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Abstract

Background: An NIH clinical coagulopathy score has been devised for trauma patients, but no
such clinical score exists in transplantation surgery. We hypothesize that that this coagulopathy
score can effectively identify laboratory defined coagulopathy during liver transplantation and
correlates to blood product utilization.

Methods: TEGs were performed and coagulopathy scores (1, normal bleeding — 5, diffuse
coagulopathic bleeding) were assigned by the surgeons at 5 intra-operative time points. Blood
products used during the case were recorded between time points. Statistical analyses were
performed to identify correlations between coagulopathy scores, TEG-detected abnormalities, and
blood product utilization.

Result: Transfusions rarely correlated with the appropriate TEG measurements of coagulation
dysfunction. Coagulopathy score had significant correlation to various transfusions and TEG-
detected coagulopathies at multiple points during the case. High aggregate coagulopathy scores
identified patients receiving more transfusions, re-operations, and longer hospital stays

Conclusion: The combination of viscoelastic testing and a standardized clinical coagulopathy
score has the potential to optimize transfusions if used in tandem as well as standardize
communication between surgery and anesthesia teams about clinically evident coagulopathy.
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Introduction

Methods

The dynamic changes of coagulopathy during liver transplantation make achieving
hemostasis challenging. Empirically transfusing patients when there is clinical evidence of
bleeding with intermittent laboratory testing is one strategy to control bleeding, while
scheduled laboratory testing to prevent progression of coagulopathy provides another.!
Routine whole blood viscoelastic testing during liver transplantation originated from early
reports of liver transplantation in the 1960s.2 Since this time, numerous observational studies
have supported the use of thrombelastography in liver transplantation.3 Several randomized
controlled trials have supported that viscoelastic testing during liver transplantation reduces
blood product administration.*:

Despite decades of research on optimizing laboratory assessment of coagulation in liver
transplantation,3 strategies to quantify coagulopathic bleeding have received less attention. A
standardized clinical assessment of bleeding to determine the need for coagulation could
provide a valuable clinical tool to reduce blood transfusions. However, clinical scoring of
coagulopathy in liver transplantation is lacking. A coagulopathy score was recently
generated from a consortium group at the National Institute of Health for bleeding related to
trauma.® This Likert scale of bleeding breaks down the clinical assessment of bleeding into a
clinical score distinguishing hemostatic needs ranging from expected bleeding to the need
for empiric transfusion. Concurrent categorization of clinically determined coagulopathy
paired with viscoelastic assessment would aid in validating this trauma coagulopathy score
in the setting of liver transplantation, in which there are several timepoints of anticipated
changes in coagulation.” We hypothesize that this coagulopathy score can effectively
identify laboratory defined coagulopathy during liver transplantation and correlates to blood
product utilization.

Patient population

Liver transplant patients were enrolled in a Colorado Multi-Institutional Review Board study
to prospectively collect blood samples through the first 24 h following surgery. Enrollment
criteria were adult (>18 years) and cadaveric liver donor recipient.

Blood samples for viscoelastic testing

Blood was collected and stored in a 3.5-mL tubes containing 3.2% citrate, and immediately
transferred for analysis via a trained professional research assistant. All viscoelastic assays
were completed within 2 h of blood draw. Serial blood samples were obtained before the
surgical incision (pre-op), during the native hepatectomy (after hepatic artery ligation),
during the anhepatic phase of surgery (15 min after removal of native liver from recipient),
30 min after reperfusion (determined as 30 min after unclamping the portal vein; reperfusion
30), 120 min after reperfusion (reperfusion 120), and on postoperative day 1 (POD1).
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Thrombelastography

Blood samples were assayed with the TEG 5000 Hemostatic Analyzer (Haemonetics,
Braintree, MA) according to manufacturer’s recommendations. The following measurements
were recorded: R time (minutes), angle (a, degrees), maximum amplitude (MA, mm), and
lysis 30 min after MA (LY 30, %). Samples were run native, without any activator (n-TEG).

