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Abstract

Background/Aims Thromboelastography (TEG) and Rotational Thromboelastometry (ROTEM) analyze hemostatic func-
tion in patients with coagulopathy. We sought to quantify the impact of TEG and ROTEM-guided transfusion algorithms on
blood product utilization in patients with cirrhosis undergoing non-surgical procedures.

Methods We performed a systematic review and meta-analysis on the utility of viscoelastic testing prior to non-surgical
procedures to determine their impact on pre-procedural blood product use and post-procedural bleeding events. Studies com-
paring TEG or ROTEM-guided transfusions with standard-of-care (SOC) prior to non-surgical procedures in adult patients
with cirrhosis were included. Primary outcomes were fresh frozen plasma (FFP) and platelet transfusion and secondary
outcomes of post-procedure bleeding, transfusion-related complications, and mortality; and were reported as standardized
mean differences (SMD) and risk ratios (RR).

Results Six studies (five randomized controlled trials and one cohort study) involving 367 patients met inclusion criteria.
Compared with SOC, TEG/ROTEM-guided transfusions led to an overall decreased number of patients who received FFP
transfusions (SMD=-0.93, 95% CI [—1.54, —0.33], p <0.001) and platelets transfusions (SMD =—-1.50, CI [-1.85, —1.15],
p<0.001). Total amount of FFP (SMD-0.86, p <0.001) and platelet (SMD =-0.99, p <0.001) transfused in the TEG/
ROTEM group were also lower. Decreased pre-procedure transfusion in the TEG/ROTEM group did not result in increased
post-procedure bleeding (RR=0.61, p=0.09) or in mortality (RR=0.91, p=0.93).

Conclusion In patients with cirrhosis, TEG or ROTEM significantly reduces blood product utilization prior to non-surgical
procedures, with no increase in post-procedure bleeding or mortality. TEG and ROTEM utilization can promote high-value
care and improve transfusion stewardship in this population.
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Abbreviations

INR International normalized ratio
TEG Thromboelastography

ROTEM Rotational thromboelastometry
SOC Standard-of-care

FFP Fresh frozen plasma

MELD  Model for End-stage Liver Disease
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Introduction

Division of Gastroenterology and Hepatology, University Regulation of hemostasis in patients with chronic liver
of Michigan, 1500 E Medical Center Dr, 3912 Taubman disease is complex. Current understanding of the under-
Center, Box 5362, Ann Arbor, MI 48109, USA . . « .
lying physiology has shown a tenuous “rebalancing” of
anticoagulant and procoagulant activity [1, 2]. Traditional
coagulation tests such as international normalized ratio
(INR) and platelet count do not accurately predict bleeding
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risk in patients with cirrhosis [3, 4]. Reliance on results
of these tests may lead to overutilization of prophylactic
blood products in patients with cirrhosis undergoing pro-
cedures [5, 6]. Nevertheless, in clinical practice, patients
with cirrhosis continue to be transfused with blood prod-
ucts prior to invasive procedures in order to “correct” their
abnormal coagulation tests.

Viscoelastic tests such as thromboelastography (TEG)
and rotational thromboelastometry (ROTEM) provide real-
time, point-of-care assessments of in vivo hemostatic activ-
ity and help clinicians determine the need for specific blood
product replacement. These tests provide rapid assessments
of clot formation, strength, and stability. These properties
are best reflected by the r time and maximum amplitude
in TEG, and clotting time and maximum clot formation in
ROTEM. Once these devices measure the aforementioned
hemostatic properties of a blood sample, a graphical depic-
tion is developed through computer systems analysis which
provides a visual aid in diagnosing platelet function, clot
formation, and fibrinolysis. The r time in TEG and clotting
time in ROTEM determine the time to first fibrin formation.
The maximum amplitude in TEG and maximum clot forma-
tion in ROTEM provide a summation of platelet number
and function, and factor VIII and fibrinogen concentration.
Alpha angles in both ROTEM and TEG determine the rate
of fibrin clot formation. Normal values and ranges depend
on whether an activator (of clot formation) is added to the
whole blood sample, and which type of activator is used [7].
Due to fundamental differences in operating methods and
differences in activators used, information extracted by these
two technologies cannot be interchanged [8].

