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Objective: To estimate the value of the different thromboelastogram indices for predicting 

hemorrhage and vascular obstruction in an elderly population.

Methods: This was a prospective cohort study of patients 65 years and older without hemato-

logic disorders who received thromboelastography (TEG) examination at the Chinese People’s 

Liberation Army General Hospital from January 2007 to December 2010. Detailed information 

was collected at recruitment including their TEG test results. Subjects were then followed dur-

ing outpatient visits and hospitalization. The primary outcome measures were hemorrhage and 

vascular obstruction. Receiver-operating characteristics (ROC) curves were used to compare the 

predictive value of the four TEG indices, reaction time (R), clot formation time (K), maximal 

amplitude (MA), alpha angle (ANGLE) and their combination for predicting hemorrhage and 

vascular obstruction. The maximal Youden’s index was used to estimate optimal cut-off values for 

the indices. Areas under the ROC curves were used to estimate overall predictive accuracies.

Results: A total of 403 elderly patients met inclusion criteria and were included: 373 male and 

30 females with mean age 83.0 ± 7.3 years and range of 65–103 years. Hemorrhage occurred in 

25 (6.2%) patients and vascular obstruction in 78 (19.4%) patients during the 2-year  follow up. 

The currently recommended TEG cut-off values were poorly predictive of vascular obstruc-

tion and modestly predictive of hemorrhage. Based on maximal Youden’s, the optimal cutoffs 

of the TEG indices for predicting vascular obstruction were: R = 7, K = 1.5, MA = 63.5, and 

ANGLE = 67.1. A combination of all four showed the best predictive value (area under the 

ROC curve of 0.60, sensitivity 85.9%, and specificity 34.7%). The optimal cut-off values for 

predicting hemorrhage were: R = 7.8, K = 2.3, MA = 50.5, ANGLE = 53.7. A combination of 

R and MA was also most predictive of hemorrhage (area under ROC curve 0.66, sensitivity 

60%, and specificity 71.7%).

Conclusion: The currently adopted cut-off values for TEG indices are poorly and modestly 

predictive of hemorrhage and obstruction, respectively, in the elderly population. Optimal cut-

off values determined by ROC curve analysis improved the prediction of vascular obstruction 

and hemorrhage.

Keywords: thromboelastography, TEG, elderly, obstruction, hemorrhage, ROC curve, 

prediction

Introduction
As life expectancy increases in the People’s Republic of China and around the world, 

the number of elderly people continues to rise.1–4 Hemorrhage and vascular obstruction 

are two common complications in this population and early diagnosis is important in 

reducing morbidity and mortality.
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Thromboelastography (TEG) is based on measurements 

of the viscoelastic properties of whole blood specimens and 

the various activities that transpire in coagulation.5 It gives 

a real-time functional evaluation of the coagulation cascade, 

beginning with initial platelet-fibrin interaction through plate-

let aggregation, clot strengthening, and fibrin cross-linkage, 

and eventually clot lysis.6 As it is able to provide an assessment 

of clot initiation and formation and stability of the clot, it is 

ideally suited to demonstrate both hypo- and hypercoagulable 

states. TEG has been shown to predict venous thromboembo-

lism (VTE), vascular graft occlusion, and myocardial infarc-

tion risk in various patient populations.7–10

Prior studies have demonstrated the value of TEG indices 

for predicting hemorrhage and vascular obstruction after sur-

gery or trauma.11–15 However, there have been no long-term 

follow-up studies investigating the ability of TEG to predict 

obstruction and hemorrhagic events. In addition, due to the 

unique physiology of the elderly, the threshold of the TEG 

indices for diagnosing these conditions may be different from 

those currently recommended.

The objective of the present study is two-fold: (1) to 

test the predictive value of current cutoffs of TEG indices 

for predicating hemorrhage and vascular obstruction, and 

(2) to estimate the optimal cut-off values of TEG indices for 

predicting hemorrhage and obstruction in the elderly.

