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Objectives: To propose a comprehensive TEG 6s—based intraoperative and/or immediately postoperative treatment algorithm for bleeding
patients undergoing cardiac surgery. To achieve this, TEG-based treatment algorithms in cardiac surgery were evaluated through a literature
review and structured expert opinion.

Design: Systematic literature review.

Setting: Cardiac surgery.

Participants: Adult patients undergoing cardiac surgery with intraoperative and/or immediately postoperative bleeding.

Interventions: TEG-guided transfusion algorithm.

Measurements and Main Results: A literature search was conducted for original studies reporting TEG-based treatment algorithms
in cardiac surgery settings. Of 304 identified manuscripts, fourteen met all inclusion criteria, with two further articles identified
through authors’ suggestions. There is limited evidence describing the use of TEG 6s assays in cardiac surgery with only one study
reporting a dedicated algorithm using the TEG 6s device at a non-US center. Two additional studies assessed TEG 6s assays.
The remaining manuscripts reported algorithms based on the TEG 5000 device. Following the author’s review of the available data,
and feedback from expert opinion, a simple transfusion algorithm was proposed as an initial framework for developing a TEG
6s—based protocol with consideration for the 2021 Society of Thoracic Surgery/Society of Cardiovascular Anesthesiologists/American
Society of Extracorporeal Technology/Society for the Advancement of Patient Blood Management Patient Blood Management
Guidelines.

Conclusions: A new algorithm for cardiac surgery based on TEG 6s assays has been proposed based on the available evidence and expert opin-
ion for research alignment and clinical validation.
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CARDIAC SURGERY IS ASSOCIATED with large blood
loss and transfusion requirements, particularly in procedures
requiring cardiopulmonary bypass (CPB). Real-world data
suggest that approximately 50% of patients undergoing cardiac
surgery require perioperative blood product transfusion.' In the
United States, blood transfusions administered during cardiac
surgery represent up to 10% to 15% of all blood products used
nationwide.”” Allogeneic blood product transfusions can be
associated with increased adverse outcomes such as an ele-
vated risk of infections, respiratory complications, acute kid-
ney injury as well as increased risk of mortality.”” Many
guidelines, including Practice Guidelines for Perioperative
Blood Management by the American Society of Anesthesiolo-
gists Task Force on Perioperative Blood Management,” recom-
mend the application of transfusion algorithms incorporating
predefined intervention triggers based on point-of-care (POC)
coagulation monitoring assays to guide hemostatic interven-
tion in bleeding patients and to improve the management of
perioperative coagulopathic bleeding.”® However, despite
these ongoing efforts, blood transfusion rates in cardiac sur-
gery have seen only modest decline over the past decade, with
high-risk patients representing a particularly vulnerable popu-
lation.” Furthermore, there is still a significant variability in
patient transfusion practices across different institutions and
adherence to the guidelines is overall poor.”

Over the past few decades, POC coagulation monitors
have become more prevalent. However, these are still not
widely available across every institution.” Many clinical
studies and meta-analyses have demonstrated the benefits of
using POC viscoelastic hemostatic assays (VHA) such as
thromboelastography during cardiac surgery.'”'? In particu-
lar, these studies suggest that VHA-guided algorithms may
be beneficial in reducing the requirement for allogeneic
transfusion of red blood cells, fresh frozen plasma, and pla-
telets, as well as in reducing postoperative blood loss'” and
blood loss within 24 hours after surgery.'” The first throm-
boelastography-based algorithm used to guide transfusion
therapy in complex cardiac surgery was proposed in 1999 in
a study by Shore-Lesserson et al.'* The study demonstrated
a reduction in transfusion requirements with better hemosta-
sis control in patients using the TEG 5000 device (Haemo-
netics Corp., Boston, MA). Since then, the TEG 5000
system has played an important role in clinical practice,
with many institutional algorithms proposed for use in car-
diac surgery developed using this technology.'”'® Based on
these studies, the 2021 Society of Thoracic Surgery/Society
of Cardiovascular Anesthesiologists/American Society of
Extracorporeal Technology/Society for the Advancement of
Patient Blood Management Patient Blood Management
Guidelines now include a Class I recommendation to use
goal-directed transfusion algorithms that incorporate point
of care testing, specifically referring to viscoelastic devi-
ces.'” Similarly, the 2024 European Association for Cardio-
Thoracic Surgery/European Association of Cardiothoracic
and Vascular Anaesthesia and Intensive Care Guidelines on
patient blood management in adult cardiac surgery in

collaboration with EBCP also gives a Class I recommenda-
tion for an interdisciplinary algorithm/protocol for transfu-
sion, anticoagulation, and thrombosis and a further Class I
recommendation that a viscoelastic POC test be performed
at least daily alongside laboratory blood tests.”’

