materials and Methods 68 
This retrospective monocentric study was registered in the APHP general data pro- 69 

cessing register (n° 20230704140052) and approved by the Comité d'éthique pour la recherche 70 
en Anesthésie-Réanimation (French Committee for Research in Anesthesia and Intensive 71 
Care: IRB 00010254, 2023-078, Dr V. Billard). It followed the principles of the Declaration 72 
of Helsinki. According to French law, all patients received an information letter but their 73 
written consent was not needed.  74 

Quantra® device and QStat® cartridges are FDA marked (K213917 and DEN180017, 75 
respectively), and comply with all essential requirements of the IVD Directive 98/79/EC. 76 
Quantra® was used in compliance with the requirements of the French regulatory stand- 77 
ard for the quality of delocalised medical biology ISO/IEC 17025:2017 supervised by 78 
COFRAC (French certification body).  79 

Adult patients undergoing LT at Paul Brousse hospital (APHP, Paris, France) be- 80 
tween March and May 2023 were eligible. Grafts came from donors after brain death 81 
(DBD) or Maastricht 3 donors after circulatory death (DCD) or living donor for domino 82 
LT. Simultaneous kidney-liver transplantations were also included. 83 

Patients’ characteristics and LT’s characteristics were recorded from medical files. 84 
Anaesthesia and surgical techniques were standardised. All patients received tranexamic 85 
acid (TXA), 1g intra-venous bolus over 10 min before surgical incision followed by 1g over 86 
8h. To manage coagulopathy, prerequisites were body temperature >35.5°C, arterial pH 87 
>7.30, ionised calcaemia > 1 mmol/L, hemoglobin ≥ 8 g/dL (except in case of sickle cell 88 
disease). Blood cell salvage was used if no contra-indicated. If needed, preoperative anti- 89 
coagulation with anti-vitamin K agents was antagonised using prothrombin complex con- 90 
centrates. Transfusion occurred only in the event of bleeding with the goal to maintain 91 
platelets >30 G/L, fibrinogen (Fg) >1.5 g/L and prothrombin time (PT) ratio >30%.  In case 92 
of bleeding, a Fg concentration <1.5 g/L led to fibrinogen concentrate administration (25- 93 
50 mg/kg), a platelet count <30 G/L led to platelets transfusion (0.7x1011/10 kg) and a PT 94 
ratio <30% led to plasma transfusion (≥ 15 ml/kg). If CSL was below 90% despite the con- 95 
tinuous infusion of TXA, a supplementary 1g bolus was allowed.  96 

During LT, three blood samples were performed as usual: after induction of general 97 
anaesthesia and before administration of TXA (=T1), 15 min after the beginning of the 98 
anhepatic phase (=T2), and 15 minutes after arterial revascularisation of the graft (=T3). At 99 
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each time point, blood was collected in EDTA tube and sodium citrate 0.109 M (3.2%) 100 
tubes (BD Vacutainer®). Routine tests (PT, activated partial thromboplastin time (aPTT), 101 
fibrinogen, factor II, factor V and D-dimers) were performed using a STA-RMax automate 102 
(Stago BioCare, Asnières sur Seine, France) using routine reagents from Stago (NeoPTi- 103 
mal, Automated aPTT, Deficient plasmas, Liatest® D-DiPlus) or from Siemens (Courbe- 104 
voie, France) (Dade Thrombin Reagent for determining fibrinogen with Clauss method). 105 
Blood cell count was performed on EDTA tubes with a XN1500 automate (Sysmex, Ville- 106 
pinte, France). We used QStat® Cartridges for the following Quantra® analyses: clot time 107 
(CT), clot stiffness (CS), fibrinogen contribution to clot stiffness (FCS), platelet contribu- 108 
tion to clot stiffness (PCS) and CSL (clot stability lysis).  109 

In cardiac surgery and traumatology, correlation coefficient between FCS and Clauss 110 
fibrinogen were 0.73 and 0.75, and correlation coefficient between PCS and platelet count 111 
0.48 and 0.66, respectively [11,13]. If one hypothesized a correlation coefficient between 112 
FCS and Clauss fibrinogen >0.7 in the setting of LT, with an -risk ok 0.05, 72 samples 113 
would be necessary to provide an 80% power, thus 24 patients each having three sample 114 
sets.  115 

Quantitative data were expressed as median [interquartile range (IQR) 25-75] and 116 
qualitative data as numbers (percentages). Spearman rank coefficients were determined, 117 
and a principal component analysis (PCA) was performed. The determinants of Quantra® 118 
test results were assessed by multiple linear regression using a stepwise model. Receiver- 119 
operating characteristic (ROC) curves were calculated to determine the ability of Quan- 120 
tra® parameters to predict coagulation parameters leading to transfusion of platelets, fi- 121 
brinogen concentrate or fresh frozen plasma. Sensitivity, specificity, positive and negative 122 
predictive values (PPV and NPV) were calculated for the best cut-off value. A p-value 123 
<0.05 was considered statistically significant. All statistical tests were performed with the 124 
XLSTAT V.2023 package (Lumivero, Paris, France). 125 

