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Aim: The optimal risk assessment model (RAM) to stratify the risk of venous thromboembolism (VTE) in medi-
cal inpatients is not known. We examined and compared how well the Padua Prediction Score (PPS) and the 
Caprini RAM stratify VTE risk in medical inpatients. 

Methods: We undertook a retrospective case-control study among medical inpatients admitted to a large gen-
eral hospital in China during a 4-year period. In total, 902 cases were confirmed to have VTE during hospitaliza-
tion and 902 controls were selected randomly to match cases by medical service. 

Results: The VTE risk increased significantly with an increase of the cumulative PPS or Caprini RAM score. A 
PPS and Caprini RAM “high risk” classification was, respectively, associated with a 5.01-fold and 4.10-fold 
increased VTE risk. However, the Caprini RAM could identify 84.3% of the VTE cases to receive prophylaxis 
according to American College of Chest Physicians guidelines, whereas the PPS could only identify 49.1% of the 
VTE cases. In the medical inpatients studied, five risk factors seen more frequently in VTE cases than in controls 
in the Caprini RAM were not included in the PPS. The Caprini RAM risk levels were linked almost perfectly to 
in-hospital and 6-month mortality.

Conclusions: Both the PPS and Caprini RAM can be used to stratify the VTE risk in medical inpatients effec-
tively, but the Caprini RAM may be considered as the first choice in a general hospital because of its incorpora-
tion of comprehensive risk factors, higher sensitivity to identify patients who may benefit from prophylaxis, and 
potential for prediction of mortality.  

in medical patients compared with surgical patients1-4). 
Evidence clearly demonstrates that prophylaxis signifi-
cantly reduces the incidence of VTE5-7), and most 
guidelines recommend the use of prophylaxis for med-
ical inpatients at an increased risk of developing VTE8, 9). 
However, the administration of VTE prophylaxis in 
these patients continues to be largely underused2, 10-12). 
Accurate and individual assessment of VTE risk is 
therefore critical for improving this situation13, 14).

Introduction

Venous thromboembolism (VTE), including 
pulmonary embolism (PE) and deep venous thrombo-
sis (DVT), is a major and potentially life-threatening 
complication among medical inpatients. It has been 
reported that 50%–75% of cases of VTE in hospital-
ized patients occur in those being treated for medical 
conditions, and that the incidence of fatal PE is higher 
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tional review board of the West China Hospital of 
Sichuan University (Sichuan, China; a 4300-bed gen-
eral teaching hospital). Written informed consent was 
obtained from all VTE cases in the follow-up study.

We undertook a case-control study among medi-
cal inpatients admitted to the West China Hospital 
during a 4-year period. Complementarily, a prospec-
tive 6-month follow-up study was undertaken among 
the VTE cases after their discharge from the hospital. 

We identified all cases of VTE which occurred in 
all the medical departments of the hospital between 
January 2013 and December 2016. The approaches 
employed to include VTE cases have been reported31, 33). 
VTE patients could be enrolled via the VTE Registra-
tion Center or the Information Center of the hospital. 
The VTE Registration Center was founded in 2009 
by the hospital to include VTE patients for study. We 
also searched information from the hospital’s Informa-
tion Center to include VTE patients who may be 
missed by the VTE Registration Center. Hospital ICD 
(International Classification of Diseases)-10 codes for 
VTE (I26, I80, I82) were used to select cases for 
review. 

Inclusion criteria were confirmed VTE (DVT 
and/or PE), age ≥ 18 years, and hospitalization dura-
tion ≥ 2 days. Exclusion criteria were VTE or pre-
sumed VTE upon hospital admission, thrombosis in a 
location other than the deep veins of the legs or arms, 
or a coding error. DVT was validated based on posi-
tive-compression ultrasonography and/or contrast 
venography. PE was validated based on a positive pul-
monary angiogram, spiral computed tomography, 
high probability ventilation/perfusion scanning, or 
autopsy.

Controls were selected randomly from medical 
inpatients (age ≥ 18 years) admitted into the same 
departments during the same period (same month) as 
cases, without an ICD-10 code for thrombosis at dis-
charge. Exclusion criteria for controls were a coding 
error (occurrence of DVT and/or PE), hospitalization 
duration ＜2 days, or data unavailability. Controls 
were frequency-matched to cases at a ratio of 1:1.

RAM
Each recruited patient was assessed retrospec-

tively for VTE risk by the PPS and Caprini RAM 
based on the information available upon his/her 
admission. In the PPS, the risk profile for VTE is cal-
culated using 11 common risk factors for VTE. Each 
risk factor is weighted according to a point scale. A 
high risk of VTE is defined as a cumulative score ≥ 4 
and a low risk as one of ＜49, 15). The Caprini RAM is 
also a weighted risk model that produces an aggregate 
risk score based on the presence or absence of 39 indi-

Several risk assessment models (RAMs) for VTE 
have been proposed to evaluate the risk of VTE in 
medical inpatients15-21), but consensus about which 
one is the best is lacking. The American College of 
Chest Physicians guidelines for antithrombotic ther-
apy and prevention of thrombosis 9th edition (ACCP-
9) adopted the Padua Prediction Score (PPS), which 
was based only on a single cohort study carried out in 
Italy15), to estimate the VTE risk for medical inpa-
tients9). Questions regarding the representativeness of 
the included patients in the study and the failure to 
incorporate some important risk factors (e.g., family 
history of VTE) were raised subsequently by some 
researchers22). In addition, studies aimed at validation 
of this RAM in medical inpatients in other centers are 
rare. 

