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Purpose: This study aimed to develop and assess the impact of a pharmacist-led, technology-supported venous thromboembolism 
(VTE) management program on improving VTE prophylaxis and incidence in patients undergoing orthopaedic surgery.
Patients and Methods: This was a retrospective, observational study with a pre-post design conducted in the trauma and joint ward 
of the Orthopaedic Department of a tertiary hospital in Chongqing, China. Surgical patients were included from the period before 
(December 2022 to May 2023) and after (June to November 2023) the implementation of pharmacist-led VTE management program 
(PL-VTEMP), in which pharmacists conducted standardized VTE risk verification and proactive medication monitoring. Primary 
endpoints included VTE incidence and prophylactic pharmacotherapy rate. Multivariable logistic regression was used to adjust for 
potential confounders, along with an E-value analysis to assess robustness to unmeasured confounding.
Results: In total, 651 participants were included (322 in the pre-program group and 329 in the post-program group). Following the 
implementation of pharmacist-led VTE management program, the incidence of VTE decreased significantly (7.8% vs 2.7%, p = 0.004) 
and the proportion of patients receiving pharmacological prophylaxis increased significantly among high-risk patients in the post- 
program group (51.6% vs 33.9%, p < 0.01). The pharmacist-led VTE management program was identified as a protective factor for 
VTE prevention in multivariate regression model (OR 0.223, 95% confidence interval [CI] 0.093–0.535). Despite the average duration 
of drug prophylaxis not significantly increased to match guideline recommendations (7.18 days vs 6.80 days, p > 0.05), the proportion 
of patients receiving oral sequential anticoagulants had risen (29.4% vs 2.3%, p < 0.001). No significant differences were observed in 
the incidence of bleeding.
Conclusion: This study demonstrated the benefits of pharmacist-led VTE management program as thromboprophylaxis in patients 
undergoing orthopaedic surgery. Clinical pharmacists have the potential to be core members of the VTE management team.
Keywords: pharmacist services, VTE, trauma orthopaedic, multidisciplinary management

Introduction
Venous thromboembolism (VTE), including pulmonary embolism (PE) and deep vein thrombosis (DVT), is a common 
complication in orthopedic patients and represents one of the potential causes of perioperative phase.1 Epidemiological 
studies in Asia have demonstrated that 41% of patients who did not receive thromboprophylaxis following knee or hip 
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replacement surgery or hip fracture surgery developed VTE.2 Among hospitalized patients who developed VTE after 
joint replacement surgery, the mortality rate reaches up to 7.1% (1203/16,838).3 However, implementing standard 
preventive measures and treatment strategies can reduce the incidence of postoperative VTE to 6–12%.4,5

Pharmacists have been recommended to serve as facilitators or leaders in the Enhanced Recovery After Surgery (ERAS) 
programs, which included structured VTE management.6 This recognition was due to their critical role in medication therapy 
management (MTM), as well as the strong collaborative relationships they have developed through consistent communication 
and coordination with surgical stakeholders, including physicians, anesthesiologists, nurses, and administrative personnel. 
These measures, including medication review, patient education, medication consultation and post-discharge medication 
follow-up,7–12 have significantly enhanced VTE risk assessment rates, prophylaxis rates, and medication appropriateness in 
orthopedic.13–15 Furthermore, integrating health information technology with proactive pharmacist involvement has been 
shown to improve clinical outcomes by optimizing antimicrobial use and preventing drug-induced liver injury.16–19 Therefore, 
integrating electronic information monitoring platform and pharmacist-led services into VTE management shows promise.

Current published research on pharmacological services for VTE in orthopedics focuses on patients undergoing joint 
replacement surgery, as this procedure was strongly associated with a high risk of VTE.13,20 However, other non-major 
orthopedic procedures—such as fracture fixation, arthroscopy, and external fixation—also pose a risk of VTE, particu
larly when accompanied by additional risk factors (including advanced age, obesity, prolonged immobilization, malig
nancy, hormonal therapy and previous thrombosis history).21,22 Unfortunately, existing studies on pharmacological 
services in orthopedics have largely overlooked these patients. The Caprini Risk Assessment Model (RAM) comprehen
sively incorporates these multifactorial determinants, demonstrating high efficacy in identifying patients at high risk of 
VTE,23,24 offering a systematic and evidence-based approach to risk stratification in orthopedic pharmaceutical care.

Accordingly, we conducted an information technology-driven initiative that utilized automatic screening to identify 
and deliver pharmaceutical care to patients at risk of VTE, with a preliminary assessment of its outcomes.

Methods
Study Design and Setting
This retrospective, single-center, pre-post study was conducted in the trauma and joint ward of the Department of 
Orthopedics at a university-affiliated hospital. The ward consisted of two treatment groups: one admitting patients with 
trauma and the other admitting those with trauma with joint diseases. Each group was staffed by a dedicated team of 
orthopedic surgeons and adhered to standardized surgical protocols. PL-VTEMP spanned from June to November 2023, 
and the pre-program period was from December 2022. During the post-program period, PL-VTEMP was implemented on 
the ward. During the study period, all physicians and nurses in the department benefited from pharmaceutical care. All 
patients receiving pharmacist care were provided normal clinical treatment.

Participants
The study participants were comprised two groups according to the time of admission: a pre-program group, defined as 
all consecutive surgical patients admitted in the six months before the PL-VTEPM, and a post-program group, 
comprising those admitted in the first six months after implementation. The inclusion criteria were as follows: (1) 
patients aged 18 years or older; (2) surgical patients with a Caprini score indicating moderate-to-high VTE risk during 
hospitalization, where at least one assessment met the threshold. The exclusion criteria were as follows: (1) patients who 
required long-term antiplatelet or anticoagulant therapy and did not discontinue prior to admission; (2) patients with an 
admission diagnosis of venous thrombosis; and (3) Doppler ultrasonography of lower limbs within 24 hours of admission 
confirmed positive. The patient enrollment process is illustrated in Figure 1.

Pharmacist-Led VTE Management Program
Information Technology Tools for Management Applications
Clinical pharmacists utilized two intelligent electronic systems for patients’ management. The PIP PASS Pharm Care 
(1.1.202303.03, Medicom Software, Sichuan, China) was employed to screen eligible patients, conduct pharmaceutical 
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ward rounds, and provide pharmaceutical care and patient education, thereby enhancing workflow efficiency. The VTE 
Intelligent Decision Support System (VTE-IDSS) (V3.0–20220932, Dr. Breath. Com, Beijing, China) automatically 
assessed VTE and bleeding risks for hospitalized patients at regular intervals, with all assessment outcomes and 
preventive measures systematically recorded. Both systems underwent final commissioning in May 2022 and completed 
6 months of operational stabilization before study initiation. The VTE-IDSS permitted manual adjustments to risk 
evaluations and prevention strategies, ensuring alignment with clinical requirements. Data from PIP PASS Pharm Care, 
VTE-IDSS, and the Hospital Information System (HIS) were cross