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Abstract

Background: The use of thromboelastography (TEG) has demon-
strated decreased blood product utilization in patients with specific
etiologies of major gastrointestinal bleeding (GIB), such as variceal
and non-variceal bleeding in cirrhosis patients; however, in a non-cir-
rhosis patient with GIB, there is far less evidence in the literature. Our
retrospective study compares the effect of TEG-guided blood product
utilization in patients with major GIB with all etiologies, including
cirrhosis, admitted to medical intensive care unit (MICU).

Methods: A retrospective chart review was conducted on patients
admitted to the MICU of a tertiary academic medical center diag-
nosed with GIB using ICD-9/10 codes from 2014 to 2018. A total of
1,889 patients were identified, and validation criteria such as “GI or
hepatology consult note”, type and screen, pantoprazole, or octreotide
drip” were used, which resulted in 997 patients, out of which 369
had a diagnosis of cirrhosis. Propensity score matching was done for
baseline variables (age, sex, and race), ICU length of stay, hospital
length of stay, ventilator days, and vasopressor use. As a result, 88
patients were included in the final analysis, with 44 in TEG and 44 in
non-TEG group. A sub-group analysis was done in 46 patients with
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cirrhosis, 23 in TEG group and 23 in non-TEG group after propensity
score matching.

Results: There was significantly higher total blood volume (4,207
mL vs. 2,568 mL, P=0.04) in the TEG group as compared to the non-
TEG group, including total volume of cryoprecipitate (80 mL vs. 55
mL, P =0.03) and total volume of platelet (543 mL vs. 327 mL, P =
0.03). In the cirrhosis sub-group, there was no significant difference
in the amount of blood products transfused between the two groups.

Conclusion: This study revealed that TEG is not superior to conven-
tional coagulation parameters in limiting the volume of blood product
transfusion in major GIB patients in ICU settings.

Keywords: Thromboelastography; Gastrointestinal bleeding; Coagu-
lation; Blood products

Introduction

Major gastrointestinal bleeding (GIB) is a life-threatening
condition that requires aggressive resuscitation with prompt
transfusion of blood products. Large-volume transfusions are
needed in cases of unstable patients with major GIB [1]. How-
ever, large-volume transfusions have been associated with in-
creased mortality, and restrictive transfusion strategies have
better clinical outcomes [2-4]. Thromboelastography (TEQG) is
a point-of-care diagnostic test that measures viscoelastic clot
strength in whole blood and provides an assessment of platelet
function, clot formation, and fibrinolysis [5]. It has been prov-
en to be more effective than conventional coagulation param-
eters such as prothrombin time (PT), international normalized
ratio (INR), activated partial thromboplastin time (aPTT), and
platelets for assessing the need for blood product transfusion
in trauma patients, cardiac surgery, liver transplantation and
inherited coagulopathies [5-8].

The clinical use of TEG has been expanding, and past
studies have demonstrated decreased blood product utiliza-
tion with the use of TEG in patients with specific etiologies
of major GIB, such as cirrhosis patients with non-variceal and
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1889 patients were initially identified by using hospital database

997 patients met the validation criteria (Gl or hepatology consult note,
type and screen, pantoprazole, or octreotide drip use)

After propensity score matching in 1:1 ratio
with nearest neighbor algorithm using
“Matchit” package in R, total of 88 patients
were included in the final analysis. Match was
done for baseline variables, ICU length of stay,
hospital length of stay, ventilator days and
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included in the final analysis. Match was done
for baseline variables, ICU length of stay,
hospital length of stay, ventilator days and
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Figure 1. The patient inclusion in study flow chart. Gl: gastrointestinal; ICU: intensive care unit; TEG: thromboelastography.

variceal bleeding [9, 10]. However, in non-cirrhotic patients
with major GIB, there is less evidence described in the litera-
ture; till now, only one retrospective study demonstrated in-
creased blood product utilization without any clinical benefit
[11]. We conducted this retrospective study to compare the ef-
fect of TEG-guided blood product utilization in patients with
major GIB with all etiologies, including cirrhosis admitted in
the medical intensive care unit (MICU).

