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Abstract
Introduction  Clinical decision support tools capable of 
predicting which patients are at highest risk for venous 
thromboembolism (VTE) can assist in guiding surveillance 
and prophylaxis decisions. The Trauma Embolic Scoring 
System (TESS) has been shown to model VTE risk in 
civilian trauma patients. No such support tools have 
yet been described in combat casualties, who have a 
high incidence of VTE. The purpose of this study was to 
evaluate the utility of TESS in predicting VTE in military 
trauma patients.
Methods  A retrospective cohort study of 549 combat 
casualties from October 2010 to November 2012 
admitted to a military treatment facility in the USA 
was performed. TESS scores were calculated through 
data obtained from the Department of Defense 
Trauma Registry and chart reviews. Univariate analysis 
and multivariate logistic regression were performed 
to evaluate risk factors for VTE. Receiver operating 
characteristic (ROC) curve analysis of TESS in military 
trauma patients was also performed.
Results  The incidence of VTE was 21.7% (119/549). 
The median TESS for patients without VTE was 8 (IQR 
4–9), and the median TESS for those with VTE was 10 
(IQR 9–11). On multivariate analysis, Injury Severity 
Score (ISS) (OR 1.03, p=0.007), ventilator days (OR 1.05, 
p=0.02), and administration of tranexamic acid (TXA) 
(OR 1.89, p=0.03) were found to be independent risk 
factors for development of VTE. On ROC analysis, an 
optimal high-risk cut-off value for TESS was ≥7 with a 
sensitivity of 0.92 and a specificity of 0.53 (area under 
the curve 0.76, 95% CI 0.72 to 0.80, p<0.0001).
Conclusions  When used to predict VTE in military 
trauma, TESS shows moderate discrimination and is 
well calibrated. An optimal high-risk cut-off value of 
≥7 demonstrates high sensitivity in predicting VTE. In 
addition to ISS and ventilator days, TXA administration is 
an independent risk factor for VTE development.
Level of evidence  Level III.

Introduction
Venous thromboembolism (VTE) is a frequent 
cause of morbidity in trauma patients. Pulmonary 
embolism (PE) represents the third leading cause 
of in-hospital deaths in trauma patients and is a 
leading cause of readmission.1 The incidence of 
VTE has varied in civilian trauma literature with 
recent studies reporting rates as low as 0.36% to 
as high as 9.1%.2–4 However, the VTE incidence 
in military combat casualties has been shown to 
be even higher, ranging from 2.2% to 28%.5–10 
This disparity in VTE rates is likely related to the 

differences between military and civilian trauma 
patients. Combat casualties frequently have addi-
tional risk factors for VTE not often encountered 
in civilian trauma patients including multiple and/
or above-knee amputations as well as prolonged 
immobilization at altitude during long distance 
aeromedical evacuation.5 Consistent with the 
Eastern Association for the Surgery of Trauma and 
CHEST guidelines,11 12 the current Department of 
Defense Joint Trauma System (JTS) Clinical Practice 
Guidelines regarding VTE prevention recommend 
initiation of chemoprophylaxis in trauma patients 
once ongoing bleeding and coagulopathy have been 
corrected.13 The JTS guidelines currently do not 
recommend screening duplex ultrasound in asymp-
tomatic patients. Inferior vena cava filter (IVCF) 
placement can be considered in high-risk trauma 
patients who are not candidates for VTE chemo-
prophylaxis. However, the definition of ‘high risk’ 
is reliant on clinical judgement.

A clinical tool that can predict those at highest 
risk for developing VTE can assist in guiding 
surveillance and prophylaxis decisions. The Trauma 
Embolic Scoring System (TESS) has been shown 
to model VTE risk in civilian trauma patients.14 
Described by Rogers et al, TESS is determined from 
five clinical variables—age, Injury Severity Score 
(ISS), body mass index (BMI), ventilator days, and 
presence of a lower extremity fracture (table 1). A 
TESS score of 0–2 is not considered to be at risk for 
VTE, a score of 3–6 is considered low risk, and a 
score of 7–14 is considered moderate to high risk.

