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Abstract

Rotational Thromboelastometry (ROTEM) Delta has been described in several postpartum hemorrhage algorithms, but this
device requires pipetting and careful mixing of reagents to initiate the clotting reaction. In contrast, thromboelastography
(TEG 6s) and the Quantra devices operate utilizing an automated pre-mixed cartridge that only requires a blood sample to
start the clot strength analysis. We compared the correlation between 3 point of care viscoelastic testing (POCVT) devices
to laboratory Clauss fibrinogen and platelets, their inter-device correlation, and the total running time difference between
Quantra and ROTEM. A high correlation was noted between the Clauss fibrinogen and the fibrinogen parameters from
ROTEM (r=0.76-0.84, P<0.0001), TEG6s (r=0.71, P<0.0001) and Quantra (r=0.72, P=0.0001). A moderate correla-
tion between laboratory platelets and the ROTEM (r=0.54;0.45, P<0.0001; P=0.0013) and Quantra (r=0.66, P=0.0001)
parameters was noted. The inter-device correlation showed to be high when comparing the fibrinogen parameters of
TEG6s and Quantra to that of ROTEM (r=0.88 and 0.74, P<0.0001, respectively). In contrast, a moderate correlation
was noted between the platelet parameters of Quantra and ROTEM (r=0.51, p=0.0036). The Quantra device resulted
20.9 min (95% CI -0.2 to 4.7, P=0.07) faster than the ROTEM if the warming and pipetting of reagents of the latter
were considered. All the POCVT devices demonstrated a high correlation to laboratory Clauss fibrinogen, making each
beneficial for the early recognition and management of hypofibrinogenemia.

Keywords Point of care viscoelastic testing - Postpartum hemorrhage management - Rotational thromboelastometry
(ROTEM) - Thromboelastography (TEG6s) - Quantra - Hypofibrinogenemia

Postpartum hemorrhage (PPH) remains a predominant
worldwide cause of maternal morbidity and mortality.[1]
In cases of PPH, fibrinogen is the most rapid biomarker
to decline, and hypofibrinogenemia is the most common
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coagulopathy.[2, 3] Low fibrinogen levels (<2 g/L) have
been shown to be a good predictor of severe hemorrhage.
[4] Hence, there is a growing need to quickly monitor and
report fibrinogen levels or a surrogate of it in cases of ongo-
ing bleeding. Acting as the gold standard measurement, the
Clauss fibrinogen level has a one-hour turnaround time,
making it less than ideal for PPH management.[2, 5] It is
for this reason that over the last decade, priority has been
placed on prompt and efficient monitoring with subsequent
replacement of this crucial factor as clinically indicated.
[2, 6-8] In this respect, point of care viscoelastic testing
(POCVT) devices, particularly the Rotational thromboelas-

Department of Anesthesiology, Yale School of Medicine, 333 tometry (ROTEM) delta (TEM innovations GmbH, Munich,
Cedar Street, TMP 3, 06510 New Haven, CT, USA

@ Springer


http://orcid.org/0000-0002-7987-7790
http://crossmark.crossref.org/dialog/?doi=10.1007/s10877-022-00888-0&domain=pdf&date_stamp=2022-7-28

268

Journal of Clinical Monitoring and Computing (2023) 37:267-273

Germany), have demonstrated a high correlation to Clauss
fibrinogen in the obstetric literature.[2, 5, 9-11].

Although not widely accepted, the use of POCVT guided
algorithms for the management of PPH are supported by
some institutions, task force groups, and several clinical
guidelines.[2, 12—14] Proponents of its use cite the impor-
tance of real-time fibrinogen estimates in cases of PPH,
whereas opposers argue that there is a lack of evidence for its
use.[2, 6, 15] Despite the lack of consensus, some POCVT
has adopted newer technology advancements resulting in
fully automated and cartridge-based platforms. These tech-
nology adaptations may increase acceptability, as these new
devices are smaller and are easier to calibrate and operate.