3. Results 126 
3.1. Patients and LT characteristics 127 

From March 13th and May 29th 2023, 37 LT were performed in Paul Brousse Hospital. 128 
One was excluded from the analysis for technical reasons and two because they were sim- 129 
ultaneous heart-liver transplantations. Patients, donors and LT characteristics are pre- 130 
sented in Table 1. Patients were mostly men, with a median age of 60.5 years and a median 131 
MELD score of 20 [12-32]. The main liver disease leading to LT was alcoholic cirrhosis 132 
(n=20, 58.8 %). Patients suffering from cirrhosis had mainly Child-Pugh score C (n=18, 52.9 133 
%) and a median MELD score of 21 [16-33]. Hepato-cellular carcinoma (HCC) was the 134 
main cause for LT in 7 (20.6 %) patients, but a total of 16 patients (47.1%) had HCC. Two 135 
LT were for redo surgery (5.9 %). Two patients had combined liver-kidney transplantation 136 
(5.9%). Four patients were on long-term aspirin therapy, one had a long-term anti-vitamin 137 
K agent and one suffered from dysfibrinogenemia.  138 

Table 1. Patients and liver transplantations’ characteristics. 

Characteristics Values 

Patients (n=34) 
 

Gender M/F, n (%) 27 (79.4) / 7 (20.6) 

Age, years 60.5 [51.2-63.8] 

Height, m 1.71 [1.65-1.78] 

Weight, kg 86.0 [78.0-93.2] 
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BMI, kg/m2 29.4 [25.2-31.7] 

Liver disease leading to LT, n (%) 
 

Alcoholic cirrhosis 20 (58.8) 

HCC 7 (20.6) 

Acute hepatitis 5 (14.7) 

Amyloid neuropathy 1 (2.9) 

Hepatic metastasis 1 (2.9) 

MELD score 20 [12-32] 

Child-Pugh score A/B/C/NA 8 (23.5) / 5 (14.7) / 18 (52.9) / 3 (8.8) 

Donors (n=34)  

Age (years) 

Type of donors: DBD/ M3 DCD/LDD 

58 [48-71] 

32 (94.2) / 1 (2.9) / 1(2.9) 

Liver transplantations (n=34) 
 

Surgical time, min 424 [373-487] 

Cold ischemia time, min 359 [307-426] 

Warm ischemia time, min 30 [26-37] 

Type of caval anastomosis: 3 veins piggy-
back technique/ side to side/ caval replace-
ment 

27 (79.4) / 2 (5.9) / 5 (14.7) 

Note: Data are expressed as median [interquartile range] or number (%). 

Abbreviations: BMI, body mass index; DBD, donor after brain death; DCD, donor after 
circulatory death; HCC: hepato-cellular carcinoma; LDD, living donor domino; M3, Maas-
tricht 3; MELD; model for end-stage liver disease; NA, non-appropriate. 

Bleeding and transfusion data are presented in Table 2. Median peroperative bleed- 139 
ing was 1500 [1025-2525] ml. Cell salvage was used for 20 procedures and allowed the 140 
retransfusion of 262 [179-567] ml. Twenty patients (58.8 %) needed transfusion of one or 141 
more blood labile product and 7 (20.6 %) needed administration of fibrinogen concentrate. 142 
The amount of plasma transfused was slightly below the preconized dose in the protocol, 143 
whereas the amount of fibrinogen administered was in the target. Five patients (14.7%) 144 
received platelets transfusion. Only two patients received more than 2 g of TXA.  145 
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Results of laboratory tests and Quantra® tests are presented in Table 3. During the 146 
LT, platelets count, PT ratio, factors II and V, fibrinogen, CS, PCS, and FCS decreased, 147 
whereas aPTT ratio and CT increased. D-dimers and CSL remained quite stable through 148 
the procedure. 149 

 150 

 

Table 2. Bleeding and transfusion. 

Characteristics 
Number of patients concerned (%) 

Values 

Bleeding, ml  1500 [1025-2525] 

Retransfused blood volume from cell salvage (ml) 
N=20 (58.8%) 

262 [179-567] 

Blood labile products transfusion, n (%) 20 (58.8) 

PRBC, n  
N=18 (52.9%) 

4 [3-7] 

FFP, n 
N=11 (32.4%) 

3 [2-8] 

FFP, ml/kg  
N=11 (32.4%) 

10.6 [7.0-20.7] 

Platelet units, n 
N=5 (14.7%) 

1 [1-2] 

Fg concentrate, g 
N=7 (20.6%) 

3.0 [2.5-3.5] 

Fg concentrate, mg/kg 
N=7 (20.6%) 

33 [24-38] 

Tranexamic acid, g 
N=34 (100.0%) 

1.8 [1.7-2.0] 

Tranexamic acid, mg/kg 
N=34 (100.0%) 

21.8 [19.1-24.6] 

Note:  The amounts of transfusion are detailed only for transfused patients. Data are expressed as median [in-
terquartile range] or number (%). Abbreviations: FFP, fresh frozen plasma; Fg, fibrinogen; PRBC, pack of red 
blood cells. 
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3.2. Principal component analysis 151 
In the PCA including the results of all the biological parameters (laboratory and 152 

