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thromboembolism (VTE)

Shuai Zhou", Xudong Ma®™, Songyi Jiang’*, Xiaoyan Huang"*, Yi You®, Hanbing Shang', Yong Lu"*

'Division of Medical Affairs, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China; *National Health Commission
of the People’s Republic of China, Beijing, China; *Beijing Huimei Technology Co., Ltd., Beijing, China; *Department of Director’s Office, Ruijin
Hospital, Luwan Branch, Shanghai Jiaotong University School of Medicine, Shanghai, China

Contributions: (I) Conception and design: S Zhou, Y Lu; (II) Administrative support: X Ma, Y Lu, H Shang; (III) Provision of study materials or
patients: Y Lu, H Shang, S Jiang; (IV) Collection and assembly of data: S Zhou, X Huang, S Jiang, Y You; (V) Data analysis and interpretation: X
Huang, S Zhou, X Ma, Y You; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Yong Lu. Director, Ruijin Hospital, Luwan Branch, Shanghai Jiao Tong University School of Medicine, Shanghai, China.
Email: 18917762053@163.com; Hanbing Shang. Department of Neurosurgery, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai, China. Email: Neuro_paper@126.com.

Background: Artificial intelligence technology is widely used in the medical industry. Our retrospective
study evaluated the effectiveness of an AI-CDSS in improving the incidence of hospital-related VTE and the
impact of anticoagulant drug use.

Methods: This study collected relevant data on adult patients over 18 years of age who are not discharged
24 hours, from January to July 2019 and from January to July 2020, the VTE high-risk department of Ruijin
Hospital. Before and after using AI-CDSS, the incidence of hospital-related VTE and using anticoagulants
were analyzed.

Results: Between January to July 2019 and January to July 2020, 3,565 and 4,423 adult patients over 18
years old were hospitalized in our hospital and were designed as a control group and intervention group,
respectively (7,988 in total). Both groups had similar baseline characteristics. There were 4,716 (59.03%)
male patients, the mean age was 60.43x13.09 years, and the mean stay was 7.56x7.76 days. More than half
of the patients (4,605, 57.58%) came from the respiratory. VTE events during hospitalization occurred in
41 patients; overall, 5.13/1,000 (41 episodes in 7,988 patients). Compared with the control group, before
implementing AI-CDSS, the rate of VTE during hospitalization was reduced from 5.89/1,000 (21 episodes
in 3,565 patients) to 4.75/1,000 patients (20 episodes in 4,423 patients) (relative reduction of 19.35%) in
the intervention group. The use rate of anticoagulant drugs was increased from 19.97% (712/3,565) in the
control group to 22.88% (1,012/4,423) in intervention group [P<0.01, odds ratio (OR): 1.19, 95 percent
confidence interval (95% CI) (1.07-1.32)], (relative 14.57% increase). Poisson’s regression results showed
that department, age >75 years [OR: 3.09, 95% Cl (1.45-6.33)], duration of hospitalization [OR: 1.04, 95%
CI (1.03-1.05)], heart failure [OR: 5.13, 95% CI (1.74-13.54)] and renal failure [OR: 3.60, 95% CI (0.90-
11.34)] were high-risk factors for VTE events.

Conclusions: Implementing AI-CDSS can help clinicians identify hospitalized patients at increased VITE
risk, take effective preventive measures, and improve clinicians’ compliance with the American College of
Chest Physicians (ACCP) guidelines.
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Introduction

Venous thromboembolism (VTE), a disease of venous
return disorder, refers to the abnormal coagulation of blood
in the veins, which causes the blood vessels completely or
incompletely blocked, including pulmonary embolism (PE)
and deep vein thrombosis (DVT) formation, which are
two clinical manifestations of the same disease at various
stages and various parts (1). VI'E affects 5% to 15% of
patients hospitalized for medical or surgical symptoms (2),
which has always been the primary cause of sudden death in
hospitalized patients and an important direct cause of death
from tumors and surgical cases (3,4). With the increase
of elderly patients and the acceleration of hospitalization
turnover, the incidence of VTE has increased significantly.
Studies have shown that 60% of VTE events occur during
hospitalization or shortly after discharge, and the mortality
rate of hospital-related VTE is much higher than the
mortality rate of hospital infections. VTE occurring in the
hospital poses a huge threat to the health of patients (5).
Early prevention (6-10) of VITE has become a top priority
that all medical institutions must face (11). However,
because of many factors, including insufficient knowledge
of the incidence and mortality of VTE, there are concerns
about the risk of anticoagulation and bleeding in the
standard course of treatment.

