Original Article

Clinical and Applied
Thrombosis/Hemostasis

Volume 26: 1-7

© The Author(s) 2020

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1076029620945038
journals.sagepub.com/home/cat

®SAGE

Clinical Validation of the Chinese Version of
Patient Completed Caprini Risk
Assessment Form

Xiaolan Chen, MD' ®, Hui Deng, MM', Xinjie Tong, MM',
Bei Gu, MD?, Jingxuan Liu, BA', He Huang, MM?, Liwei Ye, MM°,
Lei Pan, MD', Joseph A. Caprini, MD4’5, and Yong Wang, MD'®

Abstract

To create and validate patient-completed Caprini risk score (CRS) tools for Chinese people. We revised Chinese patient-
completed CRS form according to previously published studies. We prospectively recruited 70 internal medical patients and
70 surgical patients. The average age of these patients was 54.26 + 15.29 years, 54.29% of them were male and 80% of them
had education beyond high school. The study compared: (1) patient-completed CRS and physician-completed CRS; (2) the
final value of physician-completed CRS (physician-completed CRS + body mass index) and CRS in the electronic medical
record (EMR) system. Patient-completed CRS was 3.71 + 3.63, patients spent 3.60 + |.24 minutes, 57.14% patients were at
high-highest risk; physician-completed CRS was 3.84 + 3.63, physicians spent 2.11 + 1.13 minutes, 59.28% patients were at
high-highest risk; the final value of physician-completed CRS was 4.12 + 3.62, 63.58% patients were at high-highest risk; CRS
value in the EMR system was 4.07 + 3.58, 65% patients were at high-highest risk. There were strong positive correlations
(P <.0001) between patient-completed CRS and physician-completed CRS (r = 0.978, k = 0.76) and between the final value of
physician-completed CRS and CRS in EMR (r = 0.994, k = 0.97). This study successfully developed and validated a Chinese
patient-completed CRS that we found can replace physician-completed CRS. This results in considerable time saving for
physicians and this process should increase the percentage of patients having complete risk assessment when they are
admitted to the hospital.
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Introduction

Venous thromboembolism (VTE) includes both deep vein
thrombosis (DVT) and pulmonary embolism (PE) and is a
common cause of morbidity and mortality associated with hos-
pitalization. In fact, PE is the leading cause of preventable
death in hospitalized patients. When a patient dies often the
family questions the physician regarding if proper risk assess-
ment and prophylaxis was used to prevent the fatal event. The
use of patient-friendly assessment tools is important to obtain
complete family information and satisfy loved ones regarding
the risk assessment and prevention process.' Up to two-thirds
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of VTE events are related to a recent hospitalization. How-
ever, medical providers and patients lacked awareness of VTE
prevention and its impact on patients’ outcomes.” Catterick
et al showed that hospitals with a VTE risk assessment rate of

Yong Wang, Beijing Emergency Medicine Center, Xicheng, Beijing, 100000,
People’s Republic of China; Department of Respiratory and Critical Care
Medicine, Beijing Shijitan Hospital, Capital Medical University, Haidian, Beijing
100038, People’s Republic of China.

Email: wangyong7096@aliyun.com

@ ® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access

pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0002-8071-4286
https://orcid.org/0000-0002-8071-4286
https://orcid.org/0000-0002-2815-2298
https://orcid.org/0000-0002-2815-2298
mailto:wangyong7096@aliyun.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1076029620945038
http://journals.sagepub.com/home/cat
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

Clinical and Applied Thrombosis/Hemostasis

90% or more translated not only into a reduction of hospital-
acquired VTE but also in a reduction in VTE-related mortal-
ity.? It’s well-known that VTE risk assessment tools are
available including Wells, Geneva, Caprini, Padua, Khorana,
Autar, Improve, and so on. We have selected the Caprini Risk
Score (CRS) which includes individual VTE risk factors vali-
dated in many specialties, including general surgery, vascular
surgery, thoracic surgery, abdominal surgery, plastic surgery,
gynecological tumor, craniocerebral surgery, and intensive
care unit.*"3

