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Abstract

Background: Viscoelastic tests (VETS), specifically thromboelastography (TEG) and rotational
thromboelastometry (ROTEM), are gaining popularity in the management of critically ill surgical
patients with hemorrhage or thrombosis due to their comprehensive characterization of the
coagulation process and point-of-care availability in comparison to conventional coagulation tests
(CCTs). We review current evidence for VET use in patients in the surgical intensive care unit
(SICU).

Methods: We searched PUBMED, EMBASE and the Cochrane Library through May 30, 2018
for articles that evaluated the use of VETS in patient populations and clinical scenarios germane to
the surgical intensivist. Individual articles were critically evaluated for relevance and appropriate
methodology using a structured technique. Information on patient characteristics, timing and
methods of CCTs/VETSs, and outcomes was collected and summarized in narrative form.

Results: Of 2,589 identified articles, 36 were included. Five (14%) were interventional studies
and 31 (86%) were observational. Twenty-five (69%) evaluated TEG, 11 (31%) ROTEM and 18
(50%) CCTs. Investigated outcomes included quantitative blood loss (13 (36%)), blood product
transfusion (9 (25%)), thromboembolic events (9 (25%)) and mortality (6 (17%)). We identified 12
clinical scenarios with sufficient available evidence, much of which was of limited quantity and
poor methodological quality. Nonetheless, research supports the use of VETS for guiding early
blood product administration in severe traumatic hemorrhage and for the prediction of excess
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bleeding following routine cardiac surgery. In contrast, evidence suggests VET-based heparin
dosing strategies for venous thromboembolism prophylaxis are not superior to standard dosing in
SICU patients.

Conclusions: While VETs have the potential to impact the care of critically ill surgical patients
in many ways, current evidence for their use is limited, mainly because of poor methodological
quality of most available studies. Further high-quality research, including several ongoing
randomized controlled trials, is needed to elucidate the role of TEG/ROTEM in the SICU
population.
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INTRODUCTION

The interpretation and application of blood coagulation test results and the diagnosis and
treatment of associated pathologic hemorrhage or thrombosis is fundamental to the practice
of surgical critical care. Combined with clinical findings, the diagnosis of abnormal blood
clotting is most often made through analysis of conventional coagulation tests (CCTs) such
as prothrombin time (PT), activated partial thromboplastin time (PTT), platelet count and
fibrinogen level. Despite their ubiquity, these measurements have several important
fundamental limitations; they fail to account for the interdependence of the multiple aspects
(cellular and enzymatic) of the coagulation cascade, they focus on quantity rather than
functionality of clotting components, and they provide information on clot formation but do
not address clot stability/dissolution(1).

Viscoelastic testing (VET), in the form of thromboelastography (TEG) or rotational
thromboelastometry (ROTEM), is an alternative method of measuring blood coagulation
status that has existed for nearly as long as CCTs but until recently had not been adopted
into bedside practice outside the operating room (OR)(2, 3). These technologies measure
multiple aspects of the clot formation-dissolution spectrum that reflect the combined
function rather than individual quantity of coagulation elements(1). Despite these theoretical
advantages, VET technology has only recently been effectively operationalized and its usage
in clinical practice is just now undergoing evidence-based analysis(4, 5). Current literature
has focused on VET use in the OR, particularly in cardiac surgery (CS) and liver
transplantation (LT), but there are numerous potential applications relevant to the surgical
intensivist caring for patients with disordered coagulation(4—6). We sought to systematically
review the available evidence for the use of TEG or ROTEM in critically ill surgical patients
applicable specifically to their condition within the intensive care unit (ICU).

Research Question (PICOS)

Our goal was to answer the following two questions in critically ill surgical patients residing
in an ICU: 1) In the setting of hemorrhage or pathologic thromboembolism, are VET-guided
treatment strategies superior to CCT-guided treatment strategies with regard to blood
product transfusion, thrombotic complications, or mortality 2) Are VETSs predictive of
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various subsequent clinical outcomes (excess bleeding, blood transfusion, thrombosis,
mortality) and what are the strength of these associations compared to CCTs. All study
designs were eligible.

METHODS

The study was conducted according to standard systematic review methodology, except
where noted(7). A formal protocol was not published prior to this manuscript.

Eligibility Criteria
We included clinical studies of VETSs applied to any patient population that could be
encountered in a surgical ICU (SICU). All study designs were eligible, but articles were
limited to those including human participants, age =13, published in English, in full
manuscript form.