There are three leading platforms of POCVT currently
available in the United States. Two of the available platforms
provide cartridge-based technology approved by the Federal
Drug Administration (FDA): the TEG6s (Haemonetics Cor-
poration, Braintree, MA, USA) and Quantra QPlus system
(HemoSonics, LLC, Charlottesville, VA), whereas the new
ROTEM sigma (Wefen, Barcelona, Spain) has not received
FDA approval in the United States. In comparison to previ-
ous POCVT platforms, these technological advancements
capitalize on the use of pre-filled reagent wells, avoiding
the need for pipetting, thus decreasing variability.[2, 5]
The primary aim of this study was to compare the different
platform output parameters against conventional laboratory
tests, specifically platelet count and Clauss fibrinogen level.
Our secondary aim was to compare the parameters provided
by the Quantra and TEG6s against the Rotational thrombo-
elastometry (ROTEM) delta, our current point of care vis-
coelastic testing (POCVT) interface. Lastly, we determine
the difference in time related to processing, and obtaining
results between the Quantra and the ROTEM.

1 Methods

This prospective observational study was approved by our
institutional review board (IRB# 1,308,012,621). Verbal
informed consent was considered sufficient as the study
was deemed a quality assurance for testing the ability of
Quantra or TEG6s to replace our current ROTEM device.
We obtained the anonymized data from patients presenting
for elective cesarean delivery during the months at which
the Quantra (August 15 - Sept 1, 2020) and the TEG6s (June
1 - July 15, 2021) were trialed. POCVT and routine blood
test results were available on the day of surgery and were
entered into an anonymized spread sheet. Our study adhered
to the applicable Enhancing the QUAlity and Transparency
Of health Research (EQUATOR) guidelines.
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2 Blood sampling and measurements

Blood samples from healthy pregnant women at their third
trimester of pregnancy were obtained during their admis-
sion for scheduled cesarean delivery. The blood sample
was obtained for patients with risk factors associated with
PPH and for any patient we would have routinely ordered a
ROTEM as part of our standard of care (e.g., patients sched-
uled for repeat cesarean delivery >3, history of PPH). Two
samples were collected in 3 ml evacuated blood collection
tubes containing 3.2% sodium citrate (blue top) at the time
of intravenous cannulation. One of the samples was sent for
Laboratory assays (e.g., Complete blood count and Clauss
fibrinogen level) and analyzed, as per our standard of care.
The second blood sample was simultaneously analyzed by
ROTEM and the Quantra(R) plus or TEG6s. In the case of
the Quantra plus, a physician independent from patient care
noted the times at which a sample was processed (blood
inserted into the cartridge or pipetting was started), and
the time at which each device reported their correspond-
ing parameters. In the case of ROTEM, we established the
report of amplitude at 10 min as the end point as this the
value we use for making clinical decisions.

For the ROTEM device, we made sure that the liquid
quality control was performed and passed weekly, and that
the reagents were out for at least 15 min to bring them to
room temperature, as recommended by the manufacturer.
Each sample was run in accordance with the instructions
provided by the manufacturer. The ROTEM parameters
included the Amplitude at 10 min (A10) for the EXTrinsic
ThromboElastoMetry (EXTEM) and FIBrinogen Throm-
boElastoMetry (FIBTEM) assays. Although not a reported
parameter for the ROTEM, we calculated the platelet con-
tribution to the clot stiffness utilizing the formula EXTEM
A10-FIBTEM A10=PLTEM, as previously described by
Toffaletti et al.[16].

For the Quantra sample analysis, we assured that the
device had passed its liquid control quality assurance test
before running our samples. The Quantra QPIUS cartridge
was used to perform our whole blood coagulation test. The
cartridge was inserted into the machine, and the blue top
sample was inverted and pushed into its designated cham-
ber until the reaction was initiated. All procedures were
performed according to the manufacturer’s guidelines. The
analogous parameters to those of the ROTEM include clot
stiffness (CS), fibrinogen (FCS) and platelet (PCS) contri-
bution to clot stiffness. The POCVT ROTEM A10 run time
(A10-RT) and Quantra run time (Q-RT) were defined as the
time from mixing the reagents until obtaining the A10 in
the case for the ROTEM, and time the sample was inserted
in the cartridge until result. Total ROTEM A10 was defined
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as A10-RT plus the 15 min required for reagents to become
room temperature as recommended by the manufacturer. [3]

