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Abstract
Background The objective of this study was to establish a risk assessment model for lower extremity
deep venous thrombosis in critically ill patients and compared with Caprini, Padua and Wells risk
assessment model to evaluate its efficacy.
Methods We conducted a pooled analysis of prospective cohort studies. The outcomes of interest were
lower extremity deep vein thrombosis group and Non-lower extremity deep vein thrombosis group were
determined by univariate analysis, and SPSS was used to establish the back propagation artificial neural
network prediction model. ROC curve was used to evaluate the predictive effectiveness of the model.
Medcalc15.2 was used to compare the predictive capabilities of different models.
Results 600 cases of intensive care unit patients were selected in this study. The prevalence of lower
extremity venous thromboembolism after ICU admission was 12.5%. The results of univariate analysis
that showed 16 statistically significant difference influencing factors. The ROC curve area of BP-ANN risk
assessment model was 0.828, showing good predictive efficacy. In addition to the ROC curve area of BPANN risk assessment model was higher than Caprini, Padua and Wells model.
Conclusion BP-ANN risk assessment model can play an auxiliary role in predicting the occurrence of
lower extremity venous thromboembolism in critically ill patients. This model can provide a reference for
medical staff to take preventive management measures.

1 Background
Deep vein thrombosis(DVT) is a type of venous thromboembolism(VTE). Thrombosis that occurs in the
deep veins of the lower extremities on one or both sides is called lower extremities deep vein
thrombosis(LEDVT). Embolism can lead to pulmonary embolism(PE) and endanger the life of the patient.
LEDVT is a common complication of critical illness and has important clinical consequences, including
increased length of staying in intensive care unit (ICU) and mortality rate[1]. Critically ill patients are at
high risk of developing LEDVT because of invasive treatment, complex drug types and circulatory
dynamics instability. A mate-analysis study found the incident of LEDVT was 10-30% in ICU[2]. Relevant
studies shown that ICU was the department with the highest LEDVT incidence[3]. In addition, critical
illness activates the coagulation cascade which may mediate the increased likelihood of LEDVT[4,
5].Although

LEDVT has potentially serious consequences, it is often unrecognized in ICU. The main
reasons are as follow. Firstly, asymptomatic LEDVT was more than 50% and critically ill patients usually
in a state of consciousness disorders further affect discovery of LEDVT[6]. Secondly the LEDVT risk
assessment model(RAM) lacks sensitivity and specificity which used for critically ill patients[7] . Lastly,
routine ultrasound screening for LEDVT was selected, but it’s not a cost-effective and time-consuming
diagnostic to used in practice.
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Currently the main clinical application of LEDVT RAM includes Caprini, Padua and Wells risk RAM.
Caprini RAM included two versions mainly, 2005 and 2010. Study shown that the 2005 Caprini RAM was
a better predictor of VTE risk and was used for risk-stratify, along with guide decision-making for VTE
prophylaxis[8]. Caprini, Padua and Wells RAM were recommended to prevent VTE in the ninth and tenth
edition of the clinical practice guidelines developed by the American College of Chest Physicians(ACCP)[9,
10]

. The predictive performance of 2005 Caprini, Padua and Wells RAM have validated by Luis H in Spain,

Arab and Poland[11, 12]. However, studies shown that these models have low accuracy when used with
Chinese people[13].
Back propagation artificial neural networks(BP-ANN) are machine-learning algorithms which can detect
patterns and non-linear interactions that lie within complex data[14] . They do this through a series of
interacting “neurons” in a way originally intended to be analogous to learning in the human brain. The
weight placed on individual input data, and the interactions between the neurons are determined by
optimizing the algorithm on large bodies’s “training” data. During this process, multiple iterations are
performed in which the properties of the neurons are adjusted in turn, and changes that improve the
predictive power of the output are retained for the next iteration. Once trained, the neural network is then
applied to previously unseen test data, to assess its performance. This approach has been widely
validated in medical field include sleeping disturbances[15] , lung cancer diagnosis [16], the coliform
amount in special food and so on[17].
Given that we would expect to construct the RAM of LEDVT in critically ill patients biased on BP-ANN,
which provides an effective tool for the risk assessment of clinical LEDVT in the future and can be used
as the basis for health promotion of critically ill patients.