Yanyan et al conducted a systematic review and meta-
analysis of 7 studies to assess the accuracy of the CRS in
predicting VTE in surgical patients. In Wang’s study, the CRS
score demonstrated its accuracy stratifying patients according
to their VTE risk.'* Moreover, the effect of risk stratification
using the CRS coupled to an effective regime of prophylactic
anticoagulation for VTE reduction has shown to be effective in
multiple studies. Nimeri et al found a significant reduction in
VTE incidence in general surgery, vascular surgery, orthope-
dics, and neurosurgery after mandatory CRS was used coupled
with appropriate prophylactic regimes in all patients.'> Simi-
larly, Babayan et al found that the implementation of manda-
tory VTE risk assessment coupled to a thromboprophylaxis
strategy significantly reduced the incidence of postoperative
VTE events.'® More than 100 000 people died because of PE
every year in the United States, and one-third of VTE-related
deaths occurred after surgery.'”'®

At present, our hospital has embedded the CRS into the
electronic medical record (EMR) system, using electronic
technology to reduce physicians’ workload, increasing the
compliance of VTE assessment, and significantly reducing
the occurrence of VTE in the hospital. We intended to
develop and validate the patient-completed CRS in Chinese
patients, so as to further reduce the work burden of physi-
cians. Involving the patient in their medical care. Having
them complete the patient-friendly risk assessment substan-
tially reduces the time required to obtain a thorough patient
assessment. We hope this will go a long way to reduce the
burden of physicians and lead to lower VTE rates in their
patients.

Methods
Patients

According to the sensitivity of CRS to identify VTE risk
patients in our previous study, 140 samples were calculated.
From January 2019 to January 2020, we prospectively recruited
70 internal medical inpatients and 70 surgical inpatients in
Beijing Shijitan hospital. The inclusion criteria were as fol-
lows: age > 18 years old and length of stay in hospital > 48
hours. The exclusion criteria were as follows: age < 18 years
old and length of stay in hospital < 48 hours. We excluded
patients with visual disorders, mental disorders, acquired or
congenital cognitive impairment.

Methods

The following 4 steps were used for Caprini risk form devel-
opment and validation:

Step 1: Standardized translation. Three Chinese physicians
(X.C., H.D., and X.T.) independently translated the patient-
completed CRS to Chinese, and the fourth Chinese physician
(Y.W.) completed the unified version. Finally, all translators
discussed and revised the final Chinese paper version.

Step 2: Establishing the study. According to the different
language versions, including English, Spanish, Arabic, and
Polish versions, we identified the body mass index (BMI) as
the added value to be calculated by the physician finalizing the
form. The BMI was not written into the printed patient-
completed CRS and physician-completed CRS. The BMI is
calculated by the EMR since patient height and weight are
available in the medical record. Patients completed printed
patient-completed CRS, and trained physicians completed
printed physician-completed CRS and CRS in the EMR sys-
tem. Medical students used a double-blind method to count the
cumulative scores and time of CRS completed by patients and
trained physicians, as well as the final value of physician-
completed CRS (scores of physician-completed CRS + BMI);
the scores of CRS in the EMR system which was finished by
the same trained physician.

Step 3: Pilot study. According to the inclusion criteria and
exclusion criteria, we selected 10 patients from internal med-
icine and surgery for a pilot study. By interviewing the patients,
we further clarified the Chinese definition of bed rest which
was that the patients have been in bed and/or with sustained
walking of fewer than 30 feet.'® There were no other problems
with Chinese translation.

Step 4: Formal study. With the consent of the hospital ethics
committee, we started this study. The trained physician was
trained by a senior Chinese translator. We prospectively
recruited 70 internal medical inpatients and 70 surgical inpa-
tients at admission and conducted the study as described above.

Statistical Analysis

We adopted the 2009 CRS revision.?’ The model included
about 40 different risk factors of VTE in patients. Caprini risk
score includes 41 risk factors with 1, 2, 3, and 5 scoring points:
low risk (0-1), moderate risk (2), high risk (3-4), or highest risk
(>5). (1) Spearman’s rank was used to analyze printed patient-
completed CRS versus physician-completed CRS, and the final
value of physician-completed CRS versus CRS in EMR; (2)
Cohen’s Kappa was used to calculate the agreement between
the above 2 groups; (3) the Bland Altman method was used to
analyze whether the differences between the above 2 groups
were within the acceptable range. If the methods were consid-
ered to have a good agreement, they could be used interchange-
ably. SPSS version 25 was used to analyze all data (IBM Corp),
and the count data were expressed as a percentage (%); the
measurement data conforming to normal distribution was
expressed as X + S, P < .05 was statistically significant.
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Results