Blood sample and parameters from the ROTEM were
obtained as previously described (see ROTEM versus
Quantra). As for the TEG6s, we assured that the device
had passed the liquid control quality assurance test, and we
introduced their cartridge into the system. A small amount
of blood was then introduced into the loaded cartridge. All
procedures were performed according to the manufacturer’s
recommendations. The reported parameters for the TEG6s
included: Citrated Rapid Teg Maximum Amplitude (CRT
MA) and Citrated Functional Fibrinogen (CFF). The param-
eter for assessment of platelet contribution to clot stiffness
was calculated as CRT MA — CFF =PLTEGQG, as described by
Roberts et al.[2].

3 Statistical Analysis

Pearson correlation coefficients were used to estimate the
linear associations between these variables. All hypoth-
esis tests and confidence intervals are two-sided. We com-
pared the mean times of the monitors using paired t-tests.
A p-value of 0.05 was considered statistically significant.
All analyses were conducted using the Stata (version 16.0)
statistical package.

4 Results
4.1 Quantra versus Rotem

Thirty samples were analyzed for this comparison. The
median (interquartile range) results for the ROTEM and
Quantra results are summarized in Table 1. The median
values for these two devices are markedly different due
to the units utilized for measurement of millimeters (mm)
for ROTEM and hectopascal (hPa) for Quantra. A sum-
mary of the Pearson correlation coefficients for inter-
device and laboratory assays versus device comparisons
are summarized in Fig. 1. A strong inter-device associa-
tion between the clotting times of the ROTEM (INTEM
CT) and the Quantra (CT) was noted (r=0.70, P<0.0001).
When performing an inter-device comparison of the param-
eter related to fibrinogen for ROTEM (FIBTEM A10) and
Quantra (FCS), a high correlation was noted between the
devices (r=0.74, P<0.0001). The ROTEM and Quantra
fibrinogen parameters demonstrated a high correlation to
the measured Clauss fibrinogen levels (r=0.84, P<0.0001
and r=0.72, P=0.0001 for Fibtem A10 and FCS, respec-
tively). A moderate correlation between PLTEM and PCS
(r=0.51,P=0.0036) was noted. The correlation between the

Table 1 Summary of comparison between laboratory Assays and
POCVT parameters

Parameters evaluated

Device comparison
ROTEM delta versus Quantra

ROTEM Quantra
Fibrinogen values or device equivalent parameter
439 mg/dL (413-527)
FIBTEM A10 (mm) FCS (hPa)

Laboratory assay

23 (20-28) 3.5(2.8-5.9)
Clotting times by device (mm)
INTEM CT Quantra CT
(seconds)
160 (146-181) 125
(118-138)

Platelet count or device equivalent parameter

Laboratory assay 190 % 10%/L (157-253)
PLTEM=EXTEM PCS
A10 - FIBTEM
A10 (mm)
40 (36-43) 23 (20-29)

Device Comparison
ROTEM delta versus TEG6s

ROTEM TEG6s
Fibrinogen values or device equivalent parameter

Laboratory assay 451 mg/dL (398-487)

FIBTEM A10 CFF
22 (18-25) 26 (22-33)
Clotting times by device (mm)
INTEM CT CK -R
(seconds) (seconds)
151 (136-178) 282
(237-324)

Platelet count or device equivalent parameter

Laboratory assay 219x 10°/L (175-278)
EXTEM A10 — PLTEG=CRT
FIBTEM A10 MA - CFF
MA
40.5 (37-42) 39.3 (32-42)

