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Abstract
Quantra® Hemostasis Analyzer is a Point of the care device that uses ultrasound technology to assess clot formation. In this 
study, we establish how Quantra® system performs compared to conventional coagulation tests at low levels of fibrinogen 
in the blood obtained from pregnant women. 24 mL blood was obtained from each healthy parturient. Blood was analyzed 
for Quantra® variables (Q): Clot time (CT), Clot stiffness (CS), platelet contribution to CS (PCS), fibrinogen contribution to 
CS (FCS), and conventional coagulation (CL) tests: PT, aPTT, INR, Factor VIII and fibrinogen. 6 ml blood were centrifuged 
to obtain pregnant plasma. 30 mL of saline was added to 10 mL of blood to simulate crystalloid resuscitation (DB) and was 
evaluated for Q and CL. Fractions of pregnant plasma, or nonpregnant plasma (Blood Bank) was added to DB to obtain 15% 
and 30% clotting factor enriched samples. 4 ml of DB was added to 4 ml of original blood (1:1) to obtain the final sample 
(resus). Each of the samples were analyzed for Q and CL parameters. Regression analysis and Receiving Characteristics 
Curves were used to study the relationship between Quantra variables and CL tests. There were remarkably high linear cor-
relations between Fibrinogen and CS (R = 0.93, P < 0.001), fibrinogen and FCS (R = 0.77, P < 0.001). An FCS value 2.45 
(sensitivity of 79.2 and specificity of 97.3%), and CS value 10.85 hPa (sensitivity of 83% and specificity of 100%) predicted 
fibrinogen of 200 mg/dL. This study demonstrates a good correlation between Quantra® CS, FCS and serum fibrinogen.
Clinical Trial Number: NCT04301193.
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1  Introduction

Unexpected obstetric hemorrhage persists to haunt perina-
tal care providers and continues as the prominent cause of 
maternal mortality and morbidity worldwide [1, 2]. This is 
despite availability of uterotonics, tranexamic acid, fibrino-
gen concentrate, effective surgical techniques, and blood 
banking facilities [3]. Major societies have focused on edu-
cating their members, on the awareness, prevention, recog-
nition, monitoring and management of peripartum hemor-
rhage [4]. Perinatal care providers have evaluated numerous 

strategies of quantifying blood loss accurately and are using 
them in clinical practice in assessing blood loss and guiding 
transfusions during obstetric hemorrhage [5–7]. However, 
one of the major obstacles confronting clinicians is the lack 
of a simple, user friendly point of care (POC) coagulation 
monitoring device, which provides timely and accurate 
results to guide clinical management of unexpected obstet-
ric hemorrhage. Conventional coagulation tests such as pro-
thrombin time (PT), activated partial thromboplastin time 
(aPTT), and fibrinogen take considerable time (30–90 min) 
before obtaining results [8]. In an effort to provide quicker 
results of coagulation, newer point of the care devices using 
cartridge based technologies are being introduced. Throm-
boelastography (TEG®) 6 s system (Haemonetics, Brain-
tree, Massachusetts, USA), Rotational Throboelastometry 
(ROTEM®) Sigma (Instrumentation Laboratory, Bedford, 
Massachusetts, USA), and the Quantra® Hemostasis Ana-
lyzer with the QPlus cartridge system (HemoSonics, LLC, 
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Charlottesville, Virginia, USA) are capable of assessing 
coagulation quickly. In this in-vitro dilution and reconstitu-
tion study, we determine how Quantra QPlus system per-
forms compared to conventional coagulation tests at low 
levels of fibrinogen in the blood obtained from pregnant 
women. This is the first study to evaluate a POC system for 
low fibrinogen levels.

