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INTRODUCTION

Background

Coagulation disorders are common in the intensive care unit

Purpose: This preliminary retrospective cohort study analyzed the relationship between the param-
eters provided by sonorheometry device Quantra and the coagulation values obtained from stan-
dard venous blood samples in patients admitted in intensive care unit (ICU).

Methods: We reviewed medical charts of 13 ICU adult patients in whom at least one coagulation
study with Quantra was performed. The relationship between Quantra and laboratory data was an-
alyzed with the Spearman rank correlation coefficient (rho). The 95% confidence interval (CI) was
computed. A P-value <0.05 was considered statistically significant.

Results: We collected 28 data pairs. Statistically significant moderate correlations were found for the fol-
lowing parameters: clot time (CT) and activated partial thromboplastin time (rho=0.516; 95% CI,
0.123-0.904; P=0.009; clot stiffness (CS) and the international normalized ratio (INR; tho=0.418; 95%
CI, 0.042-0.787; P=0.039); INR and platelet contribution to CS (tho=0.459; 95% CI, 0.077-0.836;
P=0.022); platelet count and platelet contribution to CS (PCS; rho=0.498; 95% CI, 0.166-0.825; P=0.008);
and fibrinogen and fibrinogen contribution to CS (FCS; rho=0.620; 95% CI, 0.081-0.881; P=0.001).
Conclusions: Quantra can provide useful information regarding coagulation status, showing mod-
est correlations with the parameters obtained from laboratory tests. During diffuse bleeding, CT
and FCS values can guide the proper administration of clotting factors and fibrinogens. However,
the correlation of INR with CS and PCS can cause misinterpretation. Further studies are needed to
clarify the relationship between Quantra parameters and laboratory tests in the critical care setting

and the role of sonorheometry in guiding targeted therapies and improving outcomes.

Keywords: Blood coagulation; Point-of-care testing; Nonparametric statistics

(ICU) and are related to adverse clinical outcomes [1-3]. In the
ICU, coagulation parameters are typically monitored using ve-
nous blood samples and the proper therapeutic strategy is adjust-
ed according to the results. However, obtaining blood venous
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samples is a time-consuming procedure, and the results require
several minutes before clinical availability.

The use of whole blood viscoelastic testing (VET) surmounts
these limitations, allowing quick corrections with the adoption of
the proper therapeutic strategy, especially in urgent cases or
emergencies [4]. TEG (Haemonetics Corp) and ROTEM (Tem
Instrumental GmbH) are the most common VET devices, con-
sisting of a pin suspended in a cup of blood, one of which oscil-
lates. When coagulation begins, the clot connects the pin and the
cup, and the pin’'s movement becomes coupled with that of the
cup (or vice versa if it is the pin rotating). The displacement can
be displayed graphically [5], and its magnitude is referred to as
the “clot amplitude” or “clot firmness,” representing the strength
of the clot connecting the pin and cup. However, in these VET
devices, the applied mechanical stress is strong enough to alter
the clot formation [6], invalidating the exact variable value the
devices are trying to measure.

Quantra (HemoSonics), a VET device based on sonic estima-
tion of elasticity via resonance (SEER) or sonorheometry tech-
nology [7], uses high-frequency ultrasound pulses to quantify the
shear modulus—a parameter that describes the elastic properties
of solid material—of a blood sample during the process of coagu-
lation, without interference with clot formation [8,9]. SEER has
been studied in different surgical settings, such as cardiac and
major surgery [10-16], with encouraging results and good cor-
relations with common VET devices and laboratory tests. How-
ever, patients requiring ICU admission represent a heteroge-
neous population completely different from those requiring
scheduled surgical interventions. Clinical data about the role of
SEER technology in ICU patients, such as the correlation be-
tween SEER parameters and common coagulation laboratory
values, still need to be thoroughly explored.

Objectives

This preliminary retrospective cohort study aimed to analyze
the relationship between the SEER parameters provided by the
Quantra device and the coagulation values obtained from stan-
dard venous blood samples in patients requiring ICU admis-

sion.

