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Adult Patients Undergoing Major Surgical Procedures

Danja S. Groves, MD, PhD,* lan J. Welsby, MD,t Bhiken |. Naik, MBBCh,*
Kenichi Tanaka, MD,+ Jennifer N. Hauck, MD,T Charles S. Greenberg, MD,§
Deborah A. Winegar, PhD,|| and Francesco Viola, PhD||

BACKGROUND: The management of perioperative bleeding and the optimization of the available
therapies are subjects of significant clinical interest. Clinical guidelines recommend the use of
whole blood viscoelastic testing devices to target the utilization of blood products during major
surgical procedures. The Quantra QPlus System is a new cartridge-based viscoelastic testing
device based on an innovative ultrasound technology. The aim of this study was to evaluate this
new system in a surgical population.

METHODS: Two hundred seventy-seven adult subjects were enrolled in a multicenter, prospec-
tive observational study consisting primarily of patients undergoing cardiac and major ortho-
pedic surgeries. Samples were obtained at multiple time points for testing on the Quantra
QPlus System, the rotational thromboelastometry (ROTEM) delta, and standard coagulation
tests. Quantra measurements included Clot Time (CT), Heparinase Clot Time (CTH), Clot Time
Ratio (CTR), Clot Stiffness (CS), Fibrinogen (FCS), and Platelet (PCS) Contributions to CS. Data
analyses included assessment of the concordance of Quantra parameters with a series of clini-
cal composite indexes formed on the basis of standard coagulation tests in 3 domains repre-
senting increased, decreased, and normal/subclinical coagulation function. Linear regression
and receiver operator characteristic (ROC) analyses of Quantra parameters with corresponding
parameters from ROTEM assays were also performed.

RESULTS: The accuracy (overall percent agreement or ratio of true positives and true negatives
over the entire population) between the Quantra and the composite indexes was between 72%
and 98% depending on the specific parameter. Linear regression analysis indicated that the
correlation between ROTEM delta and Quantra was very strong with r values ranging between
0.84 and 0.89. Results from ROC analysis demonstrated sensitivities and specificities in the
80%—90% range when QPlus parameters were used to discriminate ROTEM threshold values
currently used in goal-directed treatment algorithms.

CONCLUSIONS: This study demonstrated that the Quantra QPlus System is strongly correlated
with a well-established viscoelastic testing device and its parameters effectively represent the
results from multiple standard laboratory assays. The Quantra has been designed to operate
at the point of care with the potential to provide rapid and comprehensive results to aid in the
management of coagulopathic patients. (Anesth Analg 2020;130:899-909)

KEY POINTS

* Question: Can the Quantra QPlus System be used to monitor coagulation status in patients
undergoing cardiac or major orthopedic surgeries?

* Findings: Metrics from the Quantra are strongly correlated with current viscoelastic testing
devices and can integrate the information generated from laboratory tests of coagulation.

* Meaning: The Quantra QPlus System can be used as alternative to current viscoelastic test-
ing devices to monitor coagulation function in the perioperative settings.

From the *Department of Anesthesiology, University of Virginia, Conlflicts of Interest: See Disclosures at the end of the article.

Charlottesville, Virginia; tDepartment of Anesthesiology, Duke University,
Durham, North Carolina; $Department of Anesthesiology, University of
Maryland, Baltimore, Maryland; §Department of Hematology/Oncology,
Medical University of South Carolina, Charleston, South Carolina; and
||[HemoSonics, LLC, Charlottesville, Virginia, and Durham, North Carolina.
Accepted for publication December 26, 2019.

Funding: This study was funded by HemoSonics, LLC.

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
on behalf of the International Anesthesia Research Society. This is an open-
access article distributed under the terms of the Creative Commons Attribu-
tion-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it
is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially without per-
mission from the journal.

DOI: 10.1213 / ANE.0000000000004659

April 2020 e Volume 130 e Number 4

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of
this article on the journal’s website (www.anesthesia-analgesia.org).

The statistical analysis plan for this study was developed and approved
before initiation of the study. Data analysis was performed by Precision For
Medicine (PFM) Bethesda, MD.