Coagulopathy score

The coagulopathy score ranged from 1 to 5. These scores were determined by the attending
transplant surgeon or fellow during the operation. This Likert based scale was generated
from the National Heart Lung and Blood Institute collaborative definition for defining
clinical coagulopathy in trauma.b In brief, a score of 1 represented normal bleeding and
clotting during surgery, a score of 3 represented more than expected bleeding with concerns
for the need for potential hemostatic blood product resuscitation warranting coagulation
assessment, and 5 represented diffuse coagulopathy requiring packing an empiric hemostatic
blood product transfusion. A score of 2 and 4 were in between the other measurements. The
first coagulopathy score was recorded at the start of the operation (placement of surgical
retractors), and the following coagulation scores were done concurrently with TEG blood
draws. Neither the coagulopathy score nor the TEG results were used for clinical decision-
making; the anesthesiologists were blinded to both and provided usual and customary care.

Blood product utilization

The amount of red blood cell units (RBC), plasma, cryoprecipitate, and platelets were
recorded between each blood draw/coagulation score. For example, the first interval blood
product utilization was recorded from skin incision until hepatectomy score, when blood
was drawn for TEG analysis. The final interval blood product utilization at reperfusion 120
included the remaining time in the operating room and PACU prior to transfer to the
intensive care unit or surgical ward. Cell saver blood was included in total red blood cell
transfusions with a conversion of 300 mls equating to 1 RBC. Transfusions were also
recorded from the time out of the operating until post-operative day 1 (24 h from incision).
A massive transfusion was considered >10 RBC in the operating room.

Thrombelastography indications for transfusions

Outcomes

Based on the first randomized control trial demonstrating a reduction in blood product in
liver transplant using TEG transfusion triggers were assigned to indices®; R time of >10 min
was an indication for a plasma transfusion, Angle <45° was an indication for cryoprecipitate,
and MA < 55 mm was an indication for platelets. These were recorded for each research
TEG drawn during surgery. Based on the coagulopathy score definitions, a patient with a
score from 1 to 2 had a low probability of TEG abnormality and was defined as low risk, a
score of 3 was intermediate risk of having a TEG abnormality, and a score of 4 or greater
was indicative of the patient being high risk of having a TEG abnormality.

The primary outcome of interest was the correlation of coagulopathy score to interval blood
product utilization. Secondary outcomes of interest included the correlation between
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coagulation score and TEG, accuracy of coagulopathy score to predict if the patient had an
indication for obtaining a TEG, its accuracy in predicting the need for hemostatic blood
products based on TEG indices, and the ability of the score to predict who would need to
return to the operating room the following day. Additional variables and outcomes were
contrasted between the average coagulopathy score of patients during the duration of surgery
stratified by low, intermediate, and high risk. These outcomes included hospital length of
stay, 90 day mortality, return to the operating room, reason for return to operating room,
complications; bleeding excluding return to operating room (e.g. gastro-intestinal,
hemorrhagic stroke), thrombotic (thrombotic stroke, myocardial infarct, pulmonary
embolism, deep vein thrombosis), infectious (cellulitis, cholangitis, deep space
infection),cardiac (arrest, arrhythmia requiring medication), acute kidney injury
(requirement of dialysis post-operative)

Statistical analysis

Results

Statistical analysis was performed using SPSS 23 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 with the 25th to 75th percentile values.
A receive operating characteristic curve (ROC) was used to assess the performance of the
score in predicting a massive transfusion during surgery. This included the individual scores
and a composite score including all points added to one large number. The coagulopathy
score was corelated to interval blood product utilization and TEG indices using a
Spearman’s Rho. Indications for transfusions were contrasted between low, intermediate,
and high-risk scores using a chi square during the different intervals. Other outcomes were
contrasted between the 5 individual scores using a chi square analysis. We powered the
study to greater than 90% to detect a moderate correlation® between coagulation score
interval blood product utilization setting alpha to 0.05.

Patient population

40 Patients were enrolled in this study from July 2019 to February 2020. The median age of
the population was 54 (40-60) with a median lab MELD-Na of 24 (16-29). The most
common cause for end stage liver disease was alcohol (48%) followed by viral hepatitis
(23%). A massive transfusion occurred in 75% of patients and 33% of patients returned to
the operating room on post-operative day 1.

