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Abstract

Introduction—Massive transfusion (MT) is frequently required during liver transplantation. Risk 

stratification of transplant patients at risk for MT is an appealing concept, but remains poorly 

developed. Thrombelastography (TEG) has recently been shown to reduce mortality when 

employed for trauma resuscitation. We hypothesize that preoperative TEG can be used to risk 

stratify patients for massive transfusion.

Material and Methods—Liver transplant patients had blood drawn prior to surgical incision and 

assayed via TEG. Pre-operative TEG measurements were collected in addition to standard 

laboratory coagulation tests. TEG variables including R-time (reaction time), angle, MA 

(maximum amplitude), and LY30 (clot lysis 30 minutes after MA) were correlated to red blood 

cell (RBC) units, plasma (FFP), cryoprecipitate (Cryo), and platelets (Plt) during the first 24 hours 

following surgery, and tested for their performance using a receiver operating characteristic (ROC) 

curve.

Results—28 patients were included in the analysis with a median MELD (Model for End-Stage 

Liver Disease) score of 17; 36% received a massive transfusion. The TEG variables associated 

with MT (defined as ≥10 RBC units/24hr) were a low MA (p<0.001) and low angle (p=0.014). A 

high INR (International Normalized Ratio of prothrombin time) (p=0.003) and low platelet count 

(p=0.007) were also associated with massive transfusion. MA had the highest area under the curve 

(0.861) followed by INR (0.803). A MA of less than 47mm has a sensitivity of 90% and 

specificity of 72% to predict a massive transfusion. MA was the only coagulation variable that 

correlated strongly to all blood products transfused.
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Conclusion—TEG MA has a high predictability of massive transfusion during liver 

transplantation. The use of TEG pre-operatively may help guide more cost effective blood bank 

preparation for this procedure as only a third of patients required a massive transfusion.

Introduction

Early experience in liver transplant surgery was associated large volumes of blood products 

during the perioperative period. Starzl’s first hundred transplants averaged 26 units of red 

blood cells (RBC) during the operation(1). A more contemporary analysis of liver 

transplantation has demonstrated a marked reduction in blood product usage, averaging 14–

17 units of RBC during the perioperative period(2, 3). In trauma, early identification of 

patients at risk of massive transfusion (MT) and implementation of a protocol to prepare 

transfusions, have been associated with improved survival(4). Conversely, in liver transplant 

it is anticipated that the majority of patients will undergo large blood product resuscitation; 

however, many patients may not require massive transfusion because liver transplantation in 

certain scenarios has become a virtually bloodless procedure(5). Therefore, risk stratification 

for bleeding in these patients can lead to more optimal utilization of the blood bank, and aid 

in patient education for anticipated postoperative outcomes.

Risk of blood product use in transplant has been associated with an elevated international 

normalized ratio of prothrombin time (INR) and low platelet count(6), but these have 

limitations for predicting bleeding risk in patients with liver disease(7). The shortcoming of 

using these traditional coagulation assays is partitioning the coagulation system into plasma 

and cellular components. The cellular based model of hemostasis emphasizes the importance 

of retaining the cellular components of blood when assessing coagulation(8). 

Thrombelastography (TEG) is a whole blood assay, which provides comparable coagulation 

information to five conventional laboratory assays(9). TEG-guided transfusion for 

procedures in cirrhotic patients reduces unnecessary transfusions compared to traditional 

assays(10). TEG-guided resuscitation in critically injured trauma patients also reduces blood 

product usage and reduces mortality by up to 50%(11). The same benefit of fewer 

transfusions while using TEG- based resuscitation exists for liver transplantation(12).

There is growing evidence supporting the use of TEG as a technique to guide transfusion 

strategies in patients with severe bleeding that are at risk for massive transfusion(13, 14). 

Currently, there are no consistent guidelines on predicting the risk of massive transfusion for 

patients undergoing liver transplant surgery. With refined technique, we can use devices to 

identify patients at risk for bleeding, guide and lessen the usage of blood products, and 

reduce massive transfusion. The objective of our study is assess if preoperative TEG in 

patients undergoing liver transplant surgery can predict massive transfusion. We hypothesize 

that preoperative TEG can be used to risk stratify patients for massive transfusion.

