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Abstract

Background: Since the 1860’s hypercoagulability and malignancy have been linked. However, 

the impact of different neoplasms on multiple components of the coagulation system remains 

poorly understood. Thrombelastography (TEG) enables measurement of coagulation incorporating 

clotting through fibrinolysis. We hypothesize that specific TEG indices are associated with 

hypercoagulability can be appreciated in patients with adenocarcinoma undergoing pancreatic 

resection.

Study Design: Blood samples were obtained in patients undergoing pancreatic resection before 

surgical incision and assayed with TEG. The four indices of coagulation measure by TEG 

included in the analysis were R time, Angle, MA (maximum amplitude) and LY30. Patient tumor 

type, nodal disease, and mass resectability were contrasted to TEG indices.

Results: One-hundred patients were enrolled over 18-months. The majority of patients had 

adenocarcinoma (ACA) (63%). Patients with ACA had increased angle compared to other lesions 

(49° [37-59] vs 43° [32-49] p=0.011). When excluding patients that underwent neoadjuvant 

therapy, patients with ACA had shorter R-times (13 min [9-16] vs 14 [12-18] p=0.051), steeper 

angles (49° [40-59] vs 43° [32-49] p=0.010), and higher MA (67 mm [61-69] vs 62 mm [57-67] 

p=0.017). Nodal disease was associated with a significantly increased angle (49° [42-59] vs 40° 

[32-50] p=0.002) and MA (64 mm [61-69] vs 62 mm [56-67] p=0.017). Patients who underwent 
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successful mass resection had longer R times (14 min [11-17] vs 10 min [9-15] p=0.033) and 

shorter angles (44 [35-55] vs 58 [45-66] p=0.025).

Conclusions: Patients with adenocarcinoma undergoing pancreatic resection have multiple TEG 

abnormalities consistent with hypercoagulability. These TEG outputs are associated with tumor 

type, nodal disease, and probability of a successful resection. The use of preoperative TEG has the 

potential to aid surgeon and patient discussions on anticipated disease burden and prognosis prior 

to resection.

Precis

Adenocarcinoma of the pancreas is associated with specific coagulation changes. These 

coagulation changes are detectable with thrombelastography. Specific thrombelastography 

measurements in patients with pancreatic masses correlates to disease burden and resectability, in 

addition to risk of postoperative pulmonary embolism.

Introduction

Since Trousseau’s observation of thrombosis associated with malignancy, there has been an 

interest in the identifying the mechanistic links between cancer and coagulation. Patients 

presenting with new onset bilateral deep venous thrombosis have been reported to have an 

undiagnosed malignancy in as many as 40% of patients(1). These thrombotic complications 

can be lethal, as it is appreciated that patients with known pancreatic cancer have a high rate 

of pulmonary embolism(2). Furthermore, patients undergoing pancreatic resection also have 

an increased rate of thrombotic complications in the perioperative period, which have been 

reported to exceed 25%(3).

There are several speculated mechanisms on what drives the derangement in coagulation 

including increased activity of platelets(4), release of tissue factor(5), anti-fibrinolytic 

protein(6), and inflammation(4, 7). Beyond changing coagulation, growing evidence 

suggests that platelets(8) endothelium(9) and neutrophils(9) are modified by tumor related 

factors and play a role in cancer metastasis. This is supported by recent data that oncologic 

patients’ risk of thrombotic complications correlates with their stage of disease(10). 

Therefore, classification of a patient’s coagulation status prior to surgery may not only 

predict thrombotic complications, but could serve as a prognostic tool to predict the severity 

of disease and resectability.

One of the largest dilemmas in identifying patients at risk of thrombosis with malignancy is 

a lack of tools to quantify hypercoagulability. Measurement of the hypercoagulable state is 

limited with conventional plasma based assays, but are detectable with viscoelastic assays 

such as thrombelastography (TEG) employed in trauma (11). This has also been appreciated 

in surgical oncology patients, in which TEG detected hypercoagulability is appreciated in 

colorectal and breast cancer patients despite having normal fibrinogen and platelet 

levels(12). As advance pancreatic cancer patients are known to have high rates of thrombotic 

complications(13) our study targeted a cohort of patients undergoing pancreatic resection to 

identify if pre-operative coagulation evaluation with TEG could predict nodal disease, and 

resectability of the patient’s pancreatic mass as well as thrombotic complications. We 
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hypothesize that specific TEG indices associated with hypercoagulability are more common 

in patients with adenocarcinoma of the pancreas compared to other lesions.