The latest generation platform—the TEG 6s device—was
introduced to the European market in 2014 and to the United
States in 2016. The TEG 6s system has increased portability
and enhanced usability compared with the TEG 5000 device,
enabling clinicians to receive real-time results and adjust
patient treatment as required. The device is also designed to be
easier to use than the TEG 5000, with enhanced ease of opera-
tion achieved through fully automatic cartridge-based assays.
These assays require a reduced quantity of blood and can be
operated with less extensive training than its predecessor.”'**
The TEG 6s runs four assays simultaneously in a single
“citrated multichannel” cartridge:

1. Citrated kaolin (CK) assay in which the contact activation
coagulation pathway is activated using kaolin;

2. Citrated kaolin with heparinase, allowing identification and
assessment of the effects of heparin and heparinoids on
coagulation;

3. Citrated RapidTEG (CRT) in which the addition of tissue
factor to kaolin accelerates clotting, and

4. Citrated functional fibrinogen (CFF) in which the fibrin/
fibrinogen contribution to clot strength is measured by
glycoprotein IIb/Illa inhibitor elimination of the platelet
component.2

Together, these assays provide an overview of the coagu-
lation status and relative contributions of coagulation fac-
tors, platelets and fibrin to the clot. The reference ranges for
these assays, on the TEG 5000, TEG 6s citrated multichan-
nel (CM) cartridge, and the recently cleared Global Hemo-
stasis-HN (heparin neutralization) cartridge, are shown in
Table 1. Adopting the newer TEG 6s technology requires
that centers design and validate updated treatment algo-
rithms; however, the extent to which this shift has occurred
is unclear.

Therefore, we aimed to develop a comprehensive TEG
6s—based treatment algorithm that can be used as a starting
point to guide intraoperative and/or immediate postoperative
hemostatic intervention in cardiac surgery patients. To achieve
this, expert opinion was gathered during an advisory board ses-
sion and subsequently analyzed alongside a systematic litera-
ture review to identify evidence for using TEG 5000 and TEG
6s treatment algorithms.

Methods
Expert Opinion

The use of TEG in cardiac surgery formed the basis of a vir-
tual advisory board to review the available evidence, under-
stand the differences between the TEG 5000 and TEG 6s
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Table 1
Overview of Different TEG Analyzers and Cartridges

TEG 5000

TEG 6s with Citrated Multichannel
(CM) cartridge

TEG 6s with Global Hemostasis-HN
(heparin neutralization) cartridge

Technical description Mechanical measure of coagulability

using a rotating cup with a static

pin
FDA cleared channels, parameters Kaolin reagent
and references ranges for citrated R (min): 5—10
blood K (min): 1-3

o-angle (deg): 53-72

MA (mm): 50-70

Heparinase cups and pins

Sold separately, no official reference
ranges

RapidTEG reagent

R (sec): 22-44

K (sec): 34 —138

a-angle (deg): 64-80

MA (mm): 52-71

Functional fibrinogen reagent

MA (mm): 11.5-31.6

Uses resonance frequency to measure
whole blood viscoelasticity

Uses resonance frequency to measure
whole blood viscoelasticity

Citrated kaolin

R (min): 4.6-9.1

K (min): 0.8-2.1

a-angle (deg): 63-78

MA (mm): 52-69

Citrated Kaolin with heparinase
R-value (min): 4.3-8.3

Citrated kaolin
R (min): 4.6-9.1
MA (mm): 52-69

Citrated Kaolin with heparinase
R-value (min): 4.3-8.3

LY30 (%): 0-3.2

Citrated RapidTEG with heparinase
MA (mm): 53-69

Citrated RapidTEG
MA (mm): 52-70

Citrated functional fibrinogen
MA (mm): 15-32

Citrated functional fibrinogen with
heparinase
MA (mm): 15-34

* Note that the TEG 5000 can run non-citrated blood, however the TEG 6s cannot. All results used for the algorithm are therefore based on citrated blood sam-

ples.
Abbreviations: MA, clot strength (Maximum Amplitude); R, reaction time.

devices, and gather insights from experts in the field to estab-
lish a TEG 6s—based algorithm for hemostatic management of
bleeding patients undergoing cardiac surgery. Seven experts
(cardiac anesthesiologists, anesthesiologists, critical care
physicians, and cardiothoracic surgeons) participated in the
discussions, and their input was instrumental in developing the
algorithm.

Systematic Literature Review—Search Strategy

A systematic literature review was performed according to
the PRISMA (Preferred Reporting Items for Systematic
Review and Meta-analysis) guidelines.”” A PubMed and
EMBASE literature search was carried out for original studies
published from January 2009 to June 2024, reporting the use
of TEG 5000— and TEG 6s—based intraoperative and/or
immediately postoperative treatment algorithms in cardiac sur-
gery settings. The search terms that were used to capture rele-
vant publications included: thromboelastography, TEG,
TEG6S/TEG 6s, TEG5000/TEG 5000 and cardiac surgery,
heart surgery, cardiothoracic surgery, cardiopulmonary
bypass/CPB, valve replacement, aortic surgery, coronary
artery bypass graft/CABG, and left ventricular assist device/
LVAD. Full search strings that were used to capture relevant
publications are provided in Supplementary Table 1.

Study Selection and Inclusion Criteria

Study eligibility criteria were defined using the Population,
Intervention, Comparator, and Outcomes (PICO) framework
and the inclusion/exclusion criteria applied are described in
Supplementary Table 2. Articles were screened to capture

original research articles, including retrospective and prospec-
tive observational studies and randomized controlled trials
(RCTs) using TEG assays to assess coagulation status and
guide hemostatic therapy. One independent researcher (B.V.),
conducted the screening, and all articles were checked by a
second researcher (S.G.). All authors reviewed the final
screening list for final approval. Additionally, authors were
asked for any further suggestions for inclusion based on their
clinical experience.

