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Abstract

Purpose This study aims to investigate the potential role of Caprini risk assessment model (RAM) in predicting the
risk of venous thromboembolism (VTE) in patients undergoing total hip or knee arthroplasty (THA/TKA). No national
study has investigated the role of Caprini RAM after primary THA/TKA.

Methods Data from The National Sample of Healthcare Cost and Utilization Project (HCUP) in 2019 were utilized
for this study. The dataset consisted of 229,134 patients who underwent primary THA/TKA. Deep vein thrombosis
(DVT) and pulmonary embolism (PE) were considered as VTE. The incidence of thrombosis was calculated based on
different Caprini scores, and the risk of the Caprini indicator for VTE events was evaluated using a forest plot.

Results The prevalence of VTE after primary THA/TKA in the U.S. population in 2019 was found to be 4.7 cases

per 1000 patients. Age, body mass index (BMI), and Caprini score showed a positive association with the risk of

VTE (P<0.05). The receiver operating characteristic (ROC) curve analysis indicated that a Caprini score of 9.5 had a
sensitivity of 47.2% and a specificity of 82.7%, with an area under the curve (AUC) of 0.693 (95% Cl, 0.677—0.710). The
highest Youden index was 0.299. Multivariate logistic regression analysis revealed that malignancy, varicose vein,
positive blood test for thrombophilia, history of thrombosis, COPD, hip fracture, blood transfusion, and age were
significant risk factors for VTE. Based on these findings, a new risk stratification system incorporating the Caprini score
was proposed.

Conclusions Although the Caprini score does not seem to be a good predictive model for VTE after primary THA/
TKA, new risk stratification for the Caprini score is proposed to increase its usefulness.

Zhencan Lin, Hao Sun and Meiyi Chen contributed equally to this
work.

*Correspondence:

Jie Xu

Iplllpfe@163.com

Ruofan Ma
maruofan@mail.sysu.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12959-024-00633-4&domain=pdf&date_stamp=2024-7-23

Lin et al. Thrombosis Journal (2024) 22:68

Page 2 of 7

Keywords Caprini risk assessment model, Total hip arthroplasty, Total knee arthroplasty, Venous thromboembolism,

Healthcare Cost and utilization project (HCUP)

Introduction

With the aging of the population and the demand for a
high quality of life, the incidence of joint replacement is
increasing year by year. But for the postoperative compli-
cations of joint replacement, Venous thromboembolism
(VTE), including deep vein thrombosis (DVT) and pul-
monary embolism (PE), is a life-threatening complica-
tion of joint replacement [1]. In Europe and America, the
incidence of DVT ranges from 2.22 to 3.29%, PE ranges
from 0.87 to 1.99%, and fatal PE is 0.30% [2, 3]. In Asia,
DVT is 1.4%, and PE is 1.1% [4]. In the US alone, VTE
causes 100,000 to 180,000 deaths annually [5] and poses
a significant burden on the healthcare system [6]. Major
orthopedic surgeries are recognized to be at high risk for
VTE, including hip fracture repair, total hip arthroplasty
(THA), and knee arthroplasty (TKA) [7]. However, there
are still many controversies in choosing preventive mea-
sures and assessing VTE risk. Both the American College
of Chest Physicians (ACCP) and the American Associa-
tion of Orthopaedic Surgeons (AAOS) agreed with the
use of pharmacological prophylaxis for VTE after THA/
TKA, but there is no consensus on the choice or dosage
of the drug [8, 9]. Despite the routine use of anticoagu-
lants or antiplatelets after surgery, VTE events still occur.

At present, the commonly used thrombosis risk assess-
ment models are the Wells rule, Padua prediction score,
and Caprini risk assessment model (Caprini RAM).
However, there are questions about the validity of these
models. One clinical trial indicated that the Wells score
is more applicable to outpatients than inpatients [10]
and Antonia Perez-Martin et al. reported the Wells score
performed poorly for discrimination of risk for proximal
DVT in hospitalized patients [11]. Using the Padua score
to classify VTE risk was shown to be suboptimal [12],
with inferior ability to identify medical patients who were
not critically ill for risk of VTE [13].