Materials and methods
study setting
This was a two-year, prospective cohort study. The institu-

tional review board of the Chinese PLA General Hospital 

approved this study. The Chinese PLA General Hospital, 

located in Beijing, People’s Republic of China, is the largest 

comprehensive level 3 Grade-A hospital in the army. It is 

well acknowledged as a modern medical institution with a 

full range of medical service, health care, advanced medical 

education, and powerful scientific research.

selection of participants
Patients 65 years or older who received the TEG test at the 

Chinese People’s Liberation Army General Hospital from 

January 2007 to December 2010 were included. Patients 

with hematological disorders and those who did not complete 

the 2-year follow-up were excluded. Detailed information 

including sex, age, TEG test result, bed rest history, medica-

tion history, and disease history was collected at enrollment. 

Subjects were then followed for 2 years at each outpatient 

visit or hospitalization for the occurrence of hemorrhage or 

vascular obstruction.

laboratory setting and processing  
of specimens
All TEG specimens were run on Thromboelastograph 

Analyzer 5000 (Haemoscope Corporation, Braintree, MA, 

USA). According to the manufacturer’s guidelines, 1 mL of 

citrated blood was placed in a vial contained 1% kaolin. After 

adding the blood sample, the vial was inverted five times to 

ensure activation of the respective additives. After activa-

tion, 340 µL of blood was pipetted into one cuvette, TEG 

analysis was performed at once with on-line analysis (TEG 

Analytical Software: Version 4.2.101; Haemoscope Corpora-

tion,  Braintree, MA, USA). The tracing was automatically 

stopped after a period following attainment of maximum 

amplitude (MA). Quality control checks were completed 

within 8 hours of blood collection per the manufacturer. 

The following indexes were recorded from the computer-

generated thromboelastograph for each sample.

Teg measurements
The main TEG parameters recorded included: (1) reaction 

time (R) the time required from the start of blood sample test 

to fibrin formation; normal range is 2–8 minutes; longer R 

suggests hypocoagulable state, and shorter R suggests hyper-

coagulable state), (2) clot formation time (K), the time from 

start of coagulation to the amplitude of TEG traces reaching 

20 mm; normal range is 1–3 minutes; longer K suggests 

hypocoagulable state and shorter K suggests hypercoagulable 

state, (3) maximum amplitude (MA), reflecting the absolute 

strength of blood clots; normal range is 51–69 mm; smaller 

MA suggests hypocoagulable state and larger MA suggests 

hypercoagulable state, and (4) alpha angle (ANGLE), refer-

ring to the angle between horizontal line and the line tangential 

to the maximum radian curve from the point of blood clot 

formation to trace diagram; representing the rate of blood 

clot formation; normal range is 55°–78°; smaller ANGLE 

suggests hypocoagulable state and larger ANGLE suggests 

hypercoagulable state.16

Define of outcomes
The primary outcome measures were vascular obstructions and 

hemorrhage. Vascular obstruction was defined as the occur-

rence of any of the following: myocardial infarction, ischemic 

stroke, deep vein thrombosis, and pulmonary  embolism. New 

myocardial infarction was diagnosed by clinical symptoms, 

ECG changes, and myocardial enzymes. Ischemic stroke was 

diagnosed clinically and confirmed by a head computerized 

tomography or magnetic resonance  imaging. Diagnosis of 

deep vein thrombosis was made by  clinical manifestations 
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Table 1 Comparison of general information and clinical features between patients in different groups

Variable Outcome χ² or F

Normal (%) Hemorrhage (%) Obstruction (%)

number of subjects 300 25 78
Age (mean ± sD) 82.2 ± 7.4 86.9 ± 7.7 84.9 ± 5.7 8.467DD

sex  
0.3622 Male 279 (93.0) 23 (92.0) 71 (91.0)

 Female 21 (7.0) 2 (8.0) 7 (9.0)
long-term bed resta  

105.894DD no 281 (93.7) 6 (24.0) 52 (66.7)
 Yes 19 (6.3) 19 (76.0) 26 (33.3)
Taking anticoagulant drugsb  

3.698 no 59 (19.7) 2 (8.0) 10 (12.8)
 Yes 241 (80.3) 23 (92.0) 68 (87.2)
history of obstructive diseasec  

15.8972DD no 202 (67.3) 18 (72.0) 34 (43.6)
 Yes 98 (32.7) 7 (28.0) 44 (56.4)
Baseline Teg index value
 r (mean ± sD) 6.8 ± 2.0 7.3 ± 2.3 6.3 ± 1.6 3.592D