The Caprini RAM was developed originally for 
both surgical and medical patients16). Although there 
have been robust evidences to show its validity in sur-
gical patients23-26) and the ACCP-9 recommended it 
to evaluate the VTE risk in non-orthopedic surgical 
patients27), the currently available validation studies of 
the Caprini RAM in medical inpatients have contro-
versial conclusions28-31). Moreover, the current strategy 
of risk assessment among inpatients is to use different 
RAMs based on the departments they are currently 
hospitalized in, which is not convenient (and some-
times even time-consuming) in a general hospital in 
which patients are moved to different departments 
relatively frequently. The process of risk assessment for 
VTE could be simplified greatly if a universal RAM 
was employed. The primary aim of the present study 
was to evaluate and compare the validities of the PPS 
and Caprini RAM in stratifying the risk of VTE in 
medical inpatients from a general hospital through a 
large retrospective study.

The association of these RAMs with the progno-
sis of VTE patients is also an interesting topic. Vardi 
and colleagues found PPS to be closely associated with 
mortality and to possibly function as a general index 
for comorbidity and disease severity32). Previously, our 
research team found the Caprini RAM to be poten-
tially effective in predicting the risk of VTE recur-
rence33). It would be quite convenient and useful to 
obtain information about the VTE risk and prognosis 
of a patient through a one-time assessment with a vali-
dated RAM. In the present study, we also sought to 
gain insights into the association of those RAMs with 
mortality in the hospital and after discharge.

Methods 

Study Design and Patients 
The study protocol was approved by the institu-



Padua and Caprini Model in Medical Inpatients

1093

of the two RAMs, and the areas under the curve 
(AUCs) and 95% CIs were calculated. 

The time-courses for the occurrence of death 
after hospital discharge in VTE patients with different 
risk levels by the PPS and Caprini RAM were depicted 
as Kaplan–Meier curves. Group comparisons were 
made using the log-rank test.  

All reported P-values are two-tailed. P＜0.05 was 
considered significant. Data were analyzed using SPSS 
v20.0 (IBM, Armonk, NY, USA).

Results 

Characteristics of the VTE Cases and Control Subjects
A total of 1395 medical inpatients were identi-

fied as having VTE at first. Then, 493 patients were 
excluded due to VTE/presumed VTE upon hospital 
admission (303 cases), age ＜18 years (16), ＜2-day 
hospital stay (116), thrombosis in a location other 
than the deep veins of the legs or arms (53), or a cod-
ing error (5). Finally, 902 patients were confirmed as 
having VTE during hospitalization and were included 
as cases in our study. These VTE cases were admitted 
into 18 medical departments (Supplemental Table 2). 
Among the 902 VTE cases, 285 (31.6%) had DVT 
only, 386 (42.8%) had PE only, and 231 (25.6%) 
were diagnosed with DVT and PE. A total of 902 
control patients without VTE were selected randomly 
and matched to cases by the admitting departments 
(Supplemental Table 2). 

Table 1 shows the characteristics of the VTE 
cases and control subjects. There were no significant 
differences between the cases and controls with respect 
to sex, hemoglobin level, hematocrit, and platelet 
count upon hospital admission (all P＞0.05). How-
ever, the VTE cases were older and had a higher body 
mass index (BMI), higher white blood count, and 
D-dimer level upon hospital admission compared with 
the control subjects (all P＜0.05). As expected, VTE 
cases were 3.92-fold more likely to die during hospi-
talization than controls (95% CI 2.57–5.99; P＜ 
0.001), and had a longer duration of hospital stay (14 
vs. 11 days, P＜0.001). The proportion of medical 
inpatients receiving prophylaxis during hospitalization 
was surprisingly low, with only 4.1% in the cases and 
6.1% in the control subjects (P=0.054). 

Risk Stratification by the Score of the PPS and 
Caprini RAM

In both RAMs, the mean or median cumulative 
risk score in the cases was significantly higher than 
that in the controls (median score 3 [1–5] vs. 1 [0–3], 
P＜0.001 for the PPS; mean score 5.24±2.90 vs. 3.28 
±1.84, P＜0.001 for the Caprini RAM) (Table 2). 

vidual risk factors. When the ACCP adopted the Cap-
rini RAM in 2012, the risk factors and weighted 
scores from the original 2005 version (Cap-
rini-2005)16) were maintained, whereas the definition 
of the four risk levels and corresponding criteria for 
each risk level were modified. We evaluated the modi-
fied version of the Caprini RAM by ACCP in the 
present study (which is currently the most widely used 
version of the Caprini RAM worldwide). According to 
this version, patients are classified as follows: “very low 
risk” (score 0), “low risk” (1–2), “moderate risk” (3–4), 
or “high risk” (≥ 5)27). The risk factors identified by 
both RAMs, the points assigned, and the criteria of 
the risk levels are shown in Supplemental Table 1. 

Data Collection 
Clinical data were collected using standardized 

case report forms by abstractors of medical records 
who received in-depth training to ensure data reliabil-
ity. Detailed information on the demographics, medi-
cal history, physical examination, laboratory results, 
and medication data were collected for all patients. 
Risk factors used to calculate the PPS and Caprini risk 
scores were captured. “VTE prophylaxis” was defined 
as administration of any mechanical (intermittent 
pneumatic compression devices or sole vein pump) or 
pharmacological (unfractionated heparin, low-molec-
ular-weight heparin, warfarin, fondaparinux sodium, 
etc.) prophylaxis before the diagnosis of VTE and for 
prevention purposes only (not for treatment). In addi-
tion, we conducted 6-month follow-ups for the VTE 
cases after hospital discharge by monthly phone calls 
combined with outpatient visits and hospitalization (if 
necessary). 