The Caprini score not only integrated the general con-
dition, past medical history, and perioperative conditions
of the patients but also included relevant preventive mea-
sures. Caprini RAM was originally developed in 1991,
and updated in 2013, 2019 [14, 15]. The Caprini score
has been validated in assessing the VTE risk of critically
ill surgical patients, general surgery patients, and uro-
logic surgery patients [14, 16]. However, there is still a
lack of large-scale studies in orthopedics especially with
primary joint replacement, to analyze the efficacy of the
Caprini score in predicting VTE risk. Therefore, the pur-
pose of this study was to evaluate the effectiveness of
the Caprini RAM in primary THA/TKA patients during
hospitalizations.

Methods

Patient population

The study population was extracted from the National
Inpatient Sample of Healthcare Cost and Utilization Proj-
ect (HCUP) in 2019 compiled by the Agency for Health-
care Research and Quality, which includes the largest
collection of longitudinal hospital care data in the United
States. The inclusion criteria were age=>18 years and pri-
mary hip or knee arthroplasty, while exclusion criteria
were arthroplasty revision and age<18 years. Data were
queried with procedure codes for primary THA/TKA
International Classification of Diseases, Tenth Revision
Clinical Modification (ICD-10-CM). In 2019, a total of
229,134 patients out of 7,083,805 patients met inclusion
and exclusion criteria.

VTE determination

VTE defined as patients with DVT or PE was confirmed
by duplex ultrasonography, venography, computed
tomography pulmonary angiography or other meth-
ods. Deep vein thrombosis included acute thrombosis
of lower-extremity veins including iliac, femoral, popli-
teal, or calf veins. A total of 1,077 patients out of 229,134
patients were diagnosed with VTE. The patients were
divided into the VTE (#=1,077) and non-VTE groups
(n=228,057).

Caprini score

The Caprini score is calculated based on VTE risk factors
according to Caprini RAM (2013 Version, Supplemen-
tary Table 1). Points are weighted according to their risk
factors to calculate the Caprini score.

Data analysis

Independent t-tests and Chi-square test were used to
compare baseline conditions between VTE (both DVT
and PE) and non-VTE group. The ability of caprini to
identify VTE patients was evaluated by plotting ROC
curves and calculating AUC values through sensitivity
and specificity. Integrate Bootstrap with the above anal-
ysis to enhance the reliability of the results. A logistic
regression model was used to calculate the odds ratio for
factors including Caprini RAM and presented in the form
of a forest graph. All analyses were performed using sta-
tistical software R version 4.2 and a result was considered
statistically significant at the P<0.05 level of significance.
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Table 1 Demographics. Abbreviations: BMI, body mass index
(calculated as the weight in kilograms divided by height in
meters squared)

Criteria non-VTE VTE PValue
n=228,057 n=1,077
Age, years 68(57.2-78.8) 72(60.6-83.4) <0.0001
BMI(Kg/m?)
BMI=25 58,151(25.50%) 243(22.56%) 0.022
BMI=40 15,504(6.8%) 71(6.59%) 0.693
Gender, N(%) F=137,050(60.09%) F=665(61.75%) 0.270

M=91,007(39.91%) M=412(38.25%)

THA 115,249 577 -
TKA 112,808 500 -
Result

In our study, we analyzed a total of 229,134 patients who
underwent primary joint replacement. Of these, 1,077
patients were included in the VTE group, while 228,057
patients were included in the non-VTE group. When
comparing the VTE group with the non-VTE group,
we found that the VTE group had a higher average age
(P<0.001) and a higher proportion of patients with a
BMI>25 (P<0.05). There are no significant differences
between the two groups when it came to gender and
BMI2>40 (Table 1).