2 Material And Method
2.1study design
This multi-center, prospective, descriptive correlational study used sample of critically ill patients from
September 2019 and August 2020 in Qingdao Tertiary General Hospital, Shandong, China. In total 600
patients were eligible for this analysis. Inclusion criteria of the study were as follows: the during in
ICU≥7d, can stand with ultrasonic examination, patients or their family members agreed to be included in
this study and sign informed consent. The exclusion criteria were as follows: LEDVT occurred before or
within 48h admission to ICU, superficial venous thrombosis, patients who were diagnosed with brain
death within 24 hours of admission to ICU, patients with mental illness, end stage of various diseases.
According to whether LEDVT occurs to divided critical ill patient into LEDVT group and Non-LEDVT group.
The study complied with the Helsinki Declaration and was reviewed by the ETHICS Committee. Approval
No: 2020 Provisional Approval No. 002 (Fast). Establishment of BP-ANN-based RAM for lower extremity
deep venous thrombosis in critically ill patients.
2.2 Measures
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2.2.1Collection of relevant influencing factors
Characteristics of patients, including gender, APACHE-Ⅱ score, body measures index (BMI), family history
of VTE, Diabetes Mellitus (DM) and so on were measured through physical examination and query.
Laboratory inspection items, including leukocyte, white blood cell (WBC), platelet (PLT), Hemoglobin (Hb)
and so on. The value of the above laboratory tests was collected on the 48h of patients admitted to the
ICU. The examination and treatment of critically ill patients to maintain stable vital signs, including
invasive arterial blood pressure monitoring(IABPM), mechanical ventilation(MV), enteral nutrition(EN),
continuous renal replacement therapy(CRRT), dehydration drugs, transfusion and so on . In addition,
2005Caprini, Padua and Wells RAM in all factors without redundant items, such as the family history of
VTE, thrombophilia, antithrombin defects, lack of protein C or S, Leiden V factor, prothrombin G20210
mutation and risk factors for antiphospholipid antibody syndrome and this study did not involve risk
factors were included. A total of 32 factors were included.
2.2.2 Prognostic indicators
The main prognostic indicators were the 28-day mortality rate and the length of stay in the ICU.
2.3 Data collection
The patient was admitted to the ICU for 48h for the first LEDVT examination through CDUs, and then
performed every 7 days until he was discharged, transfer or death. CDUs results were diagnosed by
ultrasound professionals. Data collection and statistics of patients meeting the inclusion criteria were
performed by double-check method by personnel who did not know the purpose of the study.
2.4 Outcome definitions
According to the NICE2020 guidelines, it was recommended to apply Color Doppler Ultrasound (CDUs) to
detect the fork of deep lower leg vein, proximal and distal popliteal vein, distal and middle femoral vein [7].
LEDVT diagnostic criteria: If the venous lumen cannot be compressed and solid echo can be seen during
compression, blood flow signal filling defect; When the venous lumen was completely blocked, the pulse
and Color Doppler flow imaging (CDFI) could not probe into the blood flow signal, and the CDFI did not
increase the blood flow when it squeezed the distal limb (LEDVT chronic CDFI could not detect).
2.5 BP-ANN RAM establishment
2.5.1 Data pretreatment
1. Data conversion: Due to the request of sigmoid transfer function, the original data should be
normalized, all data were normalized to range from 0 to 1, the purpose is to avoid big training error
resulted by the differences of quantity level between the input data and output data.
2. Data group: After being converted into the appropriate data distribution types according to the
requirement, the data were randomly divided into training set and test set, with random number table
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method for cross-validation, so 600 cases of patients were divided into 70 % of the training set
(420cases) and 30 % of the test set (180 cases) according to the proportion of 7:3.
2.5.2 Model establishment.
The variables with statistical significance in univariate analysis were taken as input layer neurons, and
the neural network model was trained with training set and tested with verification set. The number of
hidden layer nodes is calculated according to the empirical formula , and is between 1 and 10. The
hidden layer connects the input layer and the output layer. The activation function connects the upper
output neuron and the lower input neuron. The learning rate is mostly based on references and attempts.
Generally, between 0.001 and 0.5 is selected, and the number of iterations is related to the complexity of
the model. The training set is used to train the network model. The network will adjust the weight and
threshold according to the set learning times and acceptable errors. Use normalized importance to
analyze the importance of neurons in the input layer of BP-ANN RAM.
2.6 Statistical analysis
SPSS26.0 was used for data analysis, Medcalc15.2 software was used to draw ROC curve. Data are
presented as means with standard deviations (SD) or medians with interquartile ranges [IQR] depending
on distributions. Discrete features (such as sex etc, which only includes 2 values, Yes or No) were
evaluated by χ2test and continuous features (such as APACHE-Ⅱ etc, which include any one of the values
between 0 and positive infinity) were evaluated by 2-sample Mann-Whitney test, and with P <0.05
indicating a statistically significant difference.

