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Abstract

Background: Gastrointestinal bleeding (GIB) is a common cause for 
intensive care unit (ICU) admissions and is associated with high mor-
tality rates. Effective resuscitation is essential prior to definitive pro-
cedural intervention. Thromboelastography (TEG) assesses patients’ 
dynamic coagulation profiles and has been shown to reduce blood 
product usage and mortality in specific patient populations; however, 
its role in the management of GIB remains controversial.

Methods: We performed a retrospective study of patients who had 
TEG performed during resuscitation of GIB in the ICU between Janu-
ary 1, 2017 and December 31, 2020 at a single center. Patients were 
identified through ICD-10 codes and blood bank’s database.

Results: A cohort of 244 patients was identified, of which 18 were ex-
cluded. The cohort was mainly represented by White (72%, n = 162) 
males (65%, n = 147) with a mean age of 61 (standard deviation (SD) 
14) years. Alcoholic liver disease (31%, n = 69) and esophageal varices 
(30%, n = 65) were the most common comorbidities. Mean nadir sys-
tolic blood pressure was 75 (SD 18) mm Hg. Mean nadir hemoglobin 
concentration was 6.5 (SD 1.7) g/dL. Patients received a median of 5 

packed red blood cells (pRBC) (interquartile range (IQR) 5.8), 1 fresh 
frozen plasma (FFP) (IQR 2), and 0 platelets and cryoprecipitate units 
(IQR 1 and 0, respectively). The median ICU length of stay was 3 (IQR 
3) days. The observed mortality rate was 39% (n = 88).

Conclusion: Although TEG may help reduce unnecessary blood 
product transfusions, its overall clinical benefit remains uncertain 
given the high mortality observed among patients with hemorrhag-
ic shock secondary to GIB. Further studies are warranted to better 
evaluate the efficacy and clinical utility of TEG-guided transfusion 
strategies in this patient population.

Keywords: Gastrointestinal bleeding; Thromboelastography; Re-
strictive resuscitation; Hemorrhagic shock; Mortality

Introduction

Viscoelastic hemostatic assays (VHAs), such as thromboelas-
tography (TEG) and rotational thromboelastometry (ROTEM), 
are point-of-care hemostasis assessment devices that measure 
the viscoelastic changes that occur during hemostasis. They 
provide near real-time assessment of platelet interaction, co-
agulation cascade, and clot formation/dissolution, providing a 
dynamic description of coagulation parameters. TEG-guided 
transfusion protocols have gained popularity when resuscitat-
ing surgical and trauma patients [1]. In particular, TEG-guided 
resuscitation is extensively used in the care of preoperative 
and postoperative cardiac surgery patients [2, 3]. Their use is 
endorsed by multiple surgical guidelines, such as the Eastern 
Association for the Surgery of Trauma, which conditionally 
recommends using VHA-guided resuscitative efforts versus 
non-VHA strategies in critically ill patients with ongoing hem-
orrhage and concern for coagulopathy, with the ultimate aim of 
reducing the overall volume of transfused blood products [4]. 
However, it is important to note that the critically ill patient 
population in the index study was heterogenous, and included 
cardiac surgery patients whose postoperative care is distinct in 
its approach. Multiple studies have addressed transfusion out-
comes in post-cardiac surgery patients, as well as those with 
cirrhosis, and have demonstrated reduced mortality and de-
creased blood product usage when blood product transfusion 
was guided by TEG parameters [5, 6]. For instance, a reduc-
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tion in the use of blood products and about 50% lower 7-day 
mortality among patients with cirrhosis receiving TEG-guided 
resuscitation were previously reported; however, no signifi-
cant differences were reported in bleeding rates or long-term 
mortality at 42 days [7]. To date, TEG-guided protocols have 
not been developed for non-surgical patients such as those en-
countered in the medical intensive care unit (ICU).

Gastrointestinal bleeding (GIB) is a common etiology 
of hemorrhage in non-surgical and non-trauma patients, with 
150,000 annual hospital admissions and an associated mortal-
ity of 2-17% [8-11]. Following trauma, it is the second most 
common diagnosis that requires activation of massive transfu-
sion protocol (MTP) [12]. However, restrictive strategies have 
been shown to significantly improve outcomes in patients with 
acute upper GIB when compared to more liberal resuscitation 
[13]. Yet, randomized clinical trials comparing standard-of-care 
resuscitation to factor-specific approaches, such as TEG-guided 
resuscitation, in specific disease phenotypes remain limited.