Further, there are also concerns about rising treatment
costs and many others. The proportion of VTE norm
assessment in China and even the Western Pacific region
is significantly lower than in European and American
countries, and the proportion of VI'E norms and adequate
full-course preventive medication is even lower (12). The
results of the study, a multi-center cross-sectional study of
VTE risk for inpatients in a tertiary hospital in China (13),
showed that among the 13,609 hospitalized patients (6,623
medical patients, 6,986 surgery patients) in 60 research
centers, 36.6% of hospitalized medical patients are high-
risk groups of VTE, 53.4% of surgical inpatients are high-
risk groups of VIT'E. With only 9% of those receiving
VTE prophylaxis following the ACCP guidelines (the
medical group, 6.0%; the surgical group, 11.8%), 9th
edition. This result shows that the VTE prevention rate for
inpatients in China is significantly lower than the multi-
center Epidemiologic International Day results to evaluate
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patients at Risk for Venous Thromboembolism in the Acute
Hospital Care Setting (ENDORSE) study (medical 43%,
surgery 55%). Many medical institutions and hospitalized
patients are still in a state of insufficient protection.

A retrospective controlled study was used to improve
the effectiveness of AI-CDSS in improving the incidence
of hospital-related VTE. The study clarified the role of
AI-CDSS in reducing VTE incidence in hospitals and
improving clinicians’ compliance with VTE prevention
and treatment guidelines. Further, it explored the impact
of AI-CDSS on the incidence of anticoagulation-related
major bleeding events, enhancing clinicians’ awareness of
VTE prevention and treatment to standardize the clinical
management of VTE prevention and treatment. We present
the following article in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
atm-21-1093).

Methods
Study design

This study, a retrospective study, evaluated hospital-acquired
VTE’ occurrence and the intensity of anticoagulant drugs
before and after using AI-CDSS. We developed an Al-
CDSS and connected it to Ruijin Hospital’s electronic
medical record system. When the patients entered the
trial group, the AI-CDSS system was activated; the system
automatically collected patient information, scored VTE,
bleeding risk, and the wells every 6 hours or whenever
the doctor entered the patient’s electronic medical record
system. When the assessment results showed that the
patient was at increased risk, the system would give doctors
corresponding preventive reminders.

According to the time when AI-CDSS was officially
put into use in the clinical department, we identified
4,423 hospitalized patients who were at least 18 years of
age and were not discharged in 24 hours from January to
July 2020. Patients from the Trauma Surgery department,
Respiratory, Emergency Intensive Care Unit (EICU),
Medical Emergencies, Neurosurgery, Thoracic Surgery
were included, as were patients monitored by AI-CDSS,
which compared with the data of the same period in 2019.
All procedures performed in this study involving human
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participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved
by Shanghai Jiao Tong University School of Medicine,
Ruijin Hospital ethics committee (approval No. 2020-164).
Informed consent from participants was exempted by the
ethics committee.

Acceptance criteria

Inclusion criteria: inpatients aged >18 years came from 24
VTE high-risk departments where VTE incidence in 2019
was greater than 0.1% in Ruijin Hospital.

Exclusion criteria: hospitalized patients who met the
following four conditions would not be included: (I)
hospitalized patients were diagnosed with DVT or PE using
the International Classification of Diseases, 10th Revision
(ICD-10) at the time of admission; (IT) had taken part in a
similar clinical trial; (IIT) expected hospital stay <24 hours;
(IV) full anticoagulation.