Methods

Patient Population and Sample Collection

Patients undergoing pancreatic surgery for resection of a mass (or cyst) were prospectively 

enrolled over an 18-month period under protocols approved by the Colorado Institutional 

Review Board from January 2016- June 2017. Patients were included in the study if they had 

a pancreatic mass deemed resectable by their treating surgeon. The decision to proceed to 

resection was often based on the consensus of the University of Colorado Multidisciplinary 

Pancreatic clinic, which includes additional surgical oncologist, radiologist, oncologists, 

radiation oncologists. Patient selection was limited to patients undergoing pancreatic 

resection as it would provide the definitive pathologic diagnosis, in addition to the presence 

of nodal disease. This study was a pragmatic convenient sample based on the patient’s 

willingness to consent for research and availability of the research assistant to collect and 

process samples. Blood samples were obtained in 3.5 ml citrated tubes before surgical 

incision and after general anesthesia induction through a radial placed arterial line. Healthy 

volunteer native TEG data on 96 individuals was also included to serve as a control for 

expected normal ranges. These results and patient demographics have previously been 

reported(14).

Thrombelastography

Citrated blood samples were all run by a single technician (PL) with experience conducting 

over 1,000 TEG assays. Samples were all run within 2 hours of blood draw in accordance 

with manufacturers recommendations. TEGs were run as native non activated assays, rather 

than kaolin or rapid TEG, based on previous work demonstrating a native TEG having a 

higher sensitivity for detecting hypercoagulability(14). The four indices of coagulation 

measure by TEG included in the analysis were R time (minutes ~ coagulation factors) angle 

(degrees ~ fibrinogen function) MA (mm ~ platelets function) and LY30 (%~ fibrinolysis).

Demographics and Outcomes

Patient demographics and outcomes were prospectively recorded through a central data 

collection registry. Demographics of interest included the patients age, sex, location of 

tumor, pre-operative tumor markers, neoadjuvant chemotherapy/radiation, and planned 

operative intervention. Outcomes of interest included tumor type, nodal disease, metastatic 

disease, tumor grade, neuronal and lympho-vascular invasion, mass resectability, and deep 

vein thrombosis (DVT) and pulmonary embolism (PE). These thrombotic complications 

(DVT, PE) we identified if the patient had symptoms with subsequent follow up 

confirmatory testing with ultrasound or computed tomography, and not identified by any 

screening tests. The patient’s disease burden was determined after final pathology 

assessment. Patients with a preoperative diagnosis of IPMN or other cystic neoplasm that 

had evidence of malignancy were categorized as having malignancy, including patients with 

carcinoma in situ. Patients were classified as having hypercoagulability if there TEG indices 

were outside of the interquartile range of healthy volunteers (R time < 13 minutes, Angle 
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>51%, MA> 60mm and LY30 <0.9%)(14). All patients had routine standardized post-

operative deep vein thrombosis prophylaxis with three times a day subcutaneous heparin and 

sequential compression devices on lower extremities.

Statistical Analysis

SPSS version 23 (IBM, Armonk, NY, USA) was used for statistical analysis. TEG 

measurements are described as median and interquartile values. TEG indices were 

contrasted between tumor types [adenocarcinoma (ACA) vs non] with a Mann Whitney U 

test. Additional analyses were performed to contrast TEG values between patients with 

nodal disease vs local disease, resectable vs non resectable masses, and patients that had 

thrombotic complications vs non thrombotic events. Patients were then stratified based on if 

they recieved neoadjuvant therapy versus direct to surgery and the same analyses were 

repeated. The prevalence of hypercoagulability for each of the TEG indices was described 

per tumor type, and significance was assessed using a goodness of fitness test based on the 

expected distribution of hypercoagulability (25%) based on healthy volunteer data. Burden 

of disease (local, nodal, metastatic) was correlated with Spearman’s Rho Test. Receiver 

operating characteristic (ROC) curves were used to contrast TEG indices performance to 

predict resectability compared to CA19-9. While CA19-9 is not clinically used at our 

institution to proceed with surgery, it is has been proposed a potential biomarker to 

determine if patients are resectable regardless of imaging(15). Overall model significance of 

CA19-9 vs TEG indices was determined by area under the curve of a receiver operator 

characteristic curve (ROCAUC).