ROTEM: Rotational thromboelastometry; Thromboelastography:
TEG; FIBTEM AI10: Fibrinogen thromboelastometry amplitude at
10 min; PLTEM: Calculated Platelet thromboelastometry; CFF-MA:
Citrated Functional Fibrinogen maximum amplitude; PLTEG: Calcu-
lated platelet thromboelastraphy; FCS: fibrinogen clot stiffness; PCS:
platelets clot stiffness

laboratory value of platelet count and PCS, PLTEM were
r=0.66,P=0.0001 andr=0.45,P=0.0133, respectively. The
mean (standard deviation) for the A10-RT, total ROTEM
A10 time (A10-RT+ 15 min), and Q-RT were 14.5 (6.40),
33.1 (6.48), and 12.2 (0.58), respectively. When excluding
the 15 min recommended by the manufacturer to bringing
the reagents to room temperature (A10 — RT) the difference
between A10-RT and Q-RT was 2.3 min, 95% CI-0.2 to 4.7,
P=0.0656, and bordered on being statically different, while
that of the total ROTEM A10 (A10-RT + 15 min) and Q-RT
was significantly different at 20.9 min, 95% CI 18.4 to 23.4,
P<0.0001.
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Fig. 1 [A] Correlation between Clauss Fibrinogen level against the
Fibrinogen thromboelastometry amplitude at 10 min FIBTEM A10.
[B] Correlation between Clauss Fibrinogen level against the Quantra
fibrinogen clot stiffness (FCS) parameter. [C] Inter- device correlation
of FIBTEM and FCS. [D] Correlation between the platelet levels by
laboratory assays against the calculated of platelet contribution, cal-
culated by subtracting the Extrensic thromboelastometry at 10 min
(EXTEM A10) minus the fibrinogen contribution (FIBTEM A10). [E]
Correlation between the platelet laboratory assay against the platelet
clot stiffness (PCS) derived from the Quantra device. [F] Correlation
between the calculated platelet contribution (EXTEM — FIBTEM)
against PCS. [G] Correlation between ROTEM Clotting time (CT) and
Quantra CT

4.2 TEG6s versus Rotem

Forty-eight samples were analyzed for comparison. The
median (interquartile range) results for the ROTEM and
TEG6s results are summarized in Table 1. A summary of the
Pearson correlation coefficients for inter-device, and labo-
ratory assays versus device comparisons are summarized
in Fig. 2. A moderate inter-device association between the
clotting times of the ROTEM (INTEM CT) and the TEG6s
(CK R) was noted (r=0.40, P<0.025). When performing an
inter-device comparison of the parameter related to fibrin-
ogen for ROTEM (FIBTEM A10) and TEG6s (FF MA) a
high correlation was noted between the devices (r=0.88,
P<0.0001). When comparing the fibrinogen parameters
for ROTEM (FIBTEM A10) and TEG6s (CFF- MA) to the
Clauss fibrinogen, a high correlation was noted between the
devices and the laboratory assay with an r=0.76, P<0.0001
and r=0.71, P<0.0001, respectively. When comparing
the laboratory values of platelets to the derived PLTEM
and PLTEG, the correlation was noted to be modest and
poor with an r=0.54, P<0.0001 and r = -0.20, P=0.18,
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Fig.2 [A] Correlatrion between Clauss Fibrinogen level and the Rota-
tional thromboelastometry (ROTEM) parameter for measuring fibrin-
ogen — FIBTEM. [B] Correlation between Clauss Fibrinogen level and
the thromboelastography (TEG 6s) parameter for measuring fibrino-
gen -CFF at maximum amplitude (MA). [C] Inter- device correlation
of the FIBTEM and CFF — MA. [D] Correlation between the platelet
levels by laboratory assays against the calculated of platelet contri-
bution, calculated by subtracting the Extrensic thromboelastometry at
10 min (EXTEM A10) minus the fibrinogen contribution (FIBTEM
A10). [E] Correlation between the platelet levels by laboratory assays
against the calculated of platelet contribution, calculated by subtract-
ing the Citrated rapid maximum amplitude (CRT MA) minus the
fibrinogen contribution (CFF MA). [F] Correlation between ROTEM
clotting time (CT) and TEG6s (CT)

respectively. The average run time for this device was
~ 11 min (data not shown).