Statistical Analyses
Continuous variables with a normal distribution 

are described as mean values with standard deviations, 
and group comparisons were performed using the Stu-
dent’s t-test. Continuous variables with a skewed dis-
tribution are presented as median values with inter-
quartile ranges, and group comparisons were under-
taken using non-parametric tests. Discrete variables 
are presented as frequencies and percentages, and 
group comparisons were carried out using the chi-
squared test. Univariate and multivariate logistic 
regressions were used to validate risk factors adopted 
by the PPS and Caprini RAM in the study popula-
tion, and to calculate the odds ratio (OR) for VTE of 
the different risk scores and levels by the two RAMs. 
Also, 95% confidence intervals (95% CIs) are 
reported. 

Receiver-operating characteristic (ROC) curves 
were plotted referring to the sensitivity and specificity 
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Table 1. Characteristics of VTE cases and controls

Characteristic Cases
(n=902)

Controls
(n=902)

P value

Male gender
Age (years)
BMI (kg/m2)a

BMI＞25 
BMI＞30 

Hemoglobin (g/L) 
Hematocrit (%)
WBC (×103 mm－3) 

WBC＞10×103 mm－3

Platelet count (×103 mm－3) 
D-Dimer on admission (mg/L FEU)b

Mortality during hospitalization
Length of hospital stay (days)
Patients receiving prophylaxis

540 (59.9)
60.38±17.23
22.98±3.83

152 (26.1)
32 (5.5)

123.08±27.04
37.78±7.80

8.99±8.55
271 (30.0)

192.13±96.05
8.98±32.39
104 (11.5)

14 (9–22)
37 (4.1)

528 (58.5)
57.35±17.16
22.31±3.66

83 (18.5)
16 (3.6)

123.29±24.11
37.91±6.93

7.15±4.39
128 (14.2)

196.53±99.59
2.50±4.74

29 (3.2)
11 (7–16)
55 (6.1)

0.565
＜0.001

0.004
0.04
0.145
0.866
0.710

＜0.001
＜0.001

0.352
＜0.001
＜0.001
＜0.001

0.054

Data are presented as number of patients (%), mean±SD, median (interquartile range) 
VTE=venous thromboembolism, BMI=body mass index; WBC=white blood count
aAvailable in 583 cases, 449 controls. bAvailable in 370 cases, 242 controls.

Table 2. Risk stratification by Padua and Caprini cumulative risk scores

Cumulative risk score Cases
(n=902)

Controls
(n=902)

P value OR for VTE
(95% CI)a

Padua Prediction Score
0
1
2
3
4
5
6
7
≥ 8
Average cumulative risk score, 
median (interquartile range)

 
98 (10.9)

153 (17.0)
73 (8.1)

135 (15.0)
170 (18.8)

80 (8.9)
76 (8.4)
50 (5.5)
67 (7.4)
3 (1-5)

 
281 (31.2)
230 (25.5)

96 (10.6)
149 (16.5)

80 (8.9)
36 (4.0)
20 (2.2)

5 (0.6)
5 (0.6)
1 (0-3)

 
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

 
1.00 (Reference)
1.92 (1.41-2.61)
2.19 (1.49-3.20)
2.59 (1.87-3.59)
6.09 (4.28-8.66)
6.43 (4.08-10.16)

11.22 (6.50-19.36)
28.66 (11.11-73.98)
38.23 (14.97-97.63)

–

Caprini risk assessment model
0
1
2
3
4
5
6
7
8
≥ 9
Average cumulative risk score,
mean±SD

 
9 (1.0)

42 (4.7)
91 (10.1)

119 (13.2)
124 (13.7)
163 (18.1)
110 (12.2)

78 (8.6)
47 (5.2)

119 (13.2)

5.24±2.90

 
45 (5.0)

117 (13.0)
143 (15.9)
207 (22.9)
161 (17.8)
110 (12.2)

66 (7.3)
29 (3.2)
10 (1.1)
14 (1.6)

3.28±1.84

 
＜0.001

0.150
0.003
0.005

＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

 
1.00 (Reference)
1.80 (0.81-3.99)
3.21 (1.50-6.88)
2.90 (1.37-6.15)
3.91 (1.84-8.82)
7.39 (3.47-15.74)
8.49 (3.89-18.49)

14.08 (6.11-32.46)
25.86 (9.56-69.99)
42.71 (17.27-105.63)

–

OR=odds ratio, VTE=venous thromboembolism, CI=confidence interval, SD= standard deviation
aAdjusted for use of VTE prophylaxis
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Comparison of the PPS and Caprini RAM among 
Medical Inpatients

Table 3 compares the Caprini RAM score with 
the PPS among medical inpatients and lists the rec-
ommendations for VTE prophylaxis based on ACCP 
guidelines for each condition. After adjustment for use 
of VTE prophylaxis, a classification of “high risk” 
according to these two RAMs was associated with 
similar ORs for VTE: 4.10 (95% CI 3.34–45.00) for 
the Caprini RAM vs. 5.01 (95% CI 4.03–6.25) for 
the PPS. Based on information upon hospital admis-
sion, the Caprini RAM could be used to: identify 
84.3% of VTE cases as moderate-to-high risk who 
should receive pharmacologic prophylaxis or mechani-
cal prophylaxis based on the ACCP guideline; 57.1% 
of VTE cases as “high risk” who should receive phar-
macologic prophylaxis. The PPS could be used to 
identify 49.1% of VTE cases as “high risk” for whom 
pharmacologic prophylaxis was recommended. 

Validation of Risk Factors Adopted by the PPS and 
Caprini RAM in the Study Population

 Of the 11 risk factors listed in the PPS, nine fac-
tors (previous VTE; reduced mobility; known throm-
bophilic condition; recent [≤ 1 month] trauma and/or 
surgery; elderly age [≥ 70 years]; heart and/or respira-
tory failure; acute myocardial infarction and/or isch-
emic stroke; acute infection and/or rheumatologic dis-
order; and obesity [BMI ≥ 30 kg/m2]) were associated 
significantly with an increased risk of in-hospital VTE 
in the univariate analysis, whereas active cancer (P=  
0.808) and ongoing hormonal treatment (P=0.133) 
were not. All of these significant factors were also 
identified as independent risk factors for VTE by the 
multivariate logistic regression analysis after adjust-
ment for use of VTE prophylaxis (Table 4). 