Quantra®) presented Figure 1A, 56.1% of the variability of the scatter plot is represented 153 
on the horizontal axis (F1), that we can call “coagulation axis”. The vertical axis represents 154 
12.7% of the variability. The larger the dot the higher the squared cosines, reflecting the 155 
representation quality of a variable on the PCA axis. Moreover, dots are not interpretable 156 
if they are too close to the centre. Thus, no conclusion can be drawn for CSL, D-dimers 157 
and leukocytes. Furthermore, the sharper the angle between two variables, the more cor- 158 
related they are. Figures 1B, 1C, 1D and 1E represent the scatter plots between the labor- 159 
atory and the Quantra® parameters the more correlated according to Spearman rank cor- 160 
relation. 161 

CT was correlated with PT ratio (ρ=-0.79, p<0.001) and aPTT ratio (ρ=0.80, p<0.001). 162 
PCS was correlated with platelets (ρ=0.82, p<0.001) and FCS with Fg (ρ=0.74, p<0.001). 163 
These correlations were stable whatever the sampling time. For example, Spearman rank 164 
correlations between FCS and Fg were 0.73 at T1 (p<0.001), 0.66 at T2 (p<0.001) and 0.67 at 165 
T3 (p<0.001).  166 

Table 3. Haemostatic testing. 

   

Variables (normal values for healthy 
controls) 

All T1 T2 T3 

Laboratory results 
    

Leukocytes, G/L (4.0-10.0) 7.3 [5.5-9.0] 6.5 [4.7-8.2] 6.4 [5.4-9.7] 8.0 [6.5-9.7] 

Red blood cells, T/L (3.8-5.0) 3.0 [2.5-3.8] 3.6 [2.5-4.2] 3.0 [2.6-3.5] 2.8 [2.3-3.2] 

Haemoglobin, g/dL (12.0-16.0) 9.2 [7.9-11.4] 10.8 [7.9-12.8] 9.2 [8-2-11.2] 8.3 [7.5-10.1] 

Haematocrit, % (34.0-45.0) 27.0 [23.4-33.3] 31.2 [23.2-37.0] 27.0 [24.6-32.7] 24.6 [22.2-29.5] 

Platelets, G/L (150.0-400.0) 107.5 [70.2-155.8] 100.5 [67.5-156.8] 116.0 [77.0-163.5] 85.5 [70.5-140.2] 

Prothrombin ratio, % (>70) 32 [15-52] 42 [20-70] 32 [18-50] 21 [13-40] 

Factor II, % (60-140) 27 [12-51] 38 [25-69] 28 [14-52] 13 [10-34] 

Factor V, % (60-140) 28 [17-51] 41 [27-73] 29 [18-47] 17 [11-33] 

aPTT ratio (<1.20) 1.76 [1.34-3.08] 1.48 [1.17-1.97] 1.74 [1.45-2.78] 2.80 [1.66-4.95] 

Fibrinogen, g/L (1.5-4.0) 1.4 [0.8-2.5] 2.1 [1.2-2.8] 1.4 [0.9-2.4] 1.1 [0.8-1.8] 

D-dimers, ng FEU/mL (<500) 2085 [1111-3474] 2235 [669-7085] 1840 [1128-3290] 2443 [1436-3228] 

Quantra® results 
    

CT, s (103-153) 161 [144-194] 150 [136-180] 152 [138-164] 194 [177-226] 

CS, hPa (13.0-33.2) 11.2 [6.2-16.2] 13.6 [7.2-18.1] 12.4 [8.0-16.7] 9.0 [5.4-12.0] 

PCS, hPa (11.9-29.8) 9.9 [5.6-14.4] 12.0 [8.6-16.1] 11.3 [6.6-14.6] 8.1 [4.6-10.7] 

FCS, hPa (1.0-3.7) 1.1 [0.6-1.9] 1.6 [0.8-2.2] 1.2 [0.7-1.7] 1.0 [0.5-1.2] 

CSL, % (>92) 99 [98-100] 100 [98-100] 99 [98-100] 100 [98-100] 

Note: Data are expressed as median [interquartile range]. T1= after induction of general anaesthesia and before 
administration of tranexamic acid, T2= 15 min after the beginning of the anhepatic phase, T3= 15 minutes after 
arterial revascularisation of the graft. Abbreviations: aPTT, activated partial thromboplastin time; CS, clot stiff-
ness; CT, clotting time; CSL, clot stability lysis; FCS, fibrinogen contribution to clot stiffness; PCS, platelet con-
tribution to clot stiffness. 
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As Fg administration is not performed per operatively by all the liver transplant 167 
teams, we also performed the analyses excluding the data from the 7 patients who re- 168 
ceived fibrinogen perioperatively. Spearman rank coefficients remained good and in the 169 
same range as those obtained with the whole data set: between CT and PT ratio (ρ=-0.78, 170 
p<0.001), CT and aPTT ratio (ρ=0.80, p<0.001), PCS and platelets (ρ=0.81, p<0.001) and FCS 171 
and Fg (ρ=0.68, p<0.001).  172 

 173 
 174 

 175 
Figure 1. (A) Principal component analysis (PCA) including all biological parameters from all sam- 176 
ples. (B) Scatter plot depicting CT versus PT ratio. (C) Scatter plot depicting CT versus aPTT ratio. 177 
(D) Scatter plot depicting PCS versus platelet count. (E) Scatter plot depicting FCS versus fibrinogen. 178 
Horizontal and vertical lines represent the quartiles 25 and 75 of the parameter on the vertical and 179 
horizontal axis, respectively. 180 