We conducted a descriptive study to assess the clinical 
outcomes in patients with hemodynamically unstable GIB 
who also had a TEG performed as part of their care. Given the 
limited availability of blood products, and volume overload 
and transfusion-related adverse effects associated with mas-
sive transfusion, we aimed to explore the clinical trajectories 
and outcomes among those who underwent TEG during life-
threatening GIB.

Materials and Methods

We conducted a retrospective descriptive study of patients ad-
mitted to the medical ICU for hemorrhagic shock due to GIB 
and had TEG performed as part of their resuscitation. The study 
spanned a 48-month period, between January 1, 2017 and De-
cember 31, 2020, at Baystate Medical Center in Springfield in 
Western Massachusetts. The study protocol adhered to ethical 
guidelines and was approved by the hospital’s institutional re-
view board as an exempt project (ID number 1776664-8).

We included patients > 18 years of age who had GIB 
requiring ICU admission. We identified patients with hemo-
dynamically unstable GIB requiring ICU admission through 
the organization’s data warehouse using International Statis-
tical Classification of Diseases and Related Health Problems 
10th Revision (ICD-10) code K92.2 reflecting GIB and Cur-
rent Procedural Terminology (CPT) codes 99291 and 99292 
indicating ICU level of care. The identified patient encounters 
were then cross-referenced with the blood bank’s TEG data-
base. To decrease misclassification error due to inappropriate 
coding, a resident physician (post-graduate year 2) accessed 
the patient’s charts to ensure that the attending physician listed 
GIB as the principal diagnosis for ICU admission. Patients 
were excluded if the bleeding etiology was thought to be not 
within the gastrointestinal (GI) tract based on the admitting at-
tending physicians’ impression and those admitted for trauma.

Data points were collected and managed using REDCap 
(Research Electronic Data Capture) data capture tools hosted 
at Tufts Clinical and Translational Science Institute [14]. Pa-
tient demographic data retrieved for the encounter of interest 

included age, sex, ethnicity, and body mass index (BMI). We 
also recorded nadir blood pressures (systolic and diastolic), 
highest and lowest heart rate, presenting and nadir hemoglobin 
and hematocrit, prothrombin time (PTT), international normal-
ized ratio (INR), and platelet levels. Additionally, the highest re-
corded levels of creatinine, blood urea nitrogen (BUN), and lac-
tate within 48 h of presentation were recorded as surrogates for 
end organ damage. Data regarding prior medical history were 
also obtained, and included alcoholic liver disease (ALD), fatty 
liver disease, viral hepatitis, peptic ulcer disease (PUD), varices, 
prior abdominal surgeries, malignancy, and proton pump inhibi-
tor (PPI) and steroids use. We recorded outcomes including the 
total number of blood products administered within 48 h of pres-
entation, use of vasopressor support, need for surgery on presen-
tation, ICU length of stay (LOS), total hospital LOS, in-hospital 
mortality, and discharge destination. Blood products including 
packed red blood cells (pRBCs), cryoprecipitate, platelets, and 
fresh frozen plasma (FFP) were identified using the unique ID 
assigned to each transfused unit.

Descriptive statistics were carried out to offer a snapshot 
of essential features within the dataset including counts and 
percentages to describe the sample characteristics for categori-
cal variables, while mean and standard deviation (SD) were 
used for continuous variables after testing for normality. Me-
dians and interquartile ranges (IQRs) were used to describe 
non-normally distributed data.

Results

A total of 244 patients were identified, 18 (7.4%) of which 
were excluded based on the aforementioned criteria. A total 
of 226 patients were included in the final statistical analysis.