Data collection

The standard process of data collection is: in the first
step, the AI-CDSS automatically retrieved the medical
records of patients discharged from the hospital 24 hours
daily at 0:00. The admission diagnosis had no DVT/PE,
and the discharge diagnosis had DVT/PE, which was a
recorded hospital-acquired VTE incident in the database.
Simultaneously, the AI-CDSS automatically summarized
the information of patients with DVT diagnosis in the
B-ultrasound and venography reports of discharged
patients. In the second step, the designated clinical experts
would review the patient information list obtained in the
first step one by one, including but not limited to review of
medical records, communication with the doctor in charge,
and telephone/face-to-face communication with the patient
to find whether it was hospital-acquired VTE. In the last
step, the database administrator entered the results obtained
above into the database, and the data inspector regularly
checked the incoming information.

Study endpoints and study variables

The primary endpoint of the study was diagnosed as a
hospital-acquired VTE, which was defined as a patient
who had no VTE-related diagnosis on admission but had
a VTE-related diagnosis on discharge, or a patient who
was judged as VTE by clinical experts through imaging
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examinations including ultrasound, CT angiography
(CTA), etc. during the hospitalization. The information
about patients’ demographic characteristics, including age,
sex, body mass index (BMI), admission department, LOS,
in-hospital outcome, discharge diagnosis (VTE, surgery,
tumor, diabetes, heart failure, hypertension, renal failure,
fracture, chronic lung-related diseases), anticoagulant drug
use was collected. In these analyses, patients were divided
into a control group and intervention group according to
AI-CDSS usage.

Statistical analyses

Baseline characteristics are presented as numbers (%) for
categorical data, means + SDs for normally distributed
continuous data. Categorical variables are evaluated by the
chi-square test or Fisher exact probability method. For
continuous variables, used #-test or analysis of variance if
they met normal distribution, and used rank-sum test if
they did not meet normal distribution. Crude hospital-
acquired VTE rates were calculated using the number of
hospital-acquired VTE as the numerator, and the number
of inpatients in 2019 (control group) and 2020 (intervention
group) were found as the denominator. Statistical
significance was set up at two-tailed P values <0.05. All
statistical tests were performed by using R version 4.0.2.

Results
Characteristics of the patients

Between January to July 2019 and January to July 2020,
3,565 and 4,423 adult patients over 18 years old were
hospitalized in our hospital and were designed as a control
group and intervention group, respectively (7,988 in total).
Both groups had similar baseline characteristics (Table 1).
There were 4,716 (59.03 %) male patients, the mean age was
60.43£13.09 years, and the mean stay was 7.56+7.76 days.
More than half of the patients (4,605, 57.58%) came from
the respiratory. The most common coexisting conditions
were cancer (33.34%) [there were fewer hospitalized
patients with cancer because of Corona Virus Disease 2019
(COVID-19) in intervention group], surgery (in 32.72%),
diabetes (in 10.30%), hypertension (in 24.70%), heart
failure (in 0.95%), chronic lung disease (in 4.47%), renal
failure (in 0.69%), fracture (in 0.39%).

Patients in the intervention group [median 63 (IQR 16)
years] were older than those in the control group [median
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62 (IQR 15) years], but 80% of patients in both groups
were concentrated between 41-74 years old. Compared
with the control group, the duration of hospitalization was
shorter in the intervention group. There was no significant
difference in sex (P=0.592), diabetes (P=0.290), and fracture
(P=0.507) between the two groups. Except for patients with
surgery, there was a statistical difference in that the number
of patients with cancer, hypertension, heart failure, chronic
lung disease, renal failure in 2019 was more than in 2020,
respectively (Table 1).

