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Aim: We sought to validate the 2010 Caprini risk assessment model (RAM) in risk stratification for deep vein
thrombosis (DVT) prophylaxis among Chinese bedridden patients.

Methods: We performed a prospective study in 25 hospitals in China over 9 months. Patients were risk-strati-
fied using the 2010 Caprini RAM.

Results: We included a total 24,524 patients. Fresh DVT was found in 221 patients, with overall incidence of
DVT 0.9%. We found a correlation of DVT incidence with Caprini score according to risk stratification (x>
=196.308, P<0.001). Patients in the low-risk and moderate-risk groups had DVT incidence <0.5%. More than
half of patients with DVT were in the highest risk group. Compared with the low-risk group, risk was 2.10-fold
greater in the moderate-risk group, 3.34-fold greater in the high-risk group, and 16.12-fold greater in the high-
est-risk group with Caprini scores > 9. The area under the receiver operating characteristic curve was 0.74 (95%
confidence interval, 0.71-0.78; P<0.01) for all patients. A Caprini score of > 5 points was considered the crite-
rion of a reliably increased risk of DVT in surgical patients with standard thromboprophylaxis. Predicting DVT
using a cumulative risk score > 4 is recommended for nonsurgical patients.

Conclusions: Our study suggested that the 2010 Caprini RAM can be effectively used to stratify hospitalized
Chinese patients into DVT risk categories, based on individual risk factors. Classification of the highest risk lev-
els using a cumulative risk score > 4 and 2 5 provides significantly greater clinical information in nonsurgical and
surgical patients, respectively.

Key words: Caprini risk assessment model, Deep venous thrombosis, Venous thromboembolism,
Validation study, Risk stratification

surgery and in medical patients approach rates

Introduction observed in Western populations?. DVT has become

The incidence of deep venous thrombosis (DVT) a public issue that seriously threatens human health
is increasing in Asian populations”. Emerging data on and economic development?®. Fortunately, many cases
Asian patients show that the rates of DVT after major of DVT are preventable. Identification of patients at
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risk of developing DVT allows for appropriate throm-
boprophylaxis to be implemented.

In recent years, great effort has been made to
establish risk assessment models (RAMs) to identify
patients with high and low risks for various outcomes.
The 2005 Caprini RAM? is perhaps the most widely
used and well-validated risk prediction tool to date. It
has been implemented and integrated into electronic
medical records at many institutions®. The most
recent version of the Caprini RAM was published in
2010. However, the updated 2010 version has not
been formally validated in a large series of patients. In
addition, many past studies used a retrospective
design, which may have led to inaccurate assessments.
In addition, evidence is inconsistent regarding whether
the 2010 Caprini RAM is suitable for recommenda-
tion®®. Therefore, prospective validation of this
model among Chinese inpatients is needed.

In our study, we focused on Chinese bedridden
patients. Bed rest is a common clinical phenomenon
in hospitalized patients, and it is an independent risk
factor for many complications including DVT. For
patients requiring prolonged bed rest, the potential
causes of DVT include reduced blood flow velocity,
local blood stasis, and a hypercoagulable state. There-
fore, it is vital to assess the risk of developing DVT
among bedridden patients and to take appropriate
preventive measures.

Aim
To the best of our knowledge, the 2010 Caprini
RAM has not been validated in Chinese bedridden
patients. Hence, we conducted this study to determine
the incidence of DVT in Chinese bedridden patients
and to assess the utility of the 2010 Caprini RAM in
risk stratification for DVT prophylaxis.