A model predicting which patient demographics 
and injury patterns most closely associated with 
VTE has yet to be described in a military population. 
Therefore, the purpose of this study was to apply 
TESS retrospectively in a military trauma popula-
tion to determine its discrimination and calibration 
in predicting VTE. We hypothesized that given the 
heterogeneity between military and civilian trauma 
populations, TESS would not predict VTE as accu-
rately in a military trauma cohort. In addition, we 
sought to determine independent risk factors for 
VTE in this cohort of military trauma patients.

Methods
This retrospective study of all combat casualties 
injured in Iraq or Afghanistan and arriving to our 
facility during a period from October 1, 2010 to 
November 30, 2012 was approved by the Walter 
Reed National Military Medical Center Institu-
tional Review Board. Data were obtained from the 
Department of Defense Trauma Registry (DoDTR) 
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Table 1  Components of the Trauma Embolic Scoring System (TESS) 
and their associated scores (adapted from Rogers et al14

Predictor TESS score

Age (years)

 � 18–29 0

 � 30–64 1

 � ≥65 2

Injury Severity Score

 � 1–9 0

 � 10–16 3

 � 17–25 3

 � >25 5

Pre-existing obesity

 � No pre-existing obesity 0

 � Pre-existing obesity 1

Ventilation days

 � No ventilation days 0

 � Ventilator days 4

Lower extremity fracture

 � No lower extremity fracture 0

 � Lower extremity fracture 2

for combat casualties admitted to our facility during the study 
time period. Additional clinical information was obtained from 
a chart review of each patient. The DoDTR collects and main-
tains information regarding the demographics, diagnoses, and 
interventions of combatant and non-combatant casualties from 
the point of injury until definitive care in the USA at our role IV 
military treatment facility (MTF). Patients were excluded if they 
were not active duty US service members or if they had incom-
plete data. A TESS score was calculated based on available data 
for age, ISS, ventilator days, and presence of a lower extremity 
fracture. Given the absence of height and weight data prior to 
injury, a simulated BMI was determined based on the distribution 
of BMI in a similar cohort of combat casualty patients for which 
height and weight data were collected. We tested and verified the 
assumption that the BMI values in the known data set came from 
a normal distribution using the Shapiro-Wilk test (p=0.014). A 
BMI value was then randomly assigned to each patient in the 
cohort used in this study by generating a new distribution of 
BMI values with the same mean and SD as the patient cohort 
with known BMIs. The BMI distribution from which BMI values 
were simulated had a mean of 25.03 and an SD of 3.36 (range 
17.7–35.9). Forty-four patients (8.0%) in this study cohort had 
an assigned BMI >30, consistent with the cohort from which 
BMI was simulated.

Although exact timing of the start of VTE chemoprophy-
laxis administration was not available, patients were started on 
chemoprophylaxis at the earliest possible time point in accor-
dance with JTS guidelines.13 This took place prior to arrival in 
the continental United States (CONUS) once the risk of bleeding 
had been mitigated. The primary outcome of interest was the 
diagnosis of VTE—deep venous thrombosis (DVT) or PE. PE 
was diagnosed on spiral CT scan, and DVT was diagnosed on CT 
scan or by duplex ultrasonography of the extremities. Patients 
were stratified and compared based on the presence or absence 
of VTE, which was diagnosed either before or after arrival to 
our MTF.

For univariate analysis, statistical differences between contin-
uous variables were determined by Student’s t-test for paramet-
rically distributed data and by the Wilcoxon rank-sum test for 
non-parametrically distributed data. Differences in categorical 
variables were determined by a continuity-adjusted χ2 test or a 
Fisher’s exact test as appropriate. To evaluate independent clinical 
risk factors associated with VTE in our cohort, variables found 
to be statistically significant in univariate analysis were used to 
create a binary logistic regression model. A p value <0.05 was 
considered statistically significant. Receiver operating character-
istic (ROC) curve analysis was performed to assess the ability of 
TESS to discriminate between those who were diagnosed with 
VTE and those who were not (non-VTE group). Area under the 
curve (AUC) was determined, and the optimal cut-off value was 
found by calculating the maximum Youden’s index (sensitivity 
+ specificity – 1).15 A logistic regression model was created to 
estimate the risk of VTE by TESS score, and calibration of this 
model was assessed by a Hosmer-Lemeshow goodness-of-fit 
test.16 For this test, a p value <0.05 was suggestive of imperfect 
calibration.17 Statistical analysis was performed using SAS V.9.4 
(SAS Institute).