Our cohort mainly consisted of males (65%, n = 146), with 
a mean age of 61 (SD 14, range 22 - 99) years. The majority 
of the patients were White (72%, n = 162), followed by His-
panic (15%, n = 33). Most commonly noted baseline chronic 
comorbidities included ALD (31%, n = 69), history of esopha-
geal varices (29%, n = 65), history of PUD (25%, n = 57), and 
prior history of abdominal surgery in the last 5 years (22%, n 
= 50). Notably, patients with metabolic dysfunction-associated 
liver disease (MALD) comprised a small percentage (6.6%, 
n = 15). About 28% (n = 63) of the cohort were on PPIs and 
8% (n = 18) were on chronic steroid therapy (Table 1). The 
cohort’s mean nadir systolic blood pressure (SBP) within 48 
h of admission to the medical ICU was 75 (SD 18) mm Hg, 
while the mean nadir diastolic blood pressure (DBP) was 39 
(SD 12) mm Hg. The mean peak heart rate was 124 (SD 26) 
beats per minute. On admission to the medical ICU, the mean 
hemoglobin was 9.47 (SD 2.94) g/dL (normal 11.7 - 15.5), and 
6.50 (SD 1.70) g/dL at nadir within 48 h of admission. Peak 
creatinine within 48 h was 2.1 (SD 1.62) mg/dL (normal 0.5 
- 1). Peak serum lactate within 48 h was 5.9 (SD 5.5) mmol/L 
(normal 0.5 - 2.2). All disease groups were hemodynamically 
unstable on admission to the ICU. Furthermore, markers of 
end organ damage within 48 h of admission were also simi-
lar (Table 2). Vasopressor use was not available in 17 records. 
Twelve records were missing whether patients had prior diag-
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nosis of esophageal varices or PUD. Steroid and PPI use was 
missing from five records. While history of abdominal surgery 
was not documented in three records.

Patients received a median of 7 units of blood products 
(IQR 8) within the first 48 h until hemodynamic stability was 

achieved and a minimum hemoglobin of 7 was achieved. Pa-
tients received a median of 5 (IQR 5.8) pRBC and 1 (IQR 2) unit 
of FFP. Only 34% (n = 77) received platelet transfusion with a 
median of 1.0 (IQR 2) transfused units. Those with a history of 
PUD received a median of 6 (IQR 6) pRBCs, while those with a 
history of varices or ALD received 4 (IQR 5 and 4, respectively) 
units. The median number of transfused FFP units was 1 (IQR 
2) for those with ALD, prior PUD, and prior esophageal varices. 
There was a median of 0 transfused platelet units for those with 
ALD, varices, and PUD (IQR 1, 1, and 0, respectively). Those 
who were on chronic PPI therapy prior to admission required a 
median of 6 (IQR 6.5) total units, while those who were not on 
PPI therapy required a total of 7 (IQR 8) total units.

Despite resuscitation, 65% (n = 147) of patients required 
vasopressor support. Seventy-two percent (n = 50) of those 
with ALD required vasopressor support, while 69% (n = 45) 
of those with esophageal varices and 60% (n = 34) of those 
with PUD did not. Overall, those who received vasopressor 
support received a median of 7 total blood products (IQR 8), 
while those who did not receive vasopressor support received 
a median of 5 (IQR 7) units.

Our cohort’s in-hospital mortality was 38.9% (n = 88), of 
which 41% (n = 36) passed away within the first 48 h of ad-
mission. The highest mortality was noted amongst those who 
have a prior history of esophageal varices, estimated around 
38% (n = 30) followed by ALD at 36% (n = 32), and PUD at 
21% (n = 16).

Median ICU LOS was 3 days (IQR 3). No difference was 
noted across the three disease groups in terms of ICU LOS. 
The median hospital LOS was 9 (IQR 14.75) days. Those with 
PUD had the longest hospital stay with a median of 10 (IQR 
17) days when compared to those with history of esophageal 
varices or ALD at 5 (IQR 13) days and 6 (IQR 11) days, re-
spectively (P = 0.001) (Fig. 1). Forty-one percent (n = 93) of 
patients required additional healthcare services upon discharge 
and 18.6% (n = 42) of patients were discharged home.

Discussion

We describe a cohort of patients with hemorrhagic shock due 

Table 1.  Patient Characteristics

Demographics
Age, mean (SD), years 61.23 (14.3)
Gender, n (%)
  Male 146 (64.6%)
  Female 80 (35.4%)
BMI, mean (SD), kg/m2 29.8 (9.1)
Race, n (%)
  Asian 1 (0.4%)
  Black or African American 18 (8%)
  Hispanic or Latino 33 (15%)
  White 162 (72%)
  Unknown 12 (5%)
Comorbidities
  Alcoholic liver disease, n (%) 69 (31%)
  Esophageal varices, n (%) 65 (29%)
  Peptic ulcer disease, n (%) 57 (25%)
  Prior abdominal surgery, n (%) 50 (22%)
  Viral hepatitis, n (%) 21 (9%)
  MALD, n (%) 15 (6%)
  PPI use, n (%) 63 (28%)
  Steroid use, n (%) 18 (8%)

BMI information was missing in 22 records. Twelve records were miss-
ing whether patients had prior diagnosis of esophageal varices or pep-
tic ulcer disease. Steroid and PPI use was missing from five records. 
While history of abdominal surgery was not available in three records. 
BMI: body mass index; MALD: metabolic dysfunction-associated liver 
disease; PPI: proton pump inhibitor; SD: standard deviation.

