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a b s t r a c t 

Background: Venous thromboembolism (VTE) prophylaxis remains suboptimal in China due to the bleed- 

ing risk associated with pharmacologic prophylaxis. We used data from the DissolVE-2 study to report the 

risk factors for bleeding and validated the International Medical Prevention Registry on Venous Throm- 

boembolism (IMPROVE) bleeding risk score (BRS). 

Methods: In-hospital major bleeding incidence in medical patients from the DissolVE-2 study were as- 

sessed by Kaplan-Meier method. Risk factors associated with clinically relevant bleeding (CRB) were 

analysed using Cox regression model. Sensitivity, specificity, positive predictive value, negative predic- 

tive value and receiver-operating characteristic (ROC) curve was used to compute the diagnostic accuracy 

of IMPROVE BRS in the study cohort. 

Findings: Of the 6623 medical patients, 5076 patients with all relevant clinical details were included for 

the validation cohort. Overall, 127 CRB events (38 major and 89 clinically relevant non-major bleeding 

events) occurred in this cohort, with a cumulative incidence rate of 2.6% (95% confidence interval [CI], 

2.3–3.4). Application of IMPROVE BRS revealed significantly higher hazards of CRB (hazard ratio [HR]: 

7.17, 95% CI, 5.05–10.18) and major bleeding (HR: 13.95, 95% CI, 7.28–26.73) in patients with IMPROVE BRS 

≥7. Comparison of predictive parameters revealed higher sensitivity (44.1 vs 35.9) and positive predictive 

value (10.9 vs 2.6) for CRB in our study than the IMPROVE study, which was substantiated by the area 

under the curve (0.73, p < 0.0 0 01) from the ROC curve analysis. 

Interpretation: IMPROVE BRS is a simple model for estimating bleeding risk in Chinese medical patients 

and could be used in conjunction with VTE risk assessment models to decide prophylactic treatment for 

VTE. 
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. Introduction 

Venous thromboembolism (VTE) is a complex disease result- 

ng from the interaction among clinical, genetic and environmental 

isk factors, which include deep vein thrombosis (DVT) and pul- 

onary embolism (PE) 1 . hospitalization is a known risk factor that 

ncreases the probability of acquiring VTE by at least 8-fold, which 

s also influenced by patient- and disease-specific factors 2 . Vari- 

us international guidelines recommend thrombo-prophylaxis for 

he prevention of VTE in case of hospitalised, non-surgical patients, 

ased on the presence of risk factors for VTE and bleeding 3 . The 

merican College of Chest Physicians (ACCP) evidence-based guide- 

ines recommend thrombo-prophylaxis in acute medical ill, hospi- 

alised patients who are at high risk for VTE, and the prophylactic 

odality should be decided based on the bleeding risk 4 . 

The prophylactic treatment for the prevention of VTE in hospi- 

alised patients is frequently based on the stratification of risk fac- 

ors for acquiring VTE and the risk of bleeding 4 . Clinical prediction 

odels based on the established risk factors are frequently used 

or stratifying patients into high, medium and low risk for VTE and 

leeding 5 . Scoring systems such as the Padua prediction score and 

he Caprini risk assessment model (RAM) have been used to pre- 

ict VTE in hospitalised patients 6–10 . In the Venous Thromboem- 

olism Risk and Prophylaxis in the Acute Hospital Care Setting 

ENDORSE) study and The Identification of Chinese Hospitalized 

atients’ Risk Profile for Venous Thromboembolism-2 (DissolVE-2) 

tudy, the rates of VTE prophylaxis were low which could be due to 

hysicians’ fear of bleeding 10 , 11 . This emphasises the urgent clini- 

al necessity to assess the risk of bleeding in patients with VTE for 

electing appropriate therapeutic management in patients at risk 

f VTE 12 . 