Abbreviations: aPTT, activated partial thromboplastin time; CS, clot stiffness; CSL, clot stability ly- 181 
sis; FII, factor II; FV, factor V; FCS, fibrinogen contribution to clot stiffness; Fg, fibrinogen; Hb, he- 182 
moglobin; hPa, hectopascal; Hte, hematocrit; PCS, platelet contribution to clot stiffness; PT, pro- 183 
thrombin time ratio; RBC, red blood cells.   184 

3.3. Multiple linear regression 185 
To decipher the determinants of Quantra® test results, we conducted multiple linear 186 

regression using stepwise model (Figure 2). As seen in Figure 2A, aPTT explained 58% of 187 
the variability of CT. For CS and PCS (Figure 2A and 2B respectively), 89% of the varia- 188 
bility of the parameter can be explained by a model including RBC, platelets, FII, FV and 189 
Fg, platelets being the most contributing factor. As for FCS, a model including Hb, plate- 190 
lets, FII and Fg (the most contributing factor) explained 75% of its variability (Figure 2D). 191 
No linear regression could be generated for CSL.  192 
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 193 

Figure 2. Multiple linear regression by stepwise model for (A) CT, (B) CS, (C) PCS and (D) FCS. The 194 
dark dotted line represents the model, and the grey lines the 95% confidence interval. In the model 195 
equations, the parameter in bold has the most weight in the regression. 196 

Abbreviations: CS, clot stiffness; CT, clotting time; FII, factor II; FV, factor V; FCS, fibrinogen contri- 197 
bution to clot stiffness; Fg, fibrinogen; Hb, hemoglobin; hPa, hectopascal; PCS, platelet contribution 198 
to clot stiffness; Plt, platelets; Pred, predicted; RBC, red blood cells 199 

3.4. ROC curves analysis  200 
To refine the place of Quantra® in our transfusion algorithm, we conducted ROC 201 

curves analyses to determine the best cut-off value of CT to predict PT ratio <30% or 202 
aPTT>1.2 or 1.5, of PCS to predict platelet count <50 G/L and of FCS to predict Fg <1.0, 1.2 203 
or 1.5 g/L (Figure 3 and Table 4). CT predicted a PT ratio<30% with an AUC of 0.93 (95% 204 
CI 0.87-0.98; p<0.001) and this was the highest AUC of the Quantra® values (Figure 3A). 205 
The best cut-off value was 166 s, with a sensitivity of 0.82 (95% CI 0.68-0.90), a specificity 206 
of 0.90 (95% CI 0.79-0.96), a PPV of 0.89 and a NPV of 0.84. PCS predicted a platelet count 207 
<50 G/L with an AUC of 0.87 (95% CI 0.76-0.98, p<0.001). The best cut-off value was 5.4 208 
hPa, but with a low PPV at 0.44 (Figure 3B). FCS predicted a Fg <1.0, 1.2 or 1.5 g/L with an 209 
AUC of 0.86 (95% CI 0.77-094, p<0.001), 0.82 (95% CI 0.74-0.91, p<0.001) and 0.88 (95% CI 210 
0.82-0.95, p<0.001), respectively (Figure 3C). The best cut-off values were 0.6, 0.9 and 1.0 211 
hPa, respectively.  212 
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 213 

Figure 3. Receiving operator characteristic curve analyses. (A) Ability of CT to detect PT ratio <30%, 214 
aPTT ratio >1.2 or aPTT ratio >1.5. (B) Ability of PCS to detect platelet count < 50 G/L. (C) Ability of 215 
FCS to detect Fg <1.0 or 1.2 or 1.5 g/L. The analysis was based on 101 observations for CT, 97 for PCS 216 
and 99 for FCS. 217 

Abbreviations: aPTT, activated partial thromboplastin time; CS, clot stiffness; CT, clotting time; FCS, 218 
fibrinogen contribution to clot stiffness; Fg, fibrinogen; PCS, platelet contribution to clot stiffness; 219 
PT, prothrombin time 220 

Table 4. Synthesis of receiving operator characteristics curves analyses. 

Parameters  AUC Best cut-off Sensitivity Specificity PPV NPV 

Ability of CT to predict  
      

PT ratio <30% 0.93 (0.87-0.98) * 166 0.82 (0.68-0.90) 0.90 (0.79-0.96) 0.89 0.84 

aPTT ratio >1.2 0.87 (0.80-0.95) * 155 0.64 (0.53-0.73) 1.00 (0.77-1.00) 1.00 0.34 

aPTT ratio >1.5 0.87 (0.81-0.94) * 155 0.76 (0.65-0.85) 0.92 (0.76-0.98) 0.94 0.66 

Ability of PCS to predict 
      

Plt count <50 G/L 0.87 (0.76-0.98) * 5.4 0.91 (0.59-1.00) 0.85 (0.76-0.91) 0.44 0.99 
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Ability of FCS to predict 
      

Fg <1.0 g/L 0.86 (0.77-0.94) * 0.6 0.59 (0.41-0.75) 0.96 (0.88-0.99) 0.84 0.86 

Fg <1.2 g/L 0.82 (0.74-0.91) * 0.9 0.69 (0.52-0.81) 0.78 (0.66-0.87) 0.63 0.82 

Fg <1.5 g/L 0.88 (0.82-0.95) * 1.0 0.71 (0.57-0.81) 0.94 (0.82-0.98) 0.92 0.75 

Note: The analysis was based on 101 observations for CT, 97 for PCS and 99 for FCS. AUC, sensitivity, 
specificity, PPV and NPV are given with 95% confidence interval. 