Coagulopathy score

The coagulopathy score progressively increased over the duration of surgery (p = 0.001)
peaking at reperfusion 30 (Fig. 1) with a reduction at reperfusion 120. Each interval score
had a high performance for predicting massive transfusion, with the total composite score
having an area under the curve of 0.930 (P < 0.001 Fig. 2). The reperfusion 120
coagulopathy score also significantly predicted which patients would require return to the
operating room in a dose-like fashion (p = 0.021 Fig. 3).
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Stratifying patients by the average coagulopathy score throughout the case identified that
pre-operative coagulation assessment differentiated groups (Table 3). Patients with an
average coagulopathy score stratified as persistently high-risk during surgery had lower
baseline (prior to incision) angle, MA and higher INR compared to patients with low and
moderate coagulopathy scores. This high-risk group were transfused significantly more
blood products during surgery compared to the other patients with a median total RBC
transfusion of 41 units; almost 4-fold compared to the other groups. This high-risk group
also received more transfusions after the operating room, had higher drain outputs, and spent
longer in the hospital after surgery with a median of 26 days.

Correlation between coagulopathy scores, blood product administration, and research
thrombelastography

Table 1 demonstrates the correlation between coagulopathy score and individual blood
product transfusions. The coagulopathy score had no correlation to the blood products
transfused between incision and ligation of the hepatic artery. However, each subsequent
coagulation score had a significant correlation to RBC transfusion requirements. Plasma
transfusions correlated with coagulopathy score during the hepatectomy, anhepatic, and
reperfusion 120. Cryoprecipitate only correlated with coagulation score at reperfusion 120,
while platelet transfusions correlated with the coagulopathy score during reperfusion 30 and
120.

The correlation between TEG measurements and interval blood product requirements are
depicted in Table 2. Similar to coagulopathy score, TEG indices had no correlation to blood
product utilization during the initial phase of surgery. During hepatectomy, angle had an
inverse correlation to RBC and plasma transfusion, but did not correlate to cryoprecipitate,
which is the targeted hemostatic blood product. TEG angle during the anhepatic phase
timepoint had an inverse correlation with RBC transfusions and cryoprecipitate, which
would be an on-target blood product transfusion. MA had an inverse correlation to RBC
units during the anhepatic phase, but an off-target inverse association with plasma; the on-
target blood product should be platelet administration which lacked a correlation to MA at
this timepoint. During reperfusion 30, there were no associations between TEG
abnormalities and RBC transfusions, but there was an inverse correlation with MA and
platelet transfusion supporting an on target hemostatic transfusion. Cryoprecipitate
transfusions also had an off-target inverse correlation to MA. During reperfusion 120 none
of the TEG indices had a correlation with interval blood product before the patient arrived to
the floor or ICU following surgery, despite the coagulopathy score having a high correlation
to all blood products transfused (Table 1).

TEG transfusion triggers compared to products transfused stratified by coagulopathy

score

After stratifying patients into low, intermediate, and high risk of coagulopathy based on
average coagulopathy score throughout the case, there was a significant difference in RBC
transfusions between the different groups at all timepoints except at incision (<2, low; 24,
intermediate; >4, high, Fig. 4A). The transfusion triggers used for hemostatic blood products
(based on the randomized controlled trial) demonstrated a large number of patients
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throughout surgery had TEG-detected abnormalities indicating a coagulopathy. The
coagulopathy score could appropriately differentiate patients for TEG abnormality
warranting plasma transfusion during the hepatectomy and anhepatic phase of surgery (Fig.
4C). This matched plasma transfusion based on coagulation risk only during the anhepatic
phase of surgery (Fig. 4B). The coagulopathy score also stratified patients with TEG-
detected abnormalities indicative of cryoprecipitate transfusion during incision,
hepatectomy, and anhepatic phase of surgery. The coagulopathy score did not significantly
stratify patients for differences in platelet transfusion as the most patients did not receive
platelet transfusions despite the majority of all patients from incision on had an TEG-derived
indication for transfusion that persisted through the entire case (Fig. 4F and G). During
reperfusion 120 the coagulopathy score risk significantly stratified patients by the number of
RBC, plasma, cryoprecipitate, and platelet transfusions (Fig. 4A, B, D, and F) despite the
coagulopathy score risk groups having no association with any TEG inflection points for
transfusion (Fig. 4 panels C, E, G).