METHODS

Ethics statement

Due to the study's retrospective nature, we did not require ap-
proval from the local ethic committee. The requirement of in-
formed consent was also waived due to the retrospective nature
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of the study. The study was conducted following the Internation-
al Conference on Harmonization Good Clinical Practice Guide-
line and the provisions of the 2008 Declaration of Helsinki.

Patient enrollment

For this preliminary retrospective analysis, we reviewed medical
charts of 13 adult patients admitted in our ICU (Azienda
Ospedaliero Universitaria San Giovanni di Dio Ruggi dAragona,
Salerno, Italy) in whom at least one VET coagulation study with
Quantra was performed. Therapeutic interventions aimed to
treat coagulation disorders were adopted only according to labo-
ratory results.

Patients’ data were anonymously collected on an electronic
sheet (Microsoft Excel, Microsoft Corp). For every patient, we
collected age, sex, body mass index, and the clinical reason for
ICU admission. To stratify patients clinical conditions on admis-
sion, we calculated the Charlson Comorbidity Index, the Simpli-
fied Acute Physiology Score (SAPS) II [17], and the Glasgow
Coma Scale (GCS) [18].

Blood samples

Whole blood samples were drawn from central or peripherical
venous catheters. The catheters from which blood samples were
drawn were not coated with anticoagulant, nor was heparin used
in the flush system. To avoid contamination with the flush sys-
tem, all venous samples were obtained after the withdrawal of 10
mL of blood, corresponding to roughly three times the dead
space volume of the catheter.

The following parameters were noted: platelet count (PLT), in-
ternational normalized ratio (INR), prothrombin activity (PT;
expressed as a percentage), activated partial thromboplastin time
(aPTT; expressed in seconds), and fibrinogen. Within 30 minutes
after the routine venous blood samples were taken, another ve-
nous blood sample was performed and tested with the Quantra
in combination with the QStat Cartridge (HemoSonics). The
QStat Cartridge was designed to evaluate hemostatic function in
trauma, liver transplantation, and other critical care settings, pro-
viding the following parameters [9]: (1) clot time (CT; normal
range, 113 to 164 seconds) in citrated whole blood, measured
with activation of the intrinsic pathway activated by kaolin; (2)
clot stiffness (CS; normal range, 13.0 to 33.2 hPa) of the whole
blood, measured with activation of the extrinsic pathway by
thromboplastin and heparin inhibition by polybrene and ex-
pressed as hectopascals; fibrinogen contribution to CS (FCS; nor-
mal range, 1.0 to 3.7 hPa), measured with activation of the ex-
trinsic pathway by thromboplastin, heparin inhibition by poly-
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brene, and platelet inhibition by abciximab, representing the con-
tribution of functional fibrinogen to overall CS; (3) platelet con-
tribution to CS (PCS; normal range, 11.9 to 29.8 hPa), calculated
as the difference between CS and FCS, representing the contribu-
tion of platelet activity to overall clot stiffness; and (4) clot stabili-
ty to lysis within 15 minutes (normal range, 93% to 100%), calcu-
lated by normalizing the rate of stiffness reduction observed with
thromboplastin activation to the corresponding change CS ob-
served with thromboplastin activation and tranexamic acid, rep-
resenting the reduction in clot stiffness related to fibrinolysis.

Statistical analysis
Statistical analysis was performed with RStudio Posit team 2022
(RStudio). Categorical variables were reported as absolute values
and percentages, while continuous data were reported as median
(first and third quartile) and minimum and maximum values. In
case of missing data, statistics were computed with available val-
ues. The relationship between Quantra and laboratory results
was analyzed with the Spearman rank correlation coefficient
(rho), and the 95% confidence interval (CI) was computed.

In detail, we explored the following relationships: (1) coagula-

Table 1. Main characteristics of the population (n=13)
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tion intrinsic pathway (the relationship between CT and aPTT);
(2) coagulation extrinsic pathway (the relationship of CS with
INR and PT); (3) platelet (the relationship between PCS and
PLT); (4) fibrinogen (the relationship between FCS and fibrino-
gen). The magnitude of the observed rho values was interpreted
as follows: negligible (0 <rho <0.10), weak (0.10<rho<0.39),
moderate (0.39 <rho<0.69), strong (0.69 <rho<0.89), and very
strong (0.89 <rho<1.00) [19]. A P-value <0.05 was considered
statistically significant. Further analysis was performed accord-
ing to the results. The results are reported in tables and scatter-
plots.