Results

Patient Population

During the 18-month study period 186 patients underwent surgery for pancreatic resection, 

of which, 100 patients were successfully enrolled. The median age of patients was 66 years 

ranging from 21 to 82. The most common operation was a pancreaticoduodenectomy (75%) 

followed by distal pancreatectomy (20%) and central pancreatectomy (5%). The majority of 

patients had adenocarcinoma (63%) with the remaining masses having a roughly equal 

distribution of neuroendocrine tumors (15%), intraductal papillary mucinous neoplasm 

(IPMN) and 11% inflammatory/cystic mass. Tumors were predominantly located in the 

pancreas (89%) but were also found in the common bile duct (9%) and duodenum (2%). 

Neoadjuvant chemo radiation was used in 17% of patients. An overview of the patient 

demographics in patients with adenocarcinoma versus other malignancy are summarized in 

Table 1.

Thrombelastography Characteristics of Patients with Adenocarcinoma

Descriptive changes between different histopathologic diagnoses and TEG indices are listed 

in Table 2. There was no significant difference in patients with malignant (ACA or PNET) 

vs nonmalignant masses (R time p=0.868, angle p=.380, MA p=0.396, p=0.543). The 

prevalence of hypercoagulability in the overall patient population for the different TEG 

measurements were; R time 48% (p<0.001 compared to healthy), Angle 36% (p=0.038), 

MA 65% (p<0.001), LY30 73% (P<0.001). Patients with adenocarcinoma of the pancreas 
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had a significantly increased angle compared to other lesions [49° (37-59) vs 43° (32-49) 

p=0.011]. When excluding patients that underwent neoadjuvant therapy, patients with ACA 

had shorter R-times [13 min (9-16) vs 14 (12-18) P=0.051], steeper angles [49° (40-59) vs 

43° (32-49) p=0.010], and higher MA [67mm (61-69) vs 62 (57-67) p=0.017] compared to 

other lesions (Figure 1). Hypercoagulability in this patient population was significantly more 

common compared to healthy volunteers; R time 57% (p<0.001), Angle 44% (p<0.001), 

MA 80% (p<0.001), LY30 74% (p<0.001). However, within the patients undergoing 

pancreatic resection hypercoagulability was only significantly more prevalent in patient with 

ACA compared to other lesions in regards to Angle (44% vs 16% P=0.009) and MA (80% 

vs 60% p=0.036), while no statistical difference was appreciated with R time (57% vs 41% 

p=0.148) and LY30 (74% vs 81% p=0.440). Within the cohort of patient with ACA, patients 

that underwent neoadjuvant chemotherapy had a significantly reduced MA [58mm (55-65) 

vs 67mm (61-69) p=0.024] but no differences between other TEG indices with blood draws 

the day of surgery before incision.

Coagulation Measurements are Association with Regional and Metastatic Disease

Node positive disease was identified in 51% of patients. In the overall patient cohort nodal 

disease was associated with a significantly increased angle [49° (42-59) vs 40° 

(32-50)p=0.002] and MA [64mm (61-69) vs 62mm (56-67) p=0.017]. This association only 

existed within the cohort of patients with ACA (angle p=0.003 MA p=0.038 Figure 2), 

which was consistent with tumors that had lymphvascular invasion having higher angles [53 

(44-61) vs 42 (35-58) p=0.042]. There was no association identified with TEG indices and 

perineural invasion, histologic grade, or tumor size. While underpowered (n=17) to show a 

significant difference, patient’s who underwent neoadjuvant chemotherapy show a similar 

relationship with nodal disease had steeper angles [55° (34-59) vs 41° (25-56) p=0.315] and 

higher MA [61mm (54-68) vs 57mm (55-58) p=0.475] compared to patients with node free 

disease.

