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Abstract Background The Caprini risk assessment model (RAM) is the most commonly used
tool for evaluating venous thromboembolism (VTE) risk, a high score for arthroplasty
can result in patients being classified as high risk for VTE. Therefore, its value in post-
arthroplasty has been subject to debate.
Methods Retrospective data were collected from patients who underwent arthro-
plasty between August 2015 and December 2021. The study cohort included 3,807
patients, all of whom underwent a thorough evaluation using Caprini RAM and vascular
Doppler ultrasonography preoperatively.
Results A total of 432 individuals (11.35%) developed VTE, while 3,375 did not.
Furthermore, 32 (0.84%) presented with symptomatic VTE, while 400 (10.51%) were
detected as asymptomatic. Additionally, 368 (9.67%) VTE events occurred during the
hospitalization period, and 64 (1.68%) cases were detected during postdischarge
follow-up. Statistical analysis revealed significant differences between the VTE and non-
VTE groups in terms of ages, blood loss, D-dimer, bodymass index>25, visible varicose
veins, swollen legs, smoking, history of blood clots, broken hip, percent of female,
hypertension, and knee joint arthroplasty (p<0.05). The Caprini score was found to be
significantly higher in the VTE group (10.10�2.23) compared with the non-VTE group
(9.35�2.14) (p<0.001). Furthermore, there was a significant correlation between the
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Introduction

Venous thromboembolism (VTE) is a serious complication of
total joint arthroplasty (TJA), which includes deep vein
thrombosis (DVT) and pulmonary embolism (PE). In the
past, the incidence of VTE among TJA patients without
prophylaxis was reported to be nearly 50%.1 Despite the
implementation of various VTE preventionmeasures, such as
the utilization of pneumatic pumps, elastic socks, and anti-
coagulation drugs,2,3 it is important to acknowledge that
some patients may still experience a clinically symptomatic
DVT, estimated to occur in 0.3 to 4.3% of cases.4 However, if
all patients are screened after TJA, the incidence of DVT is in
the range of 15 to 20%.5 While many cases of DVT are
asymptomatic, they have the potential to progress to PE,
which can be fatal if left untreated.6

In the management of DVT, prevention holds greater
significance than cure. To assess the risk of thrombosis in

patients, various scoring scales have been developed, such as
the Caprini scale, Padua scale, modified Wells scale, revised
Geneva scale, and Michigan risk score.7–11 Among these, the
Caprini scale is themost commonly used and regarded as the
most accurate for many patients.12,13 Orthopaedic surgery
patients are at a heightened risk of thrombosis, prompting
many specialists to establish guidelines for prevention. These
guidelines typically advise onmedication, devices, and other
preventative measures to minimize the risk of DVT. In China,
the Caprini model has been incorporated into the national
guidelines for VTE prevention and treatment.14 The Caprini
risk assessment model (RAM) is not limited to orthopaedic
surgery but can also be applied to other surgical procedures
such as gynecological, general, and thoracic surgeries.15–17

The Caprini RAM is a thrombotic risk stratification tool
that was initially published in 1991.18 This model was
designed based on both clinical experience and medical
evidence,making it an effective, simple, feasible, economical,

incidence of VTE and the Caprini score (r¼0.775, p¼0.003). Patients with a score �9
are at a high-risk threshold for postoperative VTE.
Conclusion The Caprini RAM shows a significant correlation with the occurrence of
VTE. A higher score indicates a greater likelihood of developing VTE. The score �9 is at
particularly high risk of developing VTE.
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and practical tool for predicting the risk of VTE. The Caprini
score was validated in a surgical population by incorporating
inherent risk factors and surgical-specific risk factors to
accurately stratify the risk level of DVT. Comparedwith other
RAMs, the Caprini model has demonstrated its advantages
in terms of accuracy, ease of use, and practicality.19 The
updated Caprini RAM (2013 version), released in 2019,
provides a more comprehensive, consistent, and effective
method for risk stratification and prophylaxis selection to
prevent venous thrombosis. The study incorporates certain
relevant components of the Caprini score, with the com-
plete scoring system described in ►Fig. 1 and reference
provided.20 This version incorporates new risk factors and
score system modifications that better align with current
clinical practice. Numerous studies have demonstrated the
effectiveness of the Caprini model in predicting VTE risk
and guiding prophylaxis selection in different surgical
procedures, including arthroplasty.21–23 Nevertheless, cer-
tain studies have presented differing perspectives on the
Caprini model’s usefulness in patients undergoing TJA. The
primary reason for this is that a score of 5 or higher on the
Caprini model is deemed high risk. However, the score for
joint arthroplasty surgery is already 5, rendering it ineffec-
tive in providing a valuable risk warning.24 However, the
University of Michigan defines a score greater than 8 as
“super-high risk.”25 It is important to note that patients
undergoing arthroplasty generally tend to be older and have
higher baseline scores. As a result, the majority of postop-
erative patients in this population have Caprini scores
exceeding 8 points. Krauss et al’s study defined Caprini
score �10 as a high-risk factor for joint arthroplasty;
however, they only focused on PE and symptomatic DVT
without performing routine lower extremity ultrasound
examination.23 Additionally, the number of VTE cases was
limited to just eight patients, which means their conclusion
requires further validation with more data. To achieve a
more accurate verification of its effectiveness, we analyzed
7 years’ worth of VTE data related to joint arthroplasty. The
results of our analysis are presented below.