Results
A total of 560 patients were admitted to our MTF during the 
designated study period. Nine patients were excluded because 
they were not US service members. Two patients were excluded 
because of a lack of a complete data set available for them. This 
left 549 patients remaining for analysis.

Demographic data for our population, which include stratifi-
cation by presence or absence of VTE, are displayed in table 2. 
One hundred and nineteen patients were diagnosed with VTE 
in our cohort, making the overall incidence of VTE at 21.7%. 
Sixty-two of these patients were diagnosed with VTE prior to 
arrival at our MTF (52.1% of VTE), whereas 57 patients were 
diagnosed at our facility (47.9% of VTE). Sixty-three patients 
were diagnosed with DVT—50 lower extremity (79.4%) and 13 
upper extremity (20.6%). Sixty-three patients were diagnosed 
with PE and seven patients were diagnosed with both DVT 
and PE. Sixty-nine of 119 (60.0%) were diagnosed with VTE 
based on clinical suspicion, whereas 42 (35.3%) were found 
incidentally. Eight patients (6.7%) had VTE events where it was 
unclear from the records whether or not they were symptom-
atic or asymptomatic. VTE events were diagnosed an average 
of 9.7±9.9 days after injury (range 0–45 days) with 42 being 
diagnosed within 3 or less days from the date of injury (35.3%).

Six patients (1.1%) did not survive after transfer to the role 
IV level of care in CONUS. Of these six casualties, one had been 
diagnosed with VTE prior to arrival to our facility whereas the 
other five had not (p=0.76). A higher proportion of patients 
with VTE experienced blast injury compared with those without 
VTE (91.6% vs. 77.2%, p=0.0002).

When assessing the components of the TESS score, there was 
not a significant difference in age (p=0.81) or simulated BMI 
(p=0.32) between the VTE group and the non-VTE group. 
There was higher median ISS (29 vs. 17, p<0.0001), median 
ventilator days (7 vs. 2, p<0.0001), and incidence of lower 
extremity fracture (81.5% vs. 58.8%, p<0.0001) in the patients 
who were diagnosed with VTE as compared with the non-VTE 
group. Of note, the group of patients who had a lower extremity 
fracture includes those who had a lower extremity amputation.

Regarding blood product administration, patients diagnosed 
with VTE received a higher median total of blood product units 
(50 vs. 10, p<0.0001) and were more likely to have received both 
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Table 2  Demographic data with breakdown by VTE diagnosis and univariate analysis

Total (n=549) No VTE (n=430) VTE (n=119) P value

TESS 9 (5–11) 8 (4–9) 10 (9–11) <0.0001*

Age (years) 23 (21–27) 23 (21–26) 23 (21–27) 0.81

Male, n (%) 546 (99.5) 428 (99.5) 118 (99.1) 0.52

ISS 21 (12–29) 17 (10–27) 29 (21–38) <0.0001*

Simulated BMI (kg/m2) 24.9 (22.9–27.1) 25.0 (23.0–27.1) 24.5 (22.6–26.9) 0.32

Mortality, n (%) 6 (1.1) 5 (1.2) 1 (0.8) 0.76

Blast injury, n (%) 441 (80.3) 332 (77.2) 109 (91.6) 0.0002*

Penetrating mechanism, n (%) 486 (88.5) 375 (87.2) 111 (93.3) 0.09

Lower extremity fracture, n (%) 350 (63.8) 253 (58.8) 97 (81.5) <0.0001*

Lower extremity amputation, n (%) 222 (40.4) 144 (33.5) 78 (65.6) <0.0001*

Ventilator days 3 (0–7) 2 (0–5) 7 (5–10) <0.0001*

Received blood transfusion, n (%) 422 (76.9) 309 (71.9) 113 (95.0) <0.0001*

Blood products administered (units) 17 (2–47) 10 (0–35) 50 (28–86) <0.0001*

Received massive transfusion within 24 hours, n (%) 192 (35.0) 116 (27.0) 76 (63.9) <0.0001*