 K (mean ± sD) 1.9 ± 0.8 2.0 ± 0.7 1.7 ± 0.6 2.981D

 MA (mean ± sD) 60.2 ± 5.7 59.8 ± 7.7 61.7 ± 6.9 2.055

 Angle (mean ± sD) 59.1 ± 10.4 61.7 ± 8.4 62.2 ± 8.8 3.295D

Notes: along-term bed rest refers to cases in which duration of bed rest was longer than half a year; banticoagulant drugs taken included aspirin, clopidogrel, heparin sodium, 
low molecular weight heparin sodium, argatroban, warfarin sodium, enteric-coated lumbrokinase capsules; chistory of obstructive diseases included history of old lacunar 
infarction and old myocardial infarction; Dbetween-group comparison P , 0.05; DDbetween-group comparison P , 0.01.
Abbreviations: ANGLE, solidification angle; K, coagulation formation time; MA, maximum amplitude; R, coagulation reaction time; SD, standard deviation; TEG, thromboelastography.
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and venous ultrasound scan, while  pulmonary embolism was 

confirmed by a chest or pulmonary angiography.  Hemorrhagic 

events were defined as the occurrence of any of the following: 

hematuria, gastrointestinal hemorrhage, surgical wound hemor-

rhage, hemorrhage in the mouth or nose, purpura, or ecchymo-

sis. These were confirmed by direct clinical manifestations, and 

results of microscopic examination and occult blood test.

statistical analysis
Data were analyzed using SAS 9.13 (SAS Institute Inc, 

Cary, NC, USA) statistics software package. Continuous 

variables were compared between multiple groups using 

analysis of variance (ANOVA) while categorical variables 

were compared using the X2 test. Tests with P , 0.05 were 

considered statistically significant. PROC LOGISTIC pro-

cedure was used to construct ROC curves. The maximal 

Youden’s index was used to estimate the optimal cut-off 

values of different TEG indices. Sensitivity and specific-

ity of different TEG indices in predicting outcome events 

were calculated. Areas under the ROC curves were used 

to estimate overall predicting accuracy of different TEG 

indices and combinations, and were compared using the 

Delong Clarke-Pearson test. Multi-factor Cox regression 

model was used to identify independent predictors of the 

outcome events.

Results
Demographic and baseline data
A total of 403 patients were enrolled, including 373 men 

(92.6%) and 30 women (7.4%), with a mean age of 

83.0 ± 7.3 years old, ranging from 65–103 years old.  During 

the follow-up study, 25 (6.2%) hemorrhagic events and 78 

(19.4%) obstruction events (including 32 cases of myocardial 

infarction, 19 cases of cerebral infarction, 3 cases of limb 

arterial thrombosis, 20 cases of limb venous thrombosis, 

and 4 cases of mesenteric arterial thrombosis) occurred. 

A comparison of clinical characteristics laboratory test 

results for these groups is shown in Table 1. There were no 

differences in sex or treatment with anticoagulation drugs 

among groups. However, age, long-term bed rest, and his-

tory of obstructive diseases were significantly different 

among the three groups. Baseline values of TEG indices 

R, K, and ANGLE were also significantly different among 

the groups.

rOC analysis
Currently recommended cut-off values (R # 2, K # 1, 

MA $ 69, or ANGLE $ 78) demonstrated poor predictive 

value for vascular obstruction (Table 2). Whereas K and 

MA had high specificity (95% and 94%, respectively), the 

corresponding sensitivities were rather low (only 5.1% and 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2013:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1408

Zheng et al

14.1%, respectively). The other two indices R and ANGLE 

were unable to detect positive cases of obstruction.