Clinical trial number and registry URL: This study was registered under
Clinical Trial number: NCT03152461, https://clinicaltrials.gov/ct2/show/
NCT03152461.

Reprints will not be available from the authors.

Address correspondence to Francesco Viola, PhD, HemoSonics, LLC,
323 Foster St, Suite 300, Durham, NC 27701. Address e-mail to fviola@
hemosonics.com.

www.anesthesia-analgesia.org 899


http://www.anesthesia-analgesia.org
https://clinicaltrials.gov/ct2/show/NCT03152461
https://clinicaltrials.gov/ct2/show/NCT03152461
mailto:fviola@hemosonics.com
mailto:fviola@hemosonics.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Clinical Evaluation of Quantra QPlus System

GLOSSARY

ADP = adenosine diphosphate; aPTT = activated partial thromboplastin time; AUC = area under the
curve; CCI = clinical composite index; CAP = College of American Pathologists; CE = Conformité
Européenne; CLIA = Clinical Laboratory Improvement Amendments; CPB = cardiopulmonary
bypass; CS = Clot Stiffness; CT = Clot Time; CTH = Heparinase Clot Time; CTR = Clot Time Ratio;
EDTA = ethylenediaminetetraacetic acid; FCS = Fibrinogen Contribution; FDA = Food and Drug
Administration; hPa = hectoPascals; ICU = intensive care unit; INR = international normalized ratio;
IUO = Investigational Use Only; NL-NH = not low and not high; NPV = negative predictive value; PCS
= Platelets Contribution; PT = prothrombin time; ROC = receiver operating characteristics; ROTEM
= rotational thromboelastometry; SI = Systéme Internationale; TEG = thromboelastography; VET =

viscoelastic testing

often develop coagulopathy due to extensive

hemodilution, coagulation factor consump-
tion, worsening of preexisting platelet defect(s), or
coagulation disorder(s).!® Although various alloge-
neic blood components and pharmacological agents
are available to treat coagulopathic bleeding, accurate
and timely tests to determine their indications and
doses are important to avoid unnecessary and incor-
rect transfusions as well as potential complications
while reducing overall costs.

Cardiac bypass surgery has often been associated
with significant intra- and postoperative blood loss.
In addition to tissue injury and presurgical utiliza-
tion of antithrombotic therapies, the use of heparin
anticoagulation and protamine, the exposure to the
surfaces of the bypass machine, hypothermia, and the
invasiveness of the procedures further contribute to
perioperative coagulopathic states.> It has been esti-
mated that roughly 20% of all allogeneic blood prod-
ucts are transfused to this patient population.??

Major spine surgery has also been reported to
result in blood loss as high as 100%-150% of the
circulating blood volume.”® The number of oste-
otomies required for surgical correction, wide surgi-
cal exposure, and the inability to obtain mechanical
compression of bleeding surfaces are some of factors
associated with this complication. This large volume
blood loss precipitates a number of changes in the
hemostatic pathways including platelet impairment,
coagulation factor consumption, hemodilution, and
fibrinolysis.*!

Clinical guidelines on patient blood management
recommend the use of viscoelastic testing (VET)
devices in conjunction with goal-directed treatment
algorithms to aid in the management of coagulopathic
bleeding.""** Several prospective randomized studies
in cardiac surgery have demonstrated the effective-
ness of VET in reducing postoperative hemorrhage
and certain blood product transfusions.’® Two
technologies have emerged at the forefront of whole
blood VET: thromboelastography (TEG System;
Haemonetics Corporation, Braintree, MA) and rota-
tional thromboelastometry (ROTEM,; Instrumentation

Patients undergoing major surgical procedures
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Laboratory, Bedford, MA). Both use an adaptation
of the classic methodology first reported by Hartert
that involves a pin suspended in a cup containing a
blood sample.'” Recently, cartridge-based versions of
these devices have been developed with only the TEG
6S having received Food and Drug Administration
(FDA) approval.'®