RESULTS

From the 13 ICU patients, we collected 28 laboratory and Quan-
tra samples. Patients’ main characteristics, together with labora-
tory and Quantra results, are presented in Table 1. Regarding the
reason for ICU admission, seven patients (53.8%) were admitted
due to trauma, three (23.1%) required postsurgical monitoring,
and three (23.1%) had experienced stroke.

Characteristic Value Range”
Male sex 8 (61.5) -
Age (yr) 59.0 (36.0-69.0) 21.0-88.0
Body mass index (kg/m?) 26.1 (24.2-29.4) 22.5-44.1
Charlson Comorbidity Index 3.0 (0-3.0) 0-5.0
Simplified Acute Physiology Score I 59.0 (49.0-75.0) 34.0-78.0
Glasgow Coma Scale 9.0 (6.0-13.0) 5.0-14.0
Reason for ICU admission
Trauma 7 (53.8) -
Postsurgical monitoring 3(23.1) -
Stroke 3(23.1) -
Coagulation parameter
Platelets (10°) 145.5 (108.5-189.5) 58.0-490.0
International normalized ratio” 1.36 (1.24-1.46) 1.09-2.52
Prothrombin activity (%)” 67.0 (61.0-75.0) 33.0-90.0
Activated partial thromboplastin time (sec)” 26.5(23.2-28.9) 18.1-58.5
Fibrinogen (mg/dL)” 303.0 (211.0-448.0) 59.0-703.0
Quantra parameter
Clot time (sec) 131.5 (116.8-154.2) 93.0-177.0
Clot stiffness (hPa) 17.9 (13.7-23.9) 5.5-49.0
Fibrinogen contribution to clot stiffness (hPa) 2.7 (1.5-3.7) 0.7-10.8
Platelet contribution to clot stiffness (hPa) 14.9 (10.8-20.5) 4.8-38.2
Clot stability to lysis 0.99 (0.99-1.00) 0.96-1.00

Values are presented as number (%) or median (first and third quartile).

ICU, intensive care unit.
.. . b ..
“Minimum to maximum values. ¥ Three missing data
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Fig. 1. Scatterplots for activated partial thromboplastin time (aPTT;
seconds) and clot time (CT; seconds). The black dotted line represents
the nonparametric regression smoothing, while the continuous
black lines show the smoothed conditional spread. The relationship
between aPTT and CT (rho=0.516; 95% confidence interval, 0.123—
0.904; P=0.009) showed a statistically significant Spearman rank cor-
relation coefficient with a moderate magnitude.

Coagulation intrinsic pathway
The intrinsic coagulation pathway was explored by examining
the relationship between CT and aPTT (25 data pairs). The mag-
nitude of the relationship was moderate, and the correlation was
statistically significant, with a rho coefficient equal to 0.516 (95%
CI, 0.123 t0 0.904; P=0.009) (Fig. 1).

Coagulation extrinsic pathway

The extrinsic coagulation pathway was explored by examining
the relationship between CS, INR, and PT. The relationship be-
tween CS and INR (25 data pairs) was statistically significant
(P=0.039), with a moderate magnitude (rho=0.418; 95% CI,
0.042 t0 0.787) (Fig. 2A). The relationship between CS and PT
(25 data pairs) was not statistically significant (tho =-0.376; 95%
CI, -0.770 to 0.023; P=0.065).

Because CS is used to compute PCS, we also explored the rela-
tionship of INR with PCS and FCS. The relationship between
INR and PCS (25 data pairs) was statistically significant
(P=0.022), with a moderate magnitude (rho=0.459; 95% CI,
0.077 to 0.836) (Fig. 2B), while the relationship between INR and
ECS (25 data pairs) was not significant (tho=0.288; 95% CI,
-0.154 t0 0.724; P=0.163).
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Fig. 2. Scatterplots for the international normalized ratio (INR) with
(A) clot stiffness (CS; hPa) and platelet contribution to CS (PCS;
hPa). The black dotted line represents the nonparametric regression
smoothing, while the continuous black lines show the smoothed con-
ditional spread. The relationship between INR and CS (rho=0.418;
95% confidence interval, 0.042-0.787; P=0.039) and PCS (rho=0.459;
95% confidence interval, 0.077-0.836; P=0.022) showed statistically
significant Spearman rank correlation coefficients with a moderate
magnitude.