In this study, the average age of the patients was 54.26 +
15.29 years; 54.29% of the patients were male. The propor-
tions of patients from internal medicine and surgical depart-
ments were equal at 50%. Eighty percent of the patients had
education beyond high school. The average score of patient-
completed CRS was 3.71 + 3.63, and patients spent 3.60 +
1.24 minutes, completing the form. There were 57.14%
patients at high-highest risk according to the patient com-
pleted form. The average score of physician-completed CRS
was 3.84 + 3.63, and physicians spent 2.11 + 1.13 minutes
completing the form. The physicians found that 59.28%
patients were at high-highest risk. The average final value
of physician-completed CRS revealed was 4.12 + 3.62,
63.58% patients were at high-highest risk. The average
score of CRS in EMR indicated was 4.07+3.58, 65%
patients were at high-highest risk. Combining the BMI with
the physician completed form increased the percentage of
high-risk patients. This final value is placed in the EMR
(Table 1).

In this study, Spearman correlation analysis was used. A
correlation coefficient between 0 and 0.3 indicates a weak
correlation, a correlation coefficient between 0.3 and 0.5 indi-
cates a low correlation, a correlation coefficient between 0.5
and 0.8 indicates a moderate correlation, and a correlation
coefficient between 0.8 and 1 indicates a strong correlation.
We found that there were strong positive correlations between
patient-completed CRS and physician-completed CRS (r =
0.978) and between the final CRS calculated by adding the
BMI to the physician-completed CRS and CRS in EMR (» =
0.994; P <.0001; Table 2).

In this study, Cohen kappa was used to calculate the
agreement between the 2 groups. A k value < 0.4 indicates
a poor agreement, a K value from 0.4 to 0.75 indicates a
medium agreement and a x value > 0.75 indicates an excel-
lent agreement. Through analysis, we found that the k value
of patient-completed CRS versus physician-completed CRS
was 0.76 (P < .0001); the k value of the final value of
physician-completed CRS versus CRS in EMR was 0.97
(P < .0001). The agreement between the 2 groups was
excellent (Table 3, Table 4).

In this study, we made a scatter diagram with the mean
value as the horizontal axis and the difference value as the
vertical axis. If 95% of the scatters were in 95% confidence
interval, the 2 methods were in agreement and interchange-
able. Figure 1 showed that the disagreement rate was only
3.57% (< 5%), indicating that patient-completed CRS and
physician-completed CRS had a small probability to be dif-
ferent. Figure 2 showed that the disagreement rate was only
1.43% (<5%), indicating that the final value of physician-
completed CRS and CRS in EMR had a small probability to
be different. We thus conclude that patient-completed CRS
and physician-completed CRS can be replaced by each
other. The same is true for the final value of physician-
completed CRS and CRS in EMR.

3

Table I. Patient Characteristics.
Variables Cohort
Age (years) (X + S) 54.26 + 15.29
Male (n, %) 76 (54.29)
Department (n, %)

Internal medicine 70 (50.00)

Surgery 70 (50.00)
Education level (n, %)

Elementary 28 (20.00)

High school 66 (47.14)

College and postgraduate 46 (32.86)
Patient-completed score, mean ()_( +95) 371 + 3.63
Patient-completed time (minute) (X =+ S) 3.60 + 1.24
Patient-completed risk classification (n, %)

Low risk 31 (22.14)

Moderate risk 29 (20.71)

High risk 45 (32.14)

Highest risk 35 (25.00)
Physician-completed score, mean (X + S) 3.84 + 3.63
Physician-completed time (minute) (X + S) 211 + 113
Physician-completed risk classification (n, %)

Low risk 26 (18.57)

Moderate risk 31 (22.14)

High risk 45 (32.14)

Highest risk 38 (27.14)
Final value of physician-completed CRS (X + S) 4.12 + 3.62
Final value physician-completed risk classification (n, %)

Low risk 26 (18.57)

Moderate risk 25 (17.86)

High risk 41 (29.29)

Highest risk 48 (34.29)
CRSin EMR (X + S) 4.07 + 3.58
CRS in EMR risk classification (n, %)

Low risk 24 (17.14)

Moderate risk 26 (18.57)

High risk 45 (32.14)

Highest risk 46 (32.86)
Abbreviations: CRS, Caprini risk score; EMR, electronic medical record.
Table 2. Spearman Correlation Analysis of Different Evaluations.
Group r  Pvalue
Patient-completed versus physician-completed 0.978 <.0001
Final CRS value of physician-completed versus CRS  0.994 <.0001

in EMR

Abbreviations: CRS, Caprini risk score; EMR, electronic medical record.