The Quantra QPlus System (HemoSonics, LLC,
Charlottesville, VA) is a cartridge-based VET system
that uses a novel ultrasound technology.’*?’ The sys-
tem is Conformité Européenne (CE) marked, and it
has been granted de novo marketing authorization by
the FDA. The performance of the system was previ-
ously reported in a number of single-center observa-
tional studies.?!~® In this article, we present the results
of a multicenter, prospective, observational study
aimed at evaluating the Quantra QPlus System as
compared to the ROTEM delta and standard labora-
tory assays of coagulation in patients undergoing car-
diac or major orthopedic surgeries. We hypothesized
that this system would show a strong correlation with
comparable ROTEM parameters and demonstrate a
strong concordance with a series of clinical composite
indexes (CClIs) based on laboratory assays.

METHODS

This was a multicenter, prospective, observational
study with adult patients undergoing major cardiac
and/or vascular procedures or major orthopedic
surgery (primarily complex spine reconstructions).
The 4 participating clinical sites were the University
of Virginia Health System (Charlottesville, VA),
Duke University Medical Center (Durham, NC), the
University of Maryland Medical Center (Baltimore,
MD), and the Medical University of South Carolina
Health (Charleston, SC). The study was approved by
each site’s local institutional review board and regis-
tered under Clinical Trial number NCT03152461. The
primary objectives of the study were as follows: (1)
to assess the clinical agreement between the QPlus
parameters and a series of CClIs formed on the basis of
standard coagulation tests in 3 domains representing
increased, decreased, and normal/subclinical coagu-
lation function and (2) to assess the correlation of the
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Quantra parameters with corresponding metrics from
the ROTEM delta.

Study Population

The subjects enrolled were scheduled for elective
cardiac surgery with cardiopulmonary bypass (CPB)
or multilevel thoracolumbar spine surgery between
May 2017 and February 2018. A small number of
subjects presenting with acute bleeding in a postsur-
gical unit after cardiac, vascular, or orthopedic sur-
gery were also enrolled. Exclusion criteria included
pregnancy, imprisonment, and inability to obtain
consent. Preoperative use of anticoagulant or anti-
platelet medications did not preclude enrollment
in the study. Furthermore, to ensure there were suf-
ficient samples to cover the measurement range for
each QPlus parameter, additional samples were
obtained from subjects outside the clinical population
with an abnormal coagulation profile or by manipu-
lating whole blood samples from normal volunteers
(Supplemental Digital Content, Tables S1-S2, http://
links.lww.com/AA/D9). Written informed consent
was obtained from all enrolled subjects.

Study Protocol

For subjects undergoing cardiac surgery involving
CPB, testing was performed at 4 time points: (1) preop-
eratively after the induction of anesthesia before sur-
gical incision (baseline); (2) during surgery before the
end of CPB (while the patient was still fully anticoagu-
lated with heparin) (bypass); (3) after heparin reversal
with protamine (postbypass); and (4) postoperatively,
within 1-24 hours after arrival in the intensive care unit
(ICU). For subjects undergoing major orthopedic sur-
gery, testing was performed at 3 time points: (1) preop-
eratively before surgical incision (baseline); (2) during
surgery (1 or 2 time points) (intraoperative); and (3)
postoperatively, within 1-24 hours after arrival in the
ICU.

At each time point, venous whole blood samples
were collected by venipuncture or from an existing
line into 3 citrated tubes (3.2% citrate) and 1 ethyl-
enediaminetetraacetic acid (EDTA) tube. The citrated
tubes were analyzed with the Quantra System; the
ROTEM delta with the INTEM, HEPTEM, EXTEM, and
FIBTEM assays; and a series of coagulation assays that
included the prothrombin time (PT/international nor-
malized ratio [INR]), activated partial thromboplastin
time (aPTT), and fibrinogen level. The EDTA tube was
utilized for analysis of platelet count. PT/INR, aPTT,
fibrinogen level, and platelet count were performed by
each clinical site’s College of American Pathologists
(CAP)- and Clinical Laboratory Improvement
Amendments (CLIA)—certified central laboratory and
were interpreted based on the locally established ref-
erence ranges. Note that the PT/INR and aPTT assays
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were not performed during CPB due to the presence
of high levels of heparin. Figure 1 shows a schematic
representation of the study protocol.