3 Results
3.1General condition of critically ill patients
3.1.1Sample characteristic
A total of 634 cases took part in the study, including 600 effective cases and 75 cases of LEDVT, with an
incidence of 12.50%. The study subjects included 315 males (52.50%) and 285 females (47.50%) The
minimum age of the Non-LEDVT group was 24 years old, the oldest was 93 years old, and the average
age was 65.14±14.25 years old. During admission to the ICU, patients with LEDVT mainly had respiratory,
neurological, circulatory and digestive diseases. Among patients with respiratory system dysfunction as
the main disease, the incidence of LEDVT was 36.00%, the nervous system was 29.30%, and the
circulatory system was 16.00%. Digestive system was 5.30%, other system damage was 13.30%. The
main diseases of the patient's respiratory system in this study included type II respiratory failure, chronic
obstructive pulmonary disease, severe pneumonia and falling pneumonia. The nervous system was
mainly dominated by cerebral hemorrhage and ischemic diseases. The circulatory system included acute
and chronic heart failure, coronary atherosclerotic heart disease, cardiac arrest, and arrhythmia. The
digestive system was dominated by gastrointestinal bleeding, abnormal liver function and severe
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pancreatitis. There were 34 patients with deep vein thrombosis of the left lower extremity, 26 patients with
deep vein thrombosis of the right lower extremity, and 15 patients with bilateral deep vein thrombosis, as
shown in Table 1.
Table 1 Types of underlying diseases in critically ill patients and location of LEDVT
General characteristics

N=600

Type of underlying disease [n（%）]
Respiratory diseases

250（41.67）

Nervous system disease

180（30.83）

Circulatory system disease

104（17.33）

Digestive system diseases

23（3.83）

Urinary system diseases

4（0.67）

Other system diseases

34（5.67）

Location of LEDVT [n（%）]
Left lower extremity

34（45.33）

Right lower extremity

26（34.67）

Both lower extremity

15（20.00）

3.1.2 Factors of LEDVT in critically ill patients
The factors determined by univariate analysis. The results showed that APACHE-Ⅱ score, WBC, PLT, FIB, DDimer, DM, MV, CRRT, swollen legs, congestion heart failure (CHF), malignant tumor, central venous
catheterization(CVC), major surgery> 45 minutes, family history of VTE, stroke and multiple injuries were
interest between the two groups (P <0.05), as shown Table 2.
Table 2 Comparison of general information of patients in Non-LEDVT and LEDVT groups
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Variable

Non-LEDVT (n=525)

LEDVT (n=75)