Based on maximal Youden’s indices, the optimal cut-off 

values for different TEG indices for predicting vascular 

obstruction in the elderly were R = 7, K = 1.5, MA = 63.5, 

and ANGLE = 67.1. Using these optimal cut-off values, 

sensitivity, specificity, positive predictive value,  negative 

predictive value, accuracy, and AUC of ROC curve were 

calculated (Table 3). When these optimal cut-off values 

were used, all four TEG indices showed  statistically 

 significant, but modest improvements in predictive value 

(area under ROC curves 0.59, 0.60, 0.58, and 0.57 for R, 

K, MA, and ANGLE, respectively). The predictive val-

ues of the four TEG indices were variable in the order of 

K . R . MA . ANGLE with R having the highest sensi-

tivity (78.2%) and ANGLE having the highest specificity 

(77%). Analysis of different serial and parallel combina-

tions showed that a joint index combining all four indices 

in parallel resulted in better predictive value than any single 

index (Figure 1; area under ROC curve 0.60, sensitivity 

Table 2 Predicting obstruction in elderly population using rOC curves and currently adopted cutoff values for different Teg indices

Positive  
criteria

Obstruction Sensitivity  
(%)

Specificity  
(%)

Positive predictive  
value (%)

Negative predictive  
value (%)

Accuracy 
(%)

AUC

Yes No

r
 #2 0 0 0 100 0 79.4 79.4 0.5000

 .2 78 300
K
 #1 4 15 5.1 95 21.1 79.4 76.5 0.5006

 .1 74 285
MA
 $69 11 18 14.1 94 37.9 80.8 77.5 0.5405

 ,69 67 282
Angle

 $78 0 1 0 99 0 79 79.1 0.5000

 ,78 78 299

Notes: Sensitivity is the proportion of true positives that are correctly identified by TEG test; it shows how good the test is at detecting a disease. Specificity is the proportion 
of the true negatives correctly identified by TEG test; it suggests how good the test is at identifying normal (negative) condition. Positive predictive value is the probability 
that the disease is present when the Teg test is positive. negative predictive value accuracy is the probability that the disease is not present when the Teg test is negative. 
Accuracy is the proportion of true results, either true positive or true negative, in a population; it measures the degree of veracity of a diagnostic test on a condition.
Abbreviations: ANGLE, solidification angle; AUC, area under the curve; K, coagulation formation time; MA, maximum amplitude; R, coagulation reaction time; ROC, 
receiver-operating characteristics; Teg, thromboelastography.

Table 3 Predicting obstruction in elderly population using rOC curves and optimal cutoff values for different Teg indices

Positive 
criteria

Obstruction Sensitivity  
(%)

Specificity  
(%)

Positive predictive  
value (%)

Negative predictive  
value (%)

Accuracy 
(%)

AUC

Yes No

r
 #7 61 174 78.2 42 26 88.1 49.5 0.5936a

 .7 17 126
K
 #1.5 39 89 50 70.3 30.5 84.4 66.1 0.5987b

 .1.5 39 211
MA
 $63.5 37 75 47.4 75 33.1 84.6 69.3 0.5825c

 ,63.5 41 225
Angle

 $67.1 29 69 37.2 77 29.6 82.5 68.8 0.5743d

 ,67.1 49 231

Notes: Sensitivity is the proportion of true positives that are correctly identified by TEG test; it shows how good the test is at detecting a disease. Specificity is the 
proportion of the true negatives correctly identified by TEG test; it suggests how good the test is at identifying normal (negative) condition. Positive predictive value is the 
probability that the disease is present when the Teg test is positive. negative predictive value accuracy is the probability that the disease is not present when the Teg test is 
negative. Accuracy is the proportion of true results, either true positive or true negative, in a population; it measures the degree of veracity of a diagnostic test on a condition. 
Compared to AUC using currently adopted cutoff values to predict obstruction, aP = 0.002; bP = 0.0011; cP = 0.014; dP = 0.022.
Abbreviations: ANGLE, solidification angle; AUC, area under the curve; K, coagulation formation time; MA, maximum amplitude; R, coagulation reaction time; ROC, 
receiver-operating characteristics; Teg, thromboelastography.
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85.9%, specificity 34.7%, positive predictive value 25.5%, 

and negative predictive value 90.5%).

The currently recommended cut-off values (R $ 8, 

K $ 3, MA # 51, or ANGLE # 55) were modestly predic-

tive of hemorrhagic events (Table 4). K and MA showed 

high specificity (93.7% and 94.6%, respectively), but the 

corresponding sensitivities were rather low (only 8% and 

20%, respectively). For R and ANGLE, the sensitivities were 

36% and 84%, while specificities were 77% and 26.7%, 

respectively.