Both TEG and ROTEM are routinely used to optimize
coagulation management and to guide blood product uti-
lization during liver transplantation [2, 9]. However, these
tests are rarely used in patients with liver disease outside
the operating room [7, 10]. Several studies suggested that
TEG- or ROTEM-guided transfusion algorithms reduced
blood product utilization compared with standard-of-care
(SOC) algorithms based on INR and platelet thresholds in
patients with cirrhosis undergoing invasive procedures, and
all reported similar outcomes [11-16]. However, these stud-
ies have included small numbers of patients and the proce-
dures involved a wide range of bleeding risks and varied
transfusion cut-offs though these differences were small.
Given the growing interest in using viscoelastic testing in the
per-procedural setting outside the surgical setting in cirrho-
sis patients, we aimed to systematically review and complete
a meta-analysis on the utility of TEG and ROTEM prior to
invasive, non-surgical procedures in patients with cirrho-
sis to determine the impact of viscoelastic testing on pre-
procedural blood product use and post-procedure bleeding
events. Risk of bleeding associated with these procedures
was defined according to AASLD guidelines [17]

Materials and Methods

We report this systematic review and meta-analysis accord-
ing to the Preferred Reported Items for Systematic Review
and Meta-Analyses Statement (PRISMA) [18]. The proto-
col for this systematic review and meta-analysis was regis-
tered in the Prospero database with reference number ID:
CRD42020205760 on 9/23/2020 [19].

Eligibility Criteria

We included randomized controlled trials (RCTs) and obser-
vational studies that evaluated the use of TEG or ROTEM
compared to SOC in guiding transfusion of blood products
including fresh frozen plasma (FFP) and platelets, prior to
invasive, non-surgical procedures in patients with cirrhosis.
Our study population included human subjects > 18 years
old with cirrhosis (based on clinical, laboratory, imaging
or histological findings). Primary outcomes of interest
included number of patients who received FFP or platelets
and volume (mL) transfused. Secondary outcomes included
post-procedure bleeding, transfusion-related complications,
and mortality. We excluded studies that evaluated TEG or
ROTEM prior to surgical procedures in patients with cirrho-
sis. Only full-text articles were included in our final analy-
sis. The population of interest, intervention and comparison
arms, as well as outcomes measured (PICO) are described
in Supplementary Table 1.

Search Strategy

An experienced health sciences librarian conducted a sys-
tematic search of PubMed (NLM), EMBASE (Embase.
com), CINAHL Complete (EBSCOhost), Scopus (Else-
vier), Web of Science Core Collection (Thomson-Reu-
ters), Cochrane Central Register of Controlled Trials and
Cochrane Database of Systematic Reviews (both Wiley),
and ClinicalTrials.gov to identify articles up until February
1, 2021 related to the question whether viscoelastic test-
ing reduces the need for blood products pre-procedurally in
patients with cirrhosis.

Search terms included Medical Subject Headings
(MeSH), and keywords (tagged as title/abstract) in Pub-
Med, and translated to other databases using the Systematic
Review Accelerator Polyglot tool and the searcher’s discre-
tion. Cited reference searching using six sentinel articles was
conducted in Scopus to find articles that might have been
missed because they were not indexed. To reduce bias, no
filters were used. To reduce publication bias, both published
(i.e., peer reviewed papers) as well as unpublished studies
were considered in our initial search. To reduce language
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bias, abstracts of articles in languages other than English
were evaluated during the screening process. Findings are
reported according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement,
elaboration, and explanation [18].

A full description of the search strategy and complete
list of search terms and limits used in each database are
included in Supplementary Table 2. Citations were imported
into EndNote X9 (Thomson Reuters, New York, NY) for
deduplication.

Study Selection

Using a reference management system (EndNote X9,
Clarivate Analytics), two reviewers (AS, JL) screened
titles and abstracts independently for potential eligibil-
ity. Potentially eligible abstracts were then retrieved and
screened in duplicate and discrepancies resolved by a third
party (EBT). Only full-text articles were included in our

final analysis. A total of 1447 eligible articles were iden-
tified. After 149 duplicates were removed, 1298 eligible
records were screened. Of these, 1271 articles did not
meet inclusion criteria by title and abstract alone, and the
full-text articles of the remaining 27 titles were reviewed.
Six studies (five RCT and one observational study) met
inclusion criteria and were included in our final qualitative
and quantitative synthesis. None of the included studies
reported unpublished data. A PRISMA flowchart describ-
ing the exclusion criteria and the review process is shown
in Fig. 1.