Materials and Methods

Study design and data collection

A retrospective chart review was conducted on patients admit-
ted to the MICU of a single tertiary academic medical center
with a diagnosis of GIB (both upper and lower GIB) using
ICD-9/10 codes between January 1, 2014 and December 30,
2018. The administrative database was queried for ICU ad-
missions with a final ICD-9 diagnosis code of “gastrointes-
tinal hemorrhage” (587), “hemorrhage of the gastrointestinal
tract, unspecified” (578.9), or a final ICD-10 diagnosis code
of “hematemesis” (K92.0) and “gastrointestinal hemorrhage”
(K92.2). This study was approved by the University of Ken-
tucky IRB number 47751, and conducted in compliance with
all the applicable institutional ethical guidelines for the care,
welfare and use of animals.
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A total of 1,889 patients were identified, and the sample
obtained was further validated using criteria such as “patients
with GI or hepatology consult note, type and screen, pantopra-
zole drip or octreotide drip”. A total of 997 patients met the
validation criteria, out of which 369 patients had a diagnosis of
cirrhosis. IBM-SPSS software version 26 was used for initial
calculations, and propensity score matching was done ina 1:1
ratio with the nearest neighbor algorithm using the “Matchit”
package in R. Matching was done for baseline variables that
included age, sex, race and severity of disease with ICU length
of stay (LOS), hospital LOS, ventilator days and vasopressor
use. A total of 88 patients were included in the final analysis af-
ter propensity score matching, 44 patients in the conventional
coagulation-guided group (non-TEG group) and 44 patients in
the TEG-guided blood product utilization groups (TEG group)
(Fig. 1). A sub-group analysis was conducted on patients with
the diagnosis of cirrhosis; a total of 46 patients were identified
after propensity score matching with 23 patients in the non-
TEG and 23 patients in the TEG group (Fig. 1).

In both conventional and TEG group, packed red blood
cells (PRBCs) were transfused to keep hemoglobin more than
7 g/dL or in hemodynamically unstable patients with more
than 2 units drop in hemoglobin from the baseline. In conven-
tional group, platelets were transfused to target platelet count
> 50,000/uL and in TEG group platelets were transfused to
target kinetics time (K-time) 1 - 3 min, alpha angle (55 - 78°)
and maximum amplitude (MA) 51 - 69 mm. In conventional
group, cryoprecipitate was transfused to keep fibrinogen level
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> 150 mg/dL and in TEG group cryoprecipitate was transfused
to target K-time 1 - 3 min and alpha angle 55 - 78°. In con-
ventional group, fresh frozen plasma (FFP) was transfused to
keep INR above 1.5 and in TEG group FFP was transfused to
target reaction time (R-time) 3 - 8 min. TEG in this study was
performed by the critical care fellows, ICU residents and the
ICU attendings.

The primary outcome was the total amount of blood prod-
ucts (PRBCs, platelets, FFP, and cryoprecipitate) transfused
between the two groups during hospitalization. The secondary
outcomes were the total amount and volume of blood prod-
ucts transfused from admission to interventions (endoscopy or
interventional radiology (IR)-guided embolization) between
the two groups and the number of interventions such as upper
gastrointestinal (UGI) endoscopies, colonoscopies, emboliza-
tion and transjugular intrahepatic portosystemic shunt (TIPS)
needed for GIB during the hospital admission between the two
groups.

In addition, the baseline variables including age, gender,
race, comorbid conditions, admission laboratory values (so-
dium, blood urea nitrogen, creatinine, hemoglobin, platelet,
INR, aPTT, and albumin), home antiplatelets use, home an-
ticoagulation use, home beta-blockers (propranolol and nado-
lol) use, hospital anticoagulation use, sequential organ failure
assessment (SOFA) score in admission, oral and intravenous
pantoprazole use in hospital, octreotide drip use in hospital,
ICU LOS, ventilator days, and vasopressor use were examined
between the TEG and non-TEG groups (Table 1) as well as
TEG and non-TEG sub-groups in patients with cirrhosis (Table

D).
Data analysis

The baseline characteristics of the TEG and non-TEG groups
were compared using the Chi-square test for categorical vari-
ables and the #-test for continuous variables. In addition, the
Mann-Whitney U test was used for the significance of continu-
ous dependent variables, which were not normally distributed.
We consider P-values less than 0.05 to be significant.