Studies had to obtain VETSs in the ICU or immediately prior to ICU admission in the OR/
emergency department (ED) and measure outcomes on patients while they were admitted to
the SICU or immediately thereafter on the hospital ward. Studies measuring VETs and
outcomes on patients solely while in the OR, prior to ICU admission, were excluded.
Specifically, randomized controlled trials evaluating VET vs. CCT-based intraoperative
transfusion strategies in patients undergoing CS or LT were excluded, as these results have
been previously thoroughly reviewed(4, 5). Additionally, studies measuring VETS in the ED
and their association with subsequent outcomes in trauma patients were also excluded, as
these have also been previously reviewed(6). Studies measuring VETS and outcomes in
patients solely outside of the ICU (hospital ward, outpatient setting, healthy volunteers) were
excluded. Finally, studies involving retrospective ex-vivo modification of blood samples
with a therapeutic agent (‘spiking”) were excluded.

Data Sources and Search Strategy

The search was performed on PUBMED, EMBASE and the Cochrane Library databases as
of May 30, 2018. For PUBMED, the following terms were included:
(“Thrombelastography”[Mesh] OR thromboelastograph*[tiab] OR ROTEM][tiab] OR
TEG[tiab] OR ROTEG][tiab] OR thromboelastometry[tiab] OR thromboelastrometr*[tiab]).
For EMBASE, the search strategy was: (‘thromboelastography’/exp OR
thromboelastograph*:ab,ti OR rotem:ab,ti OR teg:ab,ti OR roteg:ab,ti OR
thromboelastometry:ab,ti OR thromboelastometr*:ab,ti’). Both database results were filtered
with the limits: humans, English language, age =13. For the Cochrane library, the search
terms were: (thrombelastography OR thromboelastograph* OR ROTEM OR TEG OR
ROTEG OR thromboelastometry OR thromboelastrometr*). The reference lists of applicable
systematic reviews and all included articles were also examined for further potentially
relevant studies.

Study Selection and Data Collection

Given the specifically broad inclusion criteria, we anticipated that our search strategy would
identify research with a wide variety of study designs and patient groups. Studies were
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initially screened based on titles and abstracts by one investigator (B.C.D.) and if potentially
relevant, were grouped by patient population and research question. Initial selection of
articles for full-text review was based on the overall relevance of the study population to the
SICU setting and the number and type of studies involving similar patient groups. Selection
was performed by committee involving all five authors, requiring at least four of five in favor
of inclusion. Upon subsequent review of initially selected full-text articles by one
investigator (B.C.D.), studies were excluded for the following reasons: incorrect population,
singular case reports, inadequate presentation of data, invalid/no longer available VET
methods, inappropriate study design/conduct, or inappropriate statistical methods. Final
selection was confirmed using the same committee method.

Data extracted from each study included: patient inclusion/exclusion criteria, study size,
method, timing and reference range of VET/CCT measurement, location of patients at the
time of blood sampling, and outcome measures, including but not limited to quantitative
blood loss, occurrence of hemostasis, blood product transfusions, thromboembolic events
and mortality. Data collection was performed independently by one author for each study,
unblinded and with the use of a pre-specified data collection form.

Assessment of Bias and Synthesis of Results

RESULTS

Scoping searches confirmed that nearly all eligible articles would not be in the form of
randomized, controlled trials given the design of the review and would be of low overall
quality and high risk of bias. Additionally, the heterogenous nature of the study designs and
outcome measures would preclude quantitative data synthesis. Thus, we did not perform
standardized assessment of evidence quality or risk of bias for included articles. Study
results are summarized in narrative/tabular form and relevant methodological aspects are
highlighted. Consensus recommendations for use of VETS in the SICU in specific clinical
scenarios are presented.

Search Results and Study Characteristics

Our systematic search revealed a total of 2,586 eligible articles (PUBMED - 1703,
EMBASE not MEDLINE - 879, Cochrane Library - 4) and 3 additional studies were
identified by review of reference lists (Figure 1). Of the 2,480 non-duplicate articles, 130
were initially selected for full-text review. Ninety-four were excluded and 36 were selected
for final inclusion (Table 1). We identified 12 clinical scenarios relevant to the surgical
intensivist with available evidence.