Data Extraction and Synthesis

Transfusion recommendations from the published algo-
rithms were extracted using a standardized Excel spreadsheet
form by one independent researcher (B.V.); and a second
researcher (S.G.) provided a data check. A summary of recom-
mendations for TEG-based intraoperative and/or immediately
postoperative monitoring of hemostasis and transfusion of
blood products/administration of pharmacological treatments
in cardiac surgical patients was presented in a table format.

Following the authors’ review of the available data and
expert opinion, a practical algorithm based on the TEG 6s
coagulation assays was developed. Given the lack of validated
data from RCTs, the predefined TEG assay intervention trig-
gers for the algorithm were suggested following a hierarchical
decision process as follows: published data with TEG 6s
device were prioritized; if not available, TEG 5000 assay
parameters were used if the measured parameter was available
on the new TEG 6s device; and finally, more recent articles
were prioritized over older studies, as these were expected to
better reflect the current clinical practice and the more modern
testing environment. If the published data were insufficient
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or inconclusive, expert opinion was incorporated to ensure
the algorithm was comprehensive and clinically relevant.

Results

Overall, our literature search yielded 223 unique articles
from PubMed and 81 unique articles from Embase databases.
An initial title and abstract screen against a priori determined
inclusion/exclusion criteria excluded 176 publications, with 28
undergoing a full-text review. Of these, 14 publications pre-
sented TEG-based treatment algorithms meeting the inclusion
criteria, alongside two additional articles identified through
author suggestions. The characteristics of all 16 included stud-
ies are summarized in Table 2. Only three identified studies
included data on TEG 6s device use in cardiac surgery, none
of which were from US centers.

Only one of the included articles reported a dedicated algo-
rithm utilizing the TEG 6s device. Rigal et al. (2019) described
a protocol for the ongoing IMOTEC study (NCT02972684) to
assess the cost-effectiveness of VHA-guided management of
patients with ongoing bleeding during cardiac surgery with
CPB.” This ongoing multicenter study is designed to leverage
the latest version of TEG (TEG 6s) or ROTEM devices
(ROTEM Sigma) with TEG- and ROTEM-guided algorithms
based on previously published protocols utilizing the older
device models. The IMOTEC study is based in France and
uses the CE marked TEG 6s analyzer.”” A study by Magunia
et al. (2020), although not describing a whole treatment algo-
rithm, identified a TEG 6s maximum amplitude of citrated
functional fibrinogen assay (CFF-MA) cut-off value to identify
hypofibrinogenemia (i.e., fibrinogen plasma level below 150
mg/dL) and to guide fibrinogen concentrate substitution in
adult patients undergoing cardiac surgery.”* Finally, Wong et al.
(2020), described a TEG 5000—based management algorithm
for cardiac surgery and also analyzed the TEG 5000 and TEG
6s parameters interchangeability in paired arterial blood samples
from patients undergoing cardiac surgery at the same center.”®
The authors of this report conclude that using the TEG 6s with
their current TEG 5000—based management algorithm for car-
diac surgery would result in a change in treatment recommenda-
tion in at least 10% of their cardiac surgical patients.”

The remaining 11 studies reported algorithms based on TEG
5000 measurements. Transfusion thresholds and recommenda-
tions from the published algorithms are summarized in Table 3.

Intraoperative and/or Immediately Postoperative TEG-Based
Algorithm for Cardiac Surgery

We have reviewed multiple published transfusion algo-
rithms and summarized recommendations that are widely
accepted and easy to apply in the suggested hemostatic man-
agement algorithm as presented in Fig 1. The presented algo-
rithm is derived from the previously described available
published literature while incorporating a set of suggestions
that integrates expert opinion of the authors and can be modi-
fied according to the clinical needs or institutional limitations.

Threshold algorithm values may differ across different practi-
ces, and the attending healthcare professionals should always
make the final decision for treatment considering the full clini-
cal picture. The proposed algorithm is for cases of active or
suspected coagulopathy, such as when excessive microvascu-
lar bleeding occurs. The algorithm evaluates residual heparin
effects, fibrinolysis, coagulation factor deficiencies and plate-
let and fibrinogen deficiencies using the TEG 6s assays. The
most critical issue should be treated first to stabilize the patient
or prevent further deterioration. Furthermore, the authors sug-
gest using a unit-based algorithm due to its simplicity, ease of
understanding and a higher likelihood of adherence than
weight-based transfusion protocols.

Heparin reversal: Most published algorithms recommend
additional protamine administration if the R time is at least
twice as long as R with heparinase (R-hep), indicating residual
heparin in the blood. This cut-off value is historically based on
studies using TEG 5000 assays, and since R time is the most
user-dependent parameter, greater variability in this parameter
was expected. However, as the TEG 6s device is less user-
dependent,”® a suggested 1.25-fold difference between R and
R-hep to trigger additional protamine administration®® as rec-
ommended by the Society of Cardiovascular Anesthesiologists
Clinical Practice Improvement Advisory’ seems appropriate.