Material and Methods

Subjects

Liver transplant recipients were enrolled pre-operatively in a Colorado Multi-Institutional 

Review Board study to prospectively collect blood samples for the first 24 hours following 
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surgery. All patients were transplanted at the University of Colorado Hospital; which 

averages ~100 liver transplants a year. Enrollment criteria were adult (>18 years) and 

cadaveric liver donor recipient. Patient demographics were recorded; including age, sex, co-

morbidities, and model for end-stage liver disease (MELD) calculated the day of surgery. 

TEG assays were not performed on these patients as part of their routine preoperative 

coagulation assessment, which is currently limited to International Normalized Ratio of 

prothrombin time (INR) and platelet count.

Thrombelastography (TEG)

Pre-operative blood samples were drawn in the operating room after intubation and before 

incision. Blood was collected in citrated tubes and assayed at room temperature between 20 

minutes and 2 hours after blood draw, per manufacturer’s guidelines. The citrated samples 

were re-calcified, and assayed using the TEG 5000 Thrombelastograph Hemostasis 

Analyzer (Haemonetics, Niles IL) per manufacturer instructions. Clot formation, strength, 

and fibrinolysis were measured using standard TEG measurements including reaction time 

(R-time), angle, maximum amplitude (MA), and clot lysis 30 minutes after MA (LY30). All 

TEG tracings were used for research purposes and not available to the surgeons or 

anesthesiologists.

Outcomes

Total blood product use was calculated at 24 hours after the operation. Massive transfusion 

was defined as ≥10 units of red blood cells transfused within 24 hours of surgery(15), and 

intra- operative mortality was also recorded as an outcome.

Statistical Analysis

Statistical analysis was performed using SPSS 22 software (Microsoft, Armonk, NY). 

Normally distributed data were described as mean and standard deviation and non-normally 

distributed data were described as the median value within the 25th to 75th percentile values. 

Clinical variables and outcomes were contracted between patients that underwent a massive 

transfusion using a Mann Whitney U test. Correlation between coagulation parameters and 

blood products were assessed with Spearman’s Rho test, and a high correlation was 

considered a value > 0.5. Receiver operating characteristic (ROC) curves were generated 

with all coagulation tests that were significant between patients that underwent massive 

transfusion (MT), and patients that did not undergo massive transfusion (no-MT). Alpha was 

set to 0.05 for significance. Youden index was used to determine a threshold for predicting 

MT.

Results

There were 28 patients included in the analysis, 61% were male, and the median age was 56 

years (53–61). Median values for standard lab data were: MELD = 17 (10–27), INR = 1.9 

(1.3–12.7), Platelet Count = 81 (56–110). Median values for total units transfused within 24 

hours of starting surgery were: 5 units of RBC, 4 units of plasma, and 1 unit of platelets. 

Only 25% of patients received cryoprecipitate. The intraoperative mortality rate was 7%, and 
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36% underwent a massive transfusion. Extended mortality at both 30 days and 90 days was 

0%.

Differences in MT patients versus no-MT patients are listed in table 1. Notable differences 

were that MT patients presented lower hemoglobin (Hgb) (p=0.006), higher INR (p=0.003), 

lower platelet count (p=0.007), lower angle (p=0.014), and lower MA (p<0.001) than no-MT 

patients. There were no differences in R-time (p=0.763) or LY30 (p=0.945). Mortality rate 

was 20% in MT versus 0% in no-MT patients (p=0.119).

Area under the curve (AUC) of ROC curves was highest for MA 0.861, followed by INR 

0.803, platelet count 0.767, and angle 0.764 (Figure 1). Inflection points determined by the 

Youden index of each of the coagulation assays are listed in table 2. The MA and INR had a 

high sensitivity that retained high specificity, while platelet count and angle also had high 

sensitivity but lacked specificity. In transplant recipients with an MA < 47mm, 67% 

underwent a massive transfusion, and MA could exclude those who would not require a 

massive transfusion in 93% of patients. MA and INR had a significant correlation 

(Spearman’s Rho -0.525, p=0.004), and using the optimal inflection points to identify 

patients at risk of massive transfusions each marker only missed one patient that required a 

massive transfusion; however, both assays missed a different individual (Figure 2).