Discussion

This prospective observational study evaluating a trauma derived coagulopathy score in liver
transplantation identified that the score had a high correlation with certain transfusions at
different timepoints, as well as with TEG-derived coagulopathies. This suggests the potential
for a complementary system consisting of clinically observed coagulopathy scores and
viscoelastic testing for guiding transfusions during liver transplantation. When stratifying
the data by average coagulopathy score during the case as in Fig. 4, this trend remained
evident; plasma was extensively transfused throughout the case, while cryoprecipitate and
fibrinogen were not given until the end of the case. TEG-detected coagulopathies warranting
transfusion of cryoprecipitate and platelets were apparent in >80% of high-risk coagulopathy
patients for the duration of surgery without transfusion until reperfusion 120. By the end of
the case, no TEG indices correlated with any blood product administration or the
coagulopathy score, which brings up concerns that patients were being transfused well after
the development of coagulopathy in a “catch-up” fashion.

To our knowledge, this is the first study to investigate the correlation between a viscoelastic
assay and a coagulopathy score in the setting of liver transplantation. The coagulopathy
score used in this study was previously developed in the setting of trauma surgery.® Studies
that have prospectively evaluated this score have shown that it is associated with TEG-
detected abnormalities including hyperfibrinolysis and blood product utilization.9-11 While
those studies only scored patients at one timepoint, this study had multiple timepoints thus
we were able to assess correlations to TEG indices more adequately. Coagulopathy scores
have shown utility in a variety of other research and clinical settings. A coagulopathy score
has been used in investigations of controlled hypotension in various surgical settings.12:13 A
6-point scoring system similar to that of this study including severity of bleeding was used,
but also incorporated the amount of suctioning occurring in the surgical field. The
International Society on Thrombosis and Haemostasis Bleeding Assessment Tool grades
bleeding based on site of hemorrhage as well as the necessary interventions (ie packing vs
transfusing requirement), which is utilized in the nontrauma setting. This coagulopathy score
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is currently used in clinical practice and correlates with bleeding severity as well as presence
of disease in Factor 13 and Von Willebrand deficiencies.141°

The coagulopathy score may aid in the clinical decision for laboratory testing for specific
coagulation dysfunction during surgery. The utility of viscoelastic assays during liver
transplantation has been established.>:16-20 Wang et al. first published a randomized
controlled trial showing significantly less fresh-frozen plasma was used in patients
monitored via TEG versus those monitored with conventional assays without changing
outcomes.® More recently in 2019, a randomized controlled trial showed that the median
amount of intra-operative transfusions was reduced in the viscoelastic group compared with
the standard group without a difference in post-operative outcomes.# In that study, FFP and
tranexamic acid were administered less often in the viscoelastic group, and fibrinogen
infused more often. Our results complement these findings as we observed liberal FFP
transfusion without TEG-derived indications, and lack of cryoprecipitate and platelet
transfusions despite TEG indications throughout the surgery.

The decision to screen for then treat coagulopathy remains an area of debate in liver
transplantation.3 Reluctance to treat coagulopathy early in liver transplant is multifactorial.
There are general risks associated with blood product administration including anaphylaxis,
infections, lung injury, and circulatory overload.?! There are also adverse events associated
with transfusions in liver transplant. Platelet transfusions are associated with adverse
outcomes in transplant2? and there is concern that transfused platelets are getting
sequestered in the spleen.23 This concern for platelet administration is apparent in our study
as the majority of liver transplant recipient have a TEG indication for platelet transfusions
for the duration of surgery (Fig. 4G) but did not get transfused until after graft reperfusion
(4F). We also appreciated a similar finding with TEG angle indicating a need for fibrinogen/
cryoprecipitate transfusions (Fig. 4E), particularly for patients with high coagulopathy
scores. Unlike platelet transfusions in liver transplant there is data lacking that
cryoprecipitate use is associated with adverse outcomes. In fact, several studies concluded
that fibrinogen replacement did not increase occurrence of thrombotic complications,2425
and fibrinogen concentrate was associated with improved outcomes in liver transplantation
when compared to fresh frozen plasma.28