The established risk factors for bleeding in hospitalised pa- 

ients have been reported in previous studies 13–16 . The Interna- 

ional Medical Prevention Registry on Venous Thromboembolism 

IMPROVE) study identified risk factors and set a model to predict 

he bleeding risk for hospitalised patients who are at risk for VTE. 

he study revealed a total of 11 patient- and disease-related fac- 

ors assessed at hospital admission to be independently associated 

ith higher bleeding rates. On the basis of the incidence of bleed- 

ng in their cohort of patients, the study recommended a bleeding 

isk score (BRS) threshold of seven to categorize patients into high- 

 ≥7) and low-risk ( < 7) categories 17 . 

To date, the IMPROVE RAM remains the only BRS in medi- 

al patients that was validated in a large cohort of American pa- 

ients 18 , 19 , however, it was not yet validated in other ethnic groups. 

issolVE-2 study was designed to identify the risk factors for VTE 

nd bleeding in a large cohort of Chinese medical and surgical in- 

atients. Herein, we sought to report the risk factors for bleeding 

nd to perform external validation of the IMPROVE BRS in Chinese 

edical patients in the DissolVE-2 study. 

. Methods 

.1. Study design and participants 

We used data from the DissolVE-2 study to report the risk 

actors and externally validate the IMPROVE BRS. DissolVE-2 is 

 retrospective, multicentre, observational study (ChiCTR-OOC- 

6010187) that included patient data from 60 teaching hospitals 

ith > 500 beds in 44 major cities across China. These hospi- 

als were randomly selected from six regions of China (Northeast, 

orth, East, Northwest, Southwest and South-Central China) 10 . The 

tudy was approved by the institutional ethics board, and the 

equirement of written consent from the included patients was 

aived off as it was a retrospective study. 
2 
.2. Study population 

The selection of the patient population, sample size calcula- 

ion, inclusion and exclusion were reported previously 10 . Eligi- 

le patients were > 18 years, had a hospital stay ≥72 h, admit- 

ed for treatment of a serious acute medical illness listed in the 

CCP 8th and 9th Edition. The following patients were excluded: 

atients admitted solely for diagnostic testing or haemodialy- 

is; patients receiving medicinal anticoagulation treatment; pa- 

ients admitted for treatment of VTE (began within 24 h of ad- 

ission); patients with a major traumatic event, requiring or 

ot requiring an operation, including closed head injury; preg- 

ancy; patients who are hospitalised for a chronic condition, 

ather than an acute medical illness; and patients from the fol- 

owing wards: psychiatric, pediatric, palliative care, maternity, ear, 

ose and throat units, burn units, dermatological, ophthalmo- 

ogic services, alcohol/drug treatment wards and rehabilitation 

nit/ward. Since the main aim of the study was to validate IM- 

ROVE BRS, patients with missing platelet count, international 

ormalised ratio (INR), and glomerular filtration rate (GFR) and 

urgical patients were excluded from the validation data set as 

ell. 

.3. Data collection and procedure 

The incidences of in-hospital major bleeding and clinically rel- 

vant non-major bleeding (CRNMB) in medical patients were col- 

ected. Data were collected using a case report form for patients 

ho met inclusion criteria on the day of visit to hospital from the 

edical records of the patients (appendix 1). Data from eligible pa- 

ients’ medical charts were collected by using an electronic case 

eport form, de-identified, and entered into an electronic data cap- 

ure system by trained data management personnel.. The collected 

ata included demographic information, type of medical illness 

ased on admission and discharge diagnoses, treatment/procedural 

etails, risk factors for VTE and bleeding during hospitalization, de- 

ails of VTE prophylaxis administered as described in the CHEST 

uidelines, 9th edition 

4 , 20 , 21 , and clinical outcome of the patient 

t discharge. 

Risk level of VTE was assessed in medical inpatients using 

adua prediction scoring. Based on the risk factors, patients were 

ategorised into low or high risk according to the CHEST guide- 

ines, 9th edition 

4 , 20 , 21 . 