Coagulation factor deficiency: Elevated R time implies defi-
ciency in clotting factors and clinicians should consider replet-
ing coagulation factors with either prothrombin complex
concentrate (PCC) or with plasma depending on institutional
and regional practice. The cut-off values for intervention were
taken from the values in the newest published algorithm, as
per our prioritization matrix described in the methods. The fol-
lowing recommended PCC dosing was arrived at by expert
opinion and is based upon using the 4-factor non-activated
PCC formulations. R times between 10 and 12 minutes suggest
a mild coagulation factor deficiency/dysfunction and may be
treated with either 2 U plasma or 12 to 15 U/kg PCC. R time
of 13 to 15 minutes suggests a moderate coagulopathy and
may be treated with either 3 U plasma or 15 to 20 U/kg PCC.
R time longer than 15 minutes suggests severe factor defi-
ciency and recommended treatment is 4 U plasma or 20 to
25 U/kg PCC. These doses allow for the use of an entire vial
of the closest matching dose where appropriate.

Deficiency in platelet contribution to clot strength:
Decreased CRT-MA, in the presence of normal CFF-MA,
serves as an indicator of low platelet count or platelet dysfunc-
tion; therefore, in this instance clinicians should consider
platelet transfusion. The intervention trigger values were
derived from Lanigan et al.,’’ as per our prioritization matrix
described in the methods. Based on this and expert opinion,
our algorithm includes: MA between 48 and 50 mm suggests
mild platelet dysfunction warranting consideration of desmo-
pressin administration; MA between 43 and 47 mm indicates
moderate platelet dysfunction, recommending transfusion of
1 U platelets along with desmopressin; and MA less than or
equal to 42 mm indicates severe platelet dysfunction with rec-
ommended transfusion of 2 units of platelets along with des-
mopressin.
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Table 2
Summary of the Identified Studies
Citation Study Type Population Type of Surgery TEG Model TEG Assays Time of TEG
Size Analysis
Studies reporting algorithms with TEG 6s device
Magunia H, et al. Retrospective 423 patients Cardiac surgery with TEG 6s Citrated kaolin Not reported
(2020)** observational study CPB
Rigal JC, et al. Prospective pragmatic NA Protocol for the RCT TEG 6s Citrated kaolin Abnormal bleeding,
(2019)* RCT >10 min post-
protamine or
>30 min after ICU
admission
Wong Q, et al. Prospective RCT 99 patients 243 matched blood TEG 5000 vs Kaolin, Before anesthesia and
(2020)°° samples TEG 6s FF 9 min post-
protamine
Studies reporting algorithms with TEG 5000 device
Agarwal S, et al. Prospective RCT 249 patients CABG TEG 5000 Kaolin, 10 min post-
(2015)"° FF protamine
Ak K, et al. (2009)*” Prospective RCT 224 patients CABG TEG 5000 Kaolin Before anesthesia
(baseline); after
start of CPB; 15
mins after
administration of
protamine; on
admission to ICU);
6 h and 24 h after
CPB
Aksun M, et al. Single center 200 patients CABG Not reported Kaolin After CPB and a t
(2021)'° prospective RCT least once in ICU
(within 3 h)
Aoki K, et al. (2012)** 100 patients Cardiac surgery with TEG 5000 Kaolin 20 min post-
CPB protamine
Fleming K, et al. Retrospective 681 patients Complex TEG 5000 Kaolin 10 min post-
017" observational study cardiac surgery protamine
Lanigan M, et al. Retrospective 68 patients LVAD placement, TEG 5000 Kaolin Post-protamine
(2022)*° observational study heart transplant
Lanigan M, et al. Prospective 184 patients CABG, aortic and/or TEG 5000 Kaolin Post-protamine
(2024)*° observational study valve replacement,
repair surgery
Ranucci M, et al. Retrospective 7988 patients Cardiac surgery TEG 5000 Not reported Post-CPB/in ICU in
(2009)*! observational study case of
microvascular
bleeding
Raphael J, et al. Guidelines/ Not applicable Cardiovascular TEG 5000 Not reported During rewarming
(2019)° Recommendations surgery with phase of bypass,
expected significant in the presence of
blood loss excessive
microvascular
bleeding
Redfern RE, et al. Retrospective 677 patients CABG, valve repait/ TEG 5000 Kaolin Post-protamine
(2019)* observational study replacement, aortic
arch/root repair
Redfern RE, et al. Retrospective 1098 patients CABG TEG 5000 Kaolin Post-protamine
(2020)* observational study
Welsh KJ, et al. Protocol review Not applicable Not applicable TEG (not Not reported At the rewarming just
(2014)** specified) before
discontinuation of
CPB and 10 min
post-protamine
Westbrook A, et al. Prospective RCT 69 patients Cardiac surgery TEG 5000 Kaolin Before CPB, during

(2009)*

rewarming, and
15 min post-
protamine

Abbreviations: CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; FF, functional fibrinogen; ICU, intensive care unit; LVAD, left ventricular
assist device; RCT, randomized controlled trial; TEG, thromboelastography with TEG analyzer.