Coagulation Measurements Predict Successful Mass Resection

Masses were successfully resected in 89% of patients, with the remaining 11 patients having 

aborted resection due to evidence of occult metastatic disease after laparotomy or invasion 

into vascular structures. Patients whom underwent successful mass resection had longer R 

times [14 min (11-17) vs 10 min (9-15) p=0.033] and shorter angles [44 (35-55) vs 58 

(45-66) p=0.025]. When comparing TEG indices to CA19-9 (collected on 81 patients 

preoperative) ROC curve analysis identified both R time (ROCAUC 0.708 p=0.034) and 

Angle (ROCAUC 0.712 p=0.030) as better predictors for successful resection compared to 

CA19-9 (ROCAUC 0.581 p=0.409 Figure 3).

Thrombotic Outcomes

Thrombotic complications occurred in 11% of patients (10 DVT and 3 PE). The majority of 

the DVTs occurred in patients with ACA (n=6) followed by inflammatory/cystic (n=3) and 

neuroendocrine (n=1). PE occurred in ACA (n=2) and inflammatory/cystic (n=1). Both 

patients with ACA and PE also had a DVT, but the single patient with an inflammatory mass 

had an isolated PE with no evidence of DVT. There were no specific TEG variables 

associated with DVT in the overall cohort or in patients with the diagnosis of ACA. 
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However, multiple TEG variables were associated with PE including a short R time [8 min 

(8-9) vs 14 (11-17) p=0.020], increased angle [57 (44-58) vs 45 (36-56) p=0.044], and low 

LY30 [0 (0-0) vs 0.4 (0-0.9) p=0.022]. All of the patients who developed a PE had all four 

TEG measurements consistent with hypercoagulability.

Discussion

Preoperative TEG in patients undergoing pancreatic resection identified patients with 

adenocarcinoma of the pancreas who have unique coagulation patterns that can aid in risk 

stratification for the presence of nodal disease and resectability. TEG also identified surgical 

patients undergoing a pancreatic resection at risk of pulmonary embolism. While all TEG 

indices in this cohort had a significantly higher rate of hypercoagulability comparted to a 

healthy volunteer population, only specific indices were associated with oncologic burden of 

disease. Angle, was found to be the most predictive variable in differentiating patients with 

ACA versus other pathology, having node positive disease, and had better performance than 

CA19-9 to predict which patients could likely undergo complete surgical resection.

Our study is in agreement with previous findings that preoperative hypercoagulability 

measured by thrombelastography is associated with solid tumor malignancy(12). Francis et 

al(12) reported that roughly half of patients with colorectal cancer (n=8/17) had shortened R 

time, increased angle, and MA compared to healthy controls. Similar observations of 

preoperative hypercoagulability in patients with solid tumor malignancies have also been 

appreciated with ROTEM, a different type of viscoelastic assay(16, 17). However, 

coagulation differences in these older patients may not be causes by malignancy, and could 

be related to the patient age and comorbidities. Individuals who donated blood for our 

previous healthy volunteer study had a median age of 31years (twice the age of the median 

age in this study) and did not have diabetes, or known cardiovascular disease(14). Advanced 

age(18) and diabetes(19) have been associated with hypercoagulability and thrombotic risks. 

This is of clinical significance as the patient’s comorbidities alone could be a risk factor for 

thrombosis prior to a significant abdominal surgery, regardless of underlying pathology. 

Even more concerning, evidence suggests that patients undergoing hepatobiliary surgery 

have a tendency to have increased hypercoagulability on post-operative day 1(20). This may 

explain why preoperative TEG measurements did not identify a risk for DVT in this study. 

The overall patient population was had a higher prevalence of hypercoagulability compared 

to healthy 30 year olds, which could be related to their advanced age and comorbidities. A 

larger patient population would be required to control for these confounders to identify if 

adenocarcinoma and a specific TEG measurements are independent predictor of DVTs.