MA had a strong correlation with all four blood products used during surgery (Table 3), 

while INR and Hgb were limited to RBC and plasma transfusions. The platelet count was 

strongly associated with cryoprecipitate and platelet transfusions. Angle had a strong 

correlation to cryoprecipitate transfusions.

Discussion

Multiple coagulation variables assessed in this study identified liver transplant recipients at 

risk of massive transfusion, but MA had the greatest area under the curve when analyzing 

each variables respective predictability of massive transfusion. While most lab 

measurements were sensitive for predicting who will require a massive transfusion, MA and 

INR retained the highest specificity. Only MA strongly correlated with all blood products 

transfused in the first 24 hours from surgery, while INR, Hgb, platelet count, and TEG angle 

only correlated with one or two of the blood products transfused. The clinical relevance of 

identifying these patients at risk of massive transfusions is twofold: first, patients can be 

more accurately warned preoperatively of a higher mortality risk, and second, the blood 

bank can selectively prepare for large volume blood product resuscitation, rather than 

anticipating that all patients need full blood bank mobilization.

Thrombelastography has been used in liver transplant surgery since the 1960’s to guide 

intraoperative blood transfusions and, in fact was the first clinical arenas to rely on TEG to 

manage intraoperative coagulopathy (16). This assay has been prospectively validated to 

reduce total blood product use(17) and can reduce intraoperative plasma transfused by 

nearly 50%(12). However, TEG has been primarily advocated for use during surgery as a 

reactive approach to correcting a patients coagulation abnormalities(13), rather than 

predicting their risk for blood product utilization. Our study demonstrates that a preoperative 
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TEG may also provide predictive value. TEG has previously been demonstrated to predict 

massive transfusion in trauma (9, 18). However, conventional coagulation assays to predict 

massive transfusion during liver transplantation have not been as effective to predict high 

blood product requirements. Findlay et al. in 2000(19) analyzed over 500 liver transplant 

patients and failed to identify a predictive score for blood product use based on patient 

demographics and laboratory values, while utilizing log transformation in an attempt to 

normalize blood product distribution and fit a regression model. Ritter et al. in 1989(20) 

measured specific coagulation factor levels and did not find an association with blood loss 

during surgery in 66 patients.

Our study differs from these previous studies, as we focused on a binary output of massive 

transfusion rather than the actual number of blood products transfused. We chose the cut off 

of ≥10 RBC units within 24 hours from surgery, as this threshold has been associated with 

increased morbidity, poorer graft function and increased mortality(21). Other investigators 

have also assessed the risk for massive transfusion in liver transplant. Mor et al. in 1993(21) 

found a significant association with low platelet counts and other conventional assays to 

predict a massive transfusion. Using an alternative definition of 6 or more RBC units in 24 

hours following surgery, McCluskey et al.(22) were able to identify 7 preoperative variables

—including INR and platelet count—to reliably predict a massive transfusion. However, 

other investigators using higher cut offs of 20+ or 30+ RBC units found an association with 

an elevated INR and low platelet count when predicting massive blood product utilization, 

but these variables lacked significance after adjusting for confounders(6). While these 

studies have large numbers of patients included in their analysis, they employed databanks 

of patients over decades in which the surgical techniques were diverse. In addition, they did 

not perform whole blood assays such as TEG to measure coagulation. TEG measurement of 

coagulation in patients with end stage liver disease has proven to be a more reliable tool than 

INR when ruling out the need for preemptive blood products for invasive procedures(10).

This study is limited to a relatively small patient population, but has the benefit of a cohort 

of transplant patients undergoing the same surgical technique without the use of venous 

bypass. Due to our small number we could not conclude superiority of a MA over INR in 

prediction of massive transfusion, as this would require a larger population and multicenter 

evaluation. In addition, the causality for TEG abnormalities predicting massive transfusion 

warrants continued investigation. To our surprise the R-time in TEG, which is historically 

attributed to the enzymatic phase of coagulation(23), had no predictability of blood product 

utilization during surgery and did not correlate with plasma transfusions or INR. The 

etiology of a prolonged INR in pathologic clinical settings remains unclear as it cannot be 

completely attributed to coagulation factor deficiencies(24). Compensatory mechanisms 

exist during liver failure to make these patients paradoxically hypercoagulable at times(25). 

Furthermore, the risk of over correcting these patient pre-operative coagulation 

abnormalities may be real, as a recent study identified that a elevated preoperative TEG MA 

as an associated risk factor for hepatic artery thrombosis(26).