The Quantra analyzers and QPlus cartridges used
in the study were labeled for Investigational Use Only
(IUO). The results generated by the Quantra QPlus
Systems were blinded to the perioperative study
team, and clinical decisions were solely based on each
institution’s standard of care and were not influenced
by the study. Quantra analyzers were located either
directly outside the operating rooms (near patient),
in the laboratory servicing the operating rooms, or
in clinical research laboratories and were operated
by the hospital staff according to the manufacturer-
recommended guidelines.

All 4 clinical sites used automated fluorescent flow
cytometry to measure platelet count (XN or XE ana-
lyzer with Fluorcell reagents; Sysmex North & South
Americas, Lincolnshire, IL). Measurements of aPTT,
PT/INR, and fibrinogen (Clauss assay) were performed
using 2 different types of multiparameter analyzers with
different reagents, both of which are used interchange-
ably in coagulation laboratories worldwide. Two sites
used an automated photo-optical clot detection system
(ACL TOP with HemoslL reagents; Instrumentation
Laboratory, Bedford, MA) and 2 used an electromag-
netic mechanical clot detection system (STA-R Evolution
with STA reagents; Diagnostica Stago, Parsippany, NJ).
ROTEM delta assays were performed by each site’s local
laboratory by trained laboratory personnel.

All data were documented in an electronic Case
Report Form using electronic data capture software
(IBM Clinical Development, Armonk, NY).

Quantra QPlus System
The Quantra QPlus System is a new cartridge-
based VET device consisting of an instrument (the
Quantra Hemostasis Analyzer; HemoSonics, LLC,
Charlottesville, VA), a single-use disposable cartridge,
and external quality control materials. The Quantra
QPlus System is fully automated and designed to
operate at the point of care and in critical care envi-
ronments by nonlaboratory personnel. The device
measures the clot viscoelastic properties (ie, the shear
modulus, an absolute measure of elasticity) using an
ultrasound technology that does not require moving
mechanical parts or direct contact with the sample. A
detailed description of the device and its principles of
operation are presented elsewhere.?*20

The QPlus Cartridge is a multichannel single-use
component designed to assess the coagulation status
of a patient’s whole blood sample in the periopera-
tive settings. The measured parameters are as follows:
Clot Time (CT) (reference range: 104-166 seconds),
Heparinase Clot Time (CTH) (reference range: 103-153
seconds), Clot Stiffness (CS) (reference range: 13.0-33.2
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Figure 1. Schematic representation of the study design. Citrated venous whole blood samples were obtained at baseline, intrasurgery,
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\
ROTEM Delta Analysis: ROTEM Delta Analysis:
INTEM, HEPTEM, INTEM, HEPTEM,
EXTEM, FIBTEM EXTEM, FIBTEM
and

postsurgery in patients undergoing cardiac bypass and major orthopedic surgeries. aPTT indicates activated partial thromboplastin time; CS,
Clot Stiffness; CT, Clot Time; CTH, Heparinase Clot Time; CTR, Clot Time Ratio; FCS, Fibrinogen Contribution; INR, international normalized
ratio; PCS, Platelets Contribution; PT, prothrombin time; ROTEM, rotational thromboelastometry.

hectoPascals [hPa]), and Fibrinogen Contribution
(FCS) (reference range: 1.0-3.7 hPa). Two additional
parameters are calculated that are unique to the
Quantra and QPlus cartridge and not directly avail-
able in other VET systems. The Platelets Contribution
(PCS) (reference range: 11.9-29.8 hPa) is calculated as
the difference between CS and FCS. The ratio of CT
over CTH, referred to as Clot Time Ratio (CTR), pro-
vides an assessment of heparin anticoagulation.?>*! A
CTR value >1.4 may be indicative of heparin effects.
These results are displayed in a dial format as shown
in Figure 2.