Data Extraction

The following variables were extracted from each study:
study characteristics, patient characteristics and number of
patients, severity of liver disease, SOC transfusion algo-
rithm, and outcomes.

Fig. 1 Process of study selec-

tion Records identified through
database searching

(n=1447)

(n=149)

Records screened after
duplicates removed

Screen for articles that
do not meet inclusion
criteria (n = 1298)

y

Full text articles

(n=27)

assessed for eligibility

Full-text articles excluded (n=21)
Review Articles (n=1)
Letter to Editor (n=4)
Trial Protocol (n=3)
Duplicate (n=5)
Different primary outcomes

Vv

(n=3)
Lack of Viscoelastic Testing
(n=1)

(n=6)

Studies included in
qualitative synthesis

Patients without cirrhosis
included (n=2)
Viscoelastic testing not
performed prior to
procedures (n=2)

(meta-analysis)
(n=6)

Studies included in
quantitative synthesis
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Statistical Analysis

Each study was analyzed separately to assess for differences
in transfusions between groups. Primary outcomes included
percent of patients transfused with either platelets or FFP
and volume of platelets or FFP transfused in each arm.
Secondary outcomes included transfusion-related adverse
events, post-intervention bleeding (up to day 5), and mor-
tality (4-6 weeks from procedure). Data were exported to
STATA 16.1 (College Station, TX) for meta-analyses to
provide a single estimate of pooled differences between
treatment groups and effect size. Our meta-analyses were
performed using a restricted maximum likelihood (REML)
random-effects model [20]. Heterogeneity between studies
was assessed using I2. Treatment differences between groups
for continuous and binary outcomes were calculated using
standardized mean differences (SMD) and risk ratios (RR),
respectively. A sensitivity analysis was not done due to the
small number of studies and the small sample size, even
among the high quality studies. Data unavailable from the
publications were requested from the corresponding authors.

Results

Six studies (five RCTs and one observational study) involv-
ing a total of 367 patients (180 in TEG/ROTEM arm and
187 in SOC arm) met inclusion criteria (Table 2). All six
studies were conducted as single-center studies, three in
India, two in Italy, and one in Brazil. Four studies used TEG
and two used ROTEM as the viscoelastic test. Both stud-
ies using ROTEM used the same device (ROTEM Delta,
Tem Innovations GmbH, Munich, Germany) and had the
same transfusion thresholds [11, 15]. Among the studies
using TEG, two used a TEG5000 analyzer and two used a
MonoTEM-A analyzer. Due to the inherent differences in
the testing devices, transfusion thresholds differed between
studies with different TEG devices in the intervention arm.
Among the two studies that used the TEG5000 analyzer, De
Pietri et al. used an r time > 40 min for FFP transfusion and
maximum amplitude < 30 mm for platelet transfusion [12].
On the other hand, Kumar et al. used an r time > 10 min for
FFP transfusion, maximum amplitude of <55 mm for plate-
let transfusion, and an alpha angle of less than 45 degrees for
cryoprecipitate transfusion [13]. Among the two studies that
used MonoTEM-A, Rout et al. and Vuyurru et al. had similar
transfusion thresholds for both platelet transfusion based on
maximum amplitude and FFP transfusion based on r time
[14, 16]. The thresholds for transfusion of FFP and platelets
in the SOC arm were the same in all six studies (Table 1).
Liver disease severity varied across the studies with median
model for end-stage liver disease (MELD) scores ranging
from 13 to 31 with similar MELD scores in the two arms in

four studies and a trend toward higher MELD scores in the
intervention arm compared with SOC arm in two studies
[11,15].