Patients and Methods

The Ethics Committee in Clinical Institution of Nanjing Drum
Tower Hospital approved the collection of retrospective data
from patients who underwent various joint arthroplasties,
such as TKA (total knee arthroplasty), UKA (unicompart-
mental knee arthroplasty), THA (total hip arthroplasty),
revision TKA, and revision THA. These data were collected
between August 2015 and December 2021. Patients were
excluded from the study if they had incomplete basic infor-
mation, did not undergo preoperative or postoperative lower
extremity vascular color Doppler ultrasound examination,
had severe renal or organ insufficiency, periprosthetic joint
infections, postoperative joint dislocation, blood diseases, or
were lost to follow-up after the surgery and could not be
contacted through any means.

As part of our study on VTE prevention and cure, we
created a thrombosis database that consisted of over 4,000

adult patients who underwent arthroplasty surgery. The
data provided by it have been published in numerous na-
tional and international journals. They encompass a wide
range of information, including patients’ demographic char-
acteristics, medical history (such as surgical, thrombosis,
medication, and tumor history), as well as surgical details
such as operation time, bleeding volume, and blood transfu-
sion. Additionally, preoperative and postoperative laborato-
ry tests and lower extremity venous ultrasound results were
also included. We designed a retrospective, observational
study using the existing database.

Two sonographers conducted routine ultrasounds of the
bilateral lower limb using the SonoSiteM-Turbomachine one
daybefore the operation and 3 to 5 days after the operation. A
total of 4,313 patients who underwent hip or knee arthro-
plasty were included in the study, while 149 patients with
incomplete information were excluded. To ensure the accu-
racy of our study, we conducted preoperative lower extrem-
ity vascular ultrasounds on all surgical patients. After
excluding 357 patients with preoperative VTE, a total of
3,807 patients were included in the study, as illustrated
in ►Fig. 2. Our analysis included symptomatic VTE, which
encompasses both symptomatic DVT and PE. Specifically,
symptomatic DVT is characterized by symptoms such as
swelling, pain, tenderness, warmth, or color change in the
affected area. The diagnosis of PE is based on the patient’s
presentation of sudden chest tightness, chest pain, breath-
lessness accompanied by rapid breathing, peripheral blood
oxygen saturation suddenly dropping below 90%, or sudden
unexplained increase in heart rate, confirmed by pulmonary
angiography.

The Caprini RAM edition 2013 was utilized in this study.
All datawere collected and assessed by dedicated persons. In
addition, face-to-face interaction was found to be more
accurate for assessing the Caprini RAM than relying solely
on electronic medical records.26

Anticoagulation Protocol
Patients with femoral neck fracture or intertrochanteric
fracture were administered either rivaroxaban or low-mo-
lecular-weight heparin upon admission, unless they had a
contraindication to anticoagulation therapy. Additionally, all
patients received rivaroxaban or low-molecular-weight hep-
arin and underwent rhythmic compression of the bilateral
lower limbs with a pressure pump to prevent DVT starting
from the first postoperative night.

Statistical Analysis
All demographic data were analyzed using descriptive sta-
tistics. The t-test was used to analyze age, body mass index
(BMI), operation time, blood loss, D-dimer, and Caprini score.
A chi-square test was performed to determine the frequency
of DVT according to gender, hypertension, diabetes, malig-
nancy, and smoking history. The study involved plotting a
receiver operating characteristic (ROC) curve, which was
used to calculate the area under the curve (AUC) and deter-
mine the optimal cutoff value for the binary classifier.
Statistical significance was set at a p-value of less than
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0.05. The statistical analyses were conducted using IBM SPSS
software version 25 (IBM, Armonk, New York, United States).
The results were also analyzed using GraphPad Prism 9.0 (La
Jolla, California, United States).

Results

In this study, a total of 3,807 patients were included, com-
prising 2,580 females and 1,227 males, with a mean age of

Fig. 1 The Caprini risk assessment model (version 2013) (source: Dr. Joseph Caprini and the Illinois Medical Society).
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64.79�12.17 years. Of these patients, 432 (11.35%) were
diagnosed with VTE, while 3,375 were diagnosed as non-
VTE. Among the patients, 32 (0.84%) had symptomatic VTE,
while 400 (10.51%) had asymptomatic VTE. Additionally, 368
(9.67%) patientswere found to have VTE during their hospital
stay, with one patient being diagnosed with PE by CTPA
(computed tomography pulmonary angiography). All
patients were followed up within 3 months after discharge.
Among them, 1,787 patients returned to the hospital for
lower extremity vascular ultrasound examinations. The
remaining patients were contacted via telephone for their
follow-up. Patients who were unable to come back for
examinations were asked about any thrombosis-related
symptoms and were advised to seek ultrasound examina-
tions at their local hospitals. During the follow-up period, 64
(1.68%) patients with newly discovered cases of DVT were
identified. The locations of 432 VTE cases are summarized
in ►Table 1.

Demographic Characteristics
The ageof theVTEgroupwassignificantlyhigher (70.16�8.85
years) compared with the non-DVT group (64.11�12.37
years) (p<0.001). Additionally, therewas amarked difference
in the percentage of females between the VTE group (83.56%)
and the non-VTEgroup (64.70%) (p<0.001). The prevalence of
hypertension was also significantly higher in the VTE group
(55.10%) when compared with the non-VTE group (45.21%)
(p<0.001). Additionally, the amount of blood loss was less in
theVTEgroup(219.06�139.53mL) than in thenon-VTEgroup

(241.45�172.02mL) (p<0.001).The D-dimer levels on the
third day after surgery were statistically different between
the VTE group (2.71�2.08mg/L) and the non-VTE group
(2.09�1.57mg/L) (p<0.001). The percentage of knee

Table 1 Locations and number of VTE

Locations Number of cases

PE 1 (0.23%)

Proximal DVT 14 (3.24%)

Femoral 4 (0.93%)

Femoralþperoneal 1 (0.23%)

Femoralþmuscular 2 (0.46%)

Popliteal 3 (0.69%)

Poplitealþmuscular 4 (0.93%)

Distal DVT 417 (96.53%)

Peroneal 7 (1.62%)

Peronealþmuscular 3 (0.69%)

Posterior tibial 2 (0.46%)

Posterior tibialþmuscular 4 (0.93%)

Posterior tibialþ peronealþmuscular 2 (0.46%)

Muscular 399(92.36%)

Total 432(100%)

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolus;
VTE, venous thromboembolism.