Two groups of patients’ Caprini scores were counted
and drew their distribution as shown in Fig. 1, separately.
The mean Caprini score was 10.70 in the VTE group, 8.51
in the non-VTE group, and a statistically significant dif-
ference was found between the two groups (P<0.0001).
There were two peaks observed in the distribution, with
one peak at 7 in the non-VTE group and 8 in the VTE
group, and another peak at 15 points in both groups
(Fig. 1). The second peak at 15 points was mainly attrib-
utable to patients with hip fractures, who accounted for
30% of VTE patients in 10% of the total population (322
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Table 2 VTE events statistics for hip fractures and non-hip
fractures groups

Criteria non-hip fractrue hip fracture PValue
n=206,225 n=22,909

VTE Event 755 322

VTE Rate 3.7%o 14%0 <0.0001

out of 1,077 VTE patients and 22,909 out of 229,134 pop-
ulation). The incidence of VTE was significantly higher in
the hip fractures group (14%o) compared to the non-hip
fractures group (3.7%o), and statistical analysis confirmed
that the hip fractures group had a higher risk of throm-
bosis (P<0.0001, Table 2).

To further assess these findings, the ROC curve was
drawn between the VTE and the non-VTE groups and
calculating the area under the curve (AUC). According to
ROC analysis (Fig. 2; Table 3), the optimal Caprini score
cut-off value for predicting VTE was 9.5, with an AUC of
0.693 (95% CI, 0.677-0.710). This cut-off value had the
highest Youden index (0.299), a sensitivity of 47.2% and a
specificity of 82.7%.

To elucidate the individual contributions of indicators
including Caprini RAM versus VTE, multivariate logis-
tic regression was used, and the results were plotted in a
forest graph (Fig. 3). In this analysis, we found that sev-
eral factors, including malignancy, varicose vein, posi-
tive blood test for thrombophilia, history of thrombosis,
chronic obstructive pulmonary disease (COPD), hip
fracture, transfusion, and age, were considered risk fac-
tors for VTE. Among these factors, positive blood test for
thrombophilia (OR:10.715), malignancy (OR:5.661), and
transfusion (OR:3.377) were found to be the three most
important risk factors for VTE (Fig. 3).

Furthermore, we observed that the risk of thrombosis
increased with an increase in the Caprini score (Fig. 4). A
Caprini score greater than 16 was significantly associated

non-VTE group VTE group
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ROC curve for Caprini score
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Fig. 2 ROC curve analysis of Caprini score for the prediction of VTE. ROC,
receiver operating characteristic curve; AUC, area under the curve

Table 3 ROC curve of Caprini score-related evaluation
parameters in the prediction of VTE.

Caprini Score

Area under the curve 0.693
(0.677-0.710)

Optimal threshold 9.5
Specificity 0.827
Sensitivity 0472
Accuracy 0.826
Diagnose odds ratio 4.29
Positive predictive value 0.013
Negative predictive value 0.997

with a higher risk of developing VTE events compared to
a score of 15—16 (odds ratio [OR], 2.59; 95%CI, 1.98-3.38;
P<0.001). Similarly, a score of 11-12 was significantly
associated with a higher risk compared to a score of 9-10
(odds ratio [OR], 1.91; 95%CI, 1.47-2.47; P<0.001), and
a score of 9-10 was associated with a higher risk com-
pared to a score of 7-8 (odds ratio [OR], 2.06; 95%ClI,
1.75-2.44; P<0.001). Moreover, a score of 7—8 was signif-
icantly associated with a higher risk compared to a score
of 5-6 (OR, 1.91; 95%CI, 1.36-2.70; P<0.001) (Table 4,
other odds ratios are also visible).