Table 3

Summary of Transfusion Recommendations From the Published Algorithms

Citation Protamine

FFP

Cryoprecipitate/Fibrinogen
Concentrate

Platelets

Antifibrinolytics Additional Notes

Studies reporting algorithms with TEG 6s device
Magunia H, et al. (2020)**

Rigal JC, et al. (2019)* R >2 x R-hep:
30 U’kg
Wong Q, et al. (2020)%° hTEG looks

“more normal”

than TEG - additional

Protamine 50 mg
Studies reporting algorithms with TEG 5000 device
Agarwal S, et al. (2015)"° R >2 x R-hep: 50 mg

Ak K, et al. (2009)>7 R >2 x R-hep: 25 mg

Aksun M, et al. (2021)'®

Aoki K, et al. (20I2)lx R >2 x R-hep: 50 mg

Fleming K, et al. (2017)"” R >0.5 min longer
than R-hep: 50 mg
R >1 min longer than

R-hep: 100 mg
Lanigan M, et al. (2022)*’
Lanigan M, et al. (2024)™"
Ranucci M, et al. (2009)°" R >1.5 x R-hep

(dose not stated)

Raphael J, et al. (2019)° R >1.25 x R-hep

Redfern RE, et al. (2019)™

Redfern RE, et al. (2020)*

Welsh KJ, et al. (2014)*

‘Westbrook A, et al. (2009)h R >3 min longer

than R-hep: 50 mg

R >10 min AND R-hep >10 min:
10-15 mL/kg FFP or 12.5 U/kg PCC
if volume expansion not needed
R 11-14 min: 7 mL/kg (1 U/35 kg)
R >14 min: 15 mL/kg (2 U/35 kg)

R 10-14 min: 8 mL/kg (~2 U)
R >14 min: 16 mL/kg (~4 U)

R 14-24 min: 1 U

R 21-28 min: 2UR >28 min: 4 U
R 7-10 min: 1 U or 4 mL/kg

R 11-14 min: 2 U or

8 mL/kg R >14 min: 4 U

or 16 mL/kg

R 11-14 min: 2 U
R >14min: 4 U

R 10-12 min: 2 U

R 13-15min: 3U

R >15min: 4 U

R 10-12 min: 2 U

R 13-15min: 3U

R >15min: 4 U

R >12 s (dose not stated)

R >12 min FFP 10-15 mL/kg
OR PCC

R 11-14 min: 2 U

R >14min: 4 U

R 11-14min: 2U
R >14min: 4 U

R 10-15 min: 1-2U

R 15-20 min: 2-4 U

R >20 min: 6 U

« 20-45 AND normal MA:
1-2 U FFP

R 11-14 min: 1 U

R 14-20 min: 2 U

R >20 min: 4 U

FF-MA <19.9 mm fibrinogen 50
mg/kg

FF-MA <17 mm AND

MA >47 mm: fibrinogen
20-50 mg/kg

FLEV <1 g/L: Cryo 10 U equal to
MA-FF ~ 2.6 mm

a <45: Cryo 0.06 U/kg

« <45: Cryo 0.06 U/kg

K>3 min: Cryo 1 U
o <53:Cryo 1 U

K>3 min: Cryo 1 U
o <53:Cryo 1 U

MA <40 mm AND FF <8 mm
Cryo or fibrinogen
o <45: Cryo 0.06 U/kg

« <45: Cryo 0.06 U/kg

K >3 min: Cryo 5 U or
o <45: Cryo5U

MA <48 mm AND
FF-MA >16 mm: 1 PLT pool

MA <40 mm: PLT2U

MA 40-50 mm: PLT 1 U

Suspect VWF consider
DDVAP 0.3 pg/kg

MA 25-40 mm: 1 PLT pool
(or if ADP inhibition > 60%) MA
<25 mm, 2 PLT pools (or if ADP
inhibition >70%)

MA 40- 48 mm: 1 PLT pool

MA <40 mm: 2 PLT pools

MA 49-54 mm: DDAVP 0.3 jLg/kg

MA 41-48 mm: 5 U PLT

MA <40 mm: 10 U PLT

MA < 35 mm AND

PLT count < 70k: 1 PLT pool
MA 46-54 mm: DDAVP 0.3 jLg/kg
MA 41-45 mm: 1 U plateletpheresis
MA <40 mm: 2 U platelet pheresis

MA 48-50 mm: DDAVP 0.3 pLg/kg
MA <47 mm: 1 UPLT
MA <42 mm: 2UPLT
MA 48-50 mm: DDAVP 0.3 pg/kg
MA <47 mm: 1 UPLT
MA <42 mm: 2UPLT

MA <40 mm AND FF > 8 mm:
platelets = DDAVP 0.3 jLg/kg

MA 46-54 mm: DDAVP 0.3 pg/kg

MA 41-45 mm: 1 U platelet pheresis

MA <40 mm: 2 U platelet pheresis

MA 46-54 mm: DDAVP 0.3 Lg/kg

MA 41-45 mm: 1 U platelet pheresis

MA <40 mm: 2 U platelet pheresis

MA 35-45 mm AND EPL <15 AND LY30
<8%: 1-2 U single donor apheresis MA
<35 mm AND EPL <15 AND LY30
<8%:2-3U
single donor apheresis