Table 2.  Indicators of Hemodynamic Stability and Markers of End Organ Damage Across Different Disease Groups

ALD Esophageal varices PUD
Total, n (%) 69 (31%) 65 (29%) 57 (25%)
Nadir systolic pressure, mean (SD), mm Hg 75.6 (18.8) 78.6 (18.2) 78.2 (18.5)
Nadir diastolic pressure, mean (SD), mm Hg 38.8 (10.3) 38.9 (10.2) 39.1 (10.6)
Peak heart rate, mean (SD), beats/min 123.8 (25.6) 124 (25.7) 122.5 (26)
Baseline hemoglobin, mean (SD), g/dL 9.3 (2.9) 9.4 (6.5) 9.5 (3)
Nadir hemoglobin, mean (SD), g/dL 6.5 (1.8) 6.6 (1.7) 6.2 (1.6)
Peak lactate, mean (SD), (normal 0.5 - 2.2), mmol/L 5.9 (5.5) 6.0 (5.7) 5.9 (5.4)
Peak creatinine, mean (SD) (normal 0.5 - 1.0), mg/dL 2.0 (1.6) 1.8 (1.2) 2.3 (1.9)

Baseline hemoglobin data were missing in one patient with ALD. Peak lactate data were missing from five patients with PUD, five patients with ALD, 
and three patients with varices. Peak creatinine was missing from four patients with ALD, three patients with varices, and three patients with PUD. 
ALD: alcoholic liver disease; PUD: peptic ulcer disease.
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to GIB who had a TEG obtained as part of their workup. The 
transfusion patterns in our study were discordant from the 
commonly cited MTP. The MTP was originally introduced for 
traumatic hemorrhage and later carried over for non-traumatic 
etiologies of hemorrhagic shock despite lacking evidence [15]. 
On the one hand, massive transfusion is defined as 4 - 10 units 
of blood products over 24 h [16]. While on the other hand, 
MTP is defined as administering blood products as a fixed 
1:1:1 ratio of pRBC/platelets/FFP to address potential coagu-
lopathy associated with severe trauma [17]. Patients with non-
traumatic and non-cirrhotic etiologies of hemorrhage often 
lack the hyperfibrinolysis and early coagulopathy that is often 
observed in traumatic hemorrhage which debates against the 
utility of MTP and suggests a potential role for TEG-guided 
resuscitation [18]. Upon further analysis of transfusion varia-
tion, most of the patients in our cohort did not receive plate-
let transfusions which potentially supports the hypothesis that 
obtaining a TEG leads to more specific transfusion patterns 
rather than empiric transfusion. Namely, utilizing TEG would 
lead to avoidance of unnecessary FFP and platelet transfusion, 
given that TEG parameters are not abnormal. Notably, there 
are no published randomized evidence supporting a specific 
transfusion threshold for platelets in patients with active GIB; 
however, based on expert opinion, a transfusion threshold of 
50 × 109/L has been suggested [19, 20]. Thus, our findings 
raise the possibility that TEG-aided resuscitation of severe 
GIB could potentially lead to a decrement in overall blood 
product utilization, which is highly desired given the increase 
in mortality noted with larger transfusion volumes [21]. The 
deviation from MTP is of significant importance due to the 

potential association between the larger transfused volumes in 
MTP and the increased risks of transfusion-related acute lung 
injury and death, coupled with the limited availability of high-
quality evidence for MTP in those with GIB [22]. Our find-
ings were in alignment with a study conducted by Kumar et al, 
which described a statistically significant decrease in utiliza-
tion of blood products when administering blood products to 
patients with non-variceal upper GIB in patients with cirrhosis 
when following TEG parameters [23]. However, it must be 
noted that only about 20% of all cases of upper GIB are attrib-
uted to cirrhosis and there are limited data regarding the util-
ity of TEG-guided resuscitation in patients with non-cirrhotic 
GIB [24, 25]. Therefore, our study fills an important gap in 
the literature as our findings are more inclusive and included 
all patients with GIB. Nonetheless, our findings were discord-
ant from a previously published study by Rizvi et al, which 
described an overall increase in blood product utilization in 
patients with GIB who were admitted to the ICU and resusci-
tated according to TEG parameters compared to a control arm 
[26]. Additionally, one institute’s experience with using TEG 
as part of standardized testing revealed that those who were re-
suscitated according to TEG parameters received more blood 
transfusions than non-TEG patients [27]. Using TEG scan 
could potentially augment targeted blood product use but cur-
rent evidence from observational data is rife with confound-
ers, including but not limited to severity of illness that may 
provoke use of TEG. Remarkably, TEG parameters have been 
identified to be more deranged in sicker patients calling into 
reconsideration the utility of TEG-guided resuscitation [28].