2 � Quantra QPlus system®

The Quanta® uses Sonic Estimation of Elasticity via Reso-
nance (SEER Sonorheometry technology) [9]. High-fre-
quency ultrasound pulses are utilized to quantify the shear 
modulus (stiffness) of a blood sample during the process 
of coagulation. All test sequences such as fluid handling, 
temperature control (37 °C), ultrasound transmission, data 
processing and result output are all automated. A focused 
ultrasound pulse is transmitted into the blood sample to gen-
erate a shear wave, causing the sample to resonate once the 
clot begins to form. As the clot vibrates during resonance, 
a series of “tracking” ultrasound pulses are transmitted, and 
the returning echoes are analyzed to estimate the sample’s 
motion. Repeated acquisition echo signals over time pro-
duces a signature curve. From this curve, the stiffness (hPa) 
of the clot and the start of the clot formation, represented as 
clot time (seconds), can be directly estimated. Quantra uses 
a plastic cartridge with embedded reagents. Cartridge based 
system may have added advantage of not being susceptible 
to clot disruption caused by rotational mechanisms (pin and 
cup) of TEG® 5 and ROTEM® technologies. The cartridge 
has 4 test channels that perform 4 parallel and independent 
measurements using different reagent combinations in each 
channel (Cannel 1: Kaolin, calcium, buffers, and stabilizers; 
Channel 2: Kaolin, heparinase I, calcium, buffers, and stabi-
lizers; Channel 3: Thromboplastin, polybrene, calcium, buff-
ers, and stabilizers; Channel 4: Thromboplastin, polybrene, 
abciximab, calcium, buffers, and stabilizers). The cartridge 
encompasses a port for inserting 3 ml blood vacutainer for 
coagulation analysis.

The QPlus Cartridge was utilized for this investigation. 
The reagents in channel 1 of this cartridge are optimized 
for the measurements of clot time, whereas the channel 2 
measures clot time without the effect of any potential hepa-
rin in the blood sample (Heparinase clot time, CTH). Clot 
times provide an indication of the functional status of the 
coagulation factors that lead to fibrin formation. Channel 3 is 
optimized to provide measurements of clot stiffness, which 
combines information about platelets and fibrinogen func-
tion. Finally, channel 4 is optimized to measure the Fibrino-
gen contribution to clot stiffness. The calculated difference 
between Channel 4 and Channel 3 can provide a measure of 
platelet contribution to clot stiffness.

3 � Methods

The study was approved by Institutional Review Board, 
University of Maryland (National Clinical Trials, 
NCT04301193). Written informed consent was obtained 
from all subjects. Thirteen healthy parturients aged 
18–40  years with uncomplicated pregnancies at term 
gestation, between 37 and 41 weeks were enrolled after, 
presenting for induction of labor or cesarean delivery. 
Exclusion criteria included hypertension, preeclampsia, 
gestational diabetes, preexisting coagulopathy, history of 
deep vein thrombosis, medications that impair coagula-
tion, or history of pulmonary embolism or thrombosis. In 
addition, parturients on aspirin, non-steroidal inflamma-
tory drugs (NSAIDS), and low molecular weight heparins 
were also excluded. At the time of intravenous catheter 
placement, the blood was collected into eight citrated 
tubes (Beckton Dickinson, Franklin Lakes, NJ), each with 
a maximum capacity of 2.7 mL of blood and containing 
3.2% sodium citrate. Citrated blood from each tube was 
pooled into a container to eliminate variability in citrate 
concentration between each vacutainer blood samples.

The variations in fibrinogen concentrations were cre-
ated by diluting the blood with saline and reconstituting 
the diluted blood with plasma from the Blood Bank as well 
as plasma derived from the parturients’ own blood. The 
use of non-pregnant plasma from Blood Bank and parturi-
ents’ own plasma with high fibrinogen and clotting factors 
may simulate transfusion of plasma, or cryoprecipitate.