Abbreviations: aPTT, activated partial thromboplastin time; AUC, area under the curve; CT, clotting time; 
FCS, fibrinogen contribution to clot stiffness; Fg, fibrinogen; NPV, negative predictive value; PCS, platelet 
contribution to clot stiffness; Plt, platelet; PT, prothrombin; PPV, positive predictive value. *p<0.001. 

The sensitivity analysis performed without the data from the 7 patients who received 221 
Fg found different AUC and thresholds values, as shown in Table 5.  222 

 223 

Table 5. Receiving operator characteristics curves analysis in patients not receiving Fg  

Parameters  AUC Best cut-off Sensitivity Specificity PPV NPV 

Ability of FCS to predict 
      

Fg <1.0 g/L 0.81 (0.68-0.93) * 1.3 0.87 (0.61-0.97) 0.62 (0.50-0.73) 0.35 0.95 

Fg <1.2 g/L 0.80 (0.70-0.91) * 1.5 0.91 (0.71-0.98) 0.55 (0.42-0.68) 0.44 0.94 

Fg <1.5 g/L 0.85 (0.76-0.94) * 1.0 0.61 (0.44-0.75) 0.96 (0.84-0.99) 0.91 0.77 

Note: The analysis was based on 78 observations. AUC, sensitivity, specificity, PPV and NPV are given 
with 95% confidence interval. 

Abbreviations: AUC, area under the curve; FCS, fibrinogen contribution to clot stiffness; Fg, fibrinogen; 
NPV, negative predictive value; PPV, positive predictive value. *p<0.001. 

 224 
  225 
 226 
According to these results, we propose a transfusion algorithm including Quantra® 227 

parameters, which should only be used in case of bleeding (Figure 4).  228 
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 229 

Figure 4. Proposition of transfusion algorithm including Quantra® results. 230 

Abbreviations: CSL, clot stability lysis; CT, clotting time; FCS, fibrinogen contribution to clot stiff- 231 
ness; FFP, fresh frozen plasma; Fg, fibrinogen; Hb, hemoglobin; hPa, hectopascal; PCS, platelet con- 232 
tribution to clot stiffness; Plt, platelets; T°, body core temperature 233 

4. Discussion 234 
In 34 patients benefiting from LT, Quantra® parameters correlated well with standard 235 

laboratory results, with a Spearman rank coefficient ranging from 0.74 between FCS and 236 
Fg to 0.82 between PCS and platelet count. These results are in line with those found in 237 
the context of cardiac or orthopaedic surgery [11,16,17], and slightly better than those ob- 238 
served in trauma [13].  239 

CSL and D-dimers were poorly correlated. The first blood sampling was performed 240 
before the bolus of TXA, and the two others while TXA was continuously infused. The 241 
correlation remains poor even when focusing on the first sample set (ρ=0.18, data not 242 
shown). Flores et al. have shown good concordance between ROTEM® and Quantra® for 243 
fibrinolysis [15], but one must keep in mind the poor sensitivity of ROTEM®for diagnosing 244 
hyperfibrinolysis [18]. Moreover D-dimers may not be a good surrogate marker for hy- 245 
perfibrinolysis when TXA is continuously infused [19]. To test the ability of Quantra® to 246 
detect hyperfibrinolysis, specific tests (dosages of t-PA and PAI-1 activity) and a global 247 
fibrinolysis capacity assay are needed, or the euglobulin clot lysis time, which is insensi- 248 
tive to the presence of TXA [20].   249 

As no “normal” values for Quantra® or laboratory parameters have been determined 250 
in cirrhotic patients, we did not conduct a concordance analysis between these parameters 251 
and the results of standard laboratory tests, and we chose to represent the interquartile 252 
range for each parameter (Figure 1). In the multiple linear regression (Figure 2), analysis 253 
of CT was impaired by the fact that the laboratory did not provide an aPTT ratio result 254 
above 5 (upper limit of detection). When removing the 11 observations with an aPTT ≥5, 255 
the equation of the model became CT = 49.8-10.2 *Hb+4,98*Hte+32.46*aPTT+0.002*D- 256 



J. Clin. Med. 2023, 12, x FOR PEER REVIEW 12 of 15 
 

 

dimers (R2=0.72, p<0.001), and the aPTT remained the parameter with the most weight in 257 
the equation. Platelet count was the most important factor in the regression equation for 258 
predicted CS and PCS, whereas Fg had the most weight in the regression equation for 259 
predicted FCS.  260 