5 Discussion

The key finding in our study is that ROTEM, Quantra, and
TEG6s demonstrated a strong correlation between the Clauss
fibrinogen level and their relevant measures, FIBTEM A10
(r=0.76-0.84), FCS (r=0.72), and FF (r=0.71). Our find-
ings corroborate the findings from previous studies that
have reported a correlation between fibrinogen level and
FIBTEM, FCS, and FF of r=0.59,[9] 0.78[5] and 0.68[2]
respectively. Although not a linear correlation, most stud-
ies thus far have demonstrated that all three devices can be
used for monitoring and estimating the trends in fibrinogen
levels.[2, 9, 17] Indeed, Collins et al.,[10] demonstrated
that a FIBTEM A5<10 (which corresponds to a fibrino-
gen<2 g/L) clinically correlated with the trends of Clauss
fibrinogen, and the FIBTEM could be used as an early
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biomarker to predict patients at risk for severe hemor-
rhage. All three devices have been shown to have clinically
acceptable sensitivity and specificity, making them a safe
and efficient way to provide close to real-time monitoring of
fibrinogen levels and decide upon blood product transfusion
management.[2, 3, 5] In recent years, several tertiary care
centers have published their experience utilizing POCVT,
demonstrating a reduction in blood product administration,
transfusion-associated circulatory overload, and a trend
towards fewer intensive care admissions, thus demonstrat-
ing that the correlation between these device parameters and
Clauss fibrinogen is strong enough to improve maternal out-
comes.[6, 8, 18].

One of the greatest advantages of POCVT, is their avail-
ability to provide results within 10-15 min, as opposed to
laboratory alternatives that may take up to 60 min to result.
[2, 10] The ROTEM delta, requires for the reagents to be
at room temperature at the time of testing. This, according
to the manufacturer instruction requires at least 15 min.
[19] Besides, once the reagents are at room temperature,
a trained physician or technician needs to carefully pipet
the reagents to run the test. Our study demonstrated that
the cartridge-based Quantra can provide results 18—23 min
(20.9 min, 95% CI 18.4-23.4, P<0.0001) faster than the
ROTEM when warming of reagent is considered. The
advantage of Quantra in terms of time disappears if the
15 min for bringing reagents to room temperature. Hence to
produce similar results in terms of time outcomes all hem-
orrhage cases would need to be predicted by the clinician.
The newer POCVT platforms, Quantra and TEG6s, have
implemented the use of a fully automatic cartridge base
technology that can be stored at room temperature. These
implementations allow for shorter turnaround of results, and
decreased end user variability. Our study results corrobo-
rate those of Idowu et al.,[20] who was able to demonstrate
a statistically significant difference between the mean time
needed to produce results for the Quantra (13 min) versus
the non-cartridge base TEG 5000 (mean time of 57 min).
Furthermore, when the time for transporting and processing
the samples was taken into account, the total time to obtain
results were 25 min versus 92 min for the Quantra and TEG
5000, respectively.[20] This comparison highlights that the
handling of the blood sample and the location of the device
may impact the time it takes for the results to be available
to the team making clinical decisions.[2, 21, 22] To address
this limitation, software has been developed to allow for
remote real-time access as early as 5 min of starting the
whole blood analysis.

Previously reported parameters for the recognition
of hypofibrinogenemia (<2 g/L) have been described as
FIBTEM A5 (10 mm) or FIBTEM A10 (12 mm), CFF at
10<17 and FCS < 1.9 hPa for ROTEM, TEG6s and Quantra,

respectively.[2, 5, 16] When utilizing ROTEM, Collins et
al.,[10] demonstrated that parturients with ongoing bleed-
ing at study entry, and a FIBTEM A5 < 10 mm or fibrinogen
level <2 g/L had a 100% positive predictive value of requir-
ing a blood product transfusion. For the TEG6s, a CFF at
10<17 was noted to reflect a fibrinogen level of <2 g/L
with a sensitivity of 0.74 and a specificity of 0.97.[2] For
the Quantra device, although not in an obstetric population,
an FCS < 1.9 was associated with fibrinogen level of <2 g/L
with a sensitivity of 0.85 and a specificity of 0.76.[5]While
it is well known that early fibrinogen deficiency develops
during PPH, potential relationships between PPH and other
clotting factors remains unclear. There is some evidence
to suggest that PT and PTT remain unaffected in cases of
severe hemorrhage and up to 5 L of blood loss.[4, 23] When
enzymatic coagulation factor deficiency is present, the use
of ROTEM-EXTEM CT, TEG6s CK-R and Quantra CT
can guide the transfusion management, although with some
limitations.[2, 9, 24, 25].