Of the 39 risk factors adopted by the Caprini 
RAM, 14 factors (age ＞75 years; heart failure; vari-
cose veins; obesity [BMI ＞25 kg/m2]; severe lung dis-

The risk of VTE increased almost linearly with the 
increase of cumulative PPS after adjustment for VTE 
prophylaxis use. The same trend was observed with 
the Caprini RAM score (Table 2 and Fig.1). 

Analyses of ROC curves showed that the AUC 
and 95% CI of the Caprini RAM score were similarly 
to the PPS (AUC: 0.709±0.012 vs. 0.716±0.012; 
95% CI 0.686–0.733 vs. 0.693–0740, P=0.680) 
(Fig.2). Both showed satisfactory accuracy for predict-
ing in-hospital VTE in medical patients, with the best 
cutoff value being 4 for the PPS and 5 for the Caprini 
RAM score according to the ROC (which happened 
to be the cutoff value chosen by the PPS and Caprini 
RAM for high risk). 

Fig. 1. The risks (ORs) of VTE according to the score of the Padua and Caprini RAMs

(VTE = venous thromboembolism; OR=odds ratio; RAM= risk assessment model)

Fig. 2. Receiver operating characteristic (ROC) curve of the 
Caprini and Padua scores
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tivariate analysis showed that age ＞75 years, varicose 
veins, multiple trauma (＜1 month), and fracture of 
the hip, pelvis, or leg (＜1 month) may not be inde-
pendent risk factors in this study population after 
adjustment for VTE prophylaxis (Table 5). 

Association of the PPS and Caprini RAM with 
VTE Mortality 

Table 6 shows the associations of risk levels by 
the PPS and Caprini RAM with in-hospital and 
6-month mortality in the VTE cases. Of the 902 VTE 

ease; pregnancy or postpartum; history of prior major 
surgery [＜1 month]; swollen legs [current]; patient 
confined to bed [＞72 h]; history of DVT/PE; 
increased level of anti-cardiolipin antibodies; stroke; 
multiple trauma [＜1 month]; and hip, pelvis, or leg 
fracture [＜1 month]) were significantly associated (all 
P＜0.01) with an increased risk of in-hospital VTE in 
the univariate analysis (Table 4). Seven patients in the 
case group (0.8%) vs. one patient in the control group 
(0.1%) had a family history of VTE, but the P value 
was marginally different (P=0.068). However, a mul-

Table 3. Comparison of the Caprini RAM and the Padua Prediction Score among medical inpatients, with recommendations for 
VTE prophylaxis

RAMs Caprini RAM The Padua Prediction Score

Patients with moderate to high 
risk (≥ 3 score), %

Patients with 
high risk (≥ 5 score), %

Patients with 
high risk (≥ 4 score), %

Cases (n=902) 84.30% 57.10% 49.10%

Controls (n=902) 66.20% 24.60% 16.20%

P value ＜0.001† ＜0.001‡ ＜0.001†

Adjusted OR for VTE (95%CI)a 2.75 (2.20-3.46) 4.10 (3.34-5.00) 5.01 (4.03-6.25)

Recommendations for VTE prophylaxis 
(if low risk of bleeding)b

Pharma.p is optional or 
obligatory; mech.p is optional

Pharma.p is obligatory
(only or with mech.p)

Pharma.p is obligatory (only)

RAM= risk assessment model, OR=odds ratio, VTE=venous thromboembolism, CI=confidence interval, Pharm.p=pharmacologic prophylaxis, 
mech.p=mechanical prophylaxis
aAdjusted for use of VTE prophylaxis
bBased on the ACCP-9, American College of Chest Physicians guideline, ninth edition.

Table 4. Validation of risk factors adopted by Padua Prediction Score in the study population, with adjusted OR of VTE

Risk factor in Padua Prediction Score Relative 
Risk Score

Cases
(n=902)

Controls
(n=902)

Crude 
P value

Adjusted ORa

(95% CI)
Adjusteda

P value

Active cancerb

Previous VTE 
(with the exclusion of superficial vein thrombosis)

Reduced mobility
Already known thrombophilic condition
Recent (≤ 1 mo) trauma and/or surgery
Elderly age (≥ 70 y)
Heart and/or respiratory failure
Acute myocardial infarction or ischemic stroke
Acute infection and/or rheumatologic disorder
Obesity (BMI ≥ 30)c

Ongoing hormonal treatment
VTE prophylaxis

3
3

3
3
2
1
1
1
1
1
1
-

164 (18.2)
146 (16.2)

373 (41.4)
18 (2.0)
56 (6.2)

319 (35.4)
151 (16.7)

53 (5.9)
406 (45.0)

32 (3.5)
10 (1.1)
37 (4.1)

168 (18.6)
4 (0.4)

122 (13.5)
1 (0.1)

27 (3.0)
235 (26.1)

83 (9.2)
9 (1.0)

261 (28.9)
18 (2.0)
19 (2.1)
55 (6.1)

0.808
＜0.001

＜0.001
＜0.001

0.001
＜0.001
＜0.001
＜0.001
＜0.001

0.045
0.133
0.054

-
47.89 (17.22-133.20)

4.23 (3.29-5.43)
22.44 (2.86-176.14)

1.77 (1.04-3.01)
1.38 (1.10-1.74)
1.55 (1.12-2.14)
5.20 (2.40-11.27)
2.06 (1.65-2.58)
2.18 (1.16-4.12)