.4. Outcomes 

The definition of major bleeding was a bleeding event con- 

ributing to death, clinically overt bleeding associated with a fall 

n hemoglobin level by ≥2 g/dL or leading to transfusion of at 

east two units of packed red blood corpuscles (RBCs), or bleed- 

ng within a critical organ (including intracranial, retroperitoneal, 

ntraocular or pericardial bleeding). CRNMB was defined as haem- 

rrhoidal bleeding, gross haematuria lasting for > 24 h, epistaxis 

r bleeding gums > 5 min, subcutaneous haematoma > 25 cm 

2 , 

aematoma requiring drainage or other bleeding. Major bleed- 

ng and CRNMB were collectively referred to as clinically relevant 

leeding (CRB). The primary outcomes were to estimate the risk 

actors for CRB/major, and to perform external validation of the IM- 

ROVE BRS. The secondary outcome was to assess the role of VTE 

rophylaxis in the IMPROVE BRS. Bleeding events were categorised 

s related or unrelated to anticoagulant usage depending on the 

ccurrence of bleeding within 24 h of administration of anticoagu- 

ant. This was interpreted and supervised by an independent adju- 

ication committee. 
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.5. Statistical analysis 

Continuous variables were described as number of observations, 

ormally distributed variables were expressed as mean and stan- 

ard deviation (SD) and non-normally distributed variables were 

xpressed as median and interquartile range (IQR). Exploratory hy- 

othesis testing was performed at the two-sided α = 0.05 level un- 

ess otherwise specified; two-sided 95% confidence intervals (CIs) 

re presented where specified. Distribution of risk level of VTE 

n hospitalised patients and proportion of patients receiving any 

TE prophylaxis were summarised separately in terms of percent- 

ge with 95% CIs. The cumulative bleeding rate within 14 days 

rom the day of admission till any bleeding (or till the day of dis- 

harge in case of absence of major bleeding) was determined using 

aplan-Meier (KM) analysis. Univariate and multivariate analyses 

ere performed by Cox regression model to analyze the risk fac- 

ors associated with bleeding events. Hazards ratio and 95% CI for 

ajor bleeding and CRB for different risk stratification factors were 

omputed from the Cox regression. 

The rating of patients based on IMPROVE BRS is provided in ap- 

endix 2. Based on the presence of risk factors, the patients were 

ichotomously categorised into low risk (score < 7) and high risk 

score ≥7), and the incidence of major and any bleeding events 

ere analysed in the low-risk and high-risk groups. On the basis 

f our definition of a positive test (one in which the incidence of 

leeding occurred in patients with IMPROVE BRS ≥7), we calcu- 

ated the sensitivity, specificity, positive predictive value (PPV) and 

egative predictive value (NPV) using standard formula. Receiver- 

perating characteristic (ROC) curve was also plotted to understand 

he predictive ability of the IMPROVE BRS in our cohort of pa- 

ients. Statistical analyses were performed by using Statistical Anal- 

sis System (SAS) version 9.4 (SAS Institute, Inc). 

.6. Role of the funding source 

This study was funded by Sanofi, and editorial support in the 

reparation of this publication was provided by Sanofi. The authors 

ndividually and collectively are responsible for all content and ed- 

torial decisions and received no payment from Sanofi related to 

he development/ presentation of this publication. 

. Results 

.1. Demographic characteristics, prevalence of VTE risk and 

harmacologic prophylaxis 

The study screened a total of 51,835 patients, of which 14,0 0 0 

ere enrolled. After removing surgical patients, a total of 6623 

edical patients were included for assessing the VTE risk. The 

ean age of the medical patients was 63 years (SD: 16), and 58% 

f the patients were males. The other baseline parameters are pro- 

ided in Supplementary Table 1. Out of the 6623 patients, 1547 

atients were excluded from the analysis because of missing val- 

es for platelet count or INR or GFR. Risk factors for major/CRB 

nd validation of the IMPROVE BRS was done in the remaining 

076 patients (validation cohort) (Supplementary Figure 1). Risk 

tratification for VTE by Padua scoring revealed 37% (95% CI: 35–

8) of the patients to be at high risk and 63% of the patients

o be at low risk (95% CI: 62–65). The corresponding bleeding 

ates in patients with high and low risk of VTE were 1.4% and 

.4%, respectively (Supplementary Table 2). Of 5076 patients, only 

19 patients (8%) received any pharmacologic prophylaxis. Low- 

olecular-weight heparin (LMWH) was the most frequently used 

harmacologic prophylaxis (158/519; 30%). The other pharmaco- 

ogic prophylactic drugs used, their dosage/day and routes of ad- 

inistration are provided in Supplementary Table 3. 
3 
.2. Type of in-hospital bleeding, clinical consequence and reasons for 

leeding 

A total of 140 bleeding events were reported in the medi- 

al patients from the DissolVE-2 study out of which 42 bleed- 

ng events were major and 98 bleeding events were CRNMB. 