Zhou et al.The incidence of hospital-related VTE

Distribution of VIE events during hospitalization

VTE events during hospitalization occurred in 41 patients;
overall, 5.13/1,000 (41 episodes in 7,988 patients). The
positive impact observed with using AI-CDSS was
supported over time. Compared with the control group,
before implementing AI-CDSS, the overall rate of VTE
during hospitalization was reduced from 5.89/1,000
(21 episodes in 3,565 patients) to 4.75/1,000 patients
(20 episodes in 4,423 patients) (relative reduction of

Table 1 Baseline and demographic characteristic of the hospitalized patients

Characteristic Control group (N=3,565) Intervention group (N=4,423) P value
Department, n (%) <0.001
Trauma surgery 195 (5.47) 271 (6.13)
Respiratory 2,113 (59.27) 2,492 (56.34)
Emergency ICU 20 (0.56) 23 (0.52)
Medical emergencies 125 (3.51) 105 (2.37)
Neurosurgery 523 (14.67) 611 (13.81)
Thoracic surgery 589 (16.52) 921 (20.82)
Sex, n (%) 0.592
Male 2,093 (58.71) 2,623 (59.30)
Female 1,472 (41.29) 1,800 (40.70)
Age (years), n (%) <0.05
18-40 282 (7.91) 431 (9.75)
41-60 1,187 (33.30) 1,450 (32.78)
61-74 1,706 (47.85) 2,113 (47.77)
>75 390 (10.94) 429 (9.70)
Duration of hospitalization, median (IQR) 6 [4-9] 6 [3-9] <0.001
BMI (kg/m?)* <0.05
Underweight/normal weight (<25) 2,149 (66.74) 2,692 (69.47)
Overweight (=25) 1,071 (33.26) 1,183 (30.53)
Cancer, n (%) <0.001
Present 1,988 (55.76) 675 (15.26)
Absent 1,577 (44.24) 3,748 (84.74)
Surgery, n (%) <0.05

Present 1,115 (31.28)

Absent 2,450 (68.72)

1,499 (33.89)
2,924 (66.11)

Table 1 (continued)
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Table 1 (continued)

Characteristic Control group (N=3,565) Intervention group (N=4,423) P value

Diabetes, n (%) 0.290
Present 353 (9.90) 470 (10.63)
Absent 3,212 (90.10) 3,953 (89.37)

Hypertension, n (%) <0.05
Present 925 (25.95) 1,048 (23.69)
Absent 2,640 (74.05) 3,375 (76.31)

Heart failure, n (%) <0.001
Present 51 (1.43) 25 (0.57)
Absent 3,514 (98.57) 4398 (99.43)

Chronic lung disease, n (%) <0.001
Present 200 (5.61) 157 (3.55)
Absent 3,365 (94.39) 4,266 (96.45)

Renal failure, n (%) <0.05
Present 34 (0.95) 21(0.47)
Absent 3,531 (99.05) 4,402 (99.53)

Fracture, n (%) 0.507
Present 12 (0.34) 19 (0.43)
Absent 3,553 (99.66) 4,404 (99.57)

*, proportion of BMI missing outliers: 2019 (9.68%) and 2020 (12.39%); SD, standard deviation.

19.35%) in the intervention group. Similar reduction
rates were observed in respiratory [OR: 60.72, 95% CI
(9.48-1,179.44)], age [OR: 5.09, 95% CI (2.62-9.53)],
duration of hospitalization [OR: 1.05, 95% CI (1.04-1.06)],
hypertension [OR: 2.15, 95% CI (1.14-3.99)], heart failure
[OR: 22.87, 95% CI (8.97-51.17)], renal failure [OR: 16.17,
95% CI (4.70-42.47)] (1able 2).

From the perspective of the VTE anatomy, the inferior
vena cava system embolism (57.14%) and PE (33.33%)
frequently occurred in the control group, while the
intervention group was mostly inferior vena cava system

embolism (76.19%) (Figure I).

VTE risk factors

The control group’s major VT'E risk factor in hospitalized
patients is the department, age >75 years, hospitalization
duration, cancer, diabetes, hypertension, and renal failure.
Department, age >re years, duration of hospitalization, BMI

© Annals of Translational Medicine. All rights reserved.

>25 kg/m’, diabetes, and the fracture was the major VTE
risk factor in the intervention group (Table 3).