Early blood product resuscitation in patients with traumatic hemorrhage using VET versus
CCT or ratio-based treatment algorithms

We identified three studies that compared VET-guided transfusion algorithms to CCT-based
or ratio-based protocols in the setting of traumatic hemorrhage. Gonzalez et a/. conducted a
single center, pragmatic, randomized controlled trial of CCT-guided versus rapid TEG
(rTEG)-guided massive transfusion protocol (MTP) administration in patients with severe
traumatic hemorrhage (systolic blood pressure (SBP)<70mmHg or 70-90mmHg and heart
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rate =108 plus 1 of: penetrating torso injury, unstable pelvic fracture, positive focused
abdominal sonography for trauma (FAST))(8). All patients received initial transfusion of 4
units of packed red blood cells (PRBC) and 2 units of fresh frozen plasma (FFP) upon MTP
activation; patients in the CCT-guided group had FFP, platelets, cryoprecipitate and
transexamic acid (TXA) administered based on international normalized ratio (INR) (=1.5),
platelet count (<100 cells/mm3), fibrinogen level (<150 mg/dl) and d-dimer (>500 mcg/I)
respectively, while patients in the rTEG group had transfusion based upon ACT (>110 sec),
angle (<6§), maximum amplitude (MA) (<55) and LY30 (=7.5, changed to >3 after 61%
enrollment). Patients with ACT>140 sec on initial rTEG received 2 units FFP, 1 unit of
platelets, and 10 units of cryoprecipitate, which was unique to only the initial rTEG
measurement. Randomization was performed on a weekly basis and the primary outcome,
28-day mortality, was compared with a modified intention-to-treat basis (excluding
ineligible patients or those that died prior to any blood transfusion/blood draw). All patients
had both VETs and CCTs measured when triggered by the clinicians, but only the assigned
study group test results were available to the treating providers. In the 111 patients analyzed
(56 ITEG, 55 CCT, 68% blunt mechanism, mean injury severity score (ISS)=30, mean
admission base deficit (BD)=12 mEg/l, mean initial SBP 92mmHg), 28-d survival was
greater in the rTEG group compared with the CCT group (log-rank test, p=0.032, crude 28-d
mortality 19.6% vs 36.4%). PRBC administration was similar between groups, while the
CCT group received more FFP at 2 and 4 hours, more platelets at 2 hours and more
cryoprecipitate at 24 hours compared with the rTEG group. CCT/VET measurements were
similar between groups in the first 24 hours.

Two quasi-experimental studies evaluated VET vs ratio-based MTP administration. Kashuk
et al. evaluated 68 patients (34 ratio-before, 34 rTEG-after) requiring 6 or more PRBCs in
the first 6 hours after introduction of an rTEG-based transfusion strategy and found no
difference in 6 hour blood product requirements(9). Additional conclusions were limited by
the small sample size. Tapia et a/. evaluated 163 patients (98 kaolin TEG (KTEG)-before, 65
ratio-after) requiring 10 or more PRBCs in 24 hours and found no difference in overall 30-d
mortality(10). Post-hoc analysis revealed 30-d mortality was lower with KTEG-guided
resuscitation in penetrating trauma patients (33% vs. 54%, p=0.04). Ratio-guided patients
received significantly more FFP but less crystalloid resuscitation, questioning whether
changes in overall resuscitation practice over time occurred during the study period.

Prediction of post-operative bleeding in cardiac surgery

We identified 14 studies that evaluated the ability of perioperative VETSs to identify patients
that subsequently developed excess post-operative bleeding. Given the heterogeneity in the
study populations, we grouped them according to the overall pre-operative expected
bleeding risk; elective, first-time, simple cardiopulmonary bypass (CPB) cases (8 studies)
and urgent/emergent, complex, or redo CPB cases (6 studies)(11-24). Tables 2a and 2b
display the relevant study details.

Prediction of bleeding in patients on extracorporeal membrane oxygenation (ECMO)

We identified two studies that evaluated the association between VETSs and bleeding
complications in patients on ECMO. Nair et al. prospectively studied 10 patients on ECMO
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(7 venoarterial, 3 venovenous) with daily morning ROTEM testing (110 patient-days in
total) and evaluated the ability of each morning’s ROTEM values to predict subsequent
bleeding episodes in the next 24 hours that required transfusion of FFP, platelets or
cryoprecipitate guided by CCTs and clinical findings, but blinded to ROTEM results(25).
They found EXTEM MCF<50mm to have the strongest association, but only with a
sensitivity of 64% and specificity of 83%. No CCTs were evaluated in a similar fashion.

Panigada et al. retrospectively studied 32 patients on venovenous ECMO (316 patient-days
in total) and similarly evaluated the ability of daily CCTs and heparinase, KTEG R-time to
predict bleeding requiring reduction in heparin dose or blood transfusion, triggered by CCTs
or clinical parameters(26). They evaluated the association of same day, 1 day prior, and 2
days prior values with the first bleeding episode on ECMO using random effects logistic
regression and found no significant association between any laboratory values and
subsequent bleeding.