he various types of major and CRNMB in medical patients in- 

lude bleeding requiring blood transfusion ≥2 units (21%), intracra- 

ial bleeding (7%), bleeding leading to a fall in hemoglobin level 

y ≥2 g/dL (2%), epistaxis (5%), gross haematuria (2%), haem- 

rrhoidal bleeding (1%) and others bleeding events important 

nough to be recorded on the hospital chart (63%; Supplemen- 

ary Table 4). Different clinical consequences of bleeding in medi- 

al patients in the validation cohort included improvement (58%), 

ure (8%), death (8%), aggravation (3.2%), department transference 

0.8%) and unknown (22.1%). The incidence of bleeding was un- 

elated to anticoagulation in 87.4% of the patients and was re- 

ated to anticoagulation in 2.4% of the patients (Supplementary 

able 5). 

.3. Cumulative incidence of bleeding in the validation cohort 

The cumulative bleeding rate from the day of hospital admis- 

ion until the 14th day of hospital admission, as evaluated by the 

M curve, revealed a cumulative incidence of 2.6% (95% CI: 2.3–

.4) in the validation cohort ( Fig. 1 ). A total of 38 (1%) major bleed-

ng events and 89 (2%) CRNMB were recorded in the validation co- 

ort. Patient- and disease-related factors in the validation cohort 

tratified according to incidence of major bleeding and CRNMB are 

rovided in Table 1 . 

.4. Validation of IMPROVE BRS 

A total of 11 factors that had higher odds of bleeding in the 

MPROVE BRS were evaluated for their association in medical pa- 

ients. Among the factors, active gastrointestinal ulcer (HR: 7.08), 

leeding in 3 months before admission (HR: 7.21), platelet count 

 50 × 10 9 (HR: 5.70), GFR (moderate renal failure, HR: 2.07; se- 

ere renal failure, HR: 3.02) and ICU/CCU admission (HR: 2.67) 

ere significantly associated with CRB ( Table 2 ). 

A total of 4564 (90%) and 512 (10%) patients had an IMPROVE 

RS of < 7 and ≥7, respectively ( Fig. 2 A), and the incidence of CRB

as 2% and 11%, respectively ( Fig. 2 B). The hazards of CRB event

ere 7.17 times more in patients with an IMPROVE BRS of ≥7, 

hereas the hazards of major bleeding event were 13.95 times 

ore in patients with an IMPROVE BRS of ≥7 (Supplementary Ta- 

le 6). There seems to be a direct proportionality between the IM- 

ROVE BRS and the bleeding rates (CRB and major bleeding) as the 

leeding rate in patients with a score of 0 to 1 increased from 

% to 26% in patients with BRS > 12 for CRB. The corresponding 

hange in bleeding rates for major bleeding was 0% to 21% ( Table 3 ,

upplementary Figure 2A and 2B). Further, a total of 318 patients 

ith an IMPROVE BRS > 7 was also considered as patients at high 

isk for VTE as per the Padua score (Supplementary Table 7). 

The predictive ability of the IMPROVE BRS in medical pa- 

ients revealed a high specificity and NPV for both CRB (speci- 

city: 90.8%; NPV: 98.4%) and major bleeding (specificity: 90.3%; 

PV: 99%) events. Comparison of predictive parameters of the 

edical patients in the current study with the IMPROVE patient 

ohort (calculated from the reported bleeding rates), revealed a 

igher sensitivity (44.1 vs 35.9) and PPV (10.9 vs 2.6) for CRB 

Supplementary Table 8). The ROC curve plotted with the pre- 

ictive parameters (sensitivity and specificity) revealed an area 

nder the curve value of 0.73 (95% CI: 0.68–0.78, p < 0.0 0 01; 

ig. 3 ). 
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Fig. 1. Kaplan-Meier plot showing the cumulative incidence rate of clinically relevant bleeding from within 14 days from admission in medical patients ( n = 5076). Major 

bleeding and clinically relevant non major bleeding were collectively referred to as clinically relevant bleeding.A. 