Methods
Study Design

Data were derived from a nationwide project
aiming to evaluate the effects of a standardized nurs-
ing protocol on the quality of nursing care among
bedridden patients. The standardized nursing protocol
for DVT was developed based on summary evidence
and expert consultation. Nurses from 25 hospitals
received training in standardized nursing, which was
subsequently implemented in a clinical setting. The

present study was a multicenter prospective observa-
tional study conducted in 25 hospitals (6 tertiary, 12
non-tertiary, and 7 community hospitals) in China
over a period of 9 months (between November 2016
and July 2017). The observational period was only
during hospitalization. We recruited participants from
these 25 hospitals in the departments of neuromedi-
cine, neurosurgery, general surgery, general medicine,
orthopedics, geriatric medicine, and critical care units
(intensive care, coronary care, and respiratory care).
These wards were chosen as investigation sites because
of the high proportion of bedridden patients. All
enrolled patients were stratified into different levels
according to Caprini RAM score and received a stan-
dardized nursing protocol for DVT prophylaxis based
on risk stratification. Low-risk patients received early
ambulation; moderate-risk patients received elastic
stockings (ES), intermittent pneumatic compression
(IPC), low-dose unfractionated heparin (LDUH), or
low-molecular-weight heparin (LWMH). In high-risk
and extremely high-risk patients, the above prevention
methods were used in combination, when the patient’s
condition permitted.

Inclusion and Exclusion Criteria

Patients were recruited from the selected wards.
Inclusion criteria included age > 18 years, hospitaliza-
tion duration > 2 days, remaining bedridden for at
least 24 hours after admission to the current ward
(bedridden was defined as when all of the patients
basic physiological needs were carried out with the
patient remaining in bed, except for active or passive
bedside standing and wheelchair transport for exami-
nation or treatment), and understanding the aims of
the study and signing the consent form. All patients
diagnosed with VTE at the time of admission were
excluded from the study.

Data Collection

The study was conducted from November 2016
to July 2017. Each hospital appointed a coordinator
who was responsible for internal logistics. At least two
registered nurses in each participating hospital were
appointed to perform patient data collection using a
case report form (CRF). To ensure patient data collec-
tion was accurate and reliable, all investigators received
training in completion of the CRF before the study
began.
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Measures
Risk Assessment Model (RAM)

Caprini risk scores were included in the CRE
The Caprini RAM was used to score individual
patients based on comorbidities and perioperative risk
factors. In this model, each independent risk factor is
associated with specific points, ranging from 1 to 5,
based on the risk of VTE for each factor. In the
model, a total risk factor score is calculated, which
corresponds to the risk of developing VTE. The most
widely used and well-validated RAM is the 2005 Cap-
rini model; the updated 2010 Caprini RAM is the lat-
est version. Compared with the 2005 model, the 2010
model includes additional sub-categorizations for
body mass index, operative time, and cancer risk fac-
tors. Super-morbid obesity and prolonged operative
time are more heav1ly welghted (e.g., receiving addi-
tional points) than in prior versions of the model. A
distinction between active cancer and a cancer history
is also made, with a corresponding increase in weight-
ing for patients with active cancer. Additionally, a per-
sonal history of superficial venous thrombophlebitis
has been added as a new, distinct risk factor®?. Each
patient may be assessed several times during hospital-
ization. In the present study, the results of the final
assessment on study completion (achieving an end-
point, which refers to a diagnosis of VTE, being dis-
charged from the hospital, or death) were used in the
analysis.

Patient Information

Patient information was collected using a CRE
which included patient demographic characteristics
(age, sex) and medical information (diagnosis, length
of bed rest). DVTs were recorded according to the
medical records. A 2-week pilot study was conducted
in the clinic to test the applicability and clarity of the
CRE and modifications were made according to sug-
gestions from participating nurses. This process
ensured that the final version of the CRF could be
understood clearly and accurately.

Diagnosis of DVT

A diagnosis of DVT refers to a medical diagnosis,
and confirmation via Doppler ultrasound or venogra-
phy was required. In patients with suspected pulmo-
nary embolism (PE), computed tomographic pulmo-
nary angiography (CTPA) or static lung perfusion

scintigraphy were conducted.

Ethical Considerations

This study complied with the Declaration of
Helsinki with regard to investigations in humans and
was approved by the Ethical Committee of Peking

Union Medical College Hospital and the local institu-
tional review boards of the respective hospitals.
Patients received verbal and written information about
the study and provided their written consent to par-
ticipate. If patients were unable to give written con-
sent, their relatives were consulted regarding provision
of consent. Patients were advised of their right to
withdraw from the study at any time. All data were
kept confidential and were processed anonymously.