Gender(n)
male

275

40

female

250

35

Age(n)
18-40

110

14

41-60

112

10

61-74

134

18

≥75

169

33

BMI (n)
＜25kg/m2

300

37

≥25kg/m2

225

38

DM (n)
yes

190

40

no

335

35

IABPM (n)
yes

455

70

no

70

5

MV (n)
yes

215

46

no

310

29

EN (n)
yes

325

50

no

200

25

Dehydration (n)
yes

325

45
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t/χ2 /Z

P

0.0242）

0.877

5.0101）

0.171

1.6262）

0.202

8.1582）

0.004

2.6672）

0.102

11.
0912）

0.001

0.6352）

0.426

0.1012）

0.751

no

200

30

Sedative (n)
yes

300

40

no

255

35

Analgesic (n)
yes

315

40

no

220

35

CRRT [n (n)]
yes

50

17

no

445

58

Transfusion (n)
PTL

140

60

RBC

160

60

0.3882）

0.533

0.8312）

0.362

11.4272）

0.001

4.8181）

0.090

6.6972）

0.010

0.2122）

0.645

0.1012）

0.751

2.7803）

0.095

plasma
Swollen legs (n)
yes

78

20

no

447

55

Lung disease (n)
yes

253

99

no

47

21

Pulmonary dysfunction
(n)
yes

200

30

no

325

45

Sepsis (n)
yes

20

6

no

505

69
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CHF(n)
yes

56

15

no

479

60

Malignant tumor (n)
yes

80

20

no

445

55

CVC(n)
yes

160

43

no

365

32

Surgery＞45min (n)
yes

100

22

no

455

53

Family history of VTE (n)
yes

8

6

no

517

69

Stroke[n (n)]
yes

150

30

no

375

45

Multiple trauma

5.8122）

0.016

6.1712）

0.013

21.1452）

0.000

5. 4182）

0.020

12.0782）

0.001

4.0822）

0.043

5.1392）

0.023

(n)
yes

15

6

no

510

69

APACHE-Ⅱ(score,±s)

16.00(13.00,22.00)

21.00(17.00,22.00)

-4.7033）

<0.001

WBC(10^9/L,±s)

9.62(6.40,13.71)

11.07(7.57,15.35）

-2.3153）

0.021

PLT(10^9/L,±s)

156.00(107.00,210.00)

172.00(121.00,287.00)

-2.6803）

0.007

Hb(g/L,±s)

101.00(82.00,125.00)

103.00(84.00,123.00)

-0.2703）

0.788

HCT(%,±s)

29.90(25.40, 38.75)

29.00(25.30,35.00)

-0.9273）

0.354
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ATPP(s)

23.00(34.00,63.00)

22.00(33.00,56.00)

-1.891

0.059

C-protein(g/L)

69.70(17.92,163.26)

83.14(17.76,190.56)

-0.7383）

0.461

FIB(g/L,±s)

4.18(2.97,5.5)

4.81(3.15,6.16)

-1.9933）

0.046

D-Dimer(ng/mL，±s)

3.85(2，7.49)

5(2.99，15.52)

-3.4643）

0.001

ps：1）Hierarchical chi-square test；2）chi-square test；3）Mann-Whitney. Red blood cell volume( HCT),
Activated partial thromboplastin time(APTT),Fibrinogen(FIB).
3.1.3 Prognostic Evaluation
Among the critically ill patients, the length of ICU stay and the 28-day mortality rate between the NonLEDVT group and the LEDVT group were statistically significant (both P<0.05), as shown in Table 3.
Table 3 Comparison of prognostic indicators between Non-LEDVT group and LEDVT group
Variable

Non-LEDVT

LEDVT

c²/F/Z

P

LOS (d)

15.00(10.00,18.00)

16.00(12.00,21.00)

-2.856

＜0.0012）

28-day mortality rate(n,%)

40(5.52)

9(12.00)

3.500

0.0481）

ps：1）chi-square test；2）Mann-Whitney. Length of ICU stay(LOS)
3.2 BP-ANN RAM of LEDVT
3.2.1 Determine the structure of BP-ANN RAM
Following the Virchow three elements of thrombosis and the results of statistical analysis, the influencing
factors of interest general data were included in the input layer. In addition, the age, gender, and BMI that
were closely related to the occurrence of VTE were also included in the input layer[18, 19]. According to the
empirical formula , the number of hidden layer neurons was calculated to be 5~14. Through repeated
training, it was finally determined that the number of hidden layer neurons was 9 and the number of
output layer neurons was 2. The activation function was determined according to the AUC values
corresponding to different activation functions. The activation function ReLU corresponds to the highest
AUC, so the ReLU was used as the activation function of the BP-ANN RAM. The learning rate was 0.18,
the number of iterations was 30000, and the R value was 0.82, were detailed in Table 4.
Table 4. Comparison of different activation functions of BP-ANN RAM
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Activation functions