Discussion

In 2017, Fuentes et al first made the English version of patient-
completed CRS and found its good agreement with physician-
completed CRS. Physicians only need to calculate BMI. The
average time for patients to complete the form was 5 minutes,
and for physicians was 6 minutes.?' In 2018, Paz Rios et al
translated the English version of patient-completed CRS into
Spanish, Arabic, and Polish, and also found a strong correlation
and an excellent agreement between patient-completed CRS
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Table 3. Risk Classification Between Patient-Completed CRS Versus Physician-Completed CRS.

Physician-completed (n, %)

Patient-completed Low risk Moderate risk High risk Highest risk Total
Low risk 24 (17.14) 4 (2.86) 3(2.14) 0 (0.00) 31 (22.14)
Moderate risk 3 (2.14) 21 (15.00) 4 (2.86) 1 (0.71) 29 (20.71)
High risk 0 (0.00) 5 (3.57) 36 (25.71) 4 (2.86) 45 (32.14)
Highest risk 0 (0.00) 0 (0.00) 2 (1.43) 33 (23.57) 35 (25.00)
Total 27 (19.29) 30 (21.43) 45 (32.14) 38 (27.14) 140 (100.00)
Abbreviation: CRS, Caprini risk score.
Table 4. Risk Classification Between Final Value of Physician-Completed Versus CRS in EMR.
CRS in EMR (n, %)
Final value Low risk Moderate risk High risk Highest risk Total
Low risk 25 (17.86) 0 (0.00) 0 (0.00) 0 (0.00) 25 (17.86)
Moderate risk 0 (0.00) 25 (17.86) 0 (0.00) 0 (0.00) 25 (17.86)
High risk 0 (0.00) 2 (1.43) 37 (26.43) 0 (0.00) 39 (27.86)
Highest risk 0 (0.00) 0 (0.00) 1 (0.71) 50 (35.71) 51 (36.43)
Total 25 (17.86) 27 (19.29) 38 (27.14) 50 (35.71) 140 (100.00)
Abbreviations: CRS, Caprini risk score; EMT, electronic medical record.
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Figure |. Bland Altman patient-completed versus physician-com-
pleted.

and trained physician-completed CRS. Similarly, physicians
only need to calculate BMI value, and the time for patients to
fill the form was also about 6 minutes.**

Caprini risk score was widely used in China as the VTE risk
assessment score recommended by The American College of
Chest Physicians (ACCP) guidelines.”® From 2017, our hospi-
tal embedded the CRS into the EMR system and compulsorily
completes the VTE risk assessment for all admitted patients. To
reduce the physicians’ workload and improve the VTE risk
assessment rate of hospitalized patients, we first created the Chi-
nese version of patient-completed CRS and compared it with

Figure 2. Bland Altman final value of physician-completed versus CRS
in EMR. CRS indicates Caprini risk score; EMR, electronic medical
record.

trained physician-completed CRS. At the same time, we com-
pared the final value of physician-completed CRS with the
CRS in EMR to explore whether patient-completed CRS can
replace the current CRS in EMR.