Prediction of bleeding in women with post-partum hemorrhage

We identified two studies that evaluated the ability of VETS to predict excess bleeding in
women with post-partum hemorrhage (PPH). Karlsson et a/. performed a case-control study
comparing KTEG and CCTs in 45 women undergoing cesarean section with a greater than 2
liter estimated blood loss (EBL) to 49 women with routine vaginal deliveries with less than
600 ml blood loss(27). They found the women with PPH had significantly lower R-time,
alpha angle, MA, and LY 30 values, lower platelet counts and fibrinogen levels, and higher
PT and PTT values, however the mean values were all within the normal range and no data
was presented on the incidence of abnormal values.

Collins et al. performed a prospective cohort study of women experiencing moderate-severe
PPH (all at least >1 liter EBL) and evaluated the association between FIBTEM A5 and
fibrinogen levels drawn at the time of PPH diagnosis and subsequent blood loss and
transfusion requirements(28). PRBCs were transfused for hemodynamic instability or a
point-of-care hemoglobin <8.0 g/dl and hemostatic blood products were guided by CCTs;
clinicians were blinded to ROTEM results. EBL was measured prospectively using a
validated gravimetric method plus drain outputs. Of the 347 women enrolled (50%
spontaneous delivery, median initial EBL 1.2 L (1.0-1.5)), 11% progressed to an EBL>2.5L
and 30% received 1 or more PRBC transfusions, which were the co-primary outcomes.
AUCs for FIBTEM A5 were 0.61 (0.54-0.68) for any PRBC transfusion and 0.75 (0.66—
0.85) for EBL>2.5 liters, while for fibrinogen, AUCs were 0.67 (0.6-0.74) and 0.71 (0.61-
0.81) respectively. The authors performed a large number of secondary analyses using
multiple outcome measures. Overall, the results suggested that both FIBTEM A5 and
fibrinogen had improved prognostic ability for larger measures of hemorrhage, such as
AUCs of 0.78 (0.69-0.88) and 0.78 (0.67-0.88) respectively for prediction of = 4 units of
PRBC transfusion. While FIBTEM A5 results were theoretically available an average of 50
minutes faster than fibrinogen levels, the median time to initial blood transfusion was 225
minutes (80-1327) from blood sampling.
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Prediction of post-operative bleeding in liver transplantation

We found one study that addressed the association of VETSs with post-operative bleeding
after LT. Dotsch et al. retrospectively analyzed data on 243 patients undergoing LT to
evaluate whether ROTEM or CCTs obtained at ICU admission could predict the occurrence
of bleeding requiring relaparotomy or transfusion of 3 or more PRBCs within 48 hours,
which occurred in 12% of subjects(29). Patients were treated with a comprehensive,
evidence-based VET-guided transfusion algorithm intra-operatively and in the ICU. PTT
(AUC 0.69 (0.63-0.75)), INR (0.62 (0.56-0.69)), EXTEM clotting time (0.68 (0.62-0.74)),
and FIBTEM A10 (0.64 (0.57-0.70)) were significant associated with major postoperative
bleeding, but all demonstrated inadequate predictive capability.

Prediction of worsening intracranial bleeding in patients with traumatic brain injury (TBI)

We identified one study that evaluated whether VVETs are predictive of worsening
intracranial bleeding in patients with severe TBI. Folkerson et al. retrospectively evaluated
the association between admission rTEG and CCT levels and worsening head computed
tomography (CT) findings at 6-hour follow up in a cohort of 279 patients with isolated,
severe TBI(30). While they found no significant differences in median rTEG or CCT values
between patients with and without progressive injury, presence of at least 1 abnormal rTEG
or CCT measurement indicating coagulopathy was independently associated with an
increased odds of injury progression in multivariable logistic regression (OR 1.81 (1.09-
3.01), p=0.021). Unfortunately, the investigators did not individually evaluate the predictive
ability of rTEG or CCTs.

Prediction of free flap thrombosis after microvascular reconstructive surgery

We found one study that addressed whether VETSs are associated with flap thrombosis and
flap loss after free tissue transfer surgery. Kolbenschlag et al. performed an elegant
retrospective cohort study in which they evaluated whether preoperative ROTEM values
were associated with post-operative pedicle thrombosis or flap loss among 181 patients
(60% trauma, 25% malignancy) undergoing free tissue transfer surgery without routine
postoperative anticoagulation (31). Patients with hypercoagulable ROTEM (66/181 (36.5%),
defined as INTEM or EXTEM MCF>72 mm or FIBTEM MCF>25mm) did not have a
different incidence of flap thrombosis as patients with normal ROTEM values (16.6% v
15%), but were more likely to suffer overall flap loss (13.6% v 4.3%, p=0.024), which was
driven by the inability to successfully salvage almost all thrombosed flaps in patients with
hypercoagulable ROTEM values. Nonetheless, while the presence of hypercoagulable
ROTEM was significantly associated with flap loss after controlling for age, sex and
comorbidities in multivariable regression analysis, the AUC was only 0.63. Unfortunately,
the prognostic ability of CCTs was not evaluated and it was not reported whether ROTEM
results were incorporated into clinical decision making.