Administered TXA, n (%) 224 (40.8) 142 (33.0) 82 (68.9) <0.0001*

Administered recombinant factor VII, n (%) 19 (3.5) 12 (2.8) 7 (5.9) 0.15

Repair or ligation of vascular injury, n (%) 159 (29.0) 112 (26.1) 47 (39.5) 0.006*

Repair or ligation of venous injury, n (%) 71 (12.9) 48 (11.2) 23 (19.3) 0.03*

Pelvic fracture, n (%) 72 (13.1) 45 (10.5) 27 (22.7) 0.0008*

Head Abbreviated Injury Scale 3+, n (%) 115 (21.0) 89 (20.7) 26 (21.9) 0.88

Spinal cord injury, n (%) 23 (4.2) 17 (4.0) 6 (5.0) 0.61

n (%) shown for categorical variables.
Median (IQR) shown for continuous variables.
*P<0.05.
BMI, body mass index; ISS, Injury Severity Score; TESS, Trauma Embolic Scoring System; TXA, tranexamic acid; VTE, venous thromboembolism.

Table 3  Independent risk factors for development of VTE on 
multivariate logistic regression

Variable OR (95% CI) P value

ISS 1.03 (1.01 to 1.06) 0.007

Ventilator days 1.05 (1.01 to 1.10) 0.02

TXA 1.89 (1.07 to 3.33) 0.03

ISS, Injury Severity Score; TXA, tranexamic acid; VTE, venous thromboembolism.

a massive transfusion within 24 hours of injury (63.9% vs. 27.0%, 
p<0.0001) as well as any blood product (95.0% vs. 71.9%, 
p<0.0001). More patients with a VTE received tranexamic acid 
(TXA; 68.9% vs. 33.0%, p<0.0001). There was not a significant 
difference in recombinant factor VII administration between the 
two groups (5.9% vs. 2.8%, p=0.15). Regarding other VTE risk 
factors, patients with a VTE diagnosis were more likely to have 
sustained a pelvic fracture (22.7% vs. 10.5%, p=0.0008) and 
have undergone repair or ligation of a venous injury (19.3% vs. 
11.2%, p=0.03). There was also a higher incidence of lower 
extremity amputation (65.6% vs. 33.5%, p<0.0001) in patients 
diagnosed with VTE. No significant difference in the incidence 
of spinal cord injury (5.0% vs. 4.0%, p=0.61) or head injury 
with Abbreviated Injury Scale (AIS) score of 3 or higher (21.9% 
vs. 20.9%, p=0.88) was found between the two groups.

On univariate analysis, there was a statistically significant 
increase in the following variables for patients with VTE: ISS, 
blast injury, lower extremity fracture, lower extremity amputa-
tion, ventilator days, blood products administered, massive trans-
fusion within 24 hours, TXA administration, repair or ligation of 
a venous injury, and pelvic fracture. When these variables were 
included in a multivariate binary logistic regression model, only 
ISS (OR 1.03, p=0.007), ventilator days (OR 1.05, p=0.02), 
and TXA administration (OR 1.89, p=0.03) were independent 
risk factors for VTE development (table 3).

The median TESS for the entire cohort was 9, with an IQR 
of 5–11. The median TESS score for patients with VTE was 
10, and the median TESS score for the non-VTE group was 8 
(p<0.0001). Figure 1 is a histogram demonstrating the number 
of patients at each total TESS score integer (range 0–13) with 
a superimposed line graph displaying the observed VTE rate 
by total TESS score. Patients with a TESS score of 11 had the 

highest VTE rate of 45%. On ROC curve analysis (figure  2), 
TESS was found to have an AUC of 0.76 (95% CI 0.72 to 0.80, 
p<0.0001) in predicting the occurrence of VTE in this cohort of 
military trauma patients. By calculating the maximum Youden’s 
index (sensitivity + specificity – 1), an optimal cut-off value was 
found to be a total TESS score greater than or equal to 7. This 
had a sensitivity of 0.92, specificity of 0.53, negative predictive 
value of 0.97, and positive predictive value of 0.31. A logistic 
regression model was created to estimate the risk of VTE by 
TESS score based on this military trauma cohort (figure 3) and 
was found to be well calibrated, with a Hosmer-Lemeshow p 
value=0.32.