Results

There were 997 patients who met the validation criteria for
GIB, out of which 369 patients had a diagnosis of cirrhosis.
A total of 88 patients were included in the final analysis af-
ter propensity score matching with 46 patients in the cirrhosis
sub-group. There were 44 patients in the TEG group and 44
patients in the non-TEG group, and in the cirrhosis sub-group,
there were 23 patients in TEG cirrhosis-subgroup and 23 pa-
tients in the non-TEG cirrhosis sub-group.

The study’s primary endpoint to evaluate the total vol-
ume of blood product transfused during the hospitalizations
revealed significantly higher total blood volume (4,207 mL vs.
2,568 mL, P=10.04) in the TEG group as compared to the non-
TEG group. In addition, the total volume of cryoprecipitate
transfused (80 mL vs. 55 mL, P = 0.03) and total volume of
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platelet transfused (543 mL vs. 327 mL, P = 0.03) were sig-
nificantly higher in the TEG group vs. non-TEG group; how-
ever, the total RBC transfused (2,549 mL vs. 1,274 mL, P =
0.21) and total plasma transfused (1,036 mL vs. 913 mL, P =
0.13) were noted to be higher but without statistical signifi-
cance in TEG and non-TEG groups (Table 2). In the cirrhosis
sub-group, there was no significant difference in the amount of
blood products transfused between the two groups (Table 2).

The study’s secondary endpoint to evaluate the total
amount and volume of blood products transfused from admis-
sion to interventions revealed higher total blood volume (807
mL vs. 246 mL, P = 0.62) but without statistical significance
between TEG vs. non-TEG group. The total GI procedures for
bleeding, such as GI endoscopies, colonoscopies, emboliza-
tion, and TIPS needed, were similar without statistical signifi-
cance (Table 2). In the cirrhosis sub-group, there was no sig-
nificant difference in the amount of blood products transfused
between the two groups and the total number of procedures
for bleeding between the two groups (Table 2). The patient
outcomes variables such as ICU LOS, ventilator days, vaso-
pressor use, and need for continuous renal replacement therapy
(CRRT) revealed no significant difference between the TEG
and non-TEG groups as well as the sub-groups of TEG and
non-TEG cirrhosis patients (Table 1), respectively.

Discussion

Any GIB that results in hemodynamic instability with signs of
poor perfusion (altered mental status, syncope, and pallor) and
transfusion of more than two units of PRBCs during the initial
resuscitation is considered major GIB and is a life-threaten-
ing condition [1]. Major GIB requires prompt diagnosis and
skilled resuscitations; hence it is managed in MICUs. Trans-
fusion of blood products and correction of coagulopathy is a
significant aspect of effective resuscitations, and large-volume
transfusions are often needed in unstable major GIB patients
[1]. However, large-volume transfusions have been associated
with complications such as dilutional coagulopathy, hypo-
thermia, hypocalcemia, hyperkalemia, transfusion-associated
circulatory overload (TACO), and transfusion-related lung
injury (TRALI), which has led to increased mortality; hence,
evidence-based conservative blood products transfusions have
shown to have better clinical outcomes [2, 3].

TEG is a point-of-care diagnostic test that measures vis-
coelastic clot strength in whole blood and provides an assess-
ment of platelet function, clot formation, and fibrinolysis [5].
It was first developed in 1948 and subsequently used to guide
blood product transfusion in trauma, liver transplant surgery,
cardiac surgery, and inherited coagulopathies. Some stud-
ies showed that the use of TEG in resuscitating surgical and
trauma patients decreased blood product transfusion and de-
creased mortality with better clinical outcomes [5-8], while
others showed no superiority to control [12-19]. A systematic
review by Zhu et al that included two randomized controlled
trials (RCTs) and eight observational trials revealed a probable
benefit and the need for more robust evidence to conclude a
clear-cut benefit from TEG-guided resuscitation [20].
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Table 2. Primary and Secondary Outcomes of TEG and Non-TEG Group Along With Cirrhosis Sub-Group