Prediction of post-operative thrombotic complications in liver transplantation

We identified one study that examined the association between VETS and post-operative
thrombotic complications in LT. Zahr Eldeen et al. retrospectively examined the association
between preoperative KTEG and CCTs and early hepatic artery thrombosis (HAT) (<21
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days) among a cohort of 828 patients undergoing LT at a high-volume center treated with

routine postoperative thromboprophylaxis(32). Early HAT occurred in 23 (2.7%) patients;
AUC for preoperative MA>65mm was 0.75 and for preoperative platelet count>145 cells/
cubic mm was 0.71. However, these cutoffs were determined post-hoc based upon the 75t
percentile values in patients that did not develop HAT and do not reflect the upper limit of
normal for KTEG MA(33, 34).

Prediction of venous thromboembolism (VTE) in critically ill/injured surgical patients

We identified five studies that investigated the predictive ability of VETSs for VTE in
critically ill surgical patients (Table 3)(35-39). Only the studies by Brill et a/. and Van et al.
provided data on prophylactic anticoagulation use, with both papers reporting an overall
high (>90%) adherence rate. In all studies, VETs were not used to guide prophylactic
anticoagulation or VTE diagnosis.

Titration of DVT prophylaxis in critically ill/injured surgical patients using VETs compared
to standard care

We identified two studies that evaluated VET-based dosing strategies for administration of
DVT chemoprophylaxis. Connelly et al. conducted a multicenter, randomized controlled
trial evaluating the efficacy of low molecular weight heparin (LMWH) dosing titrated using
TEG measurements compared to standard fixed dosing in 185 trauma and general surgery
patients with an expected hospital stay >3 days(40). In the intervention group, enoxaparin
dosing started at standard levels (30 mg twice daily) and was uptitrated every 48 hours to
reach a goal value of AR (R-time without heparinase — R-time with heparinase) of 1-2
minutes, up to a maximum of 1 mg/kg twice daily. Primary outcomes were the incidence of
VTE (mixed screening strategy, all patients received at least one surveillance LE US) and
major bleeding. They found no difference in the proportion of patients suffering VTE in the
intervention group vs standard dosing (6.3% v 6.7%, p>0.99) and a suggestion of increased
bleeding (13.5% v 5.6%, p=0.08) when the trial was halted at the mid-point interim analysis.
Only 10.4% of patients in the intervention group achieved the goal AR (vs. 13.5% in control,
p=0.68) after receiving median enoxaparin doses of 37.5 mg (35-42.2) twice daily.

Harr et al. performed a very similar single-center randomized controlled trial of TEG-based
LMWH dosing compared to standard fixed dosing in 50 ICU trauma patients(41). They
targeted a KTEG AR > 1.4 min and uptitrated dosing more rapidly (every 24 hours)
compared with Connelly ef al. Additionally, if the maximum dalteparin dose (10,000 units
twice daily) was reached without achieving goal AR, aspirin was added (required in 20% of
patients in intervention arm). Despite this aggressive protocol, only 12% of the treatment
group (vs 8% in control) achieved the goal AR. Only one VTE event occurred in the entire
study population and major bleeding was not reported.

Prediction of mortality in ICU patients with sepsis

The association of VETs with mortality in ICU patients with sepsis was evaluated in 3

studies. Ostrowski et al. prospectively evaluated whether abnormal admission KTEG MA,
either hypo (<51mm) or hypercoagulable (>69mm), was associated with 28-d mortality in
60 ICU patients with sepsis(42). They found patients with low MA on ICU admission had
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significantly worse survival compared to those who had normal or high MA, whose survival
curves were similar (p=0.003, log-rank test), and that a low MA was independently
associated with mortality after controlling for disease severity (hazard ratio (HR) 4.3 (1.4-
13.7), p=0.014). No CCTs were evaluated.

Haase et al. used data from a randomized, controlled trial of hetastarch resuscitation in
sepsis to evaluate whether early hypocoagulability, measured by abnormally low KTEG
values (except R-time), was associated with 90-d mortality or 90-d major bleeding, as
compared to normo or hypercoagulability(43). They used TEG results obtained from 260
patients on ICU admission and daily for 5 days and modeled time to death/bleeding using
cox proportional hazards, with the most proximate TEG results to the event/censoring
incorporated as time-dependent variables. Hypocoagulable K-time, MA, alpha angle and
functional fibrinogen-MA (FF-MA) were all significantly associated with mortality,
compared to normo-coagulability. Additionally, hypercoagulable MA (>69mm) was
associated with a decreased risk of death compared with normo-coagulability (HR 0.52
(0.33-0.81), p=0.004). Only low FF-MA (<14mm) was significantly associated with major
bleeding. No CCTs were evaluated.