Simultaneously, we also performed Poisson regression
analysis to evaluate the risk factors of VI'E by controlling
potential confounding factors (department, age, duration
of hospitalization, cancer, surgery, diabetes, hypertension,
heart failure, renal failure, fracture), results indicating that
department, age >75 years [OR: 3.09, 95% CI (1.45-6.33)],
duration of hospitalization [OR: 1.04, 95% CI (1.03-1.05)],
heart failure [OR: 5.13, 95% CI (1.74-13.54)] and renal
failure [OR: 3.60, 95% CI (0.90-11.34)] were high-risk
factors for VT'E events (Table 4).

Using anticoagulant drugs

We also accurately recorded using anticoagulant drugs in
VTE patients, compared before and after implementing Al-
CDSS, and found that the use rate of anticoagulant drugs
was increased from 19.97% (712/3,565) in the control

Ann Transl Med 2021;9(6):491 | http://dx.doi.org/10.21037/atm-21-1093
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Table 2 AI-CDSS and the occurrence of VTE in hospitalized patients

Characteristic Control group (N=3,565) Intervention group (N=4,423) P value Hazard ratio (95% Cl)

VTE events 21 (0.59) 20 (0.48) <0.001

Department, n (%) <0.001
Trauma surgery 1(0.51) 0(0.0) 2.52 (0.53-45.07)
Respiratory 14 (0.66) 11 (0.44) 60.72 (9.48-1,179.44)
Emergency ICU 2(10.0) 3(13.04) 12.18 (2.06-230.86)
Medical emergencies 4 (3.2) 2 (1.90) 0.82 (0.08-17.57)
Neurosurgery 0 (0.0 2(0.33) 0.62 (0.06-13.36)
Thoracic surgery 0 (0.0 2(0.22) 0.83 (0.45-1.55)

Sex, n (%) 0.565 1.21 (0.65-2.33)
Male 10 (0.48) 16 (0.61)
Female 11 (0.75) 4(0.22)

Age (years), n (%) <0.001 5.09 (2.62-9.53)
<75 13 (0.41) 13 (0.33)
>75 8 (2.05) 7 (1.63)

Duration of hospitalization, median (IQR) 6 [4-9] 6 [3-9] <0.001 1.05 (1.04-1.06)

BMI (kg/m?) 0.291 1.46 (0.71-2.95)
Underweight/normal weight (<25) 12 (0.56) 7 (0.26)
Overweight (=25) 4(0.37) 9 (0.76)

Cancer, n (%) <0.05 0.44 (0.19-1.94)
Present 6 (0.30) 3(0.44)
Absent 15 (0.95) 17 (0.45)

Surgery, n (%) 0.653 0.86 (0.42-1.64)
Present 5(0.45) 7 (0.47)
Absent 16 (0.65) 13 (0.44)

Diabetes, n (%) <0.001 3.66 (1.79-7.03)
Present 5(1.42) 7 (1.49)
Absent 16 (0.50) 13 (0.33)

Hypertension, n (%) <0.05 2.15 (1.14-3.99)
Present 10 (1.08) 7 (0.67)
Absent 11 (0.42) 13 (0.39)

Heart failure, n (%) <0.001 22.87 (8.97-51.17)
Present 6 (11.76) 1 (4.00)
Absent 15 (0.43) 19 (0.43)

Table 2 (continued)
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Table 2 (continued)
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Characteristic Control group (N=3,565) Intervention group (N=4,423) P value Hazard ratio (95% ClI)
Chronic lung disease, n (%) 0.124 2.26 (0.67-5.69)
Present 2 (1.00) 2(1.27)
Absent 19 (0.56) 18 (0.42)
Renal failure, n (%) <0.001 16.17 (4.70-42.47)
Present 3(8.82) 1(4.76)
Absent 18 (0.51) 19 (0.43)
Fracture, n (%) <0.001 14.25 (2.25-49.74)
Present 0 (0.00) 2 (10.53)
Absent 21 (0.59) 18 (0.41)

Cl, confidence interval; AI-CDSS, Artificial Intelligence-based Clinical Decision Support System; VTE, venous thrombosis embolism.