Table 1 

Patient - and disease-related risk factors stratified by bleeding status. 

Total Patients Major Bleeding CRNM Bleeding No Bleeding 

N = 5076 N = 38 N = 89 N = 4 94 9 

n (%) n (%) n (%) n (%) 

Patient characteristics 

Age in years 

< 40 401 (7.9) 5 (13.2) 7 (7.9) 389 (7.9) 

≥40 and < 85 4362 (85.9) 31 (81.6) 75 (84.3) 4256 (86.0) 

≥85 313 (6.2) 2 (5.3) 7 (7.9) 304 (6.1) 

Male 2946 (58.0) 22 (57.9) 58 (65.2) 2866 (57.9) 

Medical conditions 

Active gastroduodenal ulcer 52 (1.0) 3 (7.9) 6 (6.7) 43 (0.9) 

Bleeding in 3 mo before admission 121 (2.4) 9 (23.7) 13 (14.6) 99 (2.0) 

Platelet count < 50 × 10 9 101 (2.0) 8 (21.1) 8 (9.0) 85 (1.7) 

Hepatic failure (INR > 1.5) 115 (2.3) 5 (13.2) 1 (1.1) 109 (2.2) 

Severe renal failure 

GFR < 30 mL/min/m 

2 234 (4.6) 11 (29.0) 8 (9.0) 215 (4.3) 

GFR 30–59 mL/min/m 

2 590 (11.6) 9 (23.7) 17 (19.1) 564 (11.4) 

GFR ≥60 mL/min/m 

2 4252 (83.8) 18 (47.4) 64 (71.9) 4170 (84.3) 

ICU/CCU 340 (6.7) 12 (31.6) 16 (18.0) 312 (6.3) 

Central venous catheter 319 (6.3) 14 (36.8) 12 (13.5) 293 (5.9) 

Rheumatic disease 277 (5.5) 3 (7.9) 4 (4.5) 270 (5.5) 

Current cancer 1196 (23.6) 10 (26.3) 29 (32.6) 1157 (23.4) 

VTE prophylaxis 432 (8.5) 1 (2.6) 10 (11.2) 421 (8.5) 

Median hospital length of stay (days) 11 (IQR 8–16) 16 (IQR 11–25) 12 (IQR 8–18) 11 (IQR 8–16) 

CRNM, clinically relevant nonmajor; INR, international normalized ratio; GFR, glomerular filtration rate; ICU, intensive care unit; CCU, cardiac care unit. 

3
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.5. Effect of VTE prophylaxis on the performance of IMPROVE BRS 

A total of 374 (8%) and 58 (11%) patients with an IMPROVE 

RS of < 7 and ≥7, respectively, underwent VTE prophylaxis (Sup- 

lementary Figure 3). A total of 11 patients who underwent VTE 

rophylaxis experienced CRB, of whom seven patients had an IM- 

ROVE BRS < 7 and 4 patients had an IMPROVE BRS ≥7. The bleed-

ng rate for CRB event was more in patients without any prophy- 

t

4 
axis, with an IMPROVE BRS ≥7 (12% vs 7%), although there was no 

tatistically significant difference suggesting that the VTE prophy- 

axis did not alter the performance of IMPROVE BRS (Supplemen- 

ary Table 9). 

. Discussion 

Bleeding and VTE risk stratifications in hospitalised medical pa- 

ients assist in selecting patients for VTE prophylaxis. The IMPROVE 
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Fig. 2. Implications of IMPROVE bleeding risk score for clinical decision making. A. Proportion of medical patients with IMPROVE BRS of < 7 and ≥7. B. rates of clinically 

relevant bleeding in patients with IMPROVE BRS < 7 and ≥7. BRS: bleeding risk score. 