Discussion

It is estimated that 100,000 premature deaths are caused
by VTE every year in the United States [6]. VTE has
become one of the important complications of ortho-
pedic surgery, especially in THA/TKA [9, 17]. Known
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factors that contribute to thrombosis, include venous sta-
sis, vascular injury, and hypercoagulability [18]. In addi-
tion, hematological changes, tourniquet use, and reduced
perioperative mobility resulting from THA and TKA
surgery further increases the risk of VTE. The develop-
ment of VTE can significantly increase the 30-day mor-
tality rate in postoperative patients [19]. As a result,
orthopedic surgeons are highly concerned about the
risk of thrombosis in these patients [20]. While there are
various measures available to prevent thrombosis, rang-
ing from intermittent pneumatic compressive devices to
pharmaceutical agents like low molecular weight hepa-
rin, aspirin, warfarin, and factor Xa inhibitors, an effec-
tive thrombosis risk assessment system is still lacking.
Thromboprophylaxis is recommended for up to 35 days
from the day of surgery rather than for only 10 to 14 days
[9]. Symptoms associated with thrombosis formation
may include lower limb pain and swelling, as well as chest
pain and hemoptysis. Therefore, it is crucial to identify
risk factors that can predict the likelihood of VTE.

To our knowledge, this is the largest study to focus on
this topic. The results showed that the VTE group had
significantly older age and higher BMI (Table 1), which
is consistent with previous knowledge that older age and
obesity are risk factors for thrombosis [13, 21]. The peak
of Caprini score showed a bimodal distribution (Fig. 1),
with the second peak caused by hip fracture leading
to prolonged bed rest and venous stasis before THA.
Additionally, patients with hip fractures have a 3.78-fold
higher risk of VTE as compared to those without hip
fractures (Table 2). It is obvious that hip fracture is one
of the important risk factors for the development of VTE.
Similarly, numerous studies have pointed out that hip
fracture is an important risk factor for VTE [22, 23].

The ROC curves analysis revealed that the optimal
cut-off value for the Caprini score in predicting VTE was
9.5, with an area under the curve (AUC) of 0.693 (Fig. 2;
Table 3). This result is consistent with recently reported
findings by Krauss et al [24]. Thus, patient with Cap-
rini scores greater than 9.5 were classified as high-risk,
whereas others were classified as low-risk. In our study,
66,871 (29.18%) were identified as high-risk groups. Thus,
the Caprini RAM showed a certain predictive power with
an AUC of 0.693. Although relatively lower sensitivity
of 47.2%, high specificity of 82.7% appears to be more
important for VTE prediction.

Although age contribution is limited (OR:1.013, Fig. 3),
it is still considered a risk factor for VTE due to its age-
cumulative effect. It cannot be ignored that some indica-
tors were excluded, which seems to indicate that these
indicators may not contribute to the VTE event. In this
context, it is necessary to re-verify the effect of these
indicators on promoting VTE and explore new indicators
to enhance the risk assessment model in predicting VTE.
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Charateristics OR(95%CI)
Malignancy —_— 5.661(4.756,6.739)
Varicose vein 1.906(0.978,3.714)
Positive blood test —> 10.715(5.28,21.747)
History of thrombosis —_— 2.442(2.034,2.933)
History of IBD — 1.005(0.373,2.711)
COPD —— 1.323(1.106,1.583)
BMI>25 T 1.082(0.913,1.283)
BMI>40 T 1.227(0.928,1.622)
Smoking —— 0.811(0.637,1.032)
Diabetes requiring insulin T— 1.127(0.855,1.486)
HIV 1.301(0.32,5.298)
HRT — 0.778(0.492,1.264)
Hip fracture —_— 2.523(2.156,2.952)
Age 1.013(1.006,1.019)
Transfusion —_— 3.377(2.826,4.036)

o ' : Odd Ratios ° !