Clinical Composite Indexes

A series of CCls were formulated to describe the coagu-
lation status of the patient on the basis of routine coagu-
lation test results. The development of the CCls included
an in-depth review of scientific and clinical litera-
ture, 1522 guidelines from the American and European
Societies of Anesthesiologists,'''? and consultation with
physicians from anesthesia, hematology, and pathology
departments across multiple institutions in the United
States. Each CCI was classified to 1 of the following 3
categories, based on a set of specific definitions:

e High (H)—representative of increased coagula-
tion function

e Low (L)—representative of decreased coagula-
tion function
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e Not low and not high (NL-NH)—coagulation
function within normal and subclinical ranges

A detailed description of the CCIs definitions and
the concordance analysis performed is provided
in Supplemental Digital Content, Tables S3 and 5S4,
http:/ /links.lww.com/AA /D9.

Statistical Analysis

All data analyses presented here were performed
using either SAS version 9.4 or higher (SAS Institute
Inc, Cary, NC) or R Version 3.2.1 or higher (https://
www.r-project.org/). Data analyses were performed
by Precision For Medicine (PFM, Bethesda, MD).

For the analysis of concordance with the CClIs, each
QPlus parameter result was classified as “low (L),”
“NL-NH,” or “high (H)” based on its specific reference
interval. For example, a short CT below the normal
reference interval was classified as high (H) to denote
increased coagulation function. Likewise, a high CS
value above the normal reference interval was also
classified as high (H). To assess concordance between
each CCI and QPlus parameter pair, a 3 x 3 confu-
sion matrix was constructed to depict the assignment
of samples into L, NL-NH, and H categories based
on CCI versus QPlus criteria. The agreement in each
category, the overall agreement, and Cicchetti and
Allison® weighted « statistics of the classification order
L, NL-NH, or H were calculated and the corresponding
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Figure 2. Dial-screen used on the Quantra Hemostasis Analyzer. Numerical results of specific parameters are displayed relative to a reference
range (green segment on the dial). A, The representative dials from a cardiac bypass patient at baseline with coagulation function within nor-
mal reference values for each QPlus parameter are shown. The corresponding laboratory assay values and the ROTEM values were also within
the respective normal reference ranges. B, The dials from a cardiac bypass patient after protamine reversal of heparin anticoagulation. In this
case, a CTR value >1.4 denotes the presence of potential heparin residual. The coagulopathic state of this patient is further demonstrated
by a decreased CS, decreased fibrinogen and platelet contributions. The corresponding laboratory assays indicated an aPTT of 73.8 s, Clauss
fibrinogen level of 121 mg/dL, and platelet count of 57,000/uL. ROTEM showed an INTEM CT of 243 s, HEPTEM CT of 217 s, EXTEM A20 of
27 mm, and FIBTEM A20 of 5 mm. aPTT indicates activated partial thromboplastin time; CS, Clot Stiffness; CT, Clot Time; CTH, Heparinase
Clot Time; CTR, Clot Time Ratio; FCS, Fibrinogen Contribution; PCS, Platelets Contribution; ROTEM, rotational thromboelastometry.
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95% confidence intervals were generated using a non-
parametric bootstrap approach™ (ie, resampling of the
sample data multiple times) at a patient level to account
for repeated measurements taken for each subject.
Linear regression analysis was performed to charac-
terize the correlation between the QPlus parameters and
the corresponding ROTEM delta outputs. The following
comparisons were performed: CT versus INTEM CT,
CTH versus HEPTEM CT, CS versus EXTEM A20, and
FCS versus FIBTEM A20. There are no ROTEM delta
corresponding parameters for PCS and CTR. A Passing—-
Bablok regression analysis was also performed on
rank-transformed Quantra and ROTEM delta data. The
strength of the concordance and the correlation (r value)
was interpreted according to common definitions: 0.00—
0.19 “very weak,” 0.20-0.39 “weak,” 0.40-0.59 “moder-
ate,” 0.60-0.79 “strong,” and 0.80-1.0 “very strong.”*
Finally, logistic regression models were used to
assess the ability of QPlus parameters to discriminate a
series of ROTEM-based values. Areas under the curves
of the receiver operating characteristic (ROC) plots
were created for each model, and optimal QPlus cutoff
values were obtained by using the Youden | value.