A detailed schematic of the protocol methodology is 
shown in Fig. 1. Three milliliters from the pooled blood 
was analyzed for the following Quantra parameters of 
interest (Q): Clot time (CT), clot stiffness (CS), plate-
let contribution to clot stiffness (PCS), fibrinogen con-
tribution to clot stiffness (FCS). Two milliliters were 
centrifuged to obtain 1 ml of plasma for conventional 
coagulation tests (CL) that included PT, aPTT, INR, 
and fibrinogen, and Factor VIII. Three aliquots contain-
ing 2 mL of blood were centrifuged to obtain pregnant 
plasma. Thirty mL of saline was added to 10 mL of blood 
to simulate crystalloid resuscitation (Diluted blood-DB). 
Three ml from DB was evaluated on the Quantra and 
2 ml centrifuged to obtain plasma for CL. Fractions of 
pregnant plasma was added to DB to obtain 15% and 
30% clotting factor enriched samples (PP). Nonpregnant 
plasma was obtained from the Blood Bank and added to 
aliquots of DB in lieu of pregnant plasma to obtain 15 and 
30% (NP) enriched samples. Pregnant plasma contains 
elevated clotting factors and fibrinogen and is more like 
cryoprecipitate transfusion. Finally, 4 ml of diluted blood 
was added to 4 ml of original blood (1:1) to obtain the 
final sample (resus) to simulate transfusion with plasma, 
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red blood cells and platelets. Each of the samples were 
analyzed on the Quantra (3 ml) and 2 ml centrifuged to 
obtain plasma for CL. In all, blood from each parturient 
provided 7 samples of varying clotting factor strengths. 
The platelet count was determined in the original sample, 
diluted, and resuscitated samples using Hematology Ana-
lyzer (Beckman Coulter, Brea, California, USA). All sam-
ples were analyzed by two hours following blood draw.

3.1 � Statistical analysis

Statistical software (SAS) version 9.4 (Cary, North Carolina, 
USA) was used to analyze the data. The primary outcomes 
of this study were the area under the receiving operating 
characteristic (AUROC) curves for fibrinogen and Quan-
tra CS, fibrinogen and FCS. The secondary outcomes were 
the AUROC for platelets and Quantra PCS. Additional 

Fig. 1   Schematic of the protocol methodology of blood dilutions and reconstitution and analysis
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secondary outcome included relationship between PT and 
Quantra CT, and aPTT and Quantra CT. As exploratory out-
comes, the optimal CS and FCS values corresponding to a 
fibrinogen concentration of 200 mg/dL were also calculated. 
We chose a fibrinogen concentration of 200 mg/dL based 
on observations of earlier studies that a fibrinogen level less 
than 200 mg/dL was associated with progression towards 
more severe postpartum hemorrhage [10, 11].

Using standard techniques for estimating sample size, 
a Delong’s test indicated that a total of 61 samples would 
be sufficient to detect a 0.2 increase in the AUROC from 
the null hypothesis 0.5, assuming an alpha level of 5% and 
90% power [12]. The manuscript was referenced against the 
STROBE checklist for cohort studies.

Descriptive statistics were used to present baseline values 
for Quantra, conventional labs and Factor 8 (Mean ± SD, and 
95% confidence intervals). One-way Analysis of Variance 
(ANOVA) was used to evaluate the different data values for 
each conventional test and Quantra variables. For data val-
ues with a significant ANOVA, a post Tukey HSD analysis 
was performed to determine if one value was significantly 
different from the prior value within each variable. Regres-
sion analysis was also performed between Quantra FCS 

and fibrinogen, Quantra CS and fibrinogen, Quantra PCS 
and platelet count, and Quantra CS and platelet count. A 
logistic regression model, as well as AUROC analyses were 
performed. Youden’s method was utilized to determine the 
optimal values of FCS and CS for the detection of fibrino-
gen < 200 mg/dL, and PCS for platelets < 70 × 109/L. Regres-
sion analysis was also performed to determine the relation-
ship between Quantra CT and PT and aPTT.