The optimal cut-off values for different TEG indices for 

predicting hemorrhage in elderly population based on the 

maximal Youden’s indices were R = 7.8, K = 2.3, MA = 50.5, 

ANGLE = 53.7 (Table 5). When these optimal cut-off values 

were used, the areas under the ROC curves were also statis-

tically different, but only modestly improved (areas under 

ROC curves 0.57, 0.56, 0.58 and 0.55 for R, K, MA and 

ANGLE, respectively) the predictive values for hemorrhage 

were in the order of MA . R . K . ANGLE. Compared 

to the corresponding current cut-off values, there were no 

significant improvements in the predictive values for the TEG 

indices, with the exception K. Analysis of different serial and 

parallel combinations of indices showed that a joint index 

combining R and MA in parallel resulted in optimal predic-

tive value (Figure 2; area under ROC was 0.66, sensitivity 

60%, specificity 71.7%, positive predictive value 15%, and 

negative predictive value 95.6%).

Multi-factor analysis
With sex, age, long-term bed rest, treatment with antico-

agulation drugs, history of obstructive diseases, R # 7.0, 

K # 1.5, MA $ 63.5, and ANGLE $ 67.1 as the indepen-

dent variables, and vascular obstruction as the dependent 

variable, using multivariate Cox regression controlling 

for potential confounders, long-term bed rest, history of 

obstructive diseases, and MA $ 63.5 were significantly 

associated with vascular obstruction. MA $ 63.5 was an 

independent predictor of vascular obstruction (Table 6). 

In similar analysis, long-term bed rest, R $ 7.8, and 

MA # 50.5 were significantly associated with hemorrhage, 

and R $ 7.8 and MA # 50.5 were independent predictors 

of hemorrhage (Table 7).
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Figure 1 receiver-operating characteristics (rOC) curve of joint index and 
obstruction occurrence.
Abbreviation: C, area under the curve of rOC.

Table 4 Predicting hemorrhage in elderly population using rOC curves and currently adopted cutoff values for different Teg indices

Positive 
criteria

Hemorrhage Sensitivity  
(%)

Specificity  
(%)

Positive predictive  
value (%)

Negative predictive  
value (%)

Accuracy 
(%)

AUC

Yes No

r
 $8 9 69 36 77 11.5 93.5 73.8 0.5650

 ,8 16 231

K

 $3 2 19 8 93.7 9.5 92.4 87.1 0.5083

 ,3 23 281

MA

 #51 5 16 20 94.6 23.8 93.4 88.9 0.5733

 .51 20 284

Angle

 #55 21 220 84 26.7 8.7 95.2 34.2 0.5443

 .55 4 80

Notes: Sensitivity is the proportion of true positives that are correctly identified by TEG test; it shows how good the test is at detecting a disease. Specificity is the proportion 
of the true negatives correctly identified by TEG test; it suggests how good the test is at identifying normal (negative) condition. Positive predictive value is the probability 
that the disease is present when the Teg test is positive. negative predictive value accuracy is the probability that the disease is not present when the Teg test is negative. 
Accuracy is the proportion of true results, either true positive or true negative, in a population; it measures the degree of veracity of a diagnostic test on a condition.
Abbreviations: ANGLE, solidification angle; AUC, area under the curve; K, coagulation formation time; MA, maximum amplitude; R, coagulation reaction time; ROC, 
receiver-operating characteristics; Teg, thromboelastography.
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Discussion
In this 2-year follow-up investigation of 403 elderly patients, 

we explored the value of TEG indices for predicting hem-

orrhage and vascular obstruction. The results show that 

currently adopted cut-off values are poorly predictive of 

hemorrhage and obstruction in elderly population. Optimal 

cut-off values for each TEG index determined by ROC curve 

analysis exhibit improved, but only with modest predictive 

value compared to currently cut-off values. A combination 

of TEG indices also improved prediction.