Sample Size Calculation

To calculate sample size, a bootstrap resampling
approach was used that relied on data from previous
similar studies.?-2* Based on these results, 500 studies
were simulated across a range of sample sizes. A sam-
ple size of 250 subjects, each with data from a mini-
mum of 3 time points, was determined to provide a
lower bound of the 95% confidence interval of the
agreement in each of the 3 subcategories of the con-
cordance analysis of at least 60% with an 80% power.

RESULTS
The eligible patient set consisted of 250 surgical subjects,
166 undergoing cardiac bypass surgery, 79 undergoing

major orthopedic surgery, and 5 that presented with
acute bleeding in a postsurgical unit after cardiac sur-
gery. After closure of the study, 3 patients were excluded
from data analysis due to issues with data collection
that precluded comparison with the Quantra. These
subjects were supplemented with samples obtained
from 12 patients identified within the hospital or outpa-
tient clinic with an abnormal coagulation profile, and 18
nonsurgical volunteers whose samples were artificially
contrived to achieve various hypo- or hypercoagula-
tion profiles. Patient demographic data and surgical
details are summarized in Table 1, and Supplemental
Digital Content, Tables S1 and S2, http://links.Iww.
com/AA /D9, describe the specific characteristics of the
nonsurgical samples. From these, a total of 886 samples
were obtained with each having data from a successful
QPlus cartridge run enabling one or more comparisons
of QPlus parameters to the CClIs or to the ROTEM delta.
The failure rate of the Quantra System was just below
1.5%. In each of these cases, the failure was captured
by the system’s internal quality control checks. Across
the study, final QPlus results were available 12.6 + 1.5
minutes after the test was initiated. The results of the
analyses performed are summarized below.

Concordance Agreement With CCls

A detailed table with results of the concordance analy-
sis is presented in Supplemental Digital Content, Table
S5, http:/ /links.Iww.com/AA /D9. These data demon-
strate strong and very strong concordance of the QPlus
parameters with the CCls formed from laboratory
assays. The overall agreements ranged between 72%
and 98%. The agreements in each of the 3 subcategories
were typically >80% except for CT versus CCI1 in the
NL-NH category (62%), CS versus CCI2 in the high cat-
egory (73%), and PCS versus CCI4 in the high category
(69%). In each case, the discordant samples reduce the
overall agreement for these QPlus parameters.

Table 1. Study Demographics

Overall Cardiac and Vascular Orthopedic Nonsurgical
No. of subjects 277 163 79 85
Male sex, n (%) 169 (61) 116 (71.2) 36 (45.6) 17 (48.6)
Age (y) 60.9 + 14.8 62.7 £+ 13.6 64.8+11.4 44.3 £ 16.0
Weight (kg) 87.2+21.4 87.4+£20.6 90.5+22.4 76.1+24.4
Procedure CABG 55 3-6 vertebral segments 22 Acute bleeding 5
Valve repair or replacement 86 7-12 vertebral segments 19 Abnormal coagulation 12
CABG/valve repair or replacement 6 13+ vertebral segments 11 Contrived 18
VAD 7 Other 27
Other 9
Surgery time (min) 302+ 6 324 + 10 N/A
Preoperative medications, n (%)
Aspirin 150 (92) 1(1.3) 8(23)
V-K antagonists 6 (3.7) (0] 0
P2Y12 antagonists 8 (4.9) 1(1.3) 0
FXa inhibitors 5(3.1) 2 (2.5) 1(2.8)
TXA 5 (3.1) 9 (11.4) 1(2.8)

Values are expressed as mean + standard deviation or number (%).

Abbreviations: CABG, coronary artery bypass graft; FXa, factor Xa; N/A, not applicable; TXA, tranexamic acid; VAD, vascular assist device; V-K, vitamin K.
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