Fig. 2 Selection of the study cohort. VTE, venous thromboembolism.
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arthroplasty in the VTEgroup (63.89%)was higher than that in
the non-VTE group (45.36%) (p<0.001). However, there were
no significant differences in BMI, diabetes, or operation time
between the VTE and non-VTE groups (p>0.05). The detailed
results are shown in►Table 2. Multivariate regression identi-
fied that age, female, D-dimer, and knee arthroplasty were
independent risk factors for VTE following TJA, and the corre-
sponding odds ratios were 1.862 (1.574–2.204), 2.246 (1.680–
3.001), 1.186 (1.121–1.254), and 1.757 (1.393–2.217)
(p<0.05), as is shown in ►Table 3.

VTE and Caprini RAM
Patients were evaluated using the Caprini RAM, which
includes various risk factors forVTE.20The relevant risk factors
and their corresponding scores are listed in►Table 4. Statisti-
cal analysis revealed significant differences between the VTE
andnon-VTEgroups in termsofagegroups41–60years, 61–74
years, and�75 years, BMI>25, visible varicose veins, swollen
legs, smoking, and history of blood clots, and broken hip
(p<0.05). However, there were no statistically significant
differences in terms of BMI >40, history of inflammatory
bowel disease, congestive heart failure, lung disease, diabetes
requiring insulin, use of hormone arthroplasty therapy, blood
transfusion, duration of bed rest, or malignancies (p>0.05).
The mean Caprini score of the VTE group (10.10�2.23) was
higher than that of the non-VTE group (9.35�2.14)
(p<0.001). The detailed results are shown in ►Table 4.

The distribution of the number of patients in different
scores and the incidence of VTE in different scores are shown

in ►Fig. 3. Among the 74 patients with a score of 6, there
were no reported cases of VTE. However, for the 380 patients
with a score of 7, the incidence of VTEwas 5%. Among the 888
patients with a score of 8, the incidence of VTE was 7.43%,
while for the 1,250 patientswith a score of 9, the incidence of
VTE was 11.44%. Among the 531 patients with a score of 10,
the incidence of VTEwas 17.14%. For the 142 patients with a
score of 11, the incidence of VTE was 18.31%. Among the 62
patients with a score of 12, the incidence of VTE was 12.9%.
For the 119 patients with a score of 13, the incidence of VTE
was 16.81%. Among the 189 patients with a score of 14, the
incidence of VTE was 17.46%. For the 113 patients with a
score of 15, the incidence of VTE was 15.04%. Among the 43
patients with a score of 16, the incidence of VTE was 15.04%.
For the 15 patients with a score of 17, the incidence of VTE
was 26.67%. Finally, it is worth noting that out of all the
patients, only one had a score of 19 and there was no
incidence of VTE in this case. The incidence of VTE increases
with the increase of the score. However, it is worth noting
that the number of patients with a score of 12 or higher is
relatively low, and individual cases can easily disrupt the
incidence of VTE. In fact, the incidence of VTE at 19 points is
based on a single patient, rendering this data point unreliable
for drawing conclusions about the relationship between
score and VTE incidence. Therefore, we removed this outlier
from our analysis and conducted a correlation analysis to
better understand the relationship between VTE incidence
and score. A strong correlation exists between the incidence
of VTE and the Caprini score (r¼0.775, p¼0.003, ►Fig. 4).

Table 2 Demographic characteristics of VTE group and non-VTE group

VTE Non-VTE t/χ2 p-Value

Age (y) 70.16� 8.85 64.11� 12.37 9.46 <0.001

BMI (kg/m2) 25.55� 4.05 25.55� 4.16 1.906 0.057

Diabetes 66 (15.28%) 498 (14.76%) 0.083 0.774

Female 361 (83.56%) 2,119 (64.70%) 61.323 <0.001

Hypertension 243 (55.10%) 1,526 (45.21%) 2.346 <0.001

Operation time (min) 106.56� 35.53 105.83�34.08 0.414 0.679

Blood lose (mL) 219.06� 139.53 241.45�172.02 2.384 0.017

D-Dimer (mg/L) 2.71�2.08 2.09� 1.57 6.838 <0.001

Knee joint arthroplasty 276 (63.89%) 1,531 (45.36%) 52.712 <0.001

Abbreviations: BMI, body mass index; VTE, venous thromboembolism.

Table 3 Multivariate logistic regression analysis of the various risk factors

Risk factors B SE Wals OR Exp(B) 95% CI p-Value

Age (y) 0.622 0.086 52.332 1.862 (1.574–2.204) <0.001

Female 0.809 0.148 29.910 2.246 (1.680–3.001) <0.001

Hypertension 0.086 0.118 0.535 1.090 (0.865–1.373) 0.465

D-Dimer(mg/L) 0.171 0.029 35.775 1.186 (1.121–1.254) <0.001

Knee joint arthroplasty 0.564 0.119 22.627 1.757 (1.393–2.217) <0.001

Abbreviations: CI, confidence interval; OR, odds ratio; SE, standard error.
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The analysis of the ROC curve for the Caprini score and
VTE incidence resulted in an AUC of 0.619 (refer to ►Fig. 5).
The optimum cutoff value of 8.5 points is presented
in ►Table 5. The findings of this study suggest that patients

with a score of 9 or higher may be at a greater risk of
developing VTE after arthroplasty. Furthermore, upon com-
paring the rate of VTE amongdifferent scoreswith the overall
rate, it was discovered that the incidence of VTE at a score of 9