Finally, Massion et al. prospectively studied 39 patients with septic shock obtaining ROTEM
and CCT measurements at 5 time points from ICU admission to day 7 to determine whether
VETSs/CCTs were associated with in-hospital mortality(44). They analyzed ROTEM and
CCT values continuously using two-way repeated measures analysis of variance. Serial
median PT, PTT and INTEM clotting time values showed significant differences between
survivors and non-survivors but there was no information presented on the occurrence of
abnormal values.

Prediction of mortality in patients with traumatic brain injury at ICU admission

We found one study that evaluated the association between VETSs obtained on ICU
admission and mortality in patients with severe TBI. Daley et al. retrospectively studied a
group of 90 patients with severe TBI, the majority of whom had isolated neurological injury,
to determine whether KTEG-platelet mapping (KTEG-PM) values obtained on ICU
admission were associated with in-hospital mortality(45). In an older population (mean age
65), 30% of whom were taking pre-injury antiplatelet therapy, they found patients with a
degree of adenosine diphosphate (ADP) inhibition >60% (normal 0-30%) had significantly
greater mortality than those with less platelet inhibition (32% v. 8%. p<0.01) and that high
platelet inhibition was independently associated with mortality even after controlling for
other known prognostic factors. The specific prognostic ability of TEG-PM or CCTs,
however, was not presented and no information was provided on the prescription of platelet
transfusions. Furthermore, patients classified as not having severe ADP inhibition (<60%)
still showed values far from normal (mean 44+19%).

DISCUSSION

Although we identified a large number and wide variety of studies evaluating the use of
VETSs in the SICU setting, the poor quality of most of the research limits related evidence-
based conclusions. Nonetheless, current literature suggests that VETS have a role in guiding
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early blood product administration in severe traumatic hemorrhage and in predicting excess
bleeding following routine CS, whereas VET-based dosing strategies of prophylactic
LMWH are not superior to standard dosing in critically ill trauma or surgical patients.

Interest in the use of VETS has increased significantly in recent years (see Table 1), but
proper evidence-based evaluation of such strategies is somewhat lagging. Our review
identified primarily observational studies (120/130 (92%) of full-text reviewed articles),
many of which were not conducted in accordance with current basic recommendations (46—
48). This led to 45 of the 94 (48%) excluded articles being removed because of research
methodology limitations (Figure 1). Furthermore, interpretation of a significant number of
the included studies mentioned above was hampered by additional methodological
shortcomings, such as a categorization of VET results as continuous variables incorporating
both normal and abnormal results, incomplete reporting of predictive measures (AUC,
sensitivity, specificity), and lack of comparison with CCTs. Future research should
incorporate scientifically robust methodology to more appropriately evaluate the accuracy of
VETSs and CCTs to predict abnormal bleeding or thromboembolism in SICU patients.

We identified five clinical scenarios with sufficient evidence upon which to make
recommendations (Table 4). In the past two decades, blood component resuscitation for
severe traumatic hemorrhage has undergone significant advancement with the increased
understanding of trauma-induced coagulopathy and adverse effects of crystalloid
resuscitation leading to institution of MTPs with balanced blood component
administration(49). Debate exists over the prescription of the hemostatic elements of MTPs
(FFP, platelets, cryoprecipitate, TXA), with strategies incorporating CCT-guided algorithms,
fixed ratio algorithms, and VET-guided algorithms all being employed(50, 51). We found
that in patients with severe traumatic hemorrhage, evidence suggests early VET-based
transfusion strategies result in decreased blood product requirements and decreased
mortality compared to CCT-based or ratio-based strategies. This is supported primarily by
the well-designed, albeit single center study by Gonzalez et a/. that compared an rTEG
guided transfusion algorithm to one guided by CCTs(8). Interestingly, the trial found that
patients in the rTEG group received /ess FFP and platelets during very early resuscitation yet
had /ncreased short and long-term survival. Results from several recently completed/ongoing
randomized clinical trials comparing VET vs. CCT-based transfusion strategies for initial
trauma resuscitation should soon provide further high-quality evidence on this topic (Table
5). As such, we conditionally recommend the use of VET-based transfusion algorithms in
the early resuscitation of patients with severe traumatic hemorrhage.