Discussion
This study demonstrates that for military trauma patients, TESS 
represents a useful clinical decision-making tool in predicting 
VTE. TESS shows moderate discrimination and good calibration 
in modeling VTE risk in our military cohort. With an optimal 
cut-off value of a TESS score greater than or equal to 7, both 
sensitivity and negative predictive value are greater than 90% in 
our cohort. These performance statistics corroborate the utility 
of TESS in determining which military trauma patients are at 
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Figure 1  Histogram of total Trauma Embolic Scoring System 
(TESS) score in a military trauma cohort with observed venous 
thromboembolism (VTE) rate by TESS score.

Figure 2  Receiver operating characteristic curve demonstrating 
performance of Trauma Embolic Scoring System (TESS) in predicting 
venous thromboembolism (VTE) in a military trauma cohort. Area under 
the curve 0.76 (95% CI 0.72 to 0.80, p<0.0001).

Figure 3  Logistic regression model demonstrating risk of venous 
thromboembolism (VTE) in military trauma by Trauma Embolic Scoring 
System (TESS) score with 95% CIs, Hosmer-Lemeshow p=0.32.

high risk of VTE and who may potentially benefit from screening 
imaging or IVCF placement in the setting of a contraindication 
to chemoprophylaxis. When compared with the initial descrip-
tion of TESS by Rogers et al,14 the sensitivity of 92% in this study 
exceeds the sensitivities of 87.5% in the local cohort and 77.4% 
in the National Trauma Data Bank cohort with a cut-off value 
of greater than or equal to 5. However, TESS is not as specific 
in military trauma patients—52% in our population compared 
with 77.5% and 75.6%, respectively. Therefore, the AUC was 
lower for TESS in our military trauma cohort than the AUC 
of 0.89 found in the original TESS article. TESS is thus useful 
for ruling out military patients at high risk for VTE but not for 
ruling in the diagnosis.

We initially hypothesized that TESS would not apply particu-
larly well to military trauma because of the difference between 
combat and civilian casualties. The two populations are undoubt-
edly heterogeneous. Our cohort was younger with a median age 
of 23 as opposed to 40 in the cohort used to develop TESS. The 
cohort in this present study was also more severely injured with 
a median ISS of 21 compared with 9. Additionally, the VTE rate 
was over 20 times higher in our military cohort—21.7% versus 
0.85%. Military patients who undergo prolonged aeromedical 
evacuation may also incur an increased risk of VTE from this 
prolonged period of immobility.

In spite of these differences between military and civilian popu-
lations, we demonstrated on multivariate analysis in this study 
that ISS and ventilator days, both clinical variables accounted for 
in the TESS score, were the only independent risk factors associ-
ated with VTE outside of TXA administration. This is consistent 
with other studies evaluating risk factors associated with VTE in 
both civilian and military trauma. In civilian patients, Knudson et 
al found the following risk factors associated with VTE: greater 
than 3 ventilator days, head AIS score greater than or equal to 3, 
lower extremity fracture with AIS score greater than or equal to 
3, age greater than 40, venous injury, and major operative proce-
dure.3 In other published studies of military trauma in Iraq and 
Afghanistan, the investigators found that ISS and ventilator days 
were independent VTE risk factors in addition to packed red 
blood cells and fresh frozen plasma transfused, bilateral lower 
extremity amputation, multiple extremity injuries, and pelvic 
fracture.6–8 Thus, although military and civilian trauma patients 
are vastly different populations, they may share significant risk 
factors for development of VTE in ISS and need for mechanical 
ventilation.

One of the advantages of TESS is its simplicity in calculation 
as it contains only five clinical variables. This is less cumbersome 
than Greenfield risk assessment profile (RAP), which has also 
been shown to model VTE risk in trauma patients but contains 
15 clinical variables.18–20 Given limitations in the retrospective 
data available from our patients, we were not able to calculate a 
RAP score and compare its performance to TESS.