Table 4 Caprini risk factors between VTE group and non-VTE group

Relative risk factors Risk score VTE (n, %) Non-VTE (n, %) χ2 p-Value

Age 41–60 y 1 49 (11.34) 900 (26.667) 48.057 <0.001

Age 61–74 y 2 244 (56.48) 1674 (49.60) 7.255 0.007

Age � 75 y 3 138 (31.94) 629 (18.64) 42.156 <0.001

BMI> 25 1 233 (53.93) 1675 (49.63) 2.840 0.092

BMI> 40 2 1 (0.23) 6 (0.18) 0.060 0.806

Visible varicose veins 1 16 (3.70) 58 (1.72) 7.919 0.005

History of inflammatory bowel disease 1 0 (0) 1 (0.03) 0.128 0.720

Swollen legs (current) 1 24 (5.56) 99 (2.93) 8.432 0.004

Congestive heart failure 1 3 (0.69) 24 (0.71) 0.002 0.969

Lung disease (e.g., emphysema or COPD) 1 2 (0.46) 25 (0.74) 0.420 0.517

Smoking 1 19 (4.40) 263 (7.79) 6.434 0.011

Diabetes requiring insulin 1 11 (2.55) 88 (2.61) 0.006 0.940

For women current use of hormone
arthroplasty therapy (HRT)

1 0 (0) 1 (0.03) 0.128 0.720

Blood transfusion 1 47 (10.88) 358 (10.61) 0.030 0.863

On bed for less than 3 days 1 397 (91.90) 3,125 (92.60) 0.267 0.606

On bed for 3 or more days 2 35 (8.10) 250 (7.41) 0.267 0.606

Current or past malignancies 2 20 (4.630) 124 (3.674) 0.961 0.327

History of blood clots 3 5 (1.157) 9 (0.267) 8.293 0.004

Broken hip 5 75 (17.36) 409 (12.12) 9.485 0.002

Caprini Score – 10.10� 2.23 9.35� 2.14 t¼ 6.845 <0.001

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; VTE, venous thromboembolism.

Fig. 3 The number of patients and the incidence of VTE at different Caprini scores. VTE, venous thromboembolism.
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or higher was higher than themean rate of VTE in all patients
(refer to ►Table 6).

To account for the limited sample size in certain score
groups, we have stratified the scoring system into three
categories: �8 points, 9–11 points, and �12 points. The
corresponding population sizes were 1,342, 1,923, and 542
individuals, respectively, with VTE incidence rates of 6.33,
13.52, and 16.05%. The group with a score of �8 had a
significantly lower incidence rate of VTE compared with
the groups with scores of 9–11 and �12 points (p<0.001),
while no significant statistical difference was observed be-
tween the 9–11 points and the�12 points groups in terms of
VTE incidence rates (p>0.05). The comparison results are
shown in ►Fig. 6.

The probability of developing DVT after knee arthroplasty
surgery is higher than after hip arthroplasty surgery due to
the greater impact on lower limb blood circulation. To
determine whether a Caprini score of 9 is the cutoff point
for VTE occurrence in both types of surgeries, we analyzed
the number of patients and VTE occurrence rates for knee
and hip arthroplasty surgeries separately. It can be seen that

regardless of the overall patients, knee and hip arthroplasty
surgeries, the VTE occurrence rates with Caprini score �9
were 14.08, 17.41, and 10.47%, respectively, all of whichwere
higher than the VTE occurrence rates of 6.33, 10.13, and
3.91% for Caprini score <9 (p<0.001), as shown in ►Table 7.

Out of 432 patients with VTE, 32 had symptomatic VTE.
When comparing the Caprini scores between the symptom-
atic and asymptomatic VTE groups, there was no significant
difference found (p>0.05). The average Caprini score for the
symptomatic VTE group was 10.13�2.21, while the asymp-
tomatic VTE group had an average score of 10.10�2.23.
However, it was observed that both groups had higher scores
than the non-VTE group, which had an average score of
9.35�2.14 (p<0.05, ►Fig. 7).

Among the 432 VTE patients, 368 developed VTE during
hospitalizationwith a Caprini score of 10.08�2.22, while 64
developed VTE after discharge with a Caprini score of
10.22�2.31. There was no statistically significant difference
between the two groups (p>0.05); however, both groups
had higher scores than the no-VTE group, which had a score
of 9.35�2.14 (p<0.05, ►Fig. 8).

Fig. 4 The correlation between the incidence of VTE and the Caprini
score. The incidence of VTE at 19 points was based on a single patient,
and thus these data were disturbing and removed. VTE, venous
thromboembolism.

Fig. 5 The ROC (receiver operating characteristic) curve for Caprini
score. AUC (area under the curve) of 0.619.

Table 5 The effectiveness of the Caprini score when selecting
different cutoff values

Caprini
Score

Sensitivity 1 - Specificity Youden
Index

5 1 1 0

6.5 1 0.978 0.022

7.5 0.956 0.871 0.085

8.5 0.803 0.628 0.175

9.5 0.472 0.3 0.172

10.5 0.262 0.169 0.093

11.5 0.201 0.135 0.066

12.5 0.183 0.119 0.064

13.5 0.137 0.089 0.048

14.5 0.06 0.043 0.017

15.5 0.021 0.015 0.006

16.5 0.009 0.004 0.005

18 0 0 0

20 0 0 0

Note: The Caprini Score 8.5 has a maximal Youden Index, and the
optimal cutoff value is also 8.5.