ROC curve results were good to excellent, with AUC ranging from 0.82 (ability of 261 
FCS to detect hypofibrinogenemia <1.2 g/L), to 0.93 (ability of CT to detect PT ratio <30%). 262 
These AUC are in line with those described in major surgery or in trauma [13,16]. We 263 
explored the ability of CT do detect PT ratio <30% and aPTT ratio>1.2 or 1.5, and the best 264 
conjunction of AUC, sensitivity, specificity, PPV and NPV is for PT ratio <30%. Despite 265 
our haemostatic objective of platelets >30 G/L in case of bleeding, we did not perform ROC 266 
curve analysis for platelets <30 or 40 G/L, because only 1 and 3 cases had such low platelet 267 
count, respectively, whereas 11 cases had platelets <50 G/L. It is noteworthy that for this 268 
parameter, the NPV is higher than the PPV. Finally, we tested the ability of FCS to predict 269 
various thresholds of Fg, as there is no consensus in the literature as to best objective in 270 
case of bleeding during LT (between 1.0 and 1.5 g/L). However, low preoperative Fg is 271 
associated with higher perioperative bleeding and need for transfusion, and the threshold 272 
seems to be between 1 and 2 g/L [21,22]. Based on these ROC curves analyses, we propose 273 
a transfusion algorithm including the Quantra® results. AUC for CT and PCS were better 274 
than AUC for FCS, but platelets infusion efficiency is of short duration in cirrhotic patients 275 
with splenomegaly [23,24] and high volume of plasma are needed to correct coagulation 276 
deficiency, with a risk of worsening portal hypertension and bleeding [4].  277 

As pre or per operative administration of Fg is not performed by all LT teams, we 278 
conducted a sensitivity analysis excluding the data from the 7 patients who received Fg. 279 
Spearman rank coefficients between Quantra® parameters and laboratory parameters re- 280 
mained good and in the same range as those obtained with the whole data set. In contrast, 281 
ROC curve analyses showed different AUC and thresholds for FCS to detect hypofibrin- 282 
ogenemia below 1.0, 1.2 or 1.5 g/L. This can be explained by the lowest number of cases, 283 
as in our protocol bleeding patients with hypofibrinogenemia were eligible to Fg admin- 284 
istration, but also by the influence of Fg concentrate administration on the correlation be- 285 
tween FCS and Fg Clauss, as experienced with ROTEM® in cardiac surgery [25]. However, 286 
the best AUC is still for the detection of Fg<1.5 g/L, with the best FCS cut-off value of 1.0 287 
hPa, and our proposition of transfusion algorithm remains unchanged.  288 

As others viscoelastic tests, Quantra® has advantages (whole blood test, global vision 289 
of coagulation) and limitations (insensitivity to Von Willebrand factor, and to the antico- 290 
agulant protein C system). This must be kept in mind when exploring cirrhotic patients’ 291 
coagulation [26].  292 

Our study had both strengths and limitations. Although it is retrospective and mo- 293 
nocentric and our results must be confirmed in prospective multicentric studies, this study 294 
clearly shows the strong correlation of SEER derived haemostasis variables with classical 295 
laboratory values. As it is observational, the impact of a Quantra®-guided transfusion al- 296 
gorithm on clinically relevant outcomes (per operative bleeding and transfusion, intensive 297 
care unit and hospital length of stay, haemorrhagic and thrombotic complications) re- 298 
mains to be determined. We did not measure the time between blood sampling and re- 299 
sults, but in a previous study, this delay was significantly shorter for Quantra® tests than 300 
for laboratory tests [13]. This tool provides a rapid assessment of haemostasis during 301 
haemorrhage and prospective randomised controlled studies may determine its impact 302 
on patient care. The algorithm we propose here has yet to be validated in large studies. 303 

In conclusion, in this series of 34 LT in an expert center, we demonstrated the good 304 
correlation of the values of coagulation parameters between the technology of the point- 305 
of-care Quantra® device and those of laboratory tests used to currently monitor fresh fro- 306 
zen plasma, platelets and fibrinogen concentrate transfusions. Because the time saved 307 
with each transplantation by avoiding the time spent on transporting the collection tubes 308 
and their centrifugation within the on-call laboratory, the Quantra® solution represents an 309 
obvious advantage in the care of the graft recipient.  310 



J. Clin. Med. 2023, 12, x FOR PEER REVIEW 13 of 15 
 

 

 311 

Author Contributions: Conceptualization, M.S.P, P.P., A.L., J.D. and S.R..; methodology, S.R.; in- 312 
vestigation M.S.P., H.K., S.C., S.N.K., L.H., G.P. and S.R.; writing—original draft preparation, 313 
M.S.P., S.C and S.R.; writing—review and editing, G.P., P.P., A.L., J.D. and S.R..; supervision, S.R.; 314 
project administration, S.R. All authors have read and agreed to the published version of the man- 315 
uscript. 316 

Funding: This research received no external funding. 317 

Institutional Review Board Statement: The study was conducted in accordance with the Declara- 318 
tion of Helsinki, and approved by the Institutional Review Board (French Committee for Research 319 
in Anesthesia and Intensive Care: IRB 00010254, 2023-078, Dr V. Billard). 320 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 321 
study. According to French law, all patients received an information letter but their written consent 322 
was not needed. 323 

Data Availability Statement: The data presented in this study are available on request from the 324 
corresponding author. 325 

Acknowledgments: The Quantra® device and the QStat® cartridges were kindly provided by Stago 326 
BioCare (Asnières sur Seine, France). 327 

Conflicts of Interest: The authors declare no conflict of interest. 328 

References 329 

1.  Villa, E.; Bianchini, M.; Blasi, A.; Denys, A.; Giannini, E.G.; de Gottardi, A.; Lisman, T.; de Raucourt, E.; Ripoll, C.; Rautou, P.- 330 
E. EASL Clinical Practice Guidelines on Prevention and Management of Bleeding and Thrombosis in Patients with Cirrhosis. 331 
J Hepatol 2022, 76, 1151–1184, doi:10.1016/j.jhep.2021.09.003. 332 