Platelets are the backbone of the coagulation cascade,
and in addition to fibrin, gives clot the strength that is mea-
sured by POCVT as maximum amplitude (MA) [ROTEM
and TEG] or clot stiffness (Quantra).[26, 27] Our study
suggests that there was moderate correlation between labo-
ratory platelet counts and Quanta, as well as with the cal-
culated platelet contribution (PLTEM) for ROTEM. On the
other hand, the correlation between the laboratory platelets
and the calculated platelet contribution (PLTEG) for TEG6s
was poor. The latter, contrasts with the moderate TEG6s and
laboratory platelets correlation (r=0.59) reported by Rob-
erts et al. [2] This difference may be explained by the fact
that Roberts et al.,[2] utilized the clot elasticity formula*,
whereas we utilized the amplitude in mm as reported by
the device. Solomon et al.,[28] has postulated that when
utilizing amplitude instead of clot elasticity there is an
inherent overestimation of the contribution of fibrinogen,
which could have resulted in a lower calculated platelet
contribution.

Clinically, the use of POCVT for the assessment of
platelet transfusion triggers has been previously docu-
mented and known to have limitations. Some authors rec-
ommend considering platelet transfusion when the ROTEM
results are consistent with any of the following: EXTEM
A10 — FIBTEM A10<30, FIBTEM A10>10 mm and
EXTEM A10<40 mm, or EXTEM A5 <47 when FIBTEM
AS5>12 mm. [9, 28, 29]. For the TEG 6s, Roberts et al.,[2]
recommends considering platelet transfusion (equivalent of
platelets < 75 x 10%/L) when CRT- MA <57 mm and CFF at
10> 15 mm (positive and negative predicted value 80% and
99%, respecively). Although no robust obstetric literature
at this moment exists for the guidance of platelet transfu-
sions when utilizing Quantra, Naik et al.,[5] described
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a 100% negative predictive value for PCS<11.2 Pa for
platelets <50 x 10°/L, or PCS<12.1 for 80x 10°/L. Hence
although there is some guidance as to how to use these
devices for assessing platelet contribution to the clot stiff-
ness, some experts recommend the use of laboratory values
to make decisions regarding the need for platelet transfu-
sions.[30].

This study has limitations. Our sample size was small,
secondary to the short duration trials for the TEG6s and
ROTEM at our institution. All samples evaluated were con-
sidered “normal”, hence, we did not evaluate the correlation
of these devices in active hemorrhaging cases. The varia-
tion in the correlation between ROTEM versus fibrinogen
when comparing ROTEM to TEG6s and Quantra reflects
that our sample size was small, smaller variations were to be
expected had we had a larger sample. Ideally, when compar-
ing these devices against the laboratory values one would
like to have a large sample size that includes patients with
and without coagulopathy to determine sensitivity and spec-
ificity of the parameters. Besides, we did not measure the
TEG®6s total running time as we did not have an independent
physician annotating the time of results as was done for the
Quantra trial. The clotting times from the devices were not
compared to the laboratory PT/PTT, INR, as this is not part
of our standard of care.

In conclusion, all three devices demonstrated a strong
correlation to the Clauss fibrinogen assay, and increasingly,
data suggests positive outcomes in the care of parturients
with PPH when these devices are used. The use of cartridge-
based technology may offer clinically significant faster
results in cases of unexpected hemorrhage, as it does not
require reagents to reach room temperature, or cumbersome
pipetting. The Quantra device is the only one to provide
information about the platelet contribution to the overall
clot stiffness (PCS) without the need for additional calcu-
lation. Although several methods to calculate the platelet
contribution to overall clot stiffness has been described
(e.g., PLTEM, PLTEG), our study suggests that the use of
POCVT for the guidance of platelet transfusion requires
more research. Given the high correlation between the
fibrinogen parameters and the Clauss fibrinogen, all three
devices could be utilized for the management of postpartum
hemorrhage, although multicenter randomized controlled
trials are needed for validation of these results.
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