Table 6 The comparison of different scores with overall rate
of VTE

Total Caprini � 7 Caprini � 8 Caprini � 9

432
(11.35%)

432
(11.57%)

413
(12.32%)

347
(14.08%)

χ2 0.094 1.611 10.248

p 0.759 0.204 0.001

Abbreviation: VTE, venous thromboembolism.
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Discussion

Reducing the occurrence of VTE after TJA has always been a
majorconcern forphysicians.Currently,weprimarilyemploya
multimodal approach for anticoagulation measures. Physical

prophylaxis involves the use of pneumatic compression devi-
ces and elastic stockings, aswell asguidance froma specialized
rehabilitation team for ankle pumps and ambulation exer-
cises.27 Pharmacological prophylaxis involved the administra-
tion of one of several anticoagulant medications, such as low-
molecular-weight heparin, dabigatran, aspirin, and fondapar-
inux.28 Despite implementing these measures, there is still a
VTE occurrence rate of 11.35% among TJA patients, with 0.84%
experiencing symptomatic VTE. Therefore, many researchers
are seeking better methods to prevent and manage VTE in
patients undergoing joint arthroplasty surgery. One effective
tool for predicting the likelihood of thrombotic events and
determining appropriate prophylacticmeasures is RAMs, such
as theCaprini RAM.Our study found that theCaprini scorewas
significantly higher in the VTE group (10.10�2.23) compared
with the non-VTE group (9.35�2.14) (p<0.001). We also
observed a strong correlation between the Caprini score and

Fig. 6 The number of patients and the incidence of VTE in different Caprini score ranges. VTE, venous thromboembolism. ns¼ p> 0.05.
��p< 0.001.

Table 7 VTE rates of knee and hip arthroplasty surgeries were
analyzed for Caprini score <9 and �9

Total
VTE rate

Knee
VTE rate

Hip
VTE rate

Caprini< 9 85 (6.33%) 53 (10.13%) 32 (3.91%)

Caprini � 9 347 (14.08%) 223 (17.41%) 124 (10.47%)

χ2 51.847 15.165 29.060

p <0.001 <0.001 <0.001

Abbreviation: VTE, venous thromboembolism.

Fig. 7 The comparison of Caprini scores between symptomatic VTE,
asymptomatic VTE, and non-VTE cases. VTE, venous thromboembo-
lism. ns¼ p> 0.05, �p< 0.05, ��p< 0.001.

Fig. 8 The comparison of Caprini scores between in-hospital VTE, out-
hospital VTE, and non-VTE cases. VTE, venous thromboembolism.
ns¼ p> 0.05, �p< 0.05, ��p< 0.001.
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incidence of VTE (r¼0.775, p¼0.003), with higher scores
indicating a greater likelihood of developing VTE. This further
underscores the role of the Caprini RAM inTJA, highlighting its
effectiveness in providing a reliable risk assessment for VTE
occurrence. These findings align with results from studies
conducted on other surgical procedures,25,29 indicating a
certain level of consistency in the predictive capabilities of
the Caprini RAM across various surgical contexts.

To effectively capture the impact of the Caprini RAM in
the context of post-arthroplasty patients, who generally
exhibit higher Caprini scores, certain scholars have devised
elevated risk thresholds for VTE prediction based on their
research findings. They have concluded that a score of 8 to
10 or higher has a greater predictive value for VTE in various
patient populations.19,21 It should be noted that these
studies only focused on symptomatic VTE and did not
take into account asymptomatic VTE. Therefore, it is not
reasonable to assess the accuracy of the Caprini score based
solely on symptomatic thrombus.30 In this study, the Cap-
rini score did not differ significantly between the symp-
tomatic and asymptomatic VTE groups (p>0.05). However,
both VTE groups had significantly higher Caprini scores
compared with the non-VTE group (p<0.05). After con-
ducting a more comprehensive and accurate VTE screening
and comparing it with the Caprini score, we concluded that
a score of �9 is a high-risk factor for all post joint arthro-
plasty thrombotic events.

There are many scoring options, but after our analysis of
3,807 arthroplasty patients, there are somany items, includ-
ing age, BMI>25, visible varicose veins, historyof blood clots,
broken hip, and swollen legs in joint arthroplasty, that play a
role in influencing the occurrence of VTE. In addition to some
of the items in the score, some indicators such as female,
hypertension, and D-dimer differed between the VTE and
non-VTE groups and had an impact on the occurrence of
thrombosis. This finding is consistent with the analysis
conducted by Zeng et al, which suggests that patients who
have cardiovascular disease, a prior history of VTE, neuro-
logical disease, or high anesthesia American Society of
Anesthesiologists (ASA) scores are at a greater risk of devel-
oping VTE following arthroplasty.31 For some other Caprini
scoring items such as BMI >40, history of inflammatory
bowel disease, congestiveheart failure, lungdisease, diabetes
requiring insulin, hormone arthroplasty therapy, malignan-
cies, although others have reported some variability in the
occurrence of VTE in joint arthroplasty, the number of
patients in these categories was small in our study, so the
variability was not exposed.

The VTE and non-VTE groups did not show any significant
differences in blood transfusion or duration of bed rest, as
routine joint arthroplasty surgery typically does not require
blood transfusion or bed rest exceeding 3 days. However,
patients undergoing complex surgery for developmental
dysplasia of the hip may require blood transfusion and
extended bed rest. It is worth noting that these patients
are typically younger and have lower Caprini score. Addi-
tionally, the VTE group consisted of a larger proportion of
elderly patients, whereas the non-VTE group had younger

patients who underwent more dysplasia or revision surger-
ies. The elderly patients in the VTE group could increase the
likelihood of requiring blood transfusions due to their
weaker physical condition.32 Therefore, the transfusion rates
were similar for both groups. In our study, the smoking rate
was found to be lower in the VTE group. However, we cannot
consider smoking as a protective factor since it is a well-
known risk factor for thrombosis.33 The lower smoking rate
in the VTE group can be attributed to a higher proportion of
females, as multiple studies have confirmed that female
patients have a higher incidence of VTE after joint arthro-
plasty surgery compared with male patients.34,35 Due to the
lower smoking rate among female patients, there is a gender-
related interference in the smoking rate,whichmanifests as a
lower smoking rate in the VTE group.