Platelets

The relationship between platelet count and PCS (28 data pairs)
was statistically significant (P =0.008) with moderate magnitude
(tho=0.498; 95% CI, 0.166 to 0.825) (Fig. 3).

Fibrinogen
Fibrinogen showed a statistically significant, moderate relation-
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Fig. 3. Scatterplots for the platelet count and platelet contribution to
clot stiffness (PCS; hPa). The black dotted line represents the non-
parametric regression smoothing, while the continuous black lines
show the smoothed conditional spread. The relationship between the
platelet count and PCS (rho=0.498; 95% confidence interval, 0.166-
0.825; P=0.008) showed a statistically significant Spearman rank cor-
relation coefficient, with a moderate magnitude.
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Fig. 4. Scatterplots for fibrinogen (mg/dL) and fibrinogen contri-
bution to clot stiffness (FCS; hPa). The black dotted line represents
the nonparametric regression smoothing, while the continuous
black lines show the smoothed conditional spread. The relationship
between fibrinogen and FCS (rho=0.620; 95% confidence interval,
0.081-0.881; P=0.001) showed a statistically significant Spearman
rank correlation coefficient, with a moderate magnitude.
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ship with FCS (25 data pairs), with a rho coefficient of 0.620
(95% CI, 0.081 to 0.881; P=0.001) (Fig. 4).

DISCUSSION

Quantra is based on SEER technology and has been designed
and optimized for ease of use, automation, and rapid turnaround
time to enable utilization at the point of care. Furthermore, SEER
technology does not require moving mechanical components to
be in direct contact with the whole blood sample being mea-
sured, thus overcoming the limitations of TEG and ROTEM
technology [6]. Quantra has been studied in various surgical set-
tings, with encouraging results and good correlations with stan-
dard VET devices and common laboratory test results [10-16].

However, patients requiring ICU admission, especially trauma
patients, represent a different population than those requiring
scheduled surgery. First, patients undergoing surgery discontinue
drugs that alter platelet aggregation and coagulation before sur-
gery. Second, during surgery, bleeding events are predictable,
preventable, and can be promptly treated. Third, during surgery,
parameters that can modify the coagulation cascade, such as
body temperature, calcium levels, and the volume of liquids in-
fused, are well monitored and correctable. On the contrary, pa-
tients requiring ICU admission may present numerous coagula-
tion alterations due to the intake of anticoagulant and antiplatelet
drugs, hypocalcemia, uncontrolled administration of fluids to
reach adequate hemodynamic parameters, and hypothermia [2].
All these factors could invalidate the results obtained by Quantra
in surgical settings.

In our preliminary study, performed in patients requiring ICU
admission, we found that Quantra parameters moderately cor-
related with traditional laboratory tests, providing data about co-
agulation intrinsic and extrinsic pathways, platelet count, and fi-
brinogen concentration.

Even if data exploring the relationship between Quantra and
common laboratory values in patients requiring critical care are
still scares, our results are in line with those obtained in surgical
settings. We found that aPTT showed a statistically significant
moderate correlation with CT, suggesting to clinicians when clot-
ting factors should be administered during bleeding [9].

However, the findings in the literature about the relationship
between aPTT and CT are discordant. A prospective cohort
study in cardiac surgery (30 patients) performed by Baryshniko-
va et al. [10] found that the correlation between the CT provided
by Quantra and the aPTT values was negligible, while Huffmyer
etal. [16], in a prospective observational study performed on 55
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patients undergoing elective cardiac surgery, found a better cor-
relation. In noncardiac surgical settings, [dowu et al. [12],in a
prospective nonrandomized observational study performed on
74 adults undergoing oncologic surgery with an anticipated
blood loss of more than 500 mL, found that the corr elation coef-
ficients between conventional laboratory tests and Quantra
ranged from 0.74 to 0.83, indicating moderate correlations
(P<0.001).