A number of studies have demonstrated the value of TEG 

for predicting deep vein thrombosis, pulmonary embolism, 

myocardial infarction, and other diseases. In these studies, 

commonly used TEG index for  evaluating the risk of obstruc-

tion was MA. MA is the maximum amplitude in TEG, and 

reflects the strength of blood clots. Cotton et al10 used TEG 

to evaluate the risk of pulmonary embolism among 2,070 

hospitalized patients with severe trauma, and showed that 

MA could be used to identify severe trauma patients of 

high risk for pulmonary  embolism: when MA . 65 mm, 

the sensitivity of predicting pulmonary embolism was 82% 

and specificity 53%; when MA . 72 mm, the sensitivity 

of predicting pulmonary embolism was 49% and specific-

ity 87%. McCrath et al7 used TEG to evaluate occurrence 

of postoperative obstruction in 240 patients who received 

non-cardiac surgical treatment, and found that MA . 68 mm 

was significantly correlated with occurrence of postopera-

tive obstruction, the sensitivity of predicting postoperative 

obstruction being 80% and specificity being 62%.

We found that the current cut-off value for MA 

of $69 mm had a sensitivity of only 14.1% and specificity 

94% (area under ROC curve of 0.54). When the optimal 

cut-off value for MA determined by ROC curve analysis 

was used, the sensitivity of MA $ 63.5 mm in predicting 

obstruction was found to be 47.4% and specificity 75% (area 

under ROC curve 0.58). The optimal cut-off value for MA 

determined in the present study is lower than that used in 

previous studies conducted on patients who received surgi-

cal treatment. This suggests that in elderly populations, the 

threshold used for diagnosis may be lower than in younger 

populations. The current cut-off values for R and ANGLE 

Table 5 Predicting hemorrhage in elderly population using rOC curves and optimal cutoff values for different Teg indices

Positive 
criteria

Hemorrhage Sensitivity  
(%)

Specificity  
(%)

Positive predictive  
value (%)

Negative predictive  
value (%)

Accuracy 
(%)

AUC

Yes No

r
 $7.8 12 80 48 73.3 13 94.4 71.4 0.5656a

 ,7.8 13 220
K
 $2.3 10 66 40 78 13.2 94.0 75.1 0.5618b

 ,2.3 15 234
MA
 #50.5 5 13 20 95.7 27.8 93.5 89.8 0.5783c

 .50.5 20 287
Angle

 #53.7 23 228 92 24 9.2 97.4 29.2 0.5479d

 .53.7 2 72

Notes: Sensitivity is the proportion of true positives that are correctly identified by TEG test; it shows how good the test is at detecting a disease. Specificity is the 
proportion of the true negatives correctly identified by TEG test; it suggests how good the test is at identifying normal (negative) condition. Positive predictive value is the 
probability that the disease is present when the Teg test is positive. negative predictive value accuracy is the probability that the disease is not present when the Teg test is 
negative. Accuracy is the proportion of true results, either true positive or true negative, in a population; it measures the degree of veracity of a diagnostic test on a condition. 
Compared to AUC using currently adopted cutoff values to predict hemorrhage, aP = 0.1796; bP = 0.0081; cP = 0.822; dP = 0.5662.
Abbreviations: ANGLE, solidification angle; AUC, area under the curve; K, coagulation formation time; MA, maximum amplitude; R, coagulation reaction time; ROC, 
receiver-operating characteristics; Teg, thromboelastography.
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Figure 2 receiver-operating characteristics (rOC) curve of joint index and 
hemorrhage occurrence.
Abbreviation: C, area under the curve of rOC.
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were poor predictors of  vascular  obstruction. Yet with opti-

mal cut-off values for R and ANGLE, improved prediction 

was achieved. In addition, the predictive value of the joint 

indices was superior to any single index alone, with a sensi-

tivity of 85.9%, specificity 34.7%, and area under the ROC 

curve of 0.61. This suggests that in future studies, different 

TEG indices should be considered together.

The value of TEG in predicting hemorrhage has also been 

demonstrated in previous studies. Cammerer et al15 studied 

postoperative hemorrhage in 255 patients who received 

cardiac surgery, and showed that TEG index ANGLE was 

a rather good predictive factor; when ANGLE = 71° was 

used as the cut-off value, AUC of ROC was 0.69, sensitivity 

59.4%, and specificity 68.8%. Han et al17 used TEG to pre-

dict gastrointestinal hemorrhage in 118 patients with liver 

diseases, and reported that TEG index ANGLE was able to 

predict the risk of short-term gastrointestinal hemorrhage 

in patients with liver diseases rather accurately; the cut-off 

value was 44.6, and at ANGLE less than 44.6, sensitivity 

of predicting short-term gastrointestinal hemorrhage in 

patients with liver diseases was 86.67% and specificity 

67.96%.