Although the Caprini score is widely used in the weeks to
months after surgery, the exact timing of its application is
not uniformly defined. Several studies have applied the
Caprini score up to 3 months postoperatively to predict
the risk of DVT and PE.36 While some studies do track the
incidence of thrombosis within 90 days, they do not actively
monitor patients utilizing Caprini scores and ultrasounds,
but simply investigate their re-visits within that time frame.
As a result, their findings lack convincing evidence.30 How-
ever, the Caprini scores of patients who developed VTE after
being discharged were found to be higher than those of the
no-VTE group, suggesting that the Caprini score can predict
the risk of VTE in patients over a specific period of time. Even
though patients with high scores did not experience VTE
during hospitalization, they still have a higher risk of VTE in
the 3 months after discharge.

As the incidence of thrombosis after joint arthroplasty
surgeryhasgradually decreased, some researchers havebegun
to utilize shorter term postoperative anticoagulation or aspi-
rin-only anticoagulation protocols.21,37 This study suggests
that patients with higher Caprini scores should receive more
intensive anticoagulation therapy to prevent thrombosis. Our
studyadds to the increasingevidence supporting theuseof the
Caprini score as a risk assessment tool in joint arthroplasty
surgery. Additionally, our findings shed light on the potential
advantages of customizing anticoagulation regimens for
patients at high risk. Moving forward, it would be beneficial
for future research toconcentrateoncreatingmorepreciseand
personalized risk stratification tools that take into account a
broader range of patient factors. This would ultimately lead to
improved efficacy and safety of thromboprophylaxis in this
population.

The mandatory use of the Caprini score for thrombotic
risk assessment can increase physician awareness of pre-
venting and treating thrombosis, leading to a reduction in
the incidence of thrombotic events.38 In addition, patients
with higher Caprini scores are at an increased risk of
experiencing postoperative complications such as wound
dehiscence, infection, seroma, hematoma, and necrosis.39

This indicates that the Caprini score can effectively reflect
the overall functional status of the body, making it a valuable
predictor not only for the riskof thrombosis but also for other
complications. It should be noted that the Caprini score is
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intended as a risk assessment tool rather than a diagnostic
criterion, and its diagnostic performance is relatively low,
with an area under the ROC curve of just 0.613. Nevertheless,
a higher Caprini score still suggests a greater likelihood of
thrombotic complications.

Our study has several advantages. First, it features the
largest sample size of patients who underwent lower limb
vascular color Doppler ultrasound examination after joint
arthroplasty surgery. Second, our study aims to evaluate the
correlation between postoperative VTE and the correspond-
ing Caprini score. To achieve this, we performed preopera-
tive lower limb vascular color Doppler ultrasound
examinations on all patients to exclude preoperative DVT.
This approach will result in more accurate and reliable
results. Third, the follow-up was conducted on a cohort of
3,807 patients, and a cohort of 1,787 patients, and dedicated
personnel conducted assessments and lower extremity
vascular color Doppler examinations at our hospital within
2 months after surgery. This follow-up procedure and the
resulting data are of superior reliability compared with
those of other studies. Fourth, we are utilizing content
from a specialized thrombosis database, rather than relying
solely on the medical records system for retrospective
analysis. This ensures higher accuracy and reliability of
the data and results.

In addition, our study has some limitations that need to be
acknowledged. First, the diagnosis of DVT is usually done
through vascular color Doppler ultrasound, which is popular
but not as accurate as the gold standard, lower limb venog-
raphy. However, venography is invasive, which is why color
Doppler ultrasound is still the preferred method for diag-
nosing DVT. Second, our study is limited by the small sample
size in certain items of the Caprini RAM, such as BMI >40,
history of inflammatory bowel disease, and congestive heart
failure, which may have prevented us from identifying
certain significant relationships among variables. Third, we
only examined patients who underwent joint arthroplasty
surgery at a single institution, which may limit the external
validity of our results. Fourth, the majority of VTE events
were isolated muscular vein thrombosis. Although some
scholars may argue that muscular vein thrombosis has
limited clinical significance, it can actually serve as an
indicator of the thrombotic state in the body and carries a
risk of further thrombotic progression. Finally, we did not
investigate the impact of different anticoagulation regimens
on patient outcomes, which is an important area for future
research. Although there were continuous changes and
adjustments in anticoagulant drugs and anticoagulation
regimens between 2015 and 2021, the anticoagulation regi-
mens used for patients during the same period were gener-
ally consistent.

Conclusion

The Caprini RAM exhibits a robust correlation with the
incidence of VTE, with a greater score reflecting a heightened
risk of developing VTE. The prevalence of VTE is particularly
high following joint arthroplasty surgery, and patientswith a

Caprini score of �9 are at an even greater risk of developing
VTE. The Caprini RAM serves as a valuable tool for categoriz-
ing VTE risk following joint arthroplasty and can provide a
pre-emptive alert for VTE onset.

What is known about this topic?

• The Caprini risk assessmentmodel (RAM) is commonly
used for evaluating venous thromboembolism (VTE)
risk in patients who undergo arthroplasty.

• Arthroplasty patients may be classified as high risk for
VTE based on high Caprini RAM scores.