Data Analysis

The data were analyzed using SAS 9.4 for Win-
dows (SAS Institute, Inc., Cary, NC, USA). Continu-
ous variables with a normal distribution are summa-
rized as mean and standard deviation (SD). Categori-
cal data are reported as frequency and percentage.
Group comparisons were analyzed using the chi-
square test, and single-factor binary lOngth regression
was also used. A receiver operating characteristic
(ROC) curve was plotted for sensitivity and specific-
ity, and the area under the ROC curve (AUC) was cal-
culated. All statistical tests were two-sided. P-values <
0.05 were taken to indicate statistical significance.

Results

Participant Characteristics

Patients’ characteristics are presented in Table 1.
A total 24,524 bedridden patients were enrolled in the
analysis. Most participants were surgical patients
(72.5%) and were admitted to a tertiary hospital
(81.4%). Patients had a mean age 56.6 years; most
patients (39.5%) were in the age group 41-60 years,
with only 14.2% over 74 years of age. The sex distri-
bution was 43.2% female and 56.8% male patients.
Most patients (95.5%) were in the body mass index
(BMI) category of < 30 kg/m* A total 0.2% of
patients had a history of DVT/PE and 2.4% had a
cancer history. The number of surgical patients with
active cancer (6.9%) was higher than that among non-
surgical patients (1.7%). In terms of length of the
bedridden period, 72.3% of patients were bedridden
for < 7 days.

Incidence Rate of DVT and Risk Stratification
According to Caprini RAM Score

Of the 24,524 included patients, fresh DVT was
found in 221 patients and the overall incidence of
DVT was 0.9%. PE was found in 10 surgical patients,
all of which developed from DVT. The incidence of
DVT was 0.8% for surgical patients and 1.1% for
nonsurgical patients. The duration between the onset
of DVT and admission date was 16.3+12.8 days for
surgical patients and 14.7 = 14.9 days for nonsurgical
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Table 1. Characteristics of patients (IV=24,524)

Variables Total Surgical patients Nonsurgical patients
(n=17,774) (n=6,750)
Hospital type
Tertiary hospital 19,957 (81.4%) 15,413 (86.7%) 4,544 (67.3%)

Nontertiary hospital

4,328 (17.7%)

2,327 (13.1%)

Community hospital 239 (0.9%) 34 (0.2%)
Age

<41 4,119 (16.8%) 3,454 (19.4%)

41-60 9,676 (39.5%) 7,645 (43.0%)

61-74 7,256 (29.6%) 5,062 (28.5%)

>75 3,473 (14.2%) 1,613 (9.1%)
Gender

Females 10,598 (43.2%) 7,852 (44.2%)

Males 13,926 (56.8%) 9,922 (55.8%)
BMI (kg/m?)

<30 23,415 (95.5%) 16,950 (95.4%)

>30 1,073 (4.4%) 804 (4.5%)

> 40 30 (0.1%) 17 (0.1%)

>50 6 (0.02%) 3 (0.02%)
History of DVT/PE

No 24,470 (99.8%) 17,745 (99.8%)

Yes 54 (0.2%) 29 (0.2%)

History of cancer
No

23,936 (97.6%)

17,324 (97.5%)
450 (2.5%)

16,552 (93.1%)
1,222 (6.9%)

2,001 (29.6%)
205 (3.0%)

665 (9.9%)
2,031 (30.1%)
2,194 (32.5%)
1,860 (27.6%)

2,746 (40.7%)
4,004 (59.3%)

6,465 (95.8%)
269 (4.0%)
13 (0.2%)

3 (0.04%)

6,725 (99.6%)
25 (0.4%)

6,612 (98.0%)
138 (2.0%)

6,636 (98.3%)
114 (1.7%)

Yes 588 (2.4%)
Active cancer

No 23,188 (94.6%)