Intervention group

33.33%

Control group .
= The superior vena cava

system embolism

= The inferior vena cava
system embolism

= Pulmonary embolism

9.52%

Figure 1 Statistics of anatomical parts of hospital-acquired VTE in the study. VT'E, venous thromboembolism.

group to 22.88% (1,012/4,423) in the intervention group
[P<0.01, OR: 1.19, 95% CI (1.07-1.32)], (relative 14.57%
increase). Similar increase rate was more pronounced in
cancer patients [P<0.001, OR: 4.86, 95% CI (4.03-5.867)]
(Table 5).

Discussion

Implementing AI-CDSS can help clinicians identify
hospitalized patients at increased VTE risk, which has also
been confirmed in other similar studies (14). This is the first
real-word study on the effectiveness of AI-CDSS to improve
the incidence of hospital-related VTE in China. VTE has
the characteristics of insidious onset, rapid onset, and high
risk of death. Studies have shown that 60% of VTE events
occur during hospitalization or shortly after discharge, a
potential major hidden danger to medical quality and safety.

© Annals of Translational Medicine. All rights reserved.

However, traditional manual diagnosis on data indicators
consumes most labor and time and is also difficult to predict
accurately. The study showed that the incidence of VI'E
was reduced by 19.35% after implementing AI-CDSS.
This shows that AI-CDSS has a positive role in VTE risk
management.

Evidence-based educational programs can be successful
in increasing using prophylaxis by clinicians. Information
tools for patient risk assessment can also improve physicians’
use of different preventive therapies (15-17). ENDORSE
used the American College of Chest Physicians (CHEST),
7th edition (9,18) guidelines, while the present study used
CHEST, 9th edition (7-9), guidelines (which recommended
the Caprini and Padua models for VTE risk evaluation).
AI-CDSS in our study may have increased the accuracy
of risk detection compared with ENDORSE (19). When
the patients entered the trial group, the AI-CDSS system
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Table 3 VTE risk factors in hospitalized patients Table 4 Poisson regression results of VTE risk factors in
Risk factors Values hospitalized patients
Control group (N=3,565) Risk factors Pvalue OR H?;Sa;j g;io
Department, n (%)™ Department*** <0.001
Trauma Surgery 1051 Trauma Surgery 3.65  (0.74-65.99)
Respiratory 14(0.66) Respiratory 6.76  (0.87-141.84)
Emergency ICU 2(10.00) Emergency ICU 419  (0.65-81.71)
Medical Emergencies 48.20) Medical Emergencies 111 (0.11-24.04)
Neurosurgery 0 (0.00) Neurosurgery 076  (0.06-17.23)
Thoracic Surgery 0(0.00) Age 275 years™ <0.01 3.09  (1.45-6.33)
Age =75 years™ 8(2.09) Duration of hospitalization**  <0.001  1.04  (1.03-1.05)
Duration of hospitalization, median (IQR)*** 6 [4-9] Heart failure™ <0.01 5.13 (1.74-13.54)
Cancer” 6(0-30) Renal failure* <0.05 360  (0.90-11.34)
Diabetes* 5(1.42) * P<0.05; **, P<0.01: ***, P<0.001. VTE, venous thrombosis
Hypertension* 10 (1.08) embolism.
Renal failure*** 3(8.82)

Intervention group (N=4,423) was activated; the system automatically collected patient

Department, n (%) information and scored VTE, bleeding risk, and wells
Trauma Surgery 0 (0.00) every 6 hours or whenever the doctor entered the patient’s
Respiratory 11(0.44) electronic medical record system. When the assessment

results showed the patient was at increased risk, the system
Emergency ICU 3 (13.04) . . . .

would give doctors corresponding preventive reminders:
Medical Emergencies 2 (1.90) for VTE high-risk and Wells high-risk patients, AI-CDSS
Neurosurgery 2(0.33) recommended intravenous B-ultrasound; for VTE high-
Thoracic Surgery 2(0.22) risk and Wells low-risk patients, D-dimer test (DDI) was

Age 575 years® 7 (1.63) recommended. For VTE high-risk and bleeding low-risk

patients, preventive anticoagulation or/and mechanical

Duration of hospitalization, median (IQR)*** 6[4-9] . . .