A recent retrospective study of nearly 150,000 oncologic patients identified an association 

between a patient’s stage of malignancy at initial diagnosis and risk of subsequent 

thrombotic event(10). While the mechanistic link is lacking, pre-existing data on TEG 

abnormality in patients with new onset DVT, identified that angle was the most commonly 

elevated TEG variable in these patients (21). Angle in viscoelastic testing is most commonly 

ascribed to the fibrinogen function of whole blood(22). Previous reports have identified 

increased fibrinogen levels in patients with nodal and metastatic disease in esophageal 
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cancer(23, 24). Our study is consistent with these previous descriptive studies in which an 

elevated angle was associated with patients having nodal disease, and pulmonary embolism.

Our data suggests a benefit of a pre-operative role of viscoelastic assessment in patients 

undergoing pancreatic resection. The current gold standard biomarker CA19-9 for diagnosis 

of pancreatic cancer and prediction of tumor resectability(25) has been reported to perform 

well in predicting successful mass resection(26). However current consensus guidelines for 

boarderline resectable pancreatic masses do not advocate using CA19-9 to predict 

resectability, rather it should be used to decide if surgical resection will benefit the 

patient(27). The TEG indices R time and angle both outperformed CA19-9 to predict 

resection in our patients (Figure 3). Continued monitoring of the patient coagulation status 

after surgery may also be important for the acute and long-term care of the patient. 

Pancreatic resection is associated with an acquired hypercoagulability by post-operative day 

one(20). This acquired hypercoagulability also been reported in an older study, in which 

impairment of fibrinolysis was associated with thrombotic complications(28). This would 

set up a dangerous scenario in which a patient has increased fibrinogen function prior to 

surgery, post operatively has an impaired ability to break down fibrin clot. During trauma the 

development of an acquired fibrinolysis resistance can occur within 2 hours of injury(29). 

Patients who developed post-operative pulmonary embolisms in our study has shortened 

clotting times, increased angles, and lower LY30s, suggesting that they had a multifactorial 

process driving their clotting abnormalities. Heparin alone is unlikely to be an effective 

prophylaxis for these patients prothrombotic state, as it only targets thrombin generation and 

not hyperfibrinogenemia. The role of multi anticoagulant/platelet prophylaxis is becoming 

common practice in other high-risk patient populations(30) and a personalized patient 

specific targeted anticoagulation regimen would be appealing to reduce the risk of 

thrombotic versus bleeding.

After discharge, continued viscoelastic testing may also be warranted to monitor for disease 

recurrence indicated by failure to reverse hypercoagulability. It has been previously 

demonstrated that failure to correct CA19-9 is associated with early recurrence and shorter 

disease-free survival(31). The same effect could be true with TEG measurements. Early data 

from our study suggests the patients who have had successful neoadjuvant chemotherapy 

with node free disease have lower angles and MA, compared to those with nodal disease. 

Others investigators have proposed that CA19-9 in combination with coagulation 

measurements (fibrinogen and D-Dimer) can aid in monitoring patient for risk of 

recurrence(32).

Our study is limited to measuring one time point in a cancer patient’s long treatment 

trajectory, and lacks long-term follow up data for cancer recurrence and survival. In addition, 

the cut points for pathologic hypercoagulability in older patients undergoing major 

abdominal operations is not clearly defined, and multiple definitions exist and lack 

adjustment for multiple confounders which could be attributable to thrombotic risk(17, 20, 

33–35). Based on our healthy volunteer data, patients undergoing pancreatic resection have 

dissimilar coagulation profiles compared to younger adults lacking medical comorbidities. 

We used a 25th percentile cut point to crudely describe coagulation differenced and should 

not necessarily be used as a cut point to define risk of thrombosis. Future studies with large 
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patient populations are needed to define the specific pathologic cut points for 

hypercoagulability with viscoelastic assays and risk for thrombotic complications in patients 

undergoing pancreatic surgery after adjusting for confounders. The rates of thrombotic 

complications in our study was not sufficient to enable a multivariate regression analysis to 

determine if TEG indices are independent predictors of thrombotic complications, limiting 

our results to an observation which require subsequent validation. Finally, while our 

convenient patient sample population suggests that fibrinogen is likely the contributory 

cause of hypercoagulability in patients with adenocarcinoma of the pancreas, ongoing 

investigation is needed to validate this finding. Alternative explanations for 

hypercoagulability and pancreatic cancer have been from tumor derived microparticles 