2.  Yoon, U.; Bartoszko, J.; Bezinover, D.; Biancofiore, G.; Forkin, K.T.; Rahman, S.; Spiro, M.; Raptis, D.A.; Kang, Y.; the 333 
ERAS4OLT.org Working Group; et al. Intraoperative Transfusion Management, Antifibrinolytic Therapy, Coagulation Moni- 334 
toring and the Impact on Short-term Outcomes after Liver Transplantation—A Systematic Review of the Literature and Expert 335 
Panel Recommendations. Clin Transplant 2022, 36, e14637, doi:10.1111/ctr.14637. 336 

3.  Kietaibl, S.; Ahmed, A.; Afshari, A.; Albaladejo, P.; Aldecoa, C.; Barauskas, G.; De Robertis, E.; Faraoni, D.; Filipescu, D.C.; 337 
Fries, D.; et al. Management of Severe Peri-Operative Bleeding: Guidelines from the European Society of Anaesthesiology and 338 
Intensive Care: Second Update 2022. Eur J Anaesthesiol 2023, 40, 226–304, doi:10.1097/EJA.0000000000001803. 339 

4.  Biancofiore, G.; Blasi, A.; De Boer, M.T.; Franchini, M.; Hartmann, M.; Lisman, T.; Liumbruno, G.M.; Porte, R.J.; Saner, F.; 340 
Senzolo, M.; et al. Perioperative Hemostatic Management in the Cirrhotic Patient: A Position Paper on Behalf of the Liver 341 
Intensive Care Group of Europe (LICAGE). Minerva Anestesiol 2019, 85, 782–798, doi:10.23736/S0375-9393.19.13468-2. 342 

5.  Aceto, P.; Punzo, G.; Di Franco, V.; Teofili, L.; Gaspari, R.; Avolio, A.W.; Del Tedesco, F.; Posa, D.; Lai, C.; Sollazzi, L. Viscoe- 343 
lastic versus Conventional Coagulation Tests to Reduce Blood Product Transfusion in Patients Undergoing Liver Transplan- 344 
tation: A Systematic Review and Meta-Analysis. Eur J Anaesthesiol 2023, 40, 39–53, doi:10.1097/EJA.0000000000001780. 345 

6.  Hartmann, J.; Hermelin, D.; Levy, J.H. Viscoelastic Testing. An Illustrated Review of Technology and Clinical Applications. 346 
Res Pract Thromb Haemost 2023, 7, e100031, doi:10.1016/j.rpth.2022.100031. 347 

7.  Viola, F.; Kramer, M.D.; Lawrence, M.B.; Oberhauser, J.P.; Walker, W.F. Sonorheometry: A Noncontact Method for the Dy- 348 
namic Assessment of Thrombosis. Ann Biomed Eng 2004, 32, 696–705. 349 

8.  Corey, F.S.; Walker, W.F. Sonic Estimation of Elasticity via Resonance: A New Method of Assessing Hemostasis. Ann Biomed 350 
Eng 2016, 44, 1405–1424, doi:10.1007/s10439-015-1460-y. 351 

9.  Michelson, E.A.; Cripps, M.W.; Ray, B.; Winegar, D.A.; Viola, F. Initial Clinical Experience with the Quantra QStat System in 352 
Adult Trauma Patients. Trauma Surg Acute Care Open 2020, 5, e000581, doi:10.1136/tsaco-2020-000581. 353 



J. Clin. Med. 2023, 12, x FOR PEER REVIEW 14 of 15 
 

 

10.  Rossetto, A.; Wohlgemut, J.M.; Brohi, K.; Davenport, R. Sonorheometry versus Rotational Thromboelastometry in Trauma: A 354 
Comparison of Diagnostic and Prognostic Performance. J Thromb Haemost 2023, 21, 2114–2125, doi:10.1016/j.jtha.2023.04.031. 355 

11.  Huffmyer, J.L.; Fernandez, L.G.; Haghighian, C.; Terkawi, A.S.; Groves, D.S. Comparison of SEER Sonorheometry With Rota- 356 
tional Thromboelastometry and Laboratory Parameters in Cardiac Surgery. Anesth Analg 2016, 123, 1390–1399, 357 
doi:10.1213/ANE.0000000000001507. 358 

12.  Groves, D.S.; Welsby, I.J.; Naik, B.I.; Tanaka, K.; Hauck, J.N.; Greenberg, C.S.; Winegar, D.A.; Viola, F. Multicenter Evaluation 359 
of the Quantra QPlus System in Adult Patients Undergoing Major Surgical Procedures. Anesth Analg 2020, 130, 899–909, 360 
doi:10.1213/ANE.0000000000004659. 361 

13.  Duclos, G.; Fleury, M.; Grosdidier, C.; Lakbar, I.; Antonini, F.; Lassale, B.; Arbelot, C.; Albaladejo, P.; Zieleskiewicz, L.; Leone, 362 
M. Blood Coagulation Test Abnormalities in Trauma Patients Detected by Sonorheometry: A Retrospective Cohort Study. Res 363 
Pract Thromb Haemost 2023, 7, e100163, doi:10.1016/j.rpth.2023.100163. 364 