-
0.42 (0.25-0.71)

-
＜0.001

＜0.001
0.003
0.036
0.006
0.009

＜0.001
＜0.001

0.016
-

0.001

OR=odds ratio, VTE=venous thromboembolism, CI=confidence interval, BMI=body mass index, mo=month
aVariables that had a P-value ＜0.05 in univariable crude analysis were selected for inclusion in the final multivariable model and VTE prophylaxis 
was also included.
bCancer patients with local or distant metastases and/or in whom chemotherapy or radiotherapy had been performed in the previous 6 months
cAvailable in 583 cases, 449 controls.
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Table 5. Validation of risk factors adopted by Caprini RAM in the study population, with adjusted OR of VTE 

Risk factor in Caprini RAM Relative 
Risk Score

Cases
(n=902)

Controls
(n=902)

Crude 
P value

Adjusted ORa

(95% CI)
Adjusteda 

P value

Age, 41–60 1 285 (31.6) 315 (34.9) 0.134 - -
Age, 61–74 2 276 (30.6) 285 (31.6) 0.647 - -
Age, 75＋ 3 210 (23.3) 142 (15.7) ＜0.001 1.20 (0.90-1.60) 0.226
Acute myocardial infarction 1 8 (0.9) 6 (0.7) 0.592 - -
Heart failure 1 60 (6.7) 22 (2.4) ＜0.001 2.07 (1.14-3.76) 0.017
Varicose veins 1 33 (3.7) 10 (1.1) ＜0.001 1.97 (0.84-4.63) 0.122
Obesity (BMI＞25)b 1 152 (26.1) 83 (18.5) 0.004 2.00 (1.37-2.91) ＜0.001
Inflammatory bowel disease 1 3 (0.3) 5 (0.6) 0.723 - -
Sepsis (＜1 mo) 1 16 (1.8) 13 (1.4) 0.574 - -
COPD or abnormal pulmonary function 1 138 (15.3) 135 (15.0) 0.844 - -
Severe lung disease, including pneumonia (＜1 mo) 1 456 (50.6) 325 (36.0) ＜0.001 2.10 (1.67-2.64) ＜0.001
Oral contraceptives or hormone replacement therapy 1 12 (1.3) 20 (2.2) 0.154 - -
Pregnancy or postpartum (＜1 mo) 1 37 (4.1) 1 (0.1) ＜0.001 40.78 (5.36-310.45) ＜0.001
History of unexpected stillborn infant, recurrent 

spontaneous abortion (≥ 3), premature birth 
with toxemia or growth-restricted infant

1 1 (0.1) 2 (0.2) 0.625 - -

Medical patient currently at bed rest 1 96 (10.6) 78 (8.6) 0.151 - -
Minor surgery planned 1 22(2.4) 36(4.0) 0.061 - -
History of prior major surgery(＜1 mo) 1 37 (4.1) 4 (0.4) ＜0.001 5.21 (1.61-16.86) 0.006
Swollen legs (current) 1 321 (35.6) 106 (11.8) ＜0.001 3.95 (3.00-5.21) ＜0.001
Central venous access 2 40 (4.4) 32 (3.5) 0.336 - -
Arthroscopic surgery 2 0 (0.0) 0 (0.0) - - -
Major surgery (＞45 min) 2 0 (0.0) 0 (0.0) - - -
Malignancy (present or previous) 2 168 (18.6) 192 (21.3) 0.157 - -
Laparoscopic procedure ＞45 min 2 0 (0.0) 0 (0.0) - - -
Patient confined to bed (＞72 h) 2 286 (31.7) 44 (4.9) ＜0.001 9.20 (6.40-13.22) ＜0.001
Immobilizing plaster cast (＜1 mo) 2 4 (0.4) 0 (0.0) 0.133 - -
History of DVT/PE 3 146 (16.2) 4 (0.4) ＜0.001 38.75 (13.79-108.86) ＜0.001
Positive Factor V Leiden; positive prothrombin 

G20210A; elevated serum homocysteinec
3 - - - - -

Positive Lupus anticoagulantc 3 - - - - -
Heparin-induced thrombocytopenia (HIT) 3 4 (0.4) 0 (0.0) 0.133 - -
Family history of VTE 3 7 (0.8) 1 (0.1) 0.068 - -
Elevated anticardiolipin antibodies 3 18 (2.0) 1 (0.1) ＜0.001 19.80 (2.45-160.27) 0.005
Stroke (＜1 mo) 5 48 (5.3) 5 (0.6) ＜0.001 8.71 (3.20-23.71) ＜0.001
Multiple trauma (＜1 mo) 5 7 (0.8) 0 (0.0) 0.023 - -
Elective major lower extremity arthroplasty 5 1 (0.1) 0 (0.0) 0.317 - -
Hip, pelvis, or leg fracture (＜1 mo) 5 14 (1.6) 3 (0.3) 0.007 4.42 (1.07-18.25) 0.40
Acute spinal cord injury (paralysis) (＜1 mo) 5 6 (0.7) 1 (0.1) 0.130 - -
VTE prophylaxis - 37 (4.1) 55 (6.1) 0.054 0.49 (0.28-0.85) 0.012

RAM= risk assessment model, OR=odds ratio, VTE=venous thromboembolism, CI=confidence interval, BMI=body mass index, mo=month
aVariables that had a P-value ＜0.05 in univariable crude analysis were selected for inclusion in the final multivariable model and VTE prophylaxis 
was also included.
bAvailable in 583 cases, 449 controls.
cThese risk factors cannot be tested in the hospital.
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phylaxis in medical patients is not well understood 
compared with that in surgical patients34), as suggested 
by the extremely low proportion of medical inpatients 
who received VTE prophylaxis in our study. A widely 
validated RAM is critical to improve this situation. 