Current CHEST guidelines do not recommend screening 
venous duplex in asymptomatic patients.12 Interestingly, 
however, Allen et al showed that patients at high risk for VTE 
on RAP who underwent screening venous duplex ultrasound 
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once weekly and were then treated appropriately if DVT was 
diagnosed may be at decreased risk for PE development.21 
A similar strategy might be able to be employed in military 
trauma patients using TESS if a high-risk score of greater than 
or equal to 7 is used as a criterion for screening. Military 
patients with a high-risk TESS score for whom VTE chemo-
prophylaxis is contraindicated might also be candidates for 
prophylactic IVCF placement, which has been shown to be 
associated with reduction in PE and fatal PE in a meta-analysis 
of trauma patients.22

Developing a model predicting VTE in military trauma patients 
based on clinical variables alone that performs better than TESS 
would be difficult to achieve. The sensitivity and negative 
predictive value of TESS in military trauma are already greater 
than 90%. Additionally, no clinical variables outside of TXA 
administration were found to be significant predictors of VTE 
on multivariate analysis that are not already accounted for by 
TESS. Dente et al demonstrated that including patient biomarker 
data in addition to clinical data in machine learning algorithms 
allowed for the development of highly accurate models predic-
tive of bacteremia and pneumonia in combat casualties.23 The 
inclusion of biomarker data in model development might be a 
direction for future research in VTE clinical decision support 
tools for trauma patients. An ongoing project at our institution 
identifying biomarker profiles associated with VTE has prelim-
inarily showed high specificity. Thus, with the addition of labo-
ratory data, a model predicting VTE could potentially achieve 
higher specificity while maintaining high sensitivity.

Although not a randomized study, an additional important 
finding was that TXA administration was an independent risk 
factor for the development of VTE on multivariate analysis. This 
is similar to what was found in a recent retrospective cohort 
study of casualties in Afghanistan from 2010 to 2014, where 
Howard et al showed that TXA administration may be asso-
ciated with an increased risk of VTE.24 The authors also did 
not find a mortality benefit from TXA administration. They 
commented, however, that their study was likely underpowered 
for determining a true mortality difference. Johnston et al also 
recently demonstrated that TXA administration was an inde-
pendent risk factor for VTE in military trauma patients.25 These 
findings of a potential increased VTE risk associated with TXA 
administration in trauma patients run contrary to the CRASH-2 
trial, which showed no increase in vascular occlusive complica-
tions with TXA use.26 Likewise, although the MATTERs study 
showed higher rates of VTE on univariate analysis in patients 
who received TXA, a multivariate regression did not find TXA 
to be a risk factor for VTE.27 It should be pointed out that their 
overall VTE rate was much lower—nearly 10 times lower than 
in our study. It should also be noted that patients who receive 
TXA are generally more severely injured and thus intrinsically 
at higher risk for development of VTE. Current JTS Tactical 
Combat Casualty Care guidelines recommend TXA administra-
tion if a casualty is anticipated to need significant blood trans-
fusion without viscoelastic evidence of fibrinolysis.28 Given the 
potential adverse thrombotic effects associated with TXA use, 
more consideration is needed regarding optimal use of TXA in 
combat casualties.

Several limitations deserve mentioning. Our study is 
limited by the fact that this was a retrospective cohort anal-
ysis. Although a chart review was performed to supplement 
data that were not available in the DoDTR database, we were 
unable to obtain height or weight data for every patient prior 
to injury. Thus, BMI was simulated based on another cohort 
of combat casualties for whom these data were available, 

likely introducing bias into our study. This bias is most likely 
minimal, however, as only 8% of service members from which 
BMI was simulated had a BMI >30. Additionally, only 1 point 
in the TESS score is allocated to those with a BMI >30, thus 
minimizing the significance of obesity in the total TESS score. 
Another potential limitation is that we pooled DVT and PE 
diagnoses into a single entity of VTE. Rogers et al similarly 
pooled DVT and PE when developing TESS.14 As Lundy et al 
described, primary pulmonary thrombosis without DVT may 
be a sequela of chest trauma and blast injury resulting in direct 
pulmonary artery (PA) thrombosis as opposed to PA occlu-
sion from venous embolic disease.9 It is unclear if TESS would 
predict risk as well for these patients with primary pulmonary 
thrombus as it would for those who develop a DVT or PE 
that resulted from a DVT. Lastly, there is inherent survival bias 
present as all patients included in this study survived evacua-
tion to the CONUS.
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