4 � Results

Thirteen parturients were enrolled into the study. The mean 
age was 31 ± 6.5 yr, gravida was 4 ± 2, and gestational age 
was 37.4 ± 1.7. Ten of the patients were admitted for elective 
cesarean delivery and the remaining for induction of labor. 
The schema protocol provided 89 samples for analysis across 
varying levels of fibrinogen. These included 11 samples, 
which were obtained by reconstituting by mixing diluted 
blood with the patient’s own blood. The first two subjects 
did not have resuscitated component samples.

The Table 1 shows the mean and standard deviation (SD) 
for conventional laboratory coagulation tests (PT, INR, 

Table 1   Trends of conventional 
laboratory values; PT, INR, 
aPTT, fibrinogen, Factor 8, and 
platelets

NP non-pregnant Blood Bank Plasma, PP parturient plasma
*(P < 0.001) significant different from baseline value. †(P < 0.001), ¥ (P < 0.01), Ť(P < 0.05) significant dif-
ferent between the current value and the previous value on the trend

PT INR aPTT Fibrinogen
mg/dL

Factor 8 Hct (%) Platelet
 × 109/L

Baseline 13.1(0.7) 0.9(0.07) 27.0(1.5) 494(103) 278(79) 34(4.6) 243(57)
Diluted 34.4(4.7)*† 3.35(0.6) 75.6(12)*† 105(31)*† 72(41) 7.4(1.3) 55(11)
15% NP 24.4(2)* † 2.1(0.2) 51.7(3.4)*† 137(23)* 58(17)
15% PP 24 (6.8)* 2.1(0.8) 49.7(10)* 162(38)* 96.5(38)
30%NP 20.4(1.1)* 1.7(0.1) 42.5(3.2)* 162(25)* 56.1(12.)
30%PP 18.8(1.4)* 1.5(0.1) 38(2.3)* 214(46)* 142(67)
Resuscitated 17.1(1) 1.3((0.1) 33.1(1.6) 279(38)*Ť 170(69) 19(2.5) 107(41)
NP Plasma 14.9(0.7) 1.1(0.08) 32.3(3.1) 292(64) 57(12)

Table 2   Trends of Quantra 
Qplus variables; CT, CTH, 
CTR, CS, FCS and PCS

NP non-pregnant Blood Bank Plasma, PP parturient plasma
*(P < 0.001) significant different from baseline value. †(P < 0.001), ¥(P < 0.01), Ť(P < 0.05) significant dif-
ferent between the current value and the previous value on the trend

CTH CT (s) CTR (s) CS (hPa) PCS (hPa) FCS (hPa)

Baseline 123(12)) 127(18) 1(0.04) 32.8(9.8) 27.9(7.7) 4.9(2.5)
Diluted 183(13) 183(14)*† 1(0.08) 6.4(2.2)*† 5.6(1.5)*† 1.1(0.4)*†
15% NP 162(11) 157(14)* † 0.9(0.1) 8.5(1.6)* 6.4(1.3)* 1.9(0.5)*
15% PP 159(21) 160(17)* 1(0.09) 10.9(3.2)* 8.4(2.5)* 2.5(0.9)*
30%NP 159(11) 156(11)* 0.9(0.2) 8.8(2.1)* 6.4(1.7)* 2.4(0.8)*
30%PP 152(15) 152(14)* 1(0.08) 14.9(4.5)*Ť 11.2(3.6)*Ť 3.8(1.6)
Resuscitated 129(20) 128(18) ¥ 1(0.07) 18.9(4.5)* 15.3(3.8)* 3.9(1.5)
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aPTT, fibrinogen, platelet) for all category set of samples 
(baseline, diluted blood, reconstituted 15% and 30% preg-
nant and non-pregnant plasma enriched samples as well as 
resuscitated samples). Table 2 shows the trend of Quantra 
variables from baseline sample to various dilutional and 
reconstituted concentrations of fibrinogen samples. The 
95% confidence intervals for baseline values for Quantra 
variables in this study were clot time (CT) 120.5–133.5 s, 
clot stiffness (CS) 27.4–38 hPa, platelet contribution to clot 
stiffness 23.7–32.1 hPa, and fibrinogen contribution to clot 
stiffness 3.6–6.2 hPa.