MA <41 mm: PLT 5U

LY30 >3%:
TxAl-2g

LY30 >7.5%: TxA

LY30 >7.5%, CI <3
antifibrinolytic selection

Algorithm not followed strictly,
and surgeons’ judgment also
used to direct therapy

Same algorithm as in Lanigan et
al, 2022

LY30 >10%: TxA

LY30 > 7.5% aminocaproic acid
OR TxA

Same algorithm as in Redfern et
al., 2019

(EPL >15% OR LY30 >8%)
AND (MA <50 mm or CI
<1.0):TxAlg

Bleeding not responding to
treatment: (EPL <15% or LY30
<8%) and (MA <70 mm or CI
<3.0) consider rFVIIa (15 g/
kg)

LY30 >15%: consider starting
TxA

Abbreviations: o, angle; ADP, adenosine diphosphate; CABG, coronary artery bypass grafting; CI, coagulation index; CPB, cardiopulmonary bypass; Cryo, cryoprecipitate; DDAVP, desmopressin; EPL, estimated
percent lysis; FF, functional fibrinogen; FFP, fresh frozen plasma; FLEV, functional fibrinogen level; hep, heparin; ICU, intensive care unit; K, kinetic time; LVAD, left ventricular assist device; LY30, lysis at 30
minutes; MA, maximum amplitude; MAFF, maximum amplitude functional fibrinogen; PCC, prothrombin complex concentrate; PLM, platelet mapping; PLT, platelets; R, reaction time; RCT, randomized
controlled trial; rFVIIa, recombinant factor VIla; TEG, thromboelastography with TEG analyzer; TxA, tranexamic acid.
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In case of active or suspected coagulopathy
Is the patient showing signs of bleeding or suspected coagulopathy?

|

TEG®6s based coagulation assessment

! l

‘ ! }

Residual heparin Coagulation factor Deficiency in platelet Deficiency in fibrin contribution to Increased
effect deficiency contribution to clot strength clot strength fibrinolysis
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If bleeding persists, TEG®6s should be repeated at regular time intervals until hemorrhage is

controlled

Fig 1. Proposed TEG 6s treatment algorithm for intraoperative and/or immediately postoperative targeted transfusion in cardiac surgery in the presence of signifi-
cant bleeding. DDAVP, desmopressin; FC, fibrinogen concentrate; FF, functional fibrinogen; FFP, fresh frozen plasma; hep, heparin; LY30, lysis at 30 minutes;
MA, maximum amplitude; R, reaction time; PCC,4-factor prothrombin complex concentrate

Deficiency in fibrinogen contribution to clot strength. The
contribution of fibrinogen to clot formation can be ana-
lyzed by TEG 6s specialized CFF assay. The suggested
cut-off value of CFF-MA <15 mm to identify hypofibrino-
genemia (Clauss fibrinogen levels <1.5 g/L) is based on
the normal reference range from the TEG 6s validation
study.”” In case of evidence of hypofibrinogenemia, supple-
mentation with 1 to 2 g of fibrinogen or the equivalent
“dose” in cryoprecipitate is recommended. Dosage is
dependent on the degree of fibrinogen deficiency/dysfunc-
tion measured by the CFF-MA. If the CFF-MA is
<10 mm, higher dosing may be considered.

Hyperfibrinolysis. LY30 offers a rapid measure of fibrinoly-
sis by measuring clot lysis at 30 minutes after maximum clot
strength. The normal upper value of LY30 of 7.5% used histor-
ically in most published algorithms is an older value based on
the TEG 5000 device reference range. In contrast, the TEG 6s
LY30 reference range is narrower with an upper limit of 2.6%.
Additionally, several studies in different settings, particularly
in bleeding trauma patients, have previously concluded that
LY30 >3% defines clinically relevant hyperfibrinolysis pre-
dicting the need for massive transfusion. Therefore, this
threshold value represents an indication for the treatment of
fibrinolysis.”’** Based on these arguments, we suggest that
LY30 >3% is appropriate for guiding antifibrinolytic therapy
in patients after cardiac surgery. Of note, based on the 2021
Society of Thoracic Surgery/Society of Cardiovascular Anes-
thesiologists/American Society of Extracorporeal Technology/
Society for the Advancement of Patient Blood Management
Guidelines,'” most centers are using antifibrinolytic therapy as
a prophylactic and standard part of care for cardiac surgery,

making the LY30 both the last variable to result on the TEG 6s
but also the least likely to potentially alter care.

Discussion

The use of the TEG 5000 device in guiding hemostatic man-
agement in cardiac surgery is very well established and the
ability of TEG-based algorithms to reduce transfusion of blood
products and/or improve patient outcomes has been demon-
strated in multiple studies.'’"'” The newer-generation TEG 6s
device introduced to the market in 2016 is designed to be eas-
ier to use and requires a reduced quantity of blood for testing,
as compared with the predecessor device. Developing a TEG
6s—specific algorithm for cardiac surgery is important in order
to standardize clinical research to allow data integration into
evidence-based guidelines and to ensure further consistency in
clinical practice. However, our literature search revealed lim-
ited evidence describing the use of TEG 6s—based treatment
algorithms in cardiac surgery, and therefore the algorithm
proposed requires further research for confirmation and
validation.