Two studies involved high-risk endoscopy procedures
for control of non-variceal gastrointestinal bleeding [13]
and banding for variceal bleeding [14]. One study involved
mostly high-risk procedures including percutaneous liver
biopsy (82.7% of procedures), transjugular intrahepatic
portosystemic shunt placement, transarterial chemoembo-
lization for hepatocellular carcinoma, and biliary sphincter-
otomy [16]. Two studies involved procedures with a range of
bleeding risks including low-risk procedures such as para-
centesis and thoracentesis as well as high-risk procedures
such as percutaneous liver biopsy, radiofrequency ablation
and transarterial chemoembolization for hepatocellular car-
cinoma [11, 12]. One study included only cardiovascular
procedures, namely central venous catheterization with low
bleeding risk [15]. Bleeding risks by procedure are listed in
Supplementary Table 4.

Impact of TEG/ROTEM on FFP and Platelets
Transfusion

All six studies showed significantly less FFP, and plate-
lets transfused when TEG/ROTEM was utilized in a
transfusion algorithm prior to an invasive non-surgical
procedure compared with SOC (Table 2) [11-16]. Com-
pared with SOC, TEG/ROTEM guided-transfusions led
to an overall decreased number of patients who received
FFP transfusions (SMD =-0.93, 95% CI[-1.54, —0.33],
p<0.001) (I’=71.72%, p<0.001) and platelets trans-
fusions (SMD =-1.50, CI[-1.85, —1.15], p<0.001)
(’=0%, p=0.42) (Fig. 2), and a lower total amount of FFP
(SMD-0.86, 95% CI[—1.21, —0.50]), p <0.001) (I*=8.95%,
p=0.36) and platelet (SMD=-0.99, 95% CI[—1.44, —0.53],
p<0.001) (?=36.35%, p=0.23) transfused (Supplemen-
tary Fig. 2). Kumar et al. included patients who received
platelets, FFP as well as cryoprecipitate, and showed sta-
tistically significant decreases in transfusions compared to
SOC. As this study included transfusions of three types of
blood products for each patient, we included all patients in
our analyses of FFP and platelet transfusion [13]. Only one
other study analyzed differences in cryoprecipitate transfu-
sion with no differences between the two arms [15]. The
number of patients who received FFP and platelet transfu-
sions across the studies is detailed in Table 2. In addition,
our meta-analysis was performed in only a subgroup of stud-
ies based on availability of data for each particular outcome.
For example, three studies included in our review [11, 15,
16] did not include total amount in mL of blood product
transfused in their data and analysis on this particular out-
come was excluded.
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Table 2 Number of patients . Study Intervention/SOC Platelet transfused FFP transfused Both PLT/
whq recelveq blood products in FEP Trans-
the intervention and standard- fused
of-care groups
De Pietri TEG, n=30 2(6.7) 0(0) 3(10)
SOC, n=30 10 (33.3) 16 (53.3) 4 (13.3)
Kumar TEG, n=40 13 (26.5) 13 (26.5) 7 (14.3)
SOC, n=47 41(87.2) 41 (87.2) 0(0)
Rocha TEG,n=19 0(0) 8 (42.1) N/A
SOC, n=19 8 (42.1) 13 (68.4) N/A
Rout TEG, n=30 0(0) 1(3.3) 3(10)
SOC, n=30 16 (53.3) 9 (30) 5(16.7)
Vuyurru TEG, n=29 2(6.9) 6 (20.7) 1(3.4)
SOC, n-29 21 (72.4) 7(24.1) 1(34)
Debernardi ROTEM, n=32 9 (28) 12 (37.5) N/A
SOC, n=32 25 (78) 18 (56) N/A

TEG: Thromboelastography, ROTEM: Rotational Thromboelastometry, SOC: Standard-of-Care, FFP:
Fresh Frozen Plasma, PLT: Platelets; N/A: not available

Bleeding Events Post-Procedure

Post-procedure bleeding was reported in five studies (Sup-
plementary Table 5). Bleeding events were rare, regardless
of the transfusion strategy used. Two studies encountered no
bleeding events in the intervention arm compared to 1 of 30
and 2 of 19 in the SOC arms [12, 15]. Three studies showed
fewer bleeding events in the TEG/ROTEM arms compared
to SOC arms [11, 13, 14]. Pooled analysis showed no sig-
nificant increase in bleeding events in the intervention arm
(RR=0.61 (log RR=-0.49) 95%CI [-1.08, 0.09], p=0.09)
(I*=0%, p=0.78). Patients in the study by Kumar et al.
inherently had an increased risk of post-procedure bleeding
as they presented with non-variceal GI bleeding; however,
there was no significant increase in bleeding events in the
TEG arm compared with the SOC arm despite significantly
decreased transfusions in the TEG arm [13].