The PPS was recommended by the ACCP-9 for 

cases in the medical departments, 104 (11.5%) 
patients died during hospitalization. Being consistent 
with the PPS and Caprini RAM, the high-risk level 
showed a strong association with in-hospital mortality. 
Particularly for the Caprini RAM, an almost perfect 
link between the four risk levels of the RAM and in-
hospital mortality was observed. With an increase of 
risk levels from very low risk, low risk, moderate risk 
to high risk, the in-hospital mortality increased from 
0 (0.0%), 5 (3.7%), and 14 (5.7%) to 85 (16.6%), 
respectively (P＜0.001). 

Of the surviving 798 VTE patients, 71 (8.9%) 
patients died during the 6-month follow-up. The 
mortality in each risk group by the PPS and Caprini 
RAM is also shown in Table 6. There was a signifi-
cantly increased risk for mortality in patients with a 
higher VTE risk classification compared with patients 
with a lower risk classification according to the PPS 
and Caprini RAM (Fig.3 and Supplemental Fig.1). 
The Caprini RAM exhibited an excellent value for the 
prediction of mortality after hospital discharge. With 
an increase in risk levels from very low risk, low risk, 
moderate risk to high risk, the mortality increased from 
0 (0.0%), 7 (5.4%), and 14 (6.0%) to 50 (11.7%), 
respectively (P=0.023).

Discussion 

Medical patients have a high risk of VTE, and 
fatal PE occurs more frequently in medical than in 
surgical patients. However, the rationale for VTE pro-

Fig. 3. Cumulative survival rates of the VTE patients after 
discharge by Caprini risk groups

(P value by the log-rank test for comparison of the outcome among 
groups at 6 months; VTE=venous thromboembolism; RAM= risk 
assessment model) 

Table 6. Associations of risk levels by Padua and Caprini RAM with in-hospital mortality and 6 month-
mortality in VTE cases

Risk level Number of patients
(n=902)

Mortality during 
hospitalization, n (%)

6-Month mortality after 
discharge, n (%)

Padua Prediction Score
Low risk
High risk
P valuea

OR (95%CI)
Caprini RAM

≤ Moderate risk
High risk
P valuea

OR (95%CI)
Very low risk 
Low risk
Moderate risk
High risk
P valuea

 
459
443

-
-

 
391
511

-
-
9

135
247
511

-

 
29 (6.3)
75 (16.9)
＜0.001

3.02 (1.93-4.74)
 

19 (4.9)
85 (16.6)
＜0.001

3.91 (2.33-6.55)
0 (0.0)
5 (3.7)

14 (5.7)
85 (16.6)
＜0.001

 
30 (6.98)
41 (11.14)

0.041
1.67 (1.02-2.74)

 
21 (5.6)
50 (11.7)

0.003
2.22 (1.31-3.78)

0 (0.0)
7 (5.4)

14 (6.0)
50 (11.7)

0.023

RAM= risk assessment model, VTE=venous thromboembolism, OR=odds ratio, CI=confidence interval
achi-square
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Using the information provided upon hospital 
admission, we found that the Caprini RAM could be 
used to identify 84.3% cases as moderate-to-high risk 
and 57.1% as high risk for VTE, to whom VTE pro-
phylaxis (mainly pharmacologic prophylaxis if the risk 
of bleeding was low) was recommended according to 
the ACCP guidelines. The PPS could be used to iden-
tify only 49.1% of the VTE cases as high risk who 
would be recommended to receive VTE prophylaxis 
(pharmacologic prophylaxis if the risk of bleeding was 
low). That is, if we use the Caprini RAM to evaluate 
the VTE risk and guide prophylaxis in medical inpa-
tients instead of PPS, at most an additional 35.2% of 
the VTE events may have a chance to be prevented by 
the administration of VTE prophylaxis according to 
ACCP guidelines.  

The higher sensitivity of the Caprini RAM is 
attributed mostly to the comprehensive risk factors it 
includes: 39 known risk factors of VTE in the Caprini 
RAM vs. 11 risk factors in the PPS. Almost all the fac-
tors in the PPS can be seen in the Caprini RAM, with 
some in a slightly different form or with slightly dif-
ferent definitions. In our study population, nine out 
of 11 factors in the PPS were associated with an 
increased risk of VTE. The Caprini RAM included 
many more significant VTE risk factors not only for 
medical patients but also for orthopedic surgical, non-
orthopedic surgical, gynecologic and obstetric, and 
cancer patients. In a large general hospital in China, 
we demonstrated that, except for the factors similar to 
those in the PPS, varicose veins, swollen legs (current), 
pregnancy or postpartum, fracture of the hip, pelvis, 
or leg (＜1 month), and family history of VTE (with a 
marginal P value) were also risk factors for medical 
inpatients. For example, even after adjustment for 
other confounding factors, pregnancy or postpartum 
continued to be associated with a 40.78-fold increased 
risk of VTE (95% CI 5.36–310.45). These results 
suggested that the current strategy of assessing the 
VTE risk of an inpatient using different RAMs based 
on the departments he/she is currently hospitalized in 
may not be effective or practical. A patient can be 
admitted into different departments or change depart-
ments during different periods of his/her disease 
course. The process of risk assessment for VTE in a 
hospital (especially a general hospital) would be sim-
plified considerably if the same validated RAM, which 
applies to all unselected inpatients, is employed. Time 
can also be saved because physicians need to be famil-
iar with only one RAM and need only to update the 
risk information based on the previous assessment in 
other departments (instead of evaluating his/her VTE 
risk again with a totally new RAM). Most impor-
tantly, our study showed that the Caprini RAM 

medical inpatients, but it was based only on one 
cohort study carried out in Italy15), and some flaws in 
this RAM have been mentioned by some research-
ers22). Further validation of this RAM in other popu-
lations is needed. The Caprini RAM was developed 
originally for surgical and medical patients, and there 
are robust evidences to show its validity and practica-
bility in surgical patients23-26). If also applied to medi-
cal inpatients, the process of VTE risk assessment 
would be considerably simplified in clinical practice 
because one RAM would be used for all unselected 
inpatients. In our study (which was carried out in a 
very large general hospital in China), we confirmed 
that both the PPS and Caprini RAM could effectively 
stratify the risk of VTE in medical inpatients. The 
Caprini RAM incorporated more significant risk fac-
tors of VTE and was more sensitive in being able to 
identify patients who needed prophylaxis. In addition, 
we found that the Caprini RAM could accurately pre-
dict the risk of in-hospital and 6-month mortality 
among VTE patients. 