5 



Z. Zhang, Z. Zhai, W. Li et al. The Lancet Regional Health - Western Pacific 4 (2020) 10 0 054 

Fig. 3. Receiver-operating characteristic curve to assess the diagnostic accuracy of IMPROVE BRS. Area under the ROC curve value was 0.73 (0.68–0.78, p < 0.0 0 01). AUC: Area 

under the curve. 

Table 2 

Association between bleedings and IMPROVE bleeding risk factors ( n = 5076). 

HR [95% CI] P-value 

Patient characteristics 

Age > = 40 and < 85 vs < 40 years 0.82 [0.45–1.51] 0.5216 

Age > = 85 vs < 40 years 0.65 [0.27–1.60] 0.3481 

Male vs Female 1.07 [0.74–1.55] 0.7226 

Medical conditions 

Active gastroduodenal ulcer 7.08 [3.54–14.17] < 0.0001 ∗

Bleeding in 3 mon before admission 7.21 [4.46–11.66] < 0.0001 ∗

Platelet count < 50 ∗ 10 9 5.70 [3.26–9.96] < 0.0001 ∗

Hepatic failure (INR > 1.5) 1.08 [0.45–2.58] 0.8615 

Severe renal failure 

GFR 30–59 vs > = 60 ml/min/m 

2 2.07 [1.31–3.29] 0.0019 ∗

GFR < 30 vs > = 60 ml/min/m 

2 3.02 [1.78–5.13] < 0.0001 ∗

ICU/CCU 2.67 [1.62–4.40] 0.0001 ∗

Central venous catheter 1.48 [0.89–2.46] 0.1325 

Rheumatic disease 1.00 [0.46–2.18] 0.9906 

Current cancer 1.34 [0.89–2.03] 0.1607 

INR, international normalized ratio; GFR, glomerular filtration rate; ICU, intensive 

care unit; CCU, cardiac care unit; HR, hazard ratio; CI, confidence interval. 
∗p < 0.05. 

Table 3 

Model Calibration: bleeding rates by IMPROVE bleeding risk group level. 

Score Group Total Patients Any Bleeding Rates Major Bleeding Rates 

n (%) n (%) n (%) 

0–1 113 (2.2) 1 (0.9) 0 (0.0) 

1.5–2 236 (4.6) 3 (1.3) 2 (0.8) 

2.5 1092 (21.5) 12 (1.1) 2 (0.2) 

3–4 1565 (30.8) 19 (1.2) 1 (0.1) 

4.5–5 708 (13.9) 16 (2.3) 4 (0.6) 

5.5–6.5 850 (16.7) 20 (2.4) 6 (0.7) 

7 84 (1.7) 6 (7.1) 2 (2.4) 

7.5–8 208 (4.1) 17 (8.2) 6 (2.9) 

8.5–9.5 120 (2.4) 14 (11.7) 4 (3.3) 

10–12 81 (1.6) 14 (17.3) 7 (8.6) 

Above 12 19 (0.4) 5 (26.3) 4 (21.1) 
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6 
RS was formulated specifically for medical patients not selected 

or any specific disease state. In the current study, we performed 

n external validation of IMPROVE BRS with a large multicentric 

ohort of Chinese hospitalised patients. The inclusion criteria for 

atients in the DissolVE-2 study were similar to those in the IM- 

ROVE study. The results of our current study revealed compara- 

le specificity (90.8% vs 90.9%) and NPV (98.4% vs 98.2%) in pre- 

icting CRB events to the IMPROVE study. The performance of the 

MPROVE BRS in our cohort of patients was also better than the 

MPROVE cohort in terms of sensitivity (44.1% vs 35.9%) and PPV 

10.9% vs 2.6%) in predicting CRB events. The sensitivity in our co- 

ort was also much higher in predicting major bleeding events 

60.5% vs 51%). This suggested the applicability of IMPROVE BRS 

n Chinese medical patients. 