Transfusion-Related Adverse Events

Four studies reported transfusion-related adverse events
including allergic reactions, urticaria, transfusion-related
acute lung injury, transfusion-associated circulatory over-
load, and acute respiratory distress syndrome (Supplemen-
tary Table 3) [12—-15]. On meta-analysis, the patients in the
SOC group were more likely to have transfusion-related
adverse events than the TEG/ROTEM arm (RR =1.84 (log
RR =-0.87) 95% CI [-1.31, —0.43], p <0.001) (I*=0%,
p=0.93). Adverse events were overall rare across studies
and the majority of adverse events (79.92%) came from one
study [13]. The patients in that study did not have higher
MELD compared to other studies included in our analysis,
but majority of the patients were transfused with all three
blood products; platelets, FFP, and cryoprecipitate. Among

those that had adverse events in this study, serious trans-
fusion-related reactions were significantly less in the TEG
group (30.6%) compared with SOC (74.5%). Transfusion-
related acute lung injury and acute respiratory distress syn-
drome were also significantly less frequent in the TEG group
(12.2%) compared with the SOC group (48.9%).

Mortality

Mortality was explored in five RCT’s (Supplementary
Table 5). Two studies evaluated 4-week mortality and two
evaluated 6-week mortality. De Pietri et al. evaluated 90-day
mortality, and because this has different implications com-
pared to 4—6 week mortality, this study was not included in
our mortality analysis. Of the four studies analyzed, mortal-
ity in the TEG/ROTEM group was similar to the SOC group
(RR=0.91, (log RR -0.09) 95% CI [-1.02, 0.82], p=0.84)
(I’=69.12%, p=0.05).

Methodological Quality, Risk of Bias Assessment,
and Publication Bias

We used a Cochrane Risk of Bias 2 tool (RoB 2) to assess
the methodological quality of the five RCTs. For each trial,
we judged articles as having high, unclear, or low risk of
bias for the following domains: random sequence genera-
tion, allocation concealment, blinding of participants and
study personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting, and other sources
of bias. If one domain was classified as high risk of bias, the
overall risk of bias was regarded as high. If at least one of
the domains was classified as unclear without any domain
regarded as high risk, the overall risk of bias was classi-
fied as unclear. The overall methodological quality of the
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FFP Transfusion (TEG vs. SOC)

SMD (d) Weight
Study with 95% ClI (%)
De Pietri et al (2016) —— -2.34[-3.93, -0.75] 9.19
Rocha et al (2019) — -0.60 [-1.33, 0.13] 18.31
Rout et al (2020) —— -1.39[-2.57, -0.21] 12.83
Vuyyuru et al (2020) - -0.11[-0.79, 0.57] 18.98
Debernardi et al (2015) - -0.42[-0.97, 0.13] 20.73
Kumar et al (2020) —— -1.62[-2.23, -1.01] 19.96
Overall B -0.93 [ -1.54, -0.33]
Heterogeneity: 12 = 0.38, I? = 71.72%, H? = 3.54
Testof 6,=6: Q(5) = 17.52, p = 0.00
Testof 8 =0:z=-3.03, p =0.00
4 2 2
Random-effects REML model Favors TEG GRS
Platelet Transfusion (TEG vs. SOC)
SMD (d) Weight
Study with 95% Cl (%)
De Pietri et al (2016) —— -1.08 [ -1.97, -0.18] 15.44
Rout et al (2020) = -2.34[-3.93, -0.75] 4.92
Vuyyuru et al (2020) —— -1.97 [ -2.88, -1.06] 14.98
Debernardi et al (2015) —— -1.22[-1.85, -0.59] 31.38
Kumar et al (2020) —— -1.62[ -2.23, -1.01] 33.28
Overall - -1.50 [ -1.85, -1.15)
Heterogeneity: 12 = 0.00, |12 = 0.00%, H? = 1.00
Testof 6,=8:Q(4) =3.87, p = 0.42
Testof 8 =0:z=-8.34, p = 0.00
3 2 - 1
Favors TEG Favors SOC