P-

Non-TEG cirrhosis

TEG cirrhosis

TEG group Non-TEG group P-

Test of significance used

value

=23)

=23) sub-group (n

sub-group (n

value

44) (n=44)

(n=

Primary outcomes

Mann-Whitney U test

0.07
0.17
0.17

632
0.07

2,615

0.21
0.13
0.03
0.02
0.04

1,274
913
55

2,549

Total RBC transfused (mL)

Mann-Whitney U test

1,127

162
327

1,601
136
791

1,036
80

Total plasma transfused (mL)

Mann-Whitney U test

Total cryoprecipitate transfused (mL)
Total platelets transfused (mL)

Mann-Whitney U test

327

543

Mann-Whitney U test

2,248 0.06

5,144

2,568

4207

Total blood volume transfused (mL)

Mann-Whitney U test

0.58

104
189
63

263
436

0.23
0.94
0.56
0.63
0.62
0.10
0.24
0.50

48

390
247

Pre-intervention cryoprecipitate transfused (mL) 8

Mann-Whitney U test

75
56

0.

124
32
42

Mann-Whitney U test

0.

15
279
993

Mann-Whitney U test

0.28
0.

108
465

163
807

Mann-Whitney U test

83

246

Mann-Whitney U test

0.05
0.3

0.87
0.13
0.26
0.13
1.39

0.61
0.04
0.17
0.13
0.06

0.89
0.05
0.30

0.11

0.75
0.11

0.36
0.11

Mann-Whitney U test

Mann-Whitney U test

48
00

0.

Mann-Whitney U test

1.

1.00
0.92

Mann-Whitney U test

0.06

1.34

1.34

Gl: gastrointestinal; RBC: red blood cell; TEG: thromboelastography; TIPS: transjugular intrahepatic portosystemic shunt.

The use of TEG has been expanding to the non-trauma
medical patient population; however, there is less evidence in
the literature to suggest a role for TEG in resuscitating major
GIB in MICU patients. There have been two RCTs reported in
GIB patients. One looked at TEG-guided blood product com-
ponent use in GIB patients with cirrhosis with non-variceal
bleeding [9]. The other looked at TEG-guided blood transfu-
sion in cirrhosis patients with variceal bleeding [10]. In both
trials, the TEG-guided transfusion strategy led to a signifi-
cantly lower use of blood components without compromising
hemostasis and with no increase in mortality [9, 10]. On the
contrary, a retrospective study with a total of 225 patients with
all causes of major GIB noted that TEG-guided transfusion
led to increased blood product utilization without any clini-
cal benefits in terms of ICU LOS, respiratory failure, use of
renal replacement therapy and mortality rate [11]. In compari-
son to the RCTs that included cirrhotic patients with variceal
and non-variceal bleeding, the retrospective study included
patients with all causes of major GIB: patient’s requiring va-
sopressor use, prior antiplatelets and anticoagulant agents use
and septic patients with higher sequential organ failure assess-
ment (SOFA) scores who were critically ill [9-11]. In this ret-
rospective study, TEG patients were noted to be more critically
ill than non-TEG patients noted by higher shock index, higher
rate of vasopressor utilization, and higher SOFA scores on ad-
mission, which might have confounded the primary outcome
of blood product utilization [11]. Hence, we aimed in our study
to look at all causes of GIB and to match our cohorts to elu-
cidate if there is any overall benefit from TEG-guided blood
transfusion resuscitation.