Due in part to the unfortunately circumscribed available evi-
dence detailing TEG 6s—based management approaches, clini-
cians may continue to rely on TEG 5000 algorithms for
hemostatic guidance based on observed correlations between
TEG 6s and TEG 5000 data.””*”** As an illustrative example,
the IMOTEC study protocol™ reports that the study will utilize
TEG 6s—guided management of patients with ongoing bleed-
ing during cardiac surgery with CPB. However, it is important
to note that the thresholds in the reported algorithm are based
on previously proposed algorithms for TEG 5000.
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Without studies using TEG 6s assays we expanded our liter-
ature search to include published algorithms using the TEG
5000 device and summarized the available recommendations.
We have limited our search to the last 15 years to capture the
evidence from the “modern era” of hemostatic management
marked by the implementation of patient blood management
and the introduction of pharmacologic agents that can replace
coagulation factors (PCC) and fibrinogen (fibrinogen concen-
trate). Based on the available data, we proposed a simple trans-
fusion algorithm to manage bleeding in patients undergoing
cardiac surgery. This algorithm can serve as a starting point
for discussions aimed at building a TEG 6s—based protocol.

It is also important to note that many previously published
algorithms rely on historical reference cut-off values. While
these were successfully demonstrated at the institutions that
published them, they may not necessarily be the optimal cut-
off values in terms of patient and clinical outcomes. System-
atic research addressing these questions is lacking, limiting the
generalizability of the algorithms across different institutions.
With the advancement of technology and more available data
from RCTs, some of these historical trigger values can be
adapted to align with the newest research. For instance, we
suggested adjusting the cut-off values to trigger additional
protamine administration or to identify hyperfibrinolysis. Nev-
ertheless, new specific treatment algorithms for cardiac surgi-
cal patients based on TEG 6s assays will require development
and validation.

In the case of the CFF-MA cut-off to identify hypofibrinoge-
nemia and guide fibrinogen substitution, we suggested a
15 mm trigger in our algorithm based on the normal reference
range from the TEG 6s validation study.”” In contrast, the
most recent analysis of a large set of blood samples from car-
diac surgical patients by Magunia et al. suggests the cut-off
value of CFF-MA <20 mm to guide fibrinogen substitution.”*
These two values represent the extremes of a range of possible
cut-offs: the lower value optimizes for high specificity with
relatively low sensitivity. In comparison, the higher cut-off
value optimizes for sensitivity at the expense of reduced speci-
ficity. Given the goal of rational blood product use, we priori-
tized specificity in our recommendations. In cases of apparent
or suspected coagulopathy with CFF-MA values at the lower
end of the normal reference range, fibrinogen replacement
could reasonably be considered.

TEG 6s Versus TEG 5000 Values Correlation

Some publications have demonstrated that the TEG 6s mea-
sured parameters closely correlate with those obtained from its
predecessor.””*”** In a technical validation study, TEG 6s and
TEG 5000 results were compared using blood samples from
healthy volunteers and patients undergoing coronary revascu-
larization, and this study confirmed that reference ranges were
comparable between the two TEG systems.”” Other studies
reported high correlation coefficients when comparing citrated
TEG assay parameter values between TEG 5000 and TEG 6s
devices in critically ill patients in the ICU™ and in trauma
patients.”’ However, some studies are reporting a lesser

correlation between the two devices. In a small study involving
10 patients undergoing liver transplant, TEG 5000 non-citrated
and citrated samples compared with TEG 6s found acceptable
agreement when results were within the normal reference
ranges; however, with increasing coagulopathy, agreement
was poorer.”' The study by Wong et al. compared 243 paired
arterial blood samples in 99 patients undergoing cardiac sur-
gery using TEG 5000 (non-citrated) and TEG 6s (citrated)
assays after induction of anesthesia (prior to heparin adminis-
tration) and following protamine administration at the end of
the cardiac bypass.”® The study suggested that the two devices
are discordant with differences between two devices becoming
more marked at more abnormal values. Overall, to date the
preponderance of evidence from several high-quality, system-
atic, prospective, and controlled clinical studies suggests that
TEG 6s data correlate well with TEG 5000 for individual assay
values, with particularly high correlation seen within the
expected reference ranges of the parameters tested and accept-
able bias at the relevant clinical decision points.”>*"***? Addi-
tional studies to explore the effect of TEG 6s—guided
treatment on patient clinical endpoints would further provide
evidence on potential advantages of the device for patient
management in cardiac surgery or other clinical settings.