Figure 2A shows how Quantra CS and FCS and fibrino-
gen levels change with dilution and reconstitution. All three 
measurements responded similarly to dilution and reconsti-
tution. This is also true for Quantra CT and laboratory PT, 
and aPTT (Fig. 2B). Figure 2A and B also highlight data 
points on the trend curves that are significantly different from 
the preceding data point on the curve (Tukey). Scatterplots 
show the relationship between Fibrinogen and CS and FCS 

(Fig. 3A and B). Relationship between platelets and PCS is 
shown in Fig. 4A, and the relationship between PT, aPTT 
and CT are shown in Fig. 4C and D. The correlation between 
fibrinogen concentration in the samples and Quantra CS is 
strong (R = 0.93, P < 0.001, n = 88, 1 sample resulted in a test 
error, Fig. 3A). The correlation between fibrinogen and FCS 
was R = 0.77 (P < 0.001, n = 88, Fig. 3B). The correlation 
between CT and PT (R = 0.60, p < 0.001), INR (R = 0.60, 
p < 0.001, Fig. 4C), and aPTT (R = 0.66, P < 0.001, Fig. 4D) 
also demonstrate moderate strength in association. The 
Receiver operating cure analysis used to estimate CS and 
FCS values predictive of a fibrinogen level of 200 mg/dL 
are shown in Fig. 3C and D respectively. The AUROC for 
FCS in detecting a fibrinogen < 200 mg/dL was 0.931 (95% 
CI 0.881–0.980, p < 0.001). The optimal value for the detec-
tion of fibrinogen < 200 mg/dL based on Youden’s Index 
was an FCS of 2.45 hPa. This resulted in a sensitivity of 
79.2%, specificity 97.3%, negative predictive value of 76.5% 
and positive predictive value 97.7%. Furthermore, the ROC 

Fig. 2   A Trends of CS and 
FCS as compared to the trends 
of fibrinogen concentrations. 
B Trends of CT as compared 
to the trends of PT and aPTT. 
† (P < 0.001), ¥ (P < 0.01), Ť 
(P < 0.05) from preceding data 
point on the curve



1428	 Journal of Clinical Monitoring and Computing (2022) 36:1423–1431

1 3

curve for CS value in detecting fibrinogen < 200 mg/dL was 
10.85 hPa (specificity 100% and sensitivity 83%, Fig. 3C).

There was also a strong correlation between platelets 
and PCS (R = 0.90, P < 0.001, n = 34), and platelets and CS 
(R = 0.90, P < 0.001, n = 34, Fig. 4A). Based on Youden’s 
Index, the optimal value of PCS for the detection of platelet 
count of < 70 × 109 was 8.8 hPa (Fig. 4B). At this threshold, 
this resulted in a sensitivity of 100% and a specificity of 
95.6% (Fig. 4).

5 � Discussion

The Quantra® QPlus coagulation system requires only three 
steps to initiate this process: activate the device, insert the 
reagent cartridge, and load the citrated blue top tube. The 

coagulation results are displayed in less than 15 min dur-
ing which the clinician can continue with ongoing clinical 
management of hemorrhage.