• The occurrence of VTE after arthroplasty is a signifi-
cant concern and has been subject to debate in the
literature.

• The Caprini RAM includes several risk factors for VTE,
but not all of these may be applicable to arthroplasty
surgery.

What does this paper add?

• This retrospective study adds evidence to support the
significant correlation between Caprini RAM scores
and the occurrence of VTE in patients who undergo
arthroplasty.

• The study provides data on the incidence of symptom-
atic and asymptomatic VTE, as well as VTE events
during hospitalization and postdischarge follow-up.

• The study contributes to the existing knowledge on
risk factors for VTE after arthroplasty, including age,
blood loss, D-dimer levels, BMI >25, visible varicose
veins, swollen legs, smoking, history of blood clots,
broken hip, percent of female, hypertension, and knee
joint arthroplasty.

• The article suggests that a score �9 is a high-risk
threshold for postoperative VTE and recommends
appropriate prophylaxis.

Funding
This work was supported by the Key Program of National
Natural Science Foundation of China (81730067), the
Major Project of National Natural Science Foundation of
China (81991514), the National Natural Science Founda-
tion of China (81871832), Life and Health Science and
Technology Special Project—Medical-Industrial Coopera-
tion Project of Nanjing (202110026), and Clinical Trials
from the Affiliated Drum Tower Hospital, Medical School
of Nanjing University (2022-LCYJ-DBZ-01).

Conflict of Interest
None declared.

Acknowledgment
We sincerely thank all of the participants for helping to
make this study possible.

Thrombosis and Haemostasis Vol. 124 No. 3/2024 © 2023. The Author(s).

Validation and Modification of the Caprini RAM for VTE Evaluation Qiao et al. 233



References
1 Lachiewicz PF. Newconcepts in orthopaedic thromboprophylaxis.

J Bone Joint Surg Br 2005;87(06):885–886, author reply 886
2 Liu J, Zhao J, Yan Y, Su J. Effectiveness and safety of rivaroxaban for

the prevention of thrombosis following total hip or knee replace-
ment: a systematic review and meta-analysis. Medicine (Balti-
more) 2019;98(09):e14539

3 Lippi G, Favaloro EJ, Cervellin G. Prevention of venous thrombo-
embolism: focus on mechanical prophylaxis. Semin Thromb
Hemost 2011;37(03):237–251

4 Pierce TP, Cherian JJ, Jauregui JJ, Elmallah RK, Lieberman JR, Mont
MA. A current review of mechanical compression and its role in
venous thromboembolic prophylaxis in total knee and total hip
arthroplasty. J Arthroplasty 2015;30(12):2279–2284

5 Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of venous
thromboembolism: American College of Chest Physicians Evi-
dence-Based Clinical Practice Guidelines (8th Edition). Chest
2008;133(6, Suppl):381S–453S

6 Lee WS, Kim KI, Lee HJ, Kyung HS, Seo SS. The incidence of
pulmonary embolism and deep vein thrombosis after knee
arthroplasty in Asians remains low: a meta-analysis. Clin Orthop
Relat Res 2013;471(05):1523–1532

7 Caprini JA. Risk assessment as a guide to thrombosis prophylaxis.
Curr Opin Pulm Med 2010;16(05):448–452

8 Wells PS, Anderson DR, Rodger M, et al. Derivation of a simple
clinical model to categorize patients probability of pulmonary
embolism: increasing the models utility with the SimpliRED D-
dimer. Thromb Haemost 2000;83(03):416–420

9 Le Gal G, Righini M, Roy PM, et al. Prediction of pulmonary
embolism in the emergency department: the revised Geneva
score. Ann Intern Med 2006;144(03):165–171

10 Barbar S, Noventa F, Rossetto V, et al. A risk assessment model for
the identification of hospitalized medical patients at risk for
venous thromboembolism: the Padua Prediction Score. J Thromb
Haemost 2010;8(11):2450–2457

11 Chopra V, Kaatz S, Conlon A, et al. The Michigan Risk Score to
predict peripherally inserted central catheter-associated throm-
bosis. J Thromb Haemost 2017;15(10):1951–1962

12 Yue J, Zhang Y, Xu F, et al. A clinical study of peripherally
inserted central catheter-related venous thromboembolism in
patients with hematological malignancies. Sci Rep 2022;12(01):
9871

13 Klen J, Horvat G, Blinc A. Perioperative prevention of venous
thromboembolism in abdominal surgery patients based on the
Caprini or the Padua Risk Score-a single centre prospective
observational study. Life (Basel) 2022;12(11):1843

14 Osteology CSo. Prevention of venous thromboembolism after
major orthopaedic surgery. Zhonghua Guke Zazhi 2016;36(02):
65–71

15 Ore AS, Vigna C, Fabrizio A, Cataldo TE, Messaris E, Crowell K. Are
IBD patients underscored when determining postoperative VTE
risk? J Gastrointest Surg 2023;27(02):347–353

16 He CQ, Sun HY, Feng GQ, Li HF, Yuan DL. The prevention of venous
thromboembolism after gynecological surgery with nursing in-
tervention based on the G-Caprini Scale. Int J Womens Health
2022;14:1547–1553

17 Dong H, Liang X, Gao Y, et al. Postoperative venous thromboem-
bolism after surgery for stage IA non-small-cell lung cancer: a
single-center, prospective cohort study. Thorac Cancer 2022;13
(09):1258–1266

18 Arcelus JI, Candocia S, Traverso CI, Fabrega F, Caprini JA, Hasty JH.
Venous thromboembolism prophylaxis and risk assessment in
medical patients. Semin Thromb Hemost 1991;17(Suppl 3):
313–318