While most blood products were used sparingly for treatment of coagulopathy during
surgery, FFP was used more liberally through the duration of surgery (Fig. 4B). High
volumes of FFP transfusions during liver transplant have recently been associated with an
increased risk of early mortality.2” Plasma does not treat fibrinogen and platelet dysfunction,
which was frequently transfused when a research TEG indicated one of these abnormalities
(Table 2). Large volumes of FFP in attempt to correct these other coagulopathies will result
in increased central venous pressure that can exacerbate surgical bleeding.28 Therefore,
targeted correction of coagulopathy is an appealing strategy in liver transplantation. Optimal
hemostasis is essential during transplantation as the number of red blood cell transfusions is
associated with increased morbidity and mortality.29-31

There also appear to be times during surgery when TEG detected coagulopathy does not
warrant treatment. Fig. 4A demonstrates that patients with coagulopathy scores of 2 at 120
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min or reperfusion despite a TEG indication for transfusion in more than 30% of patients.
These data support the classical philosophy indoctrinated by Dr. Starzl that “moderate
bleeding such as experienced in [liver transplant] patients should not necessarily be regarded
with alarm nor treated pharmacologically since spontaneous improvement can be
expected...” and if “treatment should become necessary for a hemorrhagic diathesis, it
should be guided by frequent measures of clotting parameters...“.2 We believe that the
coagulopathy score is a starting point to standardize language in transplant surgery for when
a patient has transitioned to from “moderate” to high rate of bleeding than tolerated.

The data from this study was collected at a single institution, thus limiting the
generalizability of the results. Additionally, it is difficult to account for variability of scoring
between individual transplant surgeons. To mitigate this variability, each transplant surgeon
was trained on how to use the scoring system properly, and each score was determined by
consensus, as often there were multiple attendings and fellows in the case. The surgeons
were not blinded to the ongoing transfusions requirements of the patient during the case.
None of the operating surgeons asked anesthesia input before making their decision on the
coagulation score, which was based on the operative field. However, there is a potential for
bias if the patient was actively being transfused. Research TEGs were performed at routine
times regardless of the patient clinical bleeding status, and the results were blinded to the
surgeon. These results also finalized 10-30 min after the clinical score was given. A clinical
TEGs performed in a separate clinical laboratory were also ordered by some of the
anesthesia providers at their own clinical discretion. These clinical TEGs ordered by the
anesthesia providers used a kaolin activator, while research TEGs did not use an activator
(native). While interpretation of the results between the two assays is comparable,32 only the
kaolin TEG is FDA approved for clinical use. A clinical trial implementing this score would
require the use of an activated TEG assay.

Conclusion

A standardized clinical coagulopathy score serves as a tool to improve communication
between surgery and anesthesia teams. Implementation of the clinical coagulopathy score as
an indicator for obtaining laboratory assessment and/or empiric transfusion of hemostatic
blood products is warranted to assess if this strategy can result in reduction in blood
transfusions while improving patient outcomes.
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Fig. 1.
Coagulopathy scores stratified by timepoint.
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0.2
%90 0.2 0.4 0.6 0.8 1.0
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B.
Coagulopathy Scores | Area under the Curve | P-Value | Standard Error [ 95% Confidence Interval
Composite 0.930 <0.001 0.040 0.852 — 1.000
Pre-Incision 0.780 0.012 0.075 0.632 —0.927
Hepatectomy 0.802 0.007 0.074 0.657 — 0.947
Anhepatic 0.828 0.003 0.070 0.690 — 0.966
Reperfusion 30 0.874 0.001 0.060 0.756 —0.992
Reperfusion 120 0.896 <0.001 0.049 0.800 —0.993

Fig. 2. Recelver Operant Characteristic (ROC) Curve For Coagulopathy Score Predicting
Massive Transfusion.

Graphical (A) and Tabular (B) Representations are included. Massive transfusion was
defined as more than 10 Red Blood Cell transfusions during the operation. ROC curves were
constructed for the composite score as well as each timepoint
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Fig. 3.

Patients requiring Re-operation following transplantation stratified by coagulopathy score at
reperfusion 120.
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Fig. 4. Blood Products Transfused and TEG-indicated Transfusion Triggers Stratified by

Timepoint and Coagulopathy Risk.

TEG indicated transfusion triggers were determined based on prior literature. Coagulopathy

risk was determined by average bleeding score (<2, low; 2-4, intermediate; >4, high).
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