In a previous external validation study by Hostler et al., in 

merican patients, the incidence rates of major bleeding were sig- 

ificantly higher in patients with an IMPROVE BRS of ≥7 com- 

ared with IMPROVE BRS of < 7 (4% vs 1.2%; p = 0.02) 18 . The cor-

esponding major bleeding incident rates in our study were 4.5% 

ersus 0.3% ( p < 0.0 0 01). Although the incident rates were signif- 

cantly higher in both the studies, there was a distinct disparity 

n incident rates in patients with BRS of ≥7 and < 7 in our study.

his might be because a majority of the patients in the study by 

ostler et al. were on chemical VTE prophylaxis (80% vs 7.8% in 

he current study). Further, 22% of the patients in the study by 

ostler et al. had a BRS ≥7 whereas only 10% of the patients in 

he current study had a BRS ≥7. Although analysis of patients on 

TE prophylaxis in the current study revealed no statistically sig- 

ificant difference in the incidence of CRB events in patients with 

n IMPROVE BRS of < 7 versus ≥7, VTE prophylaxis might attenuate 

he difference in bleeding rates. . 

In a large retrospective, single-center study, Rosenberg et al. 

lso validated the IMPROVE BRS, reporting a similar sensitivity and 

PV as the IMPROVE cohort, but lower specificity (81.5% vs 90.9%) 
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n predicting any bleeding events. The sensitivity (33.3% vs 51%) 

nd specificity (81.3% vs 90%) for predicting major bleeding events 

ere also much lower in their validation cohort 19 . This could be 

ue to the difference in the proportion of patients undergoing 

TE prophylaxis in the IMPROVE cohort (48%) and their valida- 

ion cohort (82%). This is in contrast to our current study wherein 

he predictive parameters were comparable or better than those 

n the IMPROVE cohort. The corresponding AUCs obtained from 

OC curve in the study by Rosenberg et al. were also lower than 

hose in the IMPROVE cohort and the current study cohort (0.63 vs 

.71 vs 0.73). The higher AUC value in our study might suggest bet- 

er performance of the IMPROVE BRS in Chinese patients. Further, 

n the current study, there was no statistically significant associ- 

tion between the IMPROVE BRS, incidence of CRB and VTE pro- 

hylaxis. However, in a study by Rosenberg et al., the predictive 

arameters (specificity, NPV and PPV) were significantly lower in 

atients without prophylaxis 19 . 

In the current study, age, sex, hepatic failure, rheumatic dis- 

ase and current cancer were not significantly associated with in- 

idence of any bleeding. This is in contrast to the findings from 

he IMPROVE cohort wherein, except age (40–84 years) and mod- 

rate renal failure, all the factors had a significantly higher odds of 

leeding. Although in the current study, even moderate renal fail- 

re was significantly associated with a higher hazards of CRB (HR: 

.07, p = 0.0019), this is in concordance with the IMPROVE cohort. 

osenberg et al. and Hostler et al. did not report the effect esti- 

ates for the independent risk factors in their respective patient 

ohorts 18 , 19 . 

In the current study, model calibration revealed that the in- 

idence of major bleeding increased exponentially in proportion 

o the IMPROVE BRS, which is on par with the previous stud- 

es reporting different RAMs 17 , 22 , 23 . In a post hoc pooled analy- 

is of two randomised sister trials predicting bleeding events using 

TE-BLEED score, in patients with VTE on anticoagulant treatment, 

he bleeding incidence was high (12.6%) in patients with score > 2 

ompared with those with score < 2 (2.8%) 22 . A retrospective study 

valuating the accuracy of HAS-BLED score reported higher bleed- 

ng risk in patients with VTE on vitamin K-antagonist treatment 

ith HAS-BLED BRS ≥3 (9.6%) than that of patients with HAS-BLED 

RS < 3 (1.3%) 23 . 