Our study demonstrates that the Quantra parameters 
broadly replicate trends in conventional coagulation tests, 
PT, aPTT and fibrinogen (Fig. 2A, B). There is a strong 
correlation between blood fibrinogen level and CS (R = 0.93, 
P < 0.001), and FCS (R = 0.77, P < 0.001) implying that 
Quantra CS and FCS are good predictors for estimating 
fibrinogen level. The dilutional and reconstitution method 
used in this study enabled us to test the Quantra CS and FCS 
at lower range of fibrinogen, which is critical in obstetric 
hemorrhage. A fibrinogen level below 200 mg/dL is often 
associated with post-partum hemorrhage [10, 11]. The opti-
mal thresholds for the detection fibrinogen < 200 mg/dL in 
our study corresponded to Quantra CS of 10.85 hPa, and 

Fig. 3   A Correlation between fibrinogen and CS (R = 0.93, P < 0.001, 
n = 88). B Correlation between fibrinogen and FCS (R = 77, 
P < 0.001, n = 88). C: Receiving Operative Curve estimating CS value 

for fibrinogen < 200 mg/dL. The estimated value for CS is 10.85 hPa. 
D: Receiving Operative Curve estimating FCS value for fibrino-
gen < 200 mg/dL. The estimated value for FCS is 2.45 hPa
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FCS of 2.45 hPa. In addition, there was also a strong corre-
lation between PCS (platelet contribution to clot formation) 
and absolute platelet count (r = 0.90, P < 0.001), thus demon-
strating that Quantra is also valuable in assessing thrombo-
cytopenia. The optimal threshold for the detection of a plate-
let count < 70 × 109/L corresponded to a PCS of 8.8 hPa. A 
platelet count of 70 × 109/L is considered as the minimum 
threshold for the placement of regional anesthesia, and the 
PCS estimation of platelet count may have future implica-
tions in assessing platelet function before contemplating 
regional anesthesia in pregnant women.

An important observation made in our study is the 
considerable variation observed in the baseline fibrino-
gen in pregnant subjects. It ranged from 268 to 620 mg/
dL. It has been previously reported that a fibrinogen of 
200 mg/dL is reached after the blood loss of about 2.5–3 
L during obstetric hemorrhage in one retrospective study 
[10]. However, our observations suggest that fibrinogen 

monitoring is necessary during hemorrhage since pre-
senting baseline fibrinogen levels varied substantially. A 
parturient with lower range of baseline fibrinogen is more 
likely to reach a threshold of 200 mg/dL quicker than a 
parturient with higher baseline fibrinogen. The lack of 
predictability of starting fibrinogen in parturients during 
hemorrhage poses extreme challenges in the management 
of obstetric hemorrhage. Therefore, a quick and reliable 
measurement of fibrinogen becomes an essential compo-
nent of systematically managing a parturient with obstetric 
hemorrhage. Under these circumstances, Quantra CS and 
FCS can help since the results are obtainable reasonably 
quickly. It also seems rational to justify the measurement 
of baseline fibrinogen in high risk obstetric patients to 
gauge the effect of blood loss on the maternal coagula-
tion. A lower baseline fibrinogen should put the clinicians 
on alert in assessing blood loss diligently in parturients 
undergoing labor and delivery, or cesarean delivery.

Fig. 4   A Correlation between platelets and PCS (R = 0.9, P < 0.001, 
n = 34). B Receiving Operative Curve estimating PCS value for plate-
lets < 70 × 109. The PCS value is estimated as 8. hPa. C Correlation 

between CT and PT (R = 0.60, P < 0.001, n = 88). D Correlation 
between CT and aPTT (R = 0.66, P < 0.001), n = 88)
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The Quantra parameters of clot stiffness have been 
validated to correlate strongly with the fibrinogen as well 
as corresponding values of existing viscoelastic devices 
(ROTEM® and TEG®) and standard laboratory values 
in non-pregnant subjects undergoing cardiopulmonary 
bypass and during major surgeries [13–15]. A strong cor-
relation between Quantra® CS and EXTEM of ROTEM 
(r = 0.94–0.96), Quantra® FCS with FIBTEM (r = 0.74) 
and conventional fibrinogen levels (r = 0.87) were observed.
[13–15]. In our study of pregnant subjects, we limited our 
comparison of Quantra® parameters to conventional labora-
tory coagulation tests. Addition of ROTEM®, or TEG® to 
study all dilutions of samples would have required substan-
tially more blood from the research parturients. Moreover, 
our intention was not to establish the superiority of one tech-
nology over the other, but rather to test a novel device that 
is deemed suitable for circumstances relevant to obstetric 
hemorrhage.