Few studies have tried to validate the PPS in 
medical patients, and a consensus has not been 
reached, which may be attributed to the different 
study populations and small sample sizes in some 
studies32, 35, 36). Similarly, studies employed to validate 
the Caprini RAM in medical inpatients have not 
reached consistent conclusions either4, 28-31). We found 
that the risk of VTE increased almost linearly with an 
increase in cumulative PPS and Caprini RAM risk 
scores after adjustment for VTE prophylaxis. High 
risk according to the two RAMs was associated with a 
significantly increased risk of VTE (OR=5.01 for the 
PPS and 4.10 for the Caprini RAM). These findings 
suggested that the PPS and the Caprini RAM effec-
tively stratified the risk of VTE in medical inpatients.

A few studies have compared the PPS with the 
Caprini RAM in medical inpatients. Previously, our 
research team found through a small case-control 
study that the Caprini-2005 RAM (the original ver-
sion of the Caprini RAM) had higher sensitivity for 
the identification of high-risk patients than PPS31), 
but a more thorough analysis was not performed to 
draw a firm conclusion in the preliminary study. 
Through a retrospective case-control study similar to 
the present study, Liu et al. found that the AUC and 
Youden Index were higher in the Caprini-2005 RAM 
than in the PPS, thereby concluding that the Cap-
rini-2005 RAM was more effective than the PPS for 
identification of medical inpatients at risk for VTE30). 
A modified version of the original Caprini-2005 RAM 
by ACCP is used more widely in clinical practice, so it 
would also be interesting to compare this updated 
Caprini RAM with the PPS in medical inpatients. 
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look at the risk factors for VTE included in the RAM, 
we observe that many of them are also risk factors for 
a poor prognosis. This may be one of the underlying 
reasons why the Caprini RAM can also function as an 
index for comorbidities and disease severity. It will be 
convenient and useful if we can obtain information 
about the VTE risk and prognosis of a patient through 
a once-only assessment with a validated RAM. 

Our study had three main strengths. First, we 
undertook a large, retrospective study involving ade-
quate VTE cases and controls admitted into the medi-
cal departments of a 4300-bed general hospital in 
China during a 4-year period, supplemented by a pro-
spective follow-up study. Second, this is the first study 
to validate the Caprini RAM accredited by the ACCP 
(not the Caprini-2005 RAM) and to compare the 
Caprini RAM accredited by the ACCP with the PPS 
in medical inpatients. Third, this is the first time the 
relationship between the Caprini RAM with the prog-
nosis of VTE patients has been investigated. 

Our study had three main limitations. First, the 
risk factors were identified in a retrospective manner 
that could not identify all risk factors. Second, the 
screening of hospitalized patients for asymptomatic 
VTE is not done routinely in our hospital. Thus, we 
may have failed to represent the prevalence of VTE in 
some control patients, especially those classified as 
high risk. However, considering that 68% of the con-
trols received compression ultrasonography of the 
lower extremity before hospital discharge and that 112 
controls (out of 242) were negative for D-Dimer, the 
potential effect is negligible. Third, matching controls 
to cases by the medical service added validity to the 
study in some regards, but made it difficult to evaluate 
some risk factors such as the presence of cancer31). 

Conclusions

We found that both the PPS and Caprini RAM 
can effectively stratify the risk of VTE in medical 
inpatients, but the Caprini RAM may be considered 
as the first choice for medical inpatients from a gen-
eral hospital because of: (i) the incorporation of com-
prehensive risk factors; (ii) the higher sensitivity for 
the identification of patients who may benefit from 
prophylaxis; and (iii) the potential prediction for 
short-term and long-term mortality. However, critics 
have rightfully criticized the Caprini RAM for its 
complexity and difficulty in taking the time to ques-
tion patients with regard to all of these factors. 
Improved scoring methods should be explored to 
facilitate assessment, such as developing a patient-
friendly questionnaire based on the RAM and using 
self-evaluation by the patient, or embedding the Cap-

(which applies to medical and surgical inpatients) was 
not only an effective but also more sensitive RAM for 
VTE than PPS. We noted that the specificity of the 
Caprini RAM was not as good as that of PPS (24.6% 
of controls were classified as high risk by the Caprini 
RAM vs. 16.2% by the PPS). However, it is reason-
able to focus more on sensitivity and sacrifice some 
specificity for the identification of patients who may 
benefit from VTE prophylaxis considering the severity 
of VTE occurrence if prophylaxis is not administered.