In the present study, we found that the current cut-off 

value for ANGLE (55) was modestly predictive of hemor-

rhage (sensitivity 84%, and specificity 26.7%). Prediction 

was only modestly improved using the newly determine 

optimal cut-off values (sensitivity 92%, and specificity 24%). 

A joint index that combined R and MA in parallel showed 

optimal predictive value for hemorrhage and was superior 

to any single TEG index alone.

Multi-factor Cox regression analysis showed that long-

term bed rest, history of obstructive diseases and MA $ 63.5 

were significantly independent predictors of obstruction, 

while long-term bed rest, R $ 7.8 and MA # 50.5 were 

significant predictors of hemorrhage. Liu et al18 compared 

hemorheology and coagulation indices of 86 long-term 

bedridden patients and that of 172 healthy controls, and 

found that hemorheology index values of long-term bedrid-

den patients were significantly higher than that of healthy 

control; the coagulation index values were also significantly 

different between the two groups. They proposed that this 

was because prolonged bed rest may cause impairment to 

microcirculation of blood, resulting in a hypercoagulable 

state, inducing and aggravating venous thrombosis and other 

vascular diseases. We found that long-term bed rest increased 

the risk of vascular obstruction over 4-fold and hemorrhagic 

events over 37-fold.

There are limitations to our study. Firstly, as this is a 

medical record database study, although we have tried our 

best to collect the comprehensive data available for us, it is 

possible that some potential variables have been neglected. 

Another limitation is that this study was conducted in one 

hospital with the sample size of 403 subjects. Our conclusion 

should be tested in future multicenter, prospective, longitu-

dinal studies. The third and last limitation is the relatively 

short-term follow-up period. Within the short study period, 

we were unable to ascertain having collected all relevant 

adverse events, since 74.4% of the patients did not reach 

their end points.

In conclusion, current cut-off values for TEG indices are 

poorly and modestly predictive of hemorrhage and obstruc-

tion, respectively, in the elderly population. Optimal cut-off 

values determined by ROC curve analysis improved the 

prediction of vascular obstruction and hemorrhage.

Table 6 Multi-factor Cox regression analysis on predicting 
obstruction occurrence

Item RR value 95% CI P-value

Age 1.022 0.982–1.063 0.2859
sex 0.986 0.442–2.197 0.9721
long-term bed rest 4.285 2.526–7.267 ,0.0001DD

Taking anticoagulant drugs 0.925 0.461–1.856 0.8262
history of obstructive  
diseases

2.040 1.270–3.276 0.0032DD

r # 7 1.565 0.854–2.869 0.1473

K # 1.5 0.955 0.443–2.602 0.9073

MA $ 63.5 1.629 0.873–3.040 0.0092DD

Angle $ 67.1 1.162 0.626–2.159 0.6337

Notes: DP , 0.05; DDP , 0.01. relative risk value is the risk of an event (developing 
obstruction or hemorrhage events) related to exposure.
Abbreviations: ANGLE, solidification angle; CI, confidence interval; K, coagulation 
formation time; MA, maximum amplitude; r, coagulation reaction time rr, relative 
risk.

Table 7 Multi-factor Cox regression analysis on predicting 
hemorrhage occurrence

Item RR value 95% CI P-value

Age 1.064 0.985–1.148 0.1132
sex 4.220 0.721–24.709 0.1104
long-term bed rest 37.171 13.414–103.005 ,0.0001DD

Taking anticoagulant drugs 0.819 0.169–3.969 0.8042
history of obstructive  
diseases

0.934 0.372–2.347 0.8845

r $ 7.8 3.008 1.090–8.301 0.0335D

K $ 2.3 2.060 0.577–7.350 0.2653

MA # 50.5 8.110 1.836–35.837 0.0058DD

Angle # 53.7 0.228 0.052–1.004 0.0506

Notes: DP , 0.05; DDP , 0.01. relative risk (rr) value is the risk of an event 
(developing obstruction or hemorrhage events) related to exposure.
Abbreviations: ANGLE, solidification angle; CI, confidence interval; K, 
coagulation formation time; MA, maximum amplitude; r, coagulation reaction 
time rr, relative risk.
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