We found that Quantra was able to explore the extrinsic coag-
ulation pathway, with a statistically significant relationship be-
tween CS and INR. Our study found that INR values can modify
the CS parameter, generating misinterpretation. According to
this finding, we also observed that INR showed a moderate cor-
relation with PCS but not with FCS. To the best of our knowl-
edge, no previous studies have explored these relationships.

Generally, an increase in INR is typical of hypocoagulable
states with multiple coagulation factor deficiencies. Although our
results should be interpreted cautiously, an increase in the INR
value can be associated with an increase in the CS value, altering
the PCS value. PCS represents the contribution of platelet activity
to overall clot stiffness and is an indirect parameter calculated as
the difference between CS and FCS. This phenomenon partly ex-
plains the moderate correlation between platelet count and PCS
found in our and other studies [10,16]. Huffmyer et al. [16] con-
cluded that a possible explanation for the moderate correlation
with platelet count is that the PCS value considers not only the
platelet number, but also the ability of platelets to contract and in-
teract with the polymerized fibrin. In contrast, the laboratory
platelet count considers only a single dimension, with no func-
tional information. Although it was reported that the PCS pa-
rameter was independently associated with platelet count and ad-
enosine diphosphate—dependent platelet function, as measured
by multiple electrode aggregometry [10], this issue deserves to be
analyzed in further studies that consider the value of the INR and
its ability to alter the CS. Patients with high INR and low fibrino-
gen values can present normal or high PCS values even with a
low platelet count, causing misinterpretation of the results and
delaying the administration of the platelet pool in emergency
conditions.

In our study, fibrinogen showed a statistically significant mod-
erate relationship magnitude with FCS, suggesting a role to guide
the prompt fibrinogen administration when required. The data
in the literature are discordant regarding the role of Quantra in
guiding the administration of blood products to correct acquired
coagulopathies. Zghaibe et al. [14], in a prospective cohort study
performed on 52 patients undergoing urgent cardiac surgery,
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found a high negative predictive value for Quantra parameters,
suggesting that Quantra may be useful for demonstrating when
coagulation is normal, and bleeding is probably related to surgi-
cal causes. Meanwhile, the low positive predictive value may not
accurately indicate when blood component therapy is required
and what components should be administered. Contrarily, Naik
etal. [11], in a multicenter, prospective observational study (163
subjects undergoing cardiac bypass surgery, 79 subjects undergo-
ing major orthopedic surgery, and five patients presenting with
acute bleeding) showed that the FCS and PCS parameters report-
ed by Quantra could reliably predict most critical levels of hypo-
fibrinogenemia and thrombocytopenia.

We want to emphasize that the present preliminary study ana-
lyzed for the first time the relationship between laboratory data
and those obtained by Quantra in patients requiring ICU admis-
sion. Furthermore, we provide findings regarding possible interfer-
ence with Quantra parameters (especially CS and PCS) by INR
values, which has not been previously reported in the literature.

Limitations

This study had some limitations. First, we could not perform fur-
ther statistical elaborations due to its retrospective nature and the
small sample size. Second, our study was heterogeneous regard-
ing the reasons for ICU admission (only seven patients for trau-
ma). Third, multiple samples were obtained from the same pa-
tients during their ICU stay, and we did not perform a trend
analysis. Fourth, due to the small sample size, we did not explore
the performance of Quantra for low coagulation parameter val-
ues. Fifth, the lack of data in the literature about the role of Quan-
tra values in patients requiring ICU admission limits our discus-
sion to the results obtained in surgical settings.

Conclusions

Quantra, a device based on SEER technology, can provide useful
information regarding patients’ coagulation status with a modest
correlation with the parameters obtained from laboratory tests.
In detail, during diffuse bleeding, CT and FCS values can guide
the proper administration of clotting factors and fibrinogens.
However, it is still unclear if therapy guided by SEER technology
can prompt correct coagulation disorders in acute and critical ill-
nesses, influencing clinical outcomes. Moreover, the correlation
of INR with CS and PCS can cause misinterpretation of the re-
sults. Further studies are needed to clarify the relationship be-
tween Quantra parameters and laboratory tests in the critical
care setting and the role of SEER technology in guiding targeted
therapies and improving outcomes.
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