19 Wang H, Lv B, Li W, Wang S, Ding W. Diagnostic performance of
the Caprini Risk Assessment Model combined with D-dimer for

preoperative deep vein thrombosis in patients with thoracolum-
bar fractures caused by high-energy injuries. World Neurosurg
2022;157:e410–e416

20 Cronin M, Dengler N, Krauss ES, et al. Completion of the updated
Caprini Risk Assessment Model (2013 Version). Clin Appl Thromb
Hemost 2019;25:1076029619838052

21 Krauss ES, Segal A, Dengler N, Cronin M, Pettigrew J, Simonson
BG. Utilization of the Caprini score for risk stratification of
the arthroplasty patient in the prevention of postoperative
venous thrombosis. Semin Thromb Hemost 2022;48(04):
407–412

22 Krauss ES, Cronin M, Dengler N, Simonson BG, Enker P, Segal A.
Lessons learned: using the Caprini Risk Assessment Model to
provide safe and efficacious thromboprophylaxis following hip
and knee arthroplasty. Clin Appl Thromb Hemost 2020;
26:1076029620961450

23 Krauss ES, Segal A, CroninM, et al. Implementation and validation
of the 2013 Caprini score for risk stratification of arthroplasty
patients in the prevention of venous thrombosis. Clin Appl
Thromb Hemost 2019;25:1076029619838066

24 Bateman DK, Dow RW, Brzezinski A, Bar-Eli HY, Kayiaros ST.
Response to the Letter to the Editor on “Correlation of the Caprini
Score and venous thromboembolism incidence following primary
total joint arthroplasty-results of a single-institution protocol”. J
Arthroplasty 2018;33(08):2698–2699

25 Wilson S, Chen X, Cronin M, et al. Thrombosis prophylaxis in
surgical patients using the Caprini Risk Score. Curr Probl Surg
2022;59(11):101221

26 Pannucci CJ, Fleming KI. Comparison of face-to-face interaction
and the electronic medical record for venous thromboembolism
risk stratification using the 2005 Caprini score. J Vasc Surg Venous
Lymphat Disord 2018;6(03):304–311

27 Wainwright TW, Gill M, McDonald DA, et al. Consensus state-
ment for perioperative care in total hip replacement and total
knee replacement surgery: Enhanced Recovery After Surgery
(ERAS®) Society recommendations. Acta Orthop 2020;91(01):
3–19

28 Falck-Ytter Y, Francis CW, Johanson NA, et al. Prevention of VTE in
orthopedic surgery patients: Antithrombotic Therapy and Pre-
vention of Thrombosis, 9th ed: American College of Chest Physi-
cians Evidence-Based Clinical Practice Guidelines. Chest 2012;
141(2, Suppl):e278S–e325S

29 Obi AT, Pannucci CJ, Nackashi A, et al. Validation of the Caprini
venous thromboembolism risk assessment model in critically ill
surgical patients. JAMA Surg 2015;150(10):941–948

30 Bateman DK, Dow RW, Brzezinski A, Bar-Eli HY, Kayiaros ST.
Correlation of the Caprini score and venous thromboembolism
incidence following primary total joint arthroplasty-results
of a single-institution protocol. J Arthroplasty 2017;32(12):
3735–3741

31 Zeng Y, Shen B, Yang J, Zhou Z, Kang P, Pei F. Preoperative
comorbidities as potential risk factors for venous thromboembo-
lism after joint arthroplasty: a systematic review and meta-
analysis of cohort and case-control studies. J Arthroplasty
2014;29(12):2430–2438

32 Boureau AS, de Decker L. Blood transfusion in older patients.
Transfus Clin Biol 2019;26(03):160–163

33 Cheng YJ, Liu ZH, Yao FJ, et al. Current and former smoking and risk
for venous thromboembolism: a systematic review and meta-
analysis. PLoS Med 2013;10(09):e1001515

34 Lu Y, Zhou Z-Y, Liu Y-K, Chen H-L, Yang H-L, Liu F. Gender
differences of venous thromboembolism risk after total hip and
total knee arthroplasty: a meta-analysis. J Thromb Thrombolysis
2016;41(04):556–562

35 Bohl DD, Maltenfort MG, Huang R, Parvizi J, Lieberman JR, Della
Valle CJ. Development and validation of a risk stratification

Thrombosis and Haemostasis Vol. 124 No. 3/2024 © 2023. The Author(s).

Validation and Modification of the Caprini RAM for VTE Evaluation Qiao et al.234



system for pulmonary embolism after elective primary total joint
arthroplasty. J Arthroplasty 2016;31(9, Suppl):187–191

36 HanhBM, Cuong LQ, SonNT, et al. Determination of risk factors for
venous thromboembolism by an adapted Caprini scoring system
in surgical patients. J Pers Med 2019;9(03):36

37 Singjie LC, Halomoan R, Saleh I, Sumargono E, Kholinne E.
Clinical effectiveness and safety of aspirin and other anticoagu-
lants for venous thromboembolism prophylaxis after major
orthopedic surgery: a systematic review and meta-analysis

of randomized clinical trials. EFORT Open Rev 2022;7(12):
792–799

38 Nimeri AA, Bautista J, IbrahimM, et al. Mandatory risk assessment
reduces venous thromboembolism in bariatric surgery patients.
Obes Surg 2018;28(02):541–547

39 Jeong HS, Miller TJ, Davis K, et al. Application of the Caprini risk
assessment model in evaluation of non-venous thromboembo-
lism complications in plastic and reconstructive surgery patients.
Aesthet Surg J 2014;34(01):87–95

Thrombosis and Haemostasis Vol. 124 No. 3/2024 © 2023. The Author(s).

Validation and Modification of the Caprini RAM for VTE Evaluation Qiao et al. 235