driving thrombotic complications(36), while older data suggest that mucin from tumors is an 

etiology of thrombosis(37). However, neither of these hypotheses would explain why angle 

is increased in patient with advanced pancreatic cancer. The increase in angle could also 

represent an adaptive response to the tumor. It has been appreciated that the innate immunity 

evolved from the coagulation system(38). Other pathologic conditions with chronic 

inflammatory states have also been associated with hypercoagulability including primary 

biliary sclerosis(35), inflammatory bowel disease(34) and obesity(33). Ongoing work is 

needed to determine the underlying cause of increased angle and hypercoagulability in 

patients with adenocarcinoma of the pancreas, to differentiate if these measurements are 

biomarkers or intrinsic to changes for the underlying disease. We also acknowledge that our 

study population is limited to a convenient sample and is at risk of selection bias to patients 

deemed resectable by the surgeon, and results cannot be generalized to all patients 

presenting to the hospital for evaluation of the removal of a pancreatic mass.

In conclusion, a pre-operative TEG in patients undergoing pancreatic resection has potential 

utility in risk stratifying patients for burden of disease for patient with adenocarcinoma, in 

addition to identifying patients at risk of pulmonary embolism. Ongoing investigation is 

needed to validate these findings in a large patient population to adjust for confounders, in 

addition to identifying the mechanisms of what drive these coagulation changes.
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Figure 1. 
Percent of patients determined to have hypercoagulability stratified by adenocarcinoma 

compared to other lesions. Dotted line, expected percentage of patients to have 

thrombelastography indices suggestive of hypercoagulability based on the healthy volunteer 

population (25%). While hypercoagulability determined by thrombelastography 

measurements was significant for all four variables in the overall population, only angle and 

MA hypercoagulability were significantly increased in patients with adenocarcinoma 

compared to other pancreatic lesions. *p<0.05 between ACA and non ACA. ACA, 

adenocarcinoma; MA, maximum amplitude; LY30, lysis at 30 minutes.
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Figure 2. 
Differences in angle between patients with adenocarcinoma vs non-adenocarcinoma lesions 

stratified by node-positive disease. *p<0.05. ACA, adenocarcinoma.
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Figure 3. 
Differences in receiver operating characteristic curve between CA19-9 vs 

thrombelastography measurements of R time and angle to predict resectability.
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Table 1.

Patient Demographics and Tumor Characteristics

Variable Non-ACA ACA

Age, y (25th-75th percentile) 60 (53-69) 67 (61-73)

Female, % 48 49

Tumor location, %

 Pancreas 95 86

 Common bile duct 5 11

 Duodenum 0 3

Pancreatic mass location, %

 Ampulla 11 13

 Head 46 65

 Body 14 6

 Tail 29 17

Neoadjuvant therapy, % 0 27

Median tumor size, cm (25th-75th percentile) 2.4 (1.6-4.7) 2.5 (1.6-3.5)

Perineural invasion, % 14 67

Lymphovascular invasion, % 22 51

Node positive disease, % 19 67

Metastatic disease, % 3 17

Resectable, % 100 83

Deep vein thrombosis, % 12 10

Pulmonary embolism, % 3 3

ACA, adenocarcinoma.
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Table 2.

Thrombelastography Variables Stratified by Tumor Histology

Variables ACA IPMN PNET INFL/Cystic/other

R Time, min 13 (10-16) 12 (11-16) 15 (14-20) 13 (11-17)

Angle, degree 49 (37-59) 37 (33-49) 37 (28-49) 49 (43-54)

MA, mm 63 (58-69) 61 (57-64) 61 (54-69) 65 (56-68)

LY30, % 0.4 (0-1.0) 0.2 (0-0.7) 0.4 (0-0.9) 0.4 (0.1-0.6)

Data in parentheses are 25th to 75th percentile.

ACA, adenocarcinoma; IPMN, intraductal papillary mucinous neoplasm; LY30, lysis at 30 min; MA, maximum amplitude; PNET, pancreatic 
neuroendocrine tumor; INFL/Cystic/other, inflammatory, cystic mass, or other mass type not mentioned.
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