Random-effects REML model

Fig.2 Forest plots of primary outcomes of FFP and PLT transfusion, Key: FFP: Fresh Frozen Plasma, PLT: Platelets, TEG: Thromboelastogra-

phy

studies was moderate (Supplementary Table 3). Among the
five RCTs, only one had overall low risk of bias [13]. Ran-
dom sequence generation was adequately reported in all five
RCTs, allocation concealment in four studies, [13-16] and
blinding of group allocation, personnel, and outcome meas-
ures in three studies [12, 13, 15]. For the sole retrospective
study analyzed, we utilized the Newcastle-Ottawa scale and
generated a score of 7 out of 9 with regard to quality for this
non-randomized study with points deducted primarily for
follow-up length and adequacy [11, 21]. Of note, two out
of the five RCT’s included in our analysis were not blinded.
These two studies and the sixth study which was observa-
tional are prone to bias, especially in the setting of relatively
small sample sizes [14, 16].

@ Springer

A funnel plot for asymmetry and Egger’s test for publica-
tion bias is shown in Supplementary Fig. 1A and B though
we recognize given the small number of studies in our
review, this is significantly underpowered.

Discussion

Coagulation in Cirrhosis and the Role of Viscoelastic
Testing

Patients with cirrhosis have low platelet count due to
decreased thrombopoietin and hypersplenism, and elevated
INR primarily due to impaired synthesis and clearance of
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pre-vitamin K activated coagulation and clotting factors
among other reasons [22-24] They are frequently perceived
to have increased risk of bleeding, and prophylactic transfu-
sion of platelets and FFP is often given to these patients to
correct the abnormal platelet count and INR test results prior
to invasive procedures. However, cirrhosis is also associ-
ated with thrombosis and a “rebalanced” hemostatic system
with changes in both pro-coagulant and anti-coagulant prop-
erties [1] This “rebalanced” system leads to an increased
risk of thrombosis including deep venous thrombosis, por-
tal venous thrombosis, and pulmonary embolism together
with an increased risk of spontaneous and procedure-related
bleeding. This state of coagulation makes clinical decision
making on bleeding risk challenging in this patient popu-
lation. Real-time assessment of hemostatic activity with
viscoelastic testing helps take into account not just number
of platelets and concentration of clotting factors but their
function and other components of the hemostatic system
such as fibrinolysis, providing more accurate information on
the balance between pro- and anti- coagulation to guide the
need and type of blood products in patients with cirrhosis
undergoing surgery or other invasive procedures.

Viscoelastic testing such as TEG and ROTEM are widely
used during liver transplantation surgery and have been
shown to decrease overall blood product utilization with-
out increasing bleeding events and improves management
of hemostasis [2, 9, 25-27]. However, TEG and ROTEM
are seldom used outside of liver transplantation surgery, and
hepatology practice continues to be burdened by an overuse
of blood products [28]. Blood transfusion stewardship has
major benefits including improved patient safety, decreased
hospital expenditures, and appropriate resource allocation
[29]. This systematic review and meta-analysis demonstrates
that patients with cirrhosis monitored by viscoelastic test-
ing—TEG or ROTEM——prior to non-surgical procedures
received less blood products including FFP and platelets,
without increased risk of bleeding, and possibly decreased
transfusion-related adverse events.

Central Findings

Our work illustrates that across the studies analyzed, there
was a significant decrease in both FFP and platelet transfu-
sions in patients who underwent viscoelastic testing prior to
non-surgical procedures compared to those who did not. The
latter patients, managed per SOC, received FFP or platelet
transfusion based on pre-determined threshold for INR or
platelet count. In the TEG/ROTEM arm, 14.4% (26/180)
patients and 22.2% (40/180) patients required platelets
and FFP transfusions, respectively, compared with 64.7%
(121/187) and 55.6% (104/187) in the SOC arm. Our find-
ings extend to not only number of patients who received

transfusions but also the amount of FFP and platelets trans-
fused per patient.