Pop TR et al found that CRS can identify 62% of high-risk
DVT patients, while Padua can identify 54.7% of high-risk
DVT patients.** Liu et al found that the sensitivity, positive
predictive value, and negative predictive value of CRS were
higher than those of Padua (P < .05).> A Chinese study con-
firmed the high sensitivity of the CRS in identifying high-risk
patients (82.3% of high-highest risk VTE patients can be
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identified by CRS, compared with 30.1% of Padua). Caprini
risk score can effectively identify the risk of VTE in Chinese
hospitalized patients.”® The prediction ability of the CRS has
been also tested in patients with cancer. First, Philip et al
demonstrated a high incidence of postoperative VTE (12%)
in patients with cancer despite the use of inpatient thrombo-
prophylaxis. Thrombotic complications were the most common
cause of 30 days death after surgery,”’*’ and led to prolong
hospital stay and increased hospital costs.>® In the United
States, an analysis of the prophylaxis in medical patients with
enoxaparin (MEDENOX) trial documented that patients who
could walk 30 feet at one time but were not on low molecular
weight heparins (LMWH) had a 50% risk reduction in throm-
bosis incidence. A further significant risk greater than 50%
reduction in those ambulatory patients was seen in the group
receiving enoxaparin 40 mg.>! Zhou documented that most
VTE patients were considered at low-risk and did not recom-
mend prophylaxis by using the Padua score.”> Wang and his
colleagues compared the 3 evaluation scales including Khor-
ana, Caprini, and Autar and found that the sensitivity of CRS
was higher than Khorana and Autar.> Stroud et al also verified
that CRS may accurately predict the risk of VTE in patients
undergoing gynecological cancer surgery. After evaluation, the
proportion of patients receiving VTE prevention increased
from 12% in 2004 to 63% in 2010, and the incidence of post-
operative VTE decreased significantly.*

Our previous study compared the effectiveness of CRS and
Padua in hospitalized patients, which proved that CRS was
effective and had higher sensitivity and better predictability
than Padua.®® Junli and other researchers compared Wells
score, Geneva score, and CRS in neurology, neurosurgery, and
internal medicine and found that CRS had a higher predictive
value in neurology, neurosurgery, and internal medicine inpa-
tients. The advantage of CRS was that the model can recom-
mend corresponding prophylaxis according to the VTE risk
level of patients, which was convenient and practical for phy-
sicians.’® The American College of Chest Physicians guide-
lines showed that CRS can identify and prevent 84.3% of
cases with VTE risk. The risk level of CRS was closely related
to mortality during hospitalization and 6 months of discharge.
However, some researchers believed that the problems of CRS
were complex and that it took time for medical practitioners to
question patients. To facilitate VTE risk assessment, it is nec-
essary to explore how to improve the scoring method, such as
developing a questionnaire convenient for patients based on
CRS, patients’ self-evaluation, or embedding CRS into the
EMR system to carry out computer-based automatic evalua-
tion.>” Our study verified that there was no significant differ-
ence between the patient-completed CRS and trained
physician-completed CRS. The time taken by the patients was
about 3 minutes, which was shorter than the English, Spanish,
Arabic, and Polish versions mentioned above. There were a
strong positive correlation and an excellent agreement between
the patient-completed CRS and trained physician-completed
CRS, as well as the final value of physician-completed CRS
and CRS in EMR (r > 0.95; x > 0.76). The probability of

inconsistency between patient-completed CRS and trained
physician-completed CRS, and the probability of inconsistency
between the final value of physician-completed CRS and CRS
in EMR were low (< 5%). Thus, they can be replaced with each
other. This was consistent with the above results of Fuentes and
Paz-Rios. It showed that the Chinese patient-completed CRS
was effective and feasible, which can replace the CRS com-
pleted by physicians in the current EMR system, and the risk
assessment of VTE can be completed by patients themselves
when they are admitted to the hospital, to reduce the work
burden of physicians and improve the public awareness of VTE
prevention. We advocate that the physician check the patient
form, add the BMI.

We tried to do external validation of our findings, but a
limited number of hospitals have integrated CRS into EMR at
present. However, we are collecting data and will do external
validation in the future. All patients included in our study had a
normal cognitive function. However, many elderly patients in
China, especially disabled elderly patients in bed, have
impaired or lose cognitive function. They are the population
with high-highest risk of VTE. In the next step, we will design a
VTE assessment score for caregivers or family members who
care for these elderly patients with cognitive impairment and
evaluate the agreement and correlation between caregiver-
completed CRS and physician-completed CRS. It has also been
suggested that everyone perform a baseline score with their
family now before illness occurs. The form should be checked
and finalized by their personal physician. That final score
should be kept in a safe place, assessable by family members.
When an emergency occurs, the base score can be presented on
admission to be adjusted according to the illness. Great time
saving is achieved and the data immediately available for
unconscious patients or stroke victims. We aim to further
reduce the physicians’ work burden, improve the assessment
rate of VTE in hospitalized patients, prevent the VTE events,
protect the medical safety of hospitalized patients, and reduce
the occurrence of adverse safety events in hospitals.
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