AUC

Sensitivity（%）

Specificity（%）

Sigmoid

0.776

72.73

69.98

tanh

0.763

63.64

79.92

ReLU

0.828

72.73

81.29

3.2.2The prediction ability of BP-ANN RAM and compare to different RAM
The area under the curve of the BP-ANN RAM was 0.828. The sensitivity was 72.73% and the specificity
was 81.28%. BP-ANN, Caprini, Padua, and Wells RAM have certain predictive capabilities for the
occurrence of LEDVT in critically ill patients. Comparing BP-ANN RAM with the previous three RAM, the
AUC, sensitivity, and sensitivity of the BP-ANN model were the highest value, the predictive ability was
better than the other three models significantly, the difference was statistically significant (Z=7.991,
P<0.001; Z=3.435, P<0.006; Z=3.041, P<0.024). In this study, the best diagnostic threshold of the Caprini
RAM was 8 points, and the sensitivity and specificity were well balanced, about 68.00%. In addition, the
best diagnostic threshold of the Padua model was 6 points, which shows a good specificity of 77.90%.
The best diagnostic threshold of the Wells model was 2 points, and its specificity was slightly higher than
the sensitivity of this model at 66.29%, were detailed in Table 5 and Figure1.
Table 5. Comparison of prediction capabilities of Caprini, Padua, Wells and BP-ANN RAM
Models

AUC

Sensitivity（%）

Specificity（%）

+LR

-LR

Caprini

0.727

68.000

67.810

2.110

0.470

Padua

0.626

45.330

77.900

2.050

0.700

Wells

0.605

49.330

66.290

1.460

0.760

BP-ANN

0.828

72.730

81.290

3.890

0.340

ps: likelihood ratio, LR
3.2.2 Importance of neurons in the input layer of BP-ANN RAM
The results of normalized importance analysis the input layer neurons shown that the factors have an
important influence on the formation of LEDVT were D-Dimer, APACHE-Ⅱ, CHF, WBC, CRRT FIB and BMI, a
total of 7 influencing factors, and their importance were greater than 50. 00%, the specific values are
100%, 76.9%, 74.3%, 71.3% and 67.5%, 55.1% and 52.8% respectively, as shown in table6.
Table 6. Rank of independent variable importance on the BP-ANN RAM
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Rank

variable

Importance

Normalized importance（%）

1

D-Dimer

0.134

100.0%

2

APACHE-Ⅱ

0.103

76.9%

3

CHF

0.099

74.3%

4

WBC (10^9)

0.095

71.3%

5

CRRT

0.090

67.5%

6

FIB

0.074

55.1 %

7

BMI

0.071

52.8%

8

Age

0.057

42.8%

9

PLT

0.055

41.0%

10

DM

0.042

31.4%

11

MV

0.035

26.5%

12

Multiple trauma

0.033

24.5%

13

Lower extremity edema

0.030

22.5%

14

CVC

0.018

13.3%

15

Stroke

0.018

10.9%

16

Gender

0.015

13.3%

17

Family history of VTE

0.011

8.2%

18

Malignant tumor

0.010

7.8%

19

Surgery>45min

0.010

7.2%

4 Discussion
While ANN has been used for luminal applications within vascular and many other medical disciplines[2022],

our data demonstrate the novel utility of these techniques predicts the risk of LEDVT. In this study, we

developed a RAM basis on BP-ANN for predicting the risk of LEDVT for critically ill patients. The result
shown that there was no difference between the Non-LEDVT and the LEDVT group of age, gender and
BMI, but according to previous research, these factors have effect on the LEDVT[23] .Given that
incorporate the above factors into the input layer of BP-ANN model.
The average AUC of Caprini was 0.7-0.8, Padua was 0.6-0.7 and Wells was 0.56-0.70 in previous study[2427].

And in this study, the above RAM were all lower than 0.75, while the study results demonstrate that the