These findings are consistent with the current literature
on the benefits of viscoelastic testing in cirrhosis patients
undergoing cardiac surgery and liver transplantation [25,
30-33]. Current guidelines by the American Gastroentero-
logical Association and American Association for the Study
of Liver Diseases do not recommend routine prophylactic
transfusions for low-risk non-surgical procedures in patients
with cirrhosis and concur that there may be a future role for
global tests of clot formation such as ROTEM and TEG to
evaluate pre-procedure hemostatic activity [4, 17].

Our analysis showed no significant increase in bleeding
events in the TEG/ROTEM arm, despite decreased prophy-
lactic transfusions. The rarity of bleeding events, regardless
of transfusion strategy utilized, further supports that trans-
fusions for arbitrary coagulation marker thresholds may not
be necessary and may not prevent the rare bleeding due to
direct vessel puncture rather than the patient’s state of hemo-
stasis or traditional markers of coagulation [34]. In addition,
there were fewer transfusion-related adverse events includ-
ing acute lung injury in the TEG/ROTEM group, though a
majority of the adverse events were from one study [13]. Our
study did not show a difference in mortality between groups,
a finding also seen with recent reviews and meta-analyses
that evaluated mortality as an outcome in cardiac and liver
surgery patients comparing viscoelastic testing and SOC,
though not all patients in these studies had cirrhosis [31, 35].

Contextual Factors

Our study extends the literature with a systematic review and
meta-analysis covering both TEG and ROTEM, focusing
exclusively on non-surgical procedures in patients in cir-
rhosis. A recent review evaluating the impact of viscoelastic
testing in cirrhosis included studies on patients undergoing
liver transplantation [36]. There are several limitations to
our study. First, our study combined results of four studies
that used two different TEG analyzers and two studies that
used ROTEM and had similar but not identical cut-offs for
transfusion in the viscoelastic testing arm. Thus, firm rec-
ommendations cannot be made on cut-offs in TEG/ROTEM
regarding when to transfuse. As seen in these differences,
there remains a relative lack of standardization in viscoe-
lastic testing practice with regard to transfusion parameters.
However, all of these viscoelastic tests measured the same
coagulation parameters: time to first fibrin formation, rate
of fibrin clot formation, and summation of platelet, factor
function, and fibrinogen. In addition, we acknowledge that
SOC arms in some studies included in our analysis trans-
fused patients in excess of modern guidance. Regardless,
there were significantly fewer transfusions overall in the vis-
coelastic testing arm. Second, a variety of procedures were
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performed across the studies though all were non-surgical
and the bleeding risks of the procedures in the intervention
and SOC arms in each study were balanced [13, 15]. Third,
studies included in our analysis were small and though
appropriately powered to detect significant differences in
transfusion, were not powered to examine secondary out-
comes of transfusion-related adverse events. These studies
also excluded certain confounding factors that have been
shown to increase risk of bleeding in patients with cirrho-
sis, including acute kidney injury and sepsis [17]. Fourth,
we did not conduct a cost analysis though the cost savings
in transfusions are expected to more than balance the cost
of the TEG or ROTEM tests. Fifth, there are inherent limi-
tations with viscoelastic testing itself. Viscoelastic testing
does not fully reflect in vivo hemostasis given the lack of
measurement of the protein C pathway and interactions with
von Willebrand factor. Sixth, the patients across all studies
were decompensated and our findings may not be extrapo-
lated to patients with compensated cirrhosis. Seventh, there
remains a relative lack of standardization in viscoelastic test-
ing practice and in transfusion parameters. As noted in our
review, there were slightly varied transfusion parameters in
the viscoelastic testing arm, similar to varied transfusion
practice differences seen in the SOC arm. Finally, we limited
our study selection to include only full text, published arti-
cles given the need for comprehensive results and detailed
methodology, omitting abstracts that may have met inclusion
criteria otherwise.

Conclusion

Our systematic review showed that viscoelastic testing using
TEG or ROTEM improved transfusion stewardship in cir-
rhosis patients undergoing non-surgical procedures. How-
ever, TEG and ROTEM are not widely available, and per-
formance of the tests and interpretation of the results require
training. Confirmation of the benefits of viscoelastic tests in
non-surgical settings in large, randomized trials with strati-
fication for bleeding risk may promote widespread adoption
of these tests as high-value care in patients with cirrhosis.
Until this has been accomplished and its efficacy confirmed,
these tests should be limited to liver centers experienced in
the use of these tests.
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