Yes 1,336 (5.4%)
Length of bedridden period (days)

<7 17,722 (72.3%)

8-14 3,993 (16.3%)

> 14 2,809 (11.5%)

13,162 (74.1%) 4,560 (67.6%)
2,717 (15.3%) 1,276 (18.9%)
1,895 (10.7%) 914 (13.5%)

BMI, body mass index; DVT, deep vein thrombosis; PE, pulmonary embolism.

patients. The incidence of proximal DVT was 62
(42.5%) surgical patients and that of distal DVT was
84 (57.5%) surgical patients. Risk stratification
according to score of the 2010 Caprini RAM is shown
in Table 2. In terms of total Caprini score, 28.9% of
patients were in the group with a low risk of DVT
(Caprini score 0-1), 20.2% were in the moderate-risk
group (Caprini score 2), 20.9% were in the high-risk
group (Caprini score 3—4), and 30.0% were in the
highest-risk group (Caprini score 2 5).

The incidence rates of DVT among the different
risk groups are presented in Fig.1 and Table 2.
Patients in the low- and moderate-risk groups had an
incidence of DVT <0.5%. More than half of patients
with DVT were from the highest-risk group. The inci-
dence of DVT increased dramatically with increased
Caprini score. Further disaggregating patients in the
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highest-risk category, the increase in incidence of
acquired DVT appeared to accelerate according to
cumulative risk score (Fig.1). Chi-square tests sug-
gested differences in DVT incidence among the six
groups. That is to say, there was a correlation between
the incidence of DVT and Caprini score in risk strati-
fication (x*=196.308, P<0.001). A binary logistic
regression revealed that the risk of developing DVT
was significantly higher in the highest-risk group (P<
0.001). Compared with the low-risk group, risk was
2.10-fold greater in the moderate-risk group, 3.34-fold
greater in the high-risk group, and 16.12-fold greater
in the highest-risk group with scores > 9 (Table 2).

ROC Curves
For all patients (Fig.2), analyses of the ROC
curves showed that the AUC was 0.74 (95% confi-
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Table 2. Risk stratification according to Caprini RAM score and binary logistic regression for risk level (N=24,524)

Risk level N DVT Incidence OR 95% CI P
Low risk (0-1) 7,089 (28.9%) 15 (0.2%) 1
Moderate risk (2) 4,946 (20.2%) 22 (0.4%) 2.10 1.09-4.07 0.026*
High risk (3-4) 5,126 (20.9%) 36 (0.7%) 3.34 1.82-6.10 <0.001***
Highest risk with Score 5-6 3,161 (12.9%) 43 (1.4%) 6.50 3.61-11.72 <0.001***
Highest risk with Score 7-8 2,689 (11.0%) 55 (2.1%) 9.85 5.56-17.46 <0.001***
Highest risk with Score > 9 1,513 (6.2%) 50 (3.3%) 16.12 9.03-28.78 <0.001%**
P trend <0.001%**
DVT, deep vein thrombosis; CI, confidence interval; OR, odds ratio; RAM, risk assessment model.
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Fig.2. Receiver operating characteristic (ROC) curve of Caprini scores for all patients
AUC, area under the ROC curve.
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Fig.3. Receiver operating characteristic (ROC) curves for surgical patients and nonsurgical patients

AUC, area under the ROC curve.

dence interval (CI), 0.71-0.77; P<0.001); a Caprini
score of 3.5 was the cutoff point providing the highest
sensitivity and specificity (sensitivity, 0.75; specificity,
0.62). Thus, the 2010 Caprini RAM showed satisfac-
tory accuracy for predicting DVT using a cumulative
risk score of > 4.

For surgical patients (Fig.3), analyses of the
ROC curves showed that the AUC was 0.77 (95% CI,
0.74-0.81; P<0.001); a cutoff point of Caprini score
4.5 reliably predicted the onset of DVT (sensitivity,
0.71; specificity, 0.72). Therefore, a Caprini score = 5
was accepted as the criterion of a reliably increased
risk of DVT among surgical patients with standard
thromboprophylaxis in place.