Our study findings show the correlation between Quan-
tra CT and PT (R = 0.66, P < 0.01) and aPTT( R = 0.66, 
P < 0.01) to be moderate These observations are similar to 
the observations made between PT, aPTT and clot time from 
viscoelastic based devices where the correlation is minimal 
to moderate [16–18]. This is presumably due to differences 
in the type of reagents, and principles of the tests [17]. Tra-
ditional laboratory coagulations tests (PT, aPTT) are stand-
ardized for testing plasma without any cellular components 
such as platelets, RBCs, leukocytes or endothelial cells. On 
the other hand, whole blood viscoelastic test includes both 
cellular and humoral elements of coagulation, although 
endothelial cells are not included. Given the fact that coagu-
lopathic data can be more rapidly assessed using viscoelastic 
coagulation tests compared to traditional plasma-based tests, 
moderate correlations between these two methodologies are 
clinically acceptable in the setting of acute hemorrhage [19, 
20].

Non pregnant plasma and pregnant plasma were used in 
our study and this allowed samples with various levels of 
fibrinogen to be tested against Quantra parameters around 
fibrinogen levels of 200 mg/dL. Furthermore, pregnant 
plasma contains more factor 8 concentrations compared to 
non-pregnant plasma (248 versus 57 IU/dL) and the use of 
pregnant plasma in our study may be considered to simulate 
administration of cryoprecipitate during obstetric hemor-
rhage management. We used blood to saline 1:4 dilution 
to create baseline test sample to lower the fibrinogen con-
centrations as low as 105 mg/dL and platelets to 55 × 109. 
Despite this extent of dilution, Quantra QPlus system was 
able to generate enough shear wave, causing the sample to 
resonate as the clot formed, thus emphasizing the sensi-
tivity of Quantra device at low fibrinogen concentrations 
and platelet environment. Pregnancy induced coagulation 
changes most likely enabled Quantra device to function well. 

Pregnant subject blood at term has been shown to be rela-
tively resistant to dilutional coagulation changes with respect 
to platelet adhesion, fibrin polymerization, and thrombin 
generation [21]. This is most likely due to high functional 
reserves of fibrinogen, factor VIII, and vWF in pregnant 
subjects, which is 1.5–2 times the upper normal range of 
non-pregnant subjects [21].

There are few limitations in this study. First, this is an in-
vitro dilution / reconstitution study and interpolation to clini-
cal circumstances is difficult. Further evaluation of Quantra 
functionality in actual ongoing hemorrhage, during coagu-
lopathy is to be studied. Second, we used pregnant plasma to 
reconstitute some of the samples for this study, and pregnant 
plasma contains higher clotting factor levels than the non-
pregnant plasma used in clinical practice. However, there 
was no differences in PT, or aPTT between pregnant and 
nonpregnant reconstituted samples of same concentration 
except factor VIII. The higher factor VIII in pregnant plasma 
might have resulted in better clot stiffness supplementing 
higher fibrinogen. Synthetic fibrinogen would have been an 
alternative to pregnant plasma, but it is expensive. However, 
in practice, transfusion with cryoprecipitate is used which 
contains higher Factor VIII and fibrinogen. Third, we did 
not measure hematocrit value in each diluted sample and the 
extent of contribution of varying red blood cells to clot for-
mation, and hence the effect on Quantra signals could not be 
assessed. The volume of the blood at each concentration was 
not sufficient to perform hematocrit analysis for all samples.

In conclusion, this in-vitro study demonstrates a good 
correlation between Quantra CS, FCS and laboratory fibrin-
ogen. Further studies should investigate the performance of 
Quantra in clinical circumstances and confirm its ability to 
guide management of obstetric hemorrhage.
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