Fig.3 Multivariable logistic regression model showing the effect of Caprini indicators on VTE event after primary THA/TKA. Abbreviations: IBD, inflamma-
tory bowel disease; COPD, chronic obstructive pulmonary disease; HIV, Human immunodeficiency virus; HRT, hormone replacement therapy
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Fig. 4 Caprini Scores and Venous Thromboembolism (VTE) Rates

In the meantime, the study found that an increased
Caprini score was associated with increased risk of VTE
(Fig. 4; Table 4). Logistic regression results show that for
every 2-point increase in the Caprini score within the
range of 5-12, the risk approximately doubled. How-
ever, there was no significant increase in risk for scores

between 11-12 and 13-16 (P>0.05). Similar findings
were observed for scores between 17-18 and greater
than 18 points (Table 4), meaning patients within the
same score range had similar VTE risk. Early in its incep-
tion a Caprini score greater than 5 was considered as
high risk for general surgery patients [25]. Since total
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Table 4 Odds for venous thromboembolism stratified by Caprini score. CS: Caprini score, data are presented as odds ratios (95% Cl),

NS =no significant difference (p>0.05)

CS7-8 CS9-10 CS11-12 CS13-14 CS15-16 CS17-18 CS>18
CS5-6 191(1.36-2.70)  395(2.76-5.65)  7.53(5.06-12.21)  6.71(4.30-1048)  7.92(5.23-11.35)  20.49(13.70-30.65)  20.76(11.26-38.27)
Pvalue <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CS7-8 2.06(1.75-2.44)  3.94(3.10-5.00) 3.51(2.57-4.79) 4.14(3.49-4.90) 10.71(8.36-13.72) 10.85(6.43-18.30)
Pvalue <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CS9-10 1.91(1.47-2.47) 1.70(1.23-2.36) 2.00(1.65-2.44) 5.19(3.98-6.76) 5.25(3.09-8.94)
Pvalue <0.001 <0.002 <0.001 <0.001 <0.001
CS11-12 0.89(0.62-1.69) 1.05(0.81-1.36) 2.72(1.98-3.73) 2.76(1.58-4.82)
Pvalue 0.54(NS) 0.705(NS) <0.001 <0.001
CS13-14 1.18(0.85-1.64) 3.05(2.10-4.44) 3.09(1.78-5.60)
Pvalue 0.322(NS) <0.001 <0.001
CS15-16 2.59(1.98-3.38) 2.62(1.54-4.46)
P value <0.001 <0.001
CS17-18 1.01(0.58-1.78)
Pvalue 0.964(NS)

joint replacement alone adds 5 points to the score, this
cutoff was not useful. Combined with these findings, we
propose a new risk stratification for the Caprini score in
primary THA/TKA patients: very low risk (5-6), low risk
(7-8), intermediate risk (9-10), high-risk (11-16) and
very high risk (>16). Although the Caprini score may not
be an ideal predictive model for VTE after primary THA/
TKA, this new risk stratification enhances its usefulness.
However, this study has several limitations. First, it was
a retrospective study conducted in a single country and
method of thromboprophylaxis was not mentioned. Sec-
ond, the database does not provide information regard-
ing the timing or other details about the occurrence of
VTE events. Third, due to the diverse range of hospitals
contributing data to the HCUP database, ensuring accu-
racy and consistency in ICD coding practices and vari-
able identification across institutions poses a challenge.
These factors may lead to potential bias in research find-
ings. As a result, it is crucial to approach the conclusions
of this study with caution, acknowledging the need for
ongoing verification and refinement in future clinical
research. Additionally, further research should involve
multiple countries and cities and verify the effectiveness
of the new risk stratification model under different VTE
preventive measures.

Conclusions

In summary, this study demonstrated that Caprini RAM
has moderate predictive power for VTE risk in patients
with primary THA/TKA. Nevertheless, some indicators
within the Caprini score seem to have limited efficacy in
predicting thrombosis. Therefore, it is crucial to identify
novel methods or indicators that can accurately predict
VTE events after primary THA/TKA. However, this
new risk stratification proposed gives us a better under-
standing of the Caprini score, allowing us to more clearly

stratify patients into different risk categories after THA/
TKA. This makes it possible to utilize patient-specific
VTE prevention measures and ultimately achieving the
purpose of reducing the incidence of VTE.
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HCUP Healthcare Cost and Utilization Project

RAM Risk assessment model

VTE Venous Thromboembolism
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ROC Receiver operating characteristic
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