For nonsurgical patients (Fig.3), the AUC was
0.66 (95% CI, 0.60-0.71; P<0.001) and a Caprini
score of 3.5 was the cutoff point providing the highest
sensitivity and specificity (sensitivity, 0.69; specificity,
0.57). The 2010 Caprini RAM showed lower accuracy
for predicting DVT in nonsurgical patients than sur-
gical patients. Predicting DVT using a cumulative risk
score of > 4 is recommended.

Discussion

Awareness of the risks related to bed rest is high
among clinicians, and immobility is one of the main
determinants of prescribing thromboprophylaxis in
clinical practice!'?. Thus, it is vital to assess the risk of
developing DVT among bedridden patients, to imple-
ment appropriate preventive measures. We sought to
determine the incidence of DVT among Chinese bed-
ridden patients and to validate the 2010 Caprini
RAM, to stratify the risk of developing DVT among
hospitalized patients based on their individual risk fac-
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tors.

In this study, we finally identified 221 (0.9%)
patients with fresh DVT among 24,525 patients who
were bedridden for at least 24 hours after admission
and who received standard VTE prophylaxis. Interest-
ingly, the incidence of DVT among nonsurgical
patients (1.1%) was higher than that among surgical
patients (0.8%). We found that the DVT incidence
was much lower than in previous reports. A retrospec-
tive study analyzed 8,216 inpatients who underwent
general, vascular, and urologic surgery between 2001
and 2008. The overall incidence of VTE within 30
days was 1.4%; by risk level, the incidence was as fol-
lows: highest, 1.94%; high, 0.97%; moderate, 0.70%;
and low, 0%?. There are several possible reasons for
the lower incidence of DVT among Chinese patients.
First, our findings indicated that our standardized
nursing protocol for DVT prophylaxis was effective.
In our study, low-risk patients received early ambula-
tion; moderate-risk patients received ES, IPC, LDUH,
or IWMH. In high-risk and extremely high-risk
patients, the above prevention methods were used in
combination, when the patient’s condition permitted.
Second, the lower incidence of DVT in our study may
be partly owing to differences in ethnicity. Third,
most of our patients had symptomatic DVT; thus, it
was difficult to compare our findings with previously
reported data. As for the higher incidence of DVT
among nonsurgical patients, this is consistent with
existing findings. Although historically considered a
complication of surgical admission, it is now recog-
nized that up to 70% of thromboembolic events and
almost two-thirds of fatal PE among hospitalized
patients occur among nonsurgical patients'>'?. DVT
occurs in hospitalized non-surgical as well as surgical
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patients, and the risk of DVT is as high in some non-
surgical patients as in those who undergo surgery.
Therefore, all hospitalized patients should receive
appropriate prophylaxis.

In the original Caprini RAM, all patients with a
score >5 were placed in the same group®. Bahl e a/.
modified the Caprini RAM and added a separate
“super high risk” group (score >8) and also recom-
mended an extended duration of chemoprophylaxis in
these patients”. By further dividing the highest-risk
category in our study, we observed that the difference
in DVT incidence among the six groups was statisti-
cally significant (£<0.001). This indicated that the
Caprini score and cumulative risk level were associated
with an increased risk of DVT. An increase in the odds
ratio for DVT was noted in patients with increased
cumulative risk scores. A higher-risk patient had a
higher incidence of DVT despite receiving standard-
ized nursing protocol for DVT prophylaxis. Com-
pared with the low-risk group, risk was 2.10-fold
greater in the moderate-risk group, 3.34-fold greater
in the high-risk group, and 16.12-fold greater in the
highest-risk group (scores > 9). These findings are
consistent with the results of a study published by
Bilgi et 4l in surgical patients'”. Zhou also found
similar results and preliminarily suggested that the
2010 Caprini RAM is a practical and effective tool for
assessing the risk of DVT among unselected Chinese
inpatients, and that it may also be useful in predicting
the risk of VTE recurrence® '¥. The findings of the
present study are consistent with these observations
and suggest that further stratification of the highest
risk category is necessary to determine the exact extent
of risk.