AUC of the BP-ANN RAM was 0.828, which can significantly improve the productivity of LEDVT in
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critically ill patients. Because the previous RAM were mostly based on clinical practice, literature
summary and Delphi analysis. The value of items was mainly determined by the subjective opinions of
experts, and lacks certain degree of objectivity and scientificity[28]. BP-ANN was the most widely used
neural network algorithm by far, which emphasized minimum fault points on the sample in the process of
sample study, namely minimization of the empirical risk [29]. Compared with the traditional methods, the
requirement of ANN was not very strict to the original data, so larger amount of the medical data was
more suitable for ANN. On the other hand, critically ill patients who compared with other patient have
specific LEDVT risk factors. LEDVT patents with consumption of medical resources and expenses remain
high for the treatment [30]. Although the critically ill patients accepted physical or chemical
thromboprophylaxis measures in ICU, more than 10.0% of the critically ill patients were reported deep
venous thrombosis in the current study. In addition, only about 50% of patients have LEDVT symptoms in
current study. Diagnosis based on clinical manifestations and previous risk prediction models will
increase the misdiagnosis rate. The prevalence rate of LEDVT was highly similar to the finding from
another study in China[31]. However, the studies by Charlisa in USA showed that the higher results than
ours [32]. This difference was probably determined by the interaction of genetic and environmental
factors, Factor V Leiden was observed almost exclusively among Caucasians, with a prevalence rate of
5% in the general population of European ancestry and 18% among patients with VTE[33]. In some
European areas (Sweden, Alsace, Cyprus) the prevalence rate of Factor V Leiden has been reported to be
10–15%[33] in the general population, the G20210A allele was present in 2% of healthy individuals and in
7% of patients with VTE[5] . However, this gene mutation was rarely detected in Asian, and no patients
with factor V Leiden or prothrombin G20210A mutation were found in this study.
The results of normalized importance analysis based on D-Dimer, FIB, and CHF all have great impact on
the occurrence of LEDVT in critically ill patients. D-Dimer is known as the smallest fibrinolytic-specific
degradation product. Studies have shown that the content of D-Dimer was highly correlated with the
occurrence of DVT and the results of this study were consistent[34]. Rim stated that elevated D-Dimer was
an independent risk factor for DVT, recurrent DVT and high mortality rate with a variety of disease states,
it also indicated that patients with elevated D-Dimer were a high-risk subgroup of DVT[35]. It is essential to
give appropriate antithrombotic prevention to this subgroup.FIB was synthesized in liver cells and
consists of three pairs of different polypeptide chains: α, β, and γ. Studies have found that γ chain is a
new thrombotic disease marker, and its content accounts for about 7% of the total plasma fibrin[36]，the
binding site of prothrombin XIII and thrombin, so the structure of the clot which was composed of γ fibrin
chain has changed [37]. This chain has the characteristics of protecting thrombin from being inactivated
by antithrombin, increasing the time for thrombin to survive on the surface of the clot, and potentially
increase the incidence of thrombosis [37, 38]. Cheung EY found that the FIB value of PE patients was
significantly higher than the value of that control group through a case-control study [39], and their study
were more consistent with this study. A total of 71 patients with CHF were included in this study, 15 of
which developed LEDVT, with an incidence rate of 21.13%. The results of this study shown that CHF was
a suspicious influencing factor for the occurrence of LEDVT in critically ill patients. The main reasons can
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be summarized in the following three aspects: On the one hand: The heart of CHF patients has been in a
state of volume expansion for a long time, the ejection fraction was reduced, and the exercise tolerance
was reduced, which leaded to an increase in the viscosity of the venous blood of the lower limbs and a
slowdown in the blood flow rate[40].On the other hand: Patients with CHF were affected the release of
endothelial-derived nitric oxide, which help vasodilation and increased blood flow, further reduced the
relative blood flow of the microcirculation in CHF patients. Finally, studies have shown that von
Willebrand factor, which is necessary for blood coagulation and platelet adhesion, was elevated in CHF
patients, suggesting that CHF patients were in a relatively hypercoagulable state[41].
In view of this, if the condition permits, noninvasive mechanical compression measures can be selected,
such as extracorporeal compression pumps, intermittent compression devices for lower limbs, etc.

Conclusion
The BP-ANN risk assessment model established in this study has played a good role in predicting the
occurrence of LEDVT in critically ill patients, but it still has the following shortcomings: BP-ANN RAM has
a high degree of nonlinearity and strong generalization ability, but there are also disadvantages of
slowing convergence speed, causing large number of iteration steps. This model easy to fall into local
minima result in poor global search ability; and the sample size of this study is small, the model needs to
be further improved in the case of large samples with multiple regions and multiple centers.
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Figures

Figure 1
The ROC curve of Caprini, Padua, Wells and BP-ANN RAM
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