In our retrospective study, 88 patients with all causes of
major GIB were included: critically ill patients requiring vaso-
pressors, septic patients with higher SOFA scores, and patients
with prior antiplatelets and anticoagulants use. Comparing the
patients in the TEG group (N = 44) vs. patients in the non-TEG
group (N = 44), there were no statistical differences noted in
baseline characteristics of the patients, including the severity
of critical illness (use of vasopressors, SOFA scores), or use of
antiplatelets and anticoagulants agents (Table 1). There was a
statistically significant increased utilization of blood products
in the TEG group vs. non-TEG group in terms of total blood
volume transfused (4,207 mL vs. 2,568 mL; P = 0.04), total
cryoprecipitate volume (80 mL vs. 55 mL; P = 0.03) and total
platelet volume transfused (543 mL vs. 327 mL; P = 0.02).
These findings echo Rizvi et al’s retrospective study on TEG-
guided transfusion in GIB patients, despite matching the sever-
ity of patients in both groups [11].

073
-~~~ E 2
Q =<
E5 3 &
< @ Z E
g2 8% . o .
= L’g £ g = Furthermore, in our subgroup analysis limited to cirrho-
€ E§¢7 = .g S sis patients, the patients in the TEG cirrhosis sub-group (N =
S g % i 3 = 23) vs. patients in non-TEG cirrhosis sub-group (N = 23) had
2 &3228 8 _é . & no statistical differences noted in baseline characteristics that
nHoeag 58S g included the severity of critical illness (use of vasopressors,
e2222E088 3 SOFA scores), or use of antiplatelets and anticoagulants agents
83889 22 5§52 2 8 (Table 1). In this sub-group, the total volume of blood prod-
2 9_.2 5_.2 2258 E= g uct transfused was higher than the non-TEG group (5,144 mL
BT T I I ISSESEE vs. 2,248 mL; P = 0.06); however, it was not statistically sig-
EAAAAAEEEER nificant. This finding showed a trend towards a higher blood
3 transfusion despite not reaching statistical significance and it
i contrasted with much of the literature on TEG-guided transfu-
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sion in cirrhosis patients that demonstrated a decrease in blood
product utilization [9, 10]. It is important to note that the in-
creased blood product utilization may be due to the inclusion
of patients with increased severity in our study. While no effect
on clinical outcome was noted in either of our groups and this
could have been confounded by the retrospective nature of this
study, the increase in volume of blood product transfusion does
have an impact on hospital resources and adds another layer
of financial burden [21-23]. A cross-sectional survey of a ran-
domized sample of hospital-based blood bank and transfusion
service directors to determine the average price paid by hos-
pitals to suppliers for blood products showed that the average
cost for RBC was $US 343.63 + 135, FFP $US 60.70 £+ 20 and
apheresis platelets to be $US 533.90 + 69 [24]. These costs also
do not include economic cost of ordering a TEG. Few recent
studies have demonstrated worse inpatient mortality associated
with over-transfusion in patients with variceal bleeding than
non-variceal bleeding [4]. More prospective studies studying
the utility of TEG in blood transfusion resuscitation are needed
to help better define its role as it impacts health care utilization
of limited resources and costs on the health care system overall.

The major limitation of our study is the retrospective na-
ture of the study, with a higher propensity for confounding
bias. The body mass index was not considered in propensity
score matching which is one of the limitations of the study.
Given the retrospective nature of the study, the sample size
calculation was not done for the study which is another limita-
tion of the study. There might have been variations in physi-
cian experience with TEG use and the amount of blood prod-
uct transfused for given TEG abnormalities. In addition, this
study could not examine whether TEG was repeated after the
transfusion of appropriate blood products. Inpatient mortality
and rebleeding rate were not evaluated in this study which is
another limitation of the study.

Conclusion

The patients in the MICU with major GIB are critically ill with
multiple medical comorbidities. This study revealed that TEG
is not superior to conventional coagulation parameters in terms
of limiting the volume of blood product transfusion in major
GIB patients in ICU settings. This study showed a statistically
significant increase in the total blood volume transfused, in-
cluding the total volume of cryoprecipitate and platelet trans-
fusion. Given the study’s retrospective nature, a well-designed
RCT to assess the utility of TEG in major GIB patients would
be more appropriate to examine the benefit of TEG vs. conven-
tional parameter-guided transfusions in this patient population.
The importance of a prospective RCT would be to help define
the role of TEG in resuscitative measures in the MICU patient
population as it impacts health care utilization of limited re-
sources and health care costs.
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