For all patients, analyses of ROC curves showed
that the AUC was 0.74 (95% CI, 0.71-0.77; P<
0.001). This indicated satisfactory accuracy for pre-
dicting DVT using a cumulative risk score of > 4. One
study recommended a cumulative risk score of > 5 to
predict risk of DVT, but ROC curves were not used in
the analysis in that previous study; its retrospective
design also included several limitations that precluded
identification of all patient risk factors. In addition,
screening hospitalized patients for asymptomatic DVT
was not routinely performed in the hospital in that
past study'?. Kirill e 2. conducted a validation study
of the Caprini RAM in high-risk surgical patients
under a background of standard prophylaxis'?; the
AUC in that study was 0.87 (95% CI, 0.81-0.93; P<
0.001). A Caprini score of > 11 can be used identify a
subgroup of patients at extremely high risk. The
results of our ROC analysis reconfirmed the high pre-
dictive power of the model with respect to DVT.

The current strategy in risk assessment among

inpatients is to use different RAMs based on the
department in which patients are currently hospital-
ized; this is inconvenient and time-consuming in a
general hospital where patients are moved to different
departments relatively frequently'®. Validation of the
2010 Caprini RAM in nonsurgical patients is rare
because it originated from a surgical population. From
the AUC in our study, we can conclude that the 2010
Caprini RAM was much more effective in assessing
DVT risk among surgical patients than nonsurgical
ones. For surgical patients in this study, we can regard
patients with a Caprini score of > 5 as having the
highest-level risk of developing DVT. In nonsurgical
patients, predicting DVT using a cumulative risk score
of > 4 is recommended. A retrospective case-control
study among medical inpatients admitted to a large
general hospital in China included 902 patients with
confirmed VTE during hospitalization; 902 controls
were randomly selected and matched with cases. Anal-
yses of ROC curves showed that the AUC was 0.71
(95% CI, 0.69-0.73) and a Caprini score of 4 was the
cutoff point providing the highest sensitivity and spec-
ificity'®. These results are similar to our findings
among nonsurgical patients. Thus, we can conclude
that the universal 2010 Caprini RAM could be used
to effectively stratify hospitalized Chinese patients
according to DVT risk categories in a general hospital,
to simplify the process of risk assessment for DVT.
However, different standards of assessing the risk of
DVT can be applied and appropriate precautions
should be taken according to whether patients are sur-
gical or nonsurgical patients.

This is the first large-scale multicenter study to
validate the 2010 Caprini RAM among hospitalized
patients in China to date. However, our study has sev-
eral limitations. We only chose to validate the updated
version of the Caprini RAM; it was thus difficult to
determine the best version or tool without the ability
to make comparisons among them. The 2010 version
has not been formally validated in a large series of
patients. Some studies have compared the 2010 and
2005 versions”, with controversial results. Moreover,
our results indicated that the 2010 Caprini RAM is
less effective in assessing DVT risk among nonsurgical
patients than surgical ones. Further investigation of
the 2010 Caprini RAM should be conducted, or some
items revised, to improve its accuracy and validity
among non-surgical patients. In addition, some
researchers have rightfully criticized the Caprini RAM
for its complexity and the time required to query
patients regarding all of its included factors. In the
future, additional data must be collected and analyzed
to provide generalizable conclusions, to help deter-

mine the most suitable RAM for predicting VTE risk
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in the Chinese population”.

Conclusion

To the best of our knowledge, this is the first
large-scale multicenter study to validate the 2010
Caprini RAM among hospitalized patients in China.
Our study findings suggest that the 2010 Caprini
RAM can be effectively used to stratify hospitalized
Chinese patients according to DVT risk categories,
based on individual risk factors. Classification of the
highest risk level using a cumulative risk score of > 4
and > 5 provides significantly more clinical informa-
tion in nonsurgical patients and surgical patients,
respectively.
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