prevention was recommended. For VTE intermediate-
2%

BMI =25 kg/m 9(0.76) risk, mechanical prevention or/and drug prevention

Diabetes™ 7(1.49) was recommended. A warning would be given for VTE

Fracture** 2 (10.53) intermediate-high-risk and bleeding high-risk if a doctor

* P<0.05: ** P<0.01: ** P<0.001. VTE. venous thrombosis prescribed anticoagulant drugs. For all patients prescribed
embolism. mechanical prophylaxis, AI-CDSS determined whether the

Table 5 Using anticoagulant drugs

Control group (N=3,565), n (%) Intervention group (N=4,423), n (%) P OR (95% Cl)
N 712 (19.97) 1,012 (22.8 8) <0.01 1.19 (1.07-1.32)
Cancer 382 (19.22) 362 (53.63) <0.001 4.86 (4.03-5.867)

Anticoagulant drug use intensity = anticoagulant drug consumption (various DDD) x 100/(the number of patient days admitted in the same
period). The number of patient days admitted in the same period = the number of patients discharged in the same period x the average
number of days in hospital in the same period.
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lower extremity ultrasound screening had been performed
within 72 hours; if not, it reminded the doctor. If the
ultrasound examination found DVT formation (including
suspicious) and CT pulmonary angiography (CTPA) finds
PE (including suspicious), AI-CDSS reminded the doctor
paid attention via corporate WeChat. Unfortunately, the
study is a retrospective study; it is impossible to compare
specific interventions’ effects. This will be further perfected
in the succeeding study.

The study also found that the anticoagulant drugs use
rate was 22.88% in the intervention group, which increased
by 14.57% after implementing AI-CDSS.

Patients at risk of VI'E were recommended for
pharmacological thromboprophylaxis according to the
ACCP guidelines (9,20,21). A nationwide, multi-center,
cross-sectional study of VTE prophylaxis in Chinese
inpatients showed all proper VTE prophylaxis rates of
12.9%; appropriate VTE prophylaxis rates implementing
AI-CDSS were much higher than our results. These
findings that AI-CDSS improved clinicians’ compliance
with the ACCP guidelines, thereby increasing the coagulant
used. However, compared with ENDORSE and VOICE
results, proper pharmacological VTE prophylaxis rates of
inpatient were at 16-50.2% (19,22). This reflects insufficient
awareness of VTE prophylaxis in Chinese physicians. Early
identification, early diagnosis, and standardized treatment
of VTE can effectively reduce the risk of VTE.

AI-CDSS moves VTE risk management and control
forward and assesses the risk of VTE and bleeding from
the patient’s admission, and reminds clinicians to take
effective preventive measures. This can significantly reduce
patients’ adverse consequences, hospitals’ and doctors’
medical risks, medical disputes, and medical health burdens.
Simultaneously, to fill the gaps between the guidelines
and clinical practice, to improve clinicians’ awareness
of VTE risk prevention and control, repeated physician
education intervention by multiple media including forum,
conference, lecture, video, brochure, WeChat public
account (23).

Research risk control is reflected in anticoagulation
treatment. Researchers will conduct publicity and education
on patients and their families and judge whether they
have bleeding tendencies with their symptoms, signs, and
blood routines. If bleeding occurs, clinicians at once stop
using low-molecular-weight heparin and have medical staff
perform relevant treatments, including cold compress,
puncture, aspiration for the Bleeding Academic Research
Consortium (BARC) type 1, and intravenous injection
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protamine for the BARC type 2, type 3, type 4, type 5.
The professional clinicians will confirm every VI'E event
(including suspected cases) to ensure the research case’s
authenticity and reliability and the accuracy of the data
quality, and each enrolled patient will experience two
follow-ups. In the first follow-up, within 24 hours after the
patient is admitted, AI-CDSS will automatically collect
relevant data from the hospital information system to
automatically complete the VTE risk assessment. In the
second follow-up, when the patient is discharged, AI-CDSS
collects relevant data from the hospital information system,
and a qualified doctor confirms the data that needs to be
confirmed by the clinician. No added medical activities are
added during the whole research process, and AI-CDSS
automatically collects all data, and the compliance of the
research subjects is high.
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