14.  Zlotnik, D.; Abdallah, G.A.; Lang, E.; Boucebci, K.-J.; Gautier, C.-H.; François, A.; Gaussem, P.; Godier, A. Assessment of a 365 
Quantra-Guided Hemostatic Algorithm in High-Bleeding-Risk Cardiac Surgery. J Cardiothorac Vasc Anesth 2023, 37, 724–731, 366 
doi:10.1053/j.jvca.2023.01.034. 367 

15.  Flores, A.S.; Forkin, K.T.; Brennan, M.M.; Kumar, S.S.; Winegar, D.A.; Viola, F. Multicenter Evaluation of the Quantra with the 368 
QStat Cartridge in Adult Patients Undergoing Liver Transplantation. Liver Transpl 2023, 29, 1216–1225, 369 
doi:10.1097/LVT.0000000000000138. 370 

16.  Naik, B.I.; Tanaka, K.; Sudhagoni, R.G.; Viola, F. Prediction of Hypofibrinogenemia and Thrombocytopenia at the Point of Care 371 
with the Quantra® QPlus® System. Thromb Res 2021, 197, 88–93, doi:10.1016/j.thromres.2020.11.008. 372 

17.  Demailly, Z.; Wurtz, V.; Barbay, V.; Surlemont, E.; Scherrer, V.; Compère, V.; Billoir, P.; Clavier, T.; Besnier, E. Point-of-Care 373 
Viscoelastic Hemostatic Assays in Cardiac Surgery Patients: Comparison of Thromboelastography 6S, Thromboelastometry 374 
Sigma, and Quantra. J Cardiothorac Vasc Anesth 2023, 37, 948–955, doi:10.1053/j.jvca.2023.02.015. 375 

18.  Roullet, S.; Freyburger, G.; Cruc, M.; Quinart, A.; Stecken, L.; Audy, M.; Chiche, L.; Sztark, F. Management of Bleeding and 376 
Transfusion during Liver Transplantation before and after the Introduction of a Rotational Thromboelastometry-Based Algo- 377 
rithm. Liver Transpl 2015, 21, 169–179, doi:10.1002/lt.24030. 378 

19.  Roullet, S.; Rivoire, T.; Houssin, C.; Labrouche, S.; Paquin, S.; Nouette-Gaulain, K.; Deneux-Tharaux, C.; Amiral, J.; James, C.; 379 
Sentilhes, L. Hemostatic Effects of Tranexamic Acid in Cesarean Delivery: An Ancillary Study of the TRAAP2 Study. Thromb 380 
Haemost 2022, 122, 1869–1878, doi:10.1055/s-0042-1755379. 381 

20.  Roullet, S.; Labrouche, S.; Mouton, C.; Quinart, A.; Nouette-Gaulain, K.; Laurent, C.; Freyburger, G. Lysis Timer: A New Sen- 382 
sitive Tool to Diagnose Hyperfibrinolysis in Liver Transplantation. J Clin Pathol 2019, 72, 58–65, doi:10.1136/jclinpath-2018- 383 
205280. 384 

21.  Costa, M.; Dalmau, A.; Sabate, A.; Koo, M.; Aparicio, I.; Contreras, L. Low Plasma Fibrinogen Levels and Blood Product Trans- 385 
fusion in Liver Transplantation. Minerva Anestesiol 2014, 80, 568–573. 386 

22.  Carrier, F.M.; Deshêtres, A.; Ferreira Guerra, S.; Rioux-Massé, B.; Zaouter, C.; Lee, N.; Amzallag, É.; Joosten, A.; Massicotte, L.; 387 
Chassé, M. Preoperative Fibrinogen Level and Bleeding in Liver Transplantation for End-Stage Liver Disease: A Cohort Study. 388 
Transplantation 2023, 107, 693–702, doi:10.1097/TP.0000000000004333. 389 

23.  Aster, R.H. Pooling of Platelets in the Spleen: Role in the Pathogenesis of “Hypersplenic” Thrombocytopenia. J Clin Invest 1966, 390 
45, 645–657, doi:10.1172/JCI105380. 391 

24.  Tripodi, A.; Primignani, M.; Chantarangkul, V.; Lemma, L.; Jovani, M.; Rebulla, P.; Mannucci, P.M. Global Hemostasis Tests 392 
in Patients with Cirrhosis before and after Prophylactic Platelet Transfusion. Liver Int 2013, 33, 362–367, doi:10.1111/liv.12038. 393 

25.  Solomon, C.; Cadamuro, J.; Ziegler, B.; Schöchl, H.; Varvenne, M.; Sørensen, B.; Hochleitner, G.; Rahe-Meyer, N. A Comparison 394 
of Fibrinogen Measurement Methods with Fibrin Clot Elasticity Assessed by Thromboelastometry, before and after 395 



J. Clin. Med. 2023, 12, x FOR PEER REVIEW 15 of 15 
 

 

Administration of Fibrinogen Concentrate in Cardiac Surgery Patients. Transfusion 2011, 51, 1695–1706, doi:10.1111/j.1537- 396 
2995.2011.03066.x. 397 

26.  Lisman, T. Interpreting Hemostatic Profiles Assessed With Viscoelastic Tests in Patients With Cirrhosis. J Clin Gastroenterol 398 
2020, 54, 389–391, doi:10.1097/MCG.0000000000001327. 399 

 400 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au- 401 
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 402 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 403 