Available research also supports the use of VETS to predict excess early post-operative
hemorrhage in patients undergoing on-pump CS with a low predicted risk of bleeding (Table
2a). Reduction of postoperative bleeding in CS requiring CPB is of major importance due to
its association with worse outcomes and increased resource utilization(52). Multiple studies,
using either TEG or ROTEM values obtained post-protamine administration in the OR or
upon ICU admission, showed that the presence of any abnormal VET had good ability to
predict early excess bleeding in this patient population, with AUCs > 0.7 or sensitivity/
specificity > 80%(11, 15-17). Although only analyzed in two of four studies, the prognostic
capacity of VETs appeared to be at least equal, or superior to, CCTs, particularly
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fibrinogen(16, 17). Thus, we recommend routine risk stratification of patients undergoing
elective CS with VETSs to help identify patients at risk for excess post-operative hemorrhage.
Of note, intra and post-operative transfusion strategies in most of the included studies were
not guided by VETS, so these results may not be generalizable to scenarios in which VET-
based intraoperative transfusion is performed. While we identified several studies that
evaluated the association between VETSs and bleeding in CS patients with a higher baseline
bleeding risk, in whom an effective risk stratification tool would be even more valuable, the
use of non-prognostic statistical methods to present the results impeded our ability to draw
conclusions from these findings.

Prior research has demonstrated a high rate of VTE in severely injured trauma patients
despite prescription of standard dose thromboprophylaxis(53). This is hypothesized to be
due, in part, to inadequate LMWH dosing and/or relative antithrombin I11 deficiency(54).
We identified two similarly designed randomized controlled trials that evaluated whether
VET-guided dosing of LMWH thromboprophylaxis was more effective than fixed dosing in
SICU patients(40, 41). Based upon prior observational data showing patients with a TEG AR
> ~1 min had a decreased incidence of VTE, both studies used a AR guided LWMH dosing
strategy(39). Unfortunately, in both trials the VET-guided strategy was rarely able to achieve
the desired AR and the results did not show a decrease in VTE rates. Thus, we cannot
recommend LWMH dosing guided by a TEG AR-based protocol. Future studies using other
VET-based parameters could have differing results.

On two additional topics, prediction of VTE in SICU patients and prediction of mortality in
septic ICU patients, preliminary data suggests an association between VET results and
subsequent outcomes, but the magnitude and significance of this association are unclear.
Prior studies have evaluated the association of VETs with the development of VTE after
routine surgery but the results were severely limited by methodological flaws(55). Similarly,
of the 5 studies we found that evaluated the association between VETs and VTE in SICU
patients only the study by Hincker et a/. reported sufficient predictive ability of VETSs, but
the authors outcome measure included arterial thromboembolic events and asymptomatic
catheter-related thrombosis, limiting the generalizability of their findings(38). While the
studies by Ostrowski ef a/. and Haase et al. both showed that early TEG-based coagulopathy
was independently associated with mortality in sepsis patients, neither group evaluated the
concomitant significance of CCTs(42, 43). Further, what to do about such early
coagulopathy detected by VETS is unclear, as the association with bleeding events or need
for blood product transfusion was only evaluated in one study(43). Further research is
needed to elucidate the value of VETS in these settings and we cannot recommend their
routine use at this time.

Finally, we identified a number of important clinical scenarios where VETS may have the
potential to address gaps in current treatment strategies, but available evidence is inadequate
to guide recommendations (Table 6). Post-partum hemorrhage is the most frequent cause of
perinatal maternal morbidity and mortality, but predicting which patients will develop
bleeding requiring aggressive resuscitation is difficult(56). Only one study evaluated VETs
in the prediction of excess bleeding in PPH and found FIBTEM AS5 to be equivalent to
fibrinogen for predicting major bleeding(28). Results from two ongoing randomized clinical
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trials evaluating VET vs CCT-based transfusion strategies in women with PPH will
hopefully provide additional high-quality evidence on this topic (Table 5). There was also
very limited data on the prediction of post-operative bleeding/thrombosis in liver transplant
patients and the prediction of hemorrhage progression/mortality in severe TBI. Current
familiarity with VET use in the OR in these settings makes this area ripe for further study.
Finally, VETs may prove useful in managing uncommon, but clinically challenging
scenarios, such as predicting flap thrombosis in microvascular reconstructive surgery and
identifying ECMO patients that will suffer bleeding complications, but current evidence is
prohibitively scarce to recommend their use.