Another important reason for why we recom-
mend the Caprini RAM instead of the PPS in medical 
inpatients or unselected patients is that the family his-
tory of VTE does not feature in the PPS. It is well-
supported by the literature that family history is an 
independent and important risk factor for VTE, with 
a two-to-fourfold increased risk of primary VTE. 
Family history is a potentially useful surrogate genetic 
marker for VTE risk assessment. In clinical practice, 
family history may be more useful and practical for 
risk assessment than thrombophilia testing because it 
is easier to acquire, is linked to major or classical types 
of thrombophilia (e.g., defects of antithrombin, pro-
tein C/S, factor V Leiden, G20210A prothrombin), 
and can even be used to predict thrombophilic condi-
tions which have yet to be recognized. In the VTE 
patients studied here, 0.8% had a family history of 
VTE compared with 0.1% in the controls, which was 
associated with a marginally increased risk of VTE. 
The prevalence of a family history of VTE reported in 
Caucasian VTE patients is much higher than that 
noted in our findings: 31.5% by Bezemer et al.37) and 
20.5% by Zoller et al.38). The marginal effect in our 
study could be attributed to the (i) retrospective study 
design (which may have failed to identify family risk 
factors in some patients) or (ii) the relatively small 
sample size. The “true” incidence and effect of family 
history in Chinese patients may need further study; 
however, based on the current evidence, we favor the 
use of a RAM incorporating this risk factor in medical 
inpatients or unselected inpatients. In addition, the 
classifications of four risk levels by the Caprini RAM 
may provide more information for clinicians to guide 
decision-making for VTE prophylaxis based on the 
risk level of the patient compared with a binary low-/
high-risk classification.

In our study, the in-hospital mortality of VTE 
patients was 11.5%, and the 6-month mortality after 
hospital discharge was 8.9%. It is surprising and inter-
esting to see that the Caprini RAM can be used to 
precisely predict the risk of in-hospital and 6-month 
mortality in VTE patients. This is the first study to 
show that the Caprini RAM can be used to assess the 
prognosis in medical patients with VTE. When we 
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rini RAM into the electronic medical records system 
(which has been implemented widely) and adopting a 
computer-based automatic-evaluation strategy. Studies 
aiming to validate these two strategies of VTE risk 
assessment by the Caprini RAM are underway at our 
institution.
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Supplemental Table 1. Risk factors identified and definition of risk levels in the Padua Prediction Score and Caprini RAM

RAM Risk Factors in the RAMs Definition of risk levels

Padua Prediction Score Score 3: Active cancer; Previous VTE (with the exclusion of superficial vein 
thrombosis); Reduced mobility; Already known thrombophilic condition

Low risk: ＜4
High risk: ≥ 4

Score 2: Recent (≤ 1 month) trauma and/or surgery

Score 1: Elderly age (≥ 70 years); Heart and/or respiratory failure; Acute myocardial 
infarction or ischemic stroke; Acute infection and/or rheumatologic disorder; Obesity 
(BMI ≥ 30); Ongoing hormonal treatment

Caprini RAM Score 5: Stroke; Multiple trauma; Elective major lower extremity arthroplasty; Hip, 
pelvis or leg fracture; Acute spinal cord injury (paralysis)

According to 2005 version, four 
classifications: Low risk: 0-1, 

Score 3: Age (≥ 75); History of VTE; Positive Factor V Leiden; Positive prothrombin 
G20210A; Elevated serum homocysteine; Positive Lupus anticoagulant; Other 
congenital or acquired thrombophilia; Heparin-induced thrombocytopenia (HIT); 
Family history of VTE; Elevated anticardiolipin antibodies

Moderate risk: 2, 
High risk: 3-4, 
Highest risk : ≥ 5; 

Score 2: Age (61–74); Central venous access; Arthroscopic surgery; Major surgery; 
Malignancy; Laparoscopic procedure ＞45 min; Patient confined to bed; Immobilizing 
plaster cast

According to ACCP 
modification, four classifications: 
Very low risk: 0, 
Low risk: 1-2, 

Score 1: Age (41–60); Acute myocardial infarction; Heart failure; Varicose veins; 
Obesity (BMI＞25); Inflammatory bowel disease; Sepsis; COPD or abnormal 
pulmonary function; Severe lung disease; Oral contraceptives or HRT; Pregnancy or 
postpartum; History of unexpected stillborn infant, recurrent spontaneous abortion (≥ 
3), premature birth with toxemia or growth-restricted infant; Medical patient currently 
at bed rest; Minor surgery planned; History of prior major surgery; Swollen legs

Moderate risk: 3-4, 
High risk: ≥ 5; 

RAM= risk assessment model; BMI= body mass index; HRT=hormone replacement therapy; COPD= chronic obstructive pulmonary disease; 
VTE= venous thromboembolism; ACCP= American College of Chest Physicians

Supplemental Table 2. The distribution of case and control patients by medical departments

Medical department Cases (%) (n=902) Controls (%) (n=902)

Respiratory medicine
Cardiology
Geriatrics
Oncology
General internal medicine
Neurology
Nephrology
Infectious diseases
Hematology
Gastroenterology
Integrated TCM and western medicine 
ICU
Rheumatology
Tuberculosis 
Rehabilitation 
Endocrinology
Pain management 
Psychiatry department 

344 (38.14)
80 (8.87)
77 (8.54)
73 (8.09)
50 (5.54)
45 (4.99)
42 (4.66)
35 (3.88)
35 (3.88)
33 (3.66)
27 (2.99)
26 (2.88)
16 (1.77)

5 (0.55)
4 (0.44)
4 (0.44)
3 (0.33)
3 (0.33)

344 (38.14)
80 (8.87)
77 (8.54)
73 (8.09)
50 (5.54)
45 (4.99)
42 (4.66)
35 (3.88)
35 (3.88)
33 (3.66)
27 (2.99)
26 (2.88)
16 (1.77)

5 (0.55)
4 (0.44)
4 (0.44)
3 (0.33)
3 (0.33)

TCM= traditional Chinese medicine; ICU= intensive care unit
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Supplemental Fig. 1. Cumulative survival rates of the VTE patients after dis-
charge by Padua risk groups (P value by the log-rank 
test for comparison of the outcome among groups at 6 
months; VTE=venous thromboembolism) 
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