Emerging Applications of the TEG 6s Device in Cardiac
Surgery

The original standard citrated multichannel TEG 6s car-
tridge does not neutralize heparin in the CRT or the CFF chan-
nel, thus limiting its ability to diagnose hemostasis defects in
patients who are receiving heparin. Patients on cardiopulmo-
nary bypass or mechanical circulatory assist devices represent
a specific population for whom hemostasis monitoring is cru-
cial. The novel heparin neutralization (HN) cartridge does
incorporate heparinase into the RapidTEG and functional
fibrinogen assays. This allows the cartridge to enhance the
information available to support clinical decision-making in
patients with heparin in circulation. The FDA has recently
cleared the HN cartridge, thus extending the TEG 6s testing
capabilities to fully heparinized patients. Normal reference
ranges for the cartridge have been established, and the repro-
ducibility of assays has been demonstrated.** The technical
validity of the cartridge was further demonstrated by a positive
correlation between the citrated functional fibrinogen with
heparinase and Clauss fibrinogen assay (Pearson correlation
coefficient of 0.74), and between citrated kaolin with heparin-
ase and citrated RapidTEG with heparinase MA values.”* The
first clinical validation of the HN cartridge in a multicenter
cohort of patients with expected intraoperative exposure to
unfractionated heparin (cardiovascular surgery, cardiovascular
interventional procedures, and liver transplantation) was per-
formed and recently presented at the American Society of
Anaesthesiologists Congress 2024."> The HN cartridge was
only recently cleared by the Food and Drug Administration,
and therefore no published clinical data are available regarding
this cartridge for consideration. However, the parameters
are substantially equivalent to the predicate parameters,
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suggesting that the algorithm should still be applicable. In the
authors’ opinion, the new HN cartridge has the potential to
provide early and accurate hemostasis assessment for patients
with heparin in circulation, helping to identify bleeding issues
during surgery and improve the speed of clinical decision-
making.

The TEG PlateletMapping Assay (Haemonetics Corp., Bos-
ton, MA) allows for the assessment of platelet function in
patients who have received platelet-inhibiting drugs such as
aspirin, clopidogrel, abciximab, tirofiban, or eptifibatide. It
tests platelet inhibition along the adenosine diphosphate and
arachidonic acid pathways. P2Y12 inhibitors like clopidogrel
inhibit the former, while drugs like aspirin inhibit the
latter.*>*® Clinical trials have suggested a potential role in
patients undergoing cardiovascular surgery."’ For example, in
the TARGET-CABG trial, a strategy based on preoperative
platelet function testing to determine the timing of CABG in
clopidogrel-treated patients was associated with the same
amount of bleeding observed in clopidogrel-naive patients
and about 50% shorter waiting time than recommended in the
current guidelines.*®

However, the adoption of the TEG PlateletMapping Assay
for intraoperative testing in cardiovascular patients lags behind
that of other TEG analyses. For this reason, and because preop-
erative decision support for the timing of surgery fell outside
the scope of this algorithm, the TEG PlateletMapping Assay
was not included. This is a short-coming that could be
addressed in a future revision, when more and higher-quality
evidence is available to guide the best use of this assay.

Inherent Limitations of Viscoelastic Testing and Other
Considerations

While the principle of whole blood coagulation testing is
a strength of viscoelastic testing, it comes with the need to
consider related limitations (e.g., the inability to detect
inherited or acquired von Willebrand disease) and potential
interferences (e.g., hypothermia, acidosis, certain medica-
tions, etc.).49

Specific to this work, it is important to recognize that the
cut-off values defined herein have been optimized accord-
ing to the principles of patient blood management.”’ In
patients with apparent bleeding or those suspected of coa-
gulopathy, a focus has been placed on high specificity to
avoid unnecessary blood product use. Conversely, this
means that the suggested TEG 6s cut-off values should be
re-evaluated for situations where high sensitivity is more
important than specificity.

In trauma patients, earlier detection of a clinically not yet
apparent coagulopathy may be beneficial, and it has been sug-
gested, for example, that using the commonly published cut-
off values for R-time may miss patients with procoagulant fac-
tor deficiency.’' Others have suggested based on in vitro anal-
yses using thrombin generation assays that viscoelastic
parameters of clot initiation, such as R-time, may not fully rep-
resent the balance of procoagulant and anticoagulant
activity.””

Implications for Research and Clinical Practice

Overall, the lack of clinical endpoint-related evidence has
posed challenges in establishing standardized TEG 6s goal-
directed treatment algorithms for cardiac surgery patients.
Large-scale studies are needed to generate robust evidence
supporting the efficacy of TEG 6s—guided algorithms in
improving clinical outcomes, such as blood product consump-
tion, and resource utilization. Furthermore, the adoption of
treatment algorithms often reflects institution-specific prefer-
ences. Therefore, clinicians should critically and regularly
evaluate algorithm choices and update institutional algorithms
based on emerging evidence. At the same time, as the technol-
ogy evolves, TEG 6s assays may offer novel applications
in optimizing transfusion strategies during complex cardiac
surgeries.

Conclusions

The data on TEG 6s use in cardiac surgery remains sparse,
especially with regard to clinical endpoints. While awaiting
additional data to inform the application of the TEG 6s use in
cardiac surgery, clinicians may continue to rely on TEG 5000
algorithms to guide hemostatic therapy. Given the observed
correlation of TEG 6s and TEG 5000 data, this assumption is
reasonable; however, there is a need to develop and validate
TEG 6s—specific treatment algorithms. Here, we proposed a
simple TEG 6s—based transfusion algorithm to manage bleed-
ing in patients undergoing cardiac surgery, which can serve as
an initial framework to allow standardization of TEG 6s for
future research and further clinical validation.
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