Notably, a high mortality rate of 39% was observed in our 

Figure 1. Box plot illustrating the distribution of total hospital length of stay (in days) for patients with different etiologies of gas-
trointestinal bleeding. The median (red line), interquartile range, and outliers are displayed.
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cohort which was concordant with the few published studies 
evaluating the use of TEG in patients with medical etiolo-
gies of hemorrhagic shock [7]. For instance, one retrospective 
analysis revealed a similar high mortality rate of 34% when 
patients with GIB were resuscitated according to TEG param-
eters compared to 9.8% when standard coagulation parameters 
were followed [26]. It is essential to note that most of our pa-
tients were hemodynamically unstable, presenting with class 
III-IV hemorrhagic shock per the American College of Sur-
geons’ Advanced Trauma Life Support (ATLS) classification 
of hypovolemic shock [29]. The higher mortality rate in our 
cohort of GIB may also be partially attributed to our institu-
tion’s role as a safety-net healthcare system, which provides 
care for those with minimal access to healthcare, where those 
with stable GIB are commonly managed at our intermediate 
care unit rather than the ICU. This can also reflect the higher 
transfusion requirement than the average of 2.4 units of pRBC 
that has been previously described in the literature [30]. The 
clinical complexity of our cohort was also evidenced by the fact 
that 70% of our cohort required vasopressor support to main-
tain hemodynamics while undergoing resuscitation, which is 
significantly higher than previously studied cohorts for simi-
lar presentations [26]. However, it must be noted that rand-
omized clinical trials failed to reveal a significant decrease in 
28-day mortality rates when vasopressors are administered to 
those with GIB [31]. Our findings of severely deranged hemo-
dynamics, high blood product usage, and the frequent use of 
vasopressor support raise the question of whether physicians 
opted to obtain a TEG in anticipation of a challenging clinical 
course due to the severity of the patients’ presentations.

Our findings also highlight a variation in hospital and 
healthcare resource use and burden. Our findings suggest pos-
sible discordance in total hospital stay but not ICU LOS across 
the varying etiologies of GIB, where we observed that those 
with PUD have the highest total LOS, which supports previ-
ously published literature [32]. This finding could reflect the 
important nuances of post-ICU care in terms of both medi-
cal management and resource allocations. This is of particular 
relevance to hospital administrators to address to decrease the 
overall healthcare burden and resource utilization. Moreover, 
the healthcare burden of those with GIB extended beyond the 
index hospitalization, where the majority of survivors in our 
study required additional healthcare services upon discharge.

Our study has several limitations. Firstly, data regarding 
fluid resuscitation and TEG parameters, and to what degree 
such parameters were followed during resuscitation, were not 
evaluated. Secondly, there was no control group and therefore, 
TEG-related outcomes could not be compared to the current 
standard of care. Thirdly, being a retrospective study lends it-
self to both confounding and selection bias. Within this con-
text, confounding factors such as severity of bleeding were 
not accounted for. Data regarding whether any endoscopic or 
radiological interventions were performed were not obtained 
as our study focused on acute resuscitation and management 
of GIB. Additionally, our inclusion criteria of hemorrhagic 
shock were based on ICD-10 coding and physician’s clinical 
judgment supported by hemodynamic and laboratory results, 
which on the one hand reflects daily clinical practice, but can 
also be subject to human error. Lastly, the unavailability of an-

ticoagulation status in our study is a major drawback. How-
ever, clinical judgement regarding appropriate reversal, rather 
than relying on laboratory workup, depicts a more realistic ap-
proach to practice.

Conclusion

TEG-aided resuscitation might lead to a deviation from fixed-
ratio blood transfusion protocols in those with GIB. Our find-
ings are hypothesis-generating and underscore the potential 
utility of TEG-aided resuscitation in those with hemorrhagic 
shock due to GIB without evidence of coagulopathy. However, 
caution must be exercised when TEG is performed as we no-
ticed a high mortality rate. Further research is needed to ensure 
appropriate safety and viability of following TEG and to guide 
institutional policies regarding protocolized use of TEG-guid-
ed resuscitation.
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