In conclusion, TEG appears to be a preoperative tool to risk stratify patients for massive 

transfusion. A low MA was correlated to all blood products transfused in the first 24 hours 

of surgery, and had the highest area under the curve retaining high specificity and sensitivity 

Lawson et al. Page 5

J Surg Res. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to predict those patients which went on to a massive transfusion. In the modern era of liver 

transplantation, in which only a third of patients underwent a massive transfusion, it is 

becoming increasingly clinically valuable and cost effective to identify these patients for 

optimal resource utilization, rather than assuming all patients are at risk of massive 

transfusion. TEG may provide a valuable role in the preoperative assessment of liver 

transplant in reducing blood product administration and reducing the mobilization of large 

quantities of unused blood during surgery.
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Figure 1. Receiver Operating Characteristic (ROC) Curves of Coagulation Variables Associated 
with Massive Transfusion
Figure 1 represents the ROC curves of coagulation variables that were significantly 

associated with massive transfusion. Their specific area under the curve metrics are listed in 

the table below with associated confidence intervals.
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Figure 2. Scatter Plot of MA vs INR and Patients that Underwent a Massive Transfusion
MT = massive transfusion; MA = maximum amplitude (mm); INR = international 

normalized ratio of prothrombin time

The y-axis represents the patient’s MA and the x-axis represents INR. Patients in red 

required a massive transfusion. All dots above the solid line on the X axis represent patients 

that had a MA above the threshold to predict massive transfusion. All dots to the left of the 

dotted line represent patients that had an INR below the threshold to predict massive 

transfusion. The blue arrow identifies a patient that was missed by using INR as a predictor 

for MT, while the green arrow represents a patient missed using MA as a predictor for MT.
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Table 1

Comparison of MT versus No MT patients.

MT (n=10) No-MT (n=18) P value

Age (years) 53 (52–59) 60 (54–63) 0.126

Percent Male 45% 74% 0.238

MELD 31 (25–39) 12 (8–19) <0.001

Hgb 9.9 (9.2–11.0) 13.6 (10.4–15.5) 0.006

INR 2.5 (1.9–3.3) 1.4 (1.1–2.0) 0.003

Platelet Count 64 (31–80) 100 (58–123) 0.007

R-Time (minutes) 11 (7–13) 10 (8–12) 0.763

Angle (degrees) 36 (3–43) 52 (40–57) 0.014

MA (mm) 37 (14–41) 56 (44–64) 0.001

LY30 (%) 0.0 (0.0–2.1) 0.1 (0.0–0.9) 0.945

MT= massive transfusion; MELD= model for end stage liver disease score; Hgb = hemoglobin; INR = international normalized ratio of 
prothrombin time; Platelet count = 1,000 per microliter of blood; R-time = reaction time; MA= maximum amplitude; LY30 = lysis at 30 minutes 
after clot reaches MA
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Table 3

Spearman’s Rho correlations between blood products and lab assays

RBC units FFP units Plt units Cryo units

INR (correlation) 0.534* 0.755* 0.357 0.211

    P value 0.003 0.000 0.062 0.281

Plt Count (correlation) −0.424 −0.489 −0.611* −0.696*

    P value 0.025 0.008 0.001 0.000

Hgb (correlation) −0.614* −0.514* −0.236 −0.338

    P value 0.001 0.005 0.227 0.078

R-time (correlation) 0.144 0.162 0.378 0.082

    P values 0.465 0.411 0.047 0.678

Angle (correlation) −0.441 −0.440 −0.483 −0.553*

    P value 0.019 0.019 0.009 0.002

MA( correlation) −0.620* −0.711* −0.639* −0.622*

    P Value <0.001 <0.001 <0.001 <0.001

LY30 (correlation) −0.012 −0.023 0.069 −0.121

    P value 0.954 0.906 0.729 0.385

RBC = red blood cells; FFP = fresh frozen plasma; Plt = platelet; Cryo = cryoprecipitate;

*
Strong Spearman’s Rho correlation (> 0.500);

INR = international normalized ratio of prothrombin time; Plt count = 1,000 per microliter of blood; R-time = reaction time; MA= maximum 
amplitude; LY30 = lysis at 30 minutes after clot reaches MA
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