The results of the study substantiate the utility of an evidence- 

ased RAM to predict hospitalised patients who might potentially 

enefit from prophylactic treatment for VTE without bleeding risk. 

his might allow more patient-specific, individualised management 

trategies for reducing VTE risk in acutely ill medical patients. A 

isk-benefit ratio could also be computed with BRS and VTE risk 

cores to drive therapeutic management. Although online tools for 

alculating IMPROVE BRS are already available, including machine 

earning approaches might increase the predictive ability of the 

MPROVE BRS. Machine learning-based approaches have already 

een used with the Khorana score to predict VTE risk in patients 

ith cancer and has revealed better predictive ability in machine 

earning-based approaches 24 . 

The IMPROVE bleeding risk score has been validated in west- 

rn population and was recommend by the CHEST guideline, how- 

ver, there is a lack of evidence in the Chinese population. Other 

leeding risk models, such as NICE and REITE have not been vali- 

ated extensively. Those models mainly targeted the VTE patients 

ith comorbidities to predict their bleeding risks. There was no 

leeding risk score computed in the NICE guidelines and REITE was 

sed in VTE patients treated with anticoagulants 25 , 26 . Hence, the 

MPROVE BRS may not be comparable to other BRS models. 

The current study has some limitations. This was a cross- 

ectional study and data were collected from patient’s medical 

ecords, and hence no follow-up data were available. Moreover, the 

ospitals selected for this study are among the best treatment- 
7 
roviding hospitals and hence might not represent the general 

evel of care provided to patients. Finally, in this real-world data, 

nly a few patients received pharmacologic prophylaxis. Hence, 

his might have introduced some bias while assessing the bleed- 

ng events associated with pharmacologic prophylaxis. Further, in 

his study, a total of 31 bleeding events were reported in the 1547 

atients excluded from the study which may have introduced a se- 

ection bias. However, since the incidence of bleeding in the vali- 

ation cohort and the overall medical patients is similar (2.6% vs 

.4%), we believe the effect of the selection bias could be negligi- 

le. 

In conclusion, we validated the IMPROVE BRS with a large, mul- 

icentric cohort of hospitalised medical patients and provided ev- 

dence for the clinical utility of the IMPROVE BRS in Chinese pa- 

ients. The main risk factors for bleeding in our cohort of patients 

ere active gastroduodenal cancer, bleeding before hospitalization, 

latelet count, hepatic failure, severe renal failure, ICU/CCU ad- 

ission, and central venous catheter. IMPROVE BRS in conjunc- 

ion with VTE RAMs could be used for selecting patients for VTE 

rophylaxis. In the future, prospective validation of IMPROVE BRS 

eeds to be performed and integrated scoring systems for VTE and 

leeding need to be developed and validated. The IMPROVE VTE 

coring system could be integrated with the IMPROVE BRS, and a 

umulative scoring system could be designed and validated to al- 

eviate the risk of VTE in medical patients. 

Future research could also focus on the applicability of machine 

earning tools to enhance the bleeding and VTE risk assessments. 
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esearch in context 

Evidence before this study 

Hospitalization is a common risk factor for venous thromboem- 

olism. Although thromboprophylaxis is recommended, it is not 

ommonly used due to fear of bleeding. Risk factor-based predic- 

ion models are available for predicting VTE in hospitalized pa- 

ients. IMPROVE bleeding risk score predicts the risk of bleeding 

n hospitalized patients which has not been extensively validated. 

 PubMed search with the “IMPROVE bleeding risk score” since in- 

eption till 15th July 2020, retrieved only 2 hits wherein the IM- 

ROVE bleeding risk score was validated in North American pa- 

ients and patients with chronic liver disease. 

Added value of this study 

We performed an external validation of the IMPROVE bleeding 

isk score using data from the DissolVE-2 study that included hos- 

italized, Chinese patients. The results revealed better performance 

f the IMPROVE bleeding risk score in predicting clinically rele- 

ant bleeding events. The sensitivity, specificity, positive predictive 

alue and negative predictive value were similar or better than the 

erformance of IMPROVE bleeding risk score in the original IM- 

ROVE cohort and in other population. 

Implications of all the available evidence 

IMPROVE bleeding risk score is a simple clinical prediction 

odel that could be used in conjunction with VTE risk assessment 

odels to select patients for VTE prophylaxis. It could be linked to 

achine learning-based approaches for robust application in clini- 

al practice. 
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