Our review methodology has certain limitations, including the inability to present
quantitative summaries of results given the lack of consistent data reporting in the included
studies and the use of unstructured analysis of study quality, compared with formal validated
assessment tools(57). On the other hand, our search strategy was quite broad and allowed for
identification of a wide spectrum of topics relevant to the surgical intensivist, while critically
evaluating the methodology of eligible studies and not incorporating results from studies
with clear bias or inappropriate design. We were also unable to address every possible
clinical scenario relevant to the surgical intensivist, but rather chose to include those of
maximum applicability with available robust evidence.

In conclusion, while VETSs have the potential to impact the care of critically ill surgical
patients in many ways, current evidence for their use is limited. Further scientifically sound
research is urgently needed to elucidate the role of TEG and ROTEM in the SICU
population with particular attention to the anticipation and management of severe
hemorrhage and the prediction and treatment of pathologic thromboembolism.
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Table 1 —

Methodological characteristics of included studies (n=36)
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Characteristic n, (%)
Study design
Randomized controlled trial 3(8)
Quasi-experimental, before-after 2 (6)
Prospective cohort 18 (50)
Retrospective cohort 11 (31)
Case control 2 (6)
Coagulation tests examined”
Conventional coagulation tests 18 (50)
Thromboelastography 25 (69)
Rotational thromboelastometry 11 (31)
Study sem'ng*
Intensive care unit 36 (100)
Operating room 20 (56)
Non-critical care bed 4(11)
Emergency department 7(19)
Outcome Measures™
Quantitative blood loss 13 (36)
Incidence of hemostasis/bleeding 4(11)
Blood product transfusion 9 (25)
Thromboembolic events 9 (25)
Mortality 6 (17)
Re-operation 3(8)
Year of Publication
2000-2005 2(6)
2006-2010 3(8)
2011-2015 19 (53)
2016-2018 12 (33)

*
Multiple items possible within each study
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Table 4 —

Recommendations for Clinical Use of Viscoelastic Tests in the SICU

Scenario

Recommendation

Early blood product resuscitation in patients with
traumatic hemorrhage using VET versus CCT or
ratio-based treatment algorithms

We conditionally recommend TEG-guided blood product administration compared to
CCT or ratio-based treatment.

Prediction of post-operative bleeding in elective,
simple, cardiac surgery

We recommend risk stratification for excessive post-operative bleeding using VETSs for
elective cardiac surgery patients. The presence of any abnormal VETs obtained soon
after surgery is predictive of the occurrence of excessive postoperative bleeding, more
so than abnormal CCT results.

Titration of DVT prophylaxis in critically ill/injured
surgical patients using VET compared to standard
care

We do not recommend TEG-based titration of LMWH dosing targeting AR critically ill
trauma and surgical patients.

Prediction of VTE in critically ill/injured surgical
patients

We do not recommend routine risk stratification of SICU patients using VETSs in the
prediction of subsequent VTE.

Prediction of mortality in SICU patients with sepsis

We do not recommend routine risk stratification for mortality based upon VETSs in SICU
patients with sepsis.

VET=viscoelastic test, CCT=conventional coagulation test, DVT=deep vein thrombosis, TEG=thromboelastography, LMWH=low molecular
weight heparin, VTE=venous thromboembolism, SICU=surgical intensive care unit
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Ongoing Randomized Clinical Trials Comparing Viscoelastic Test vs Conventional Coagulation Test-based

Transfusion Strategies

Name Design L ocation Population Setting Timing of Results”
STATA (NCT02416817) Single-center | South America | Trauma ED, OR, ICU | Completed 7/2016
ITACTIC (NCT02593877) Multi-center | Europe Trauma ED, OR, ICU | Completed 7/30/2018
VISCOTRAUMA (NCT03380767) | Single-center | Europe Trauma ED, OR, ICU | Expected 9/2021
ROTEM-PPH (NCT02461251) Multi-center | Europe Post-partum hemorrhage | OR, ICU Expected 12/2019
NCT03064152 Single-center | United States Post-partum hemorrhage | OR, ICU Expected 9/2018

*
Based on information provided at www.clinicaltrials.gov, accessed October 1, 2018

ED=emergency department, OR=operating room, ICU=intensive care unit
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Table 6 —

Clinical Scenarios with Inadequate Evidence to Recommend Clinical Use of Viscoelastic Tests in the Surgical
Intensive Care Unit

Scenario

Prediction of post-operative bleeding in complex/emergent cardiac surgery

Prediction of bleeding in patients on extracorporeal membrane oxygenation

Prediction of bleeding in women with post-partum hemorrhage

Prediction of post-operative bleeding in liver transplantation

Prediction of worsening intracranial bleeding in patients with traumatic brain injury

Prediction of free flap thrombosis after microvascular reconstructive surgery

Prediction of post-operative thrombotic complications in liver transplantation

Prediction of mortality in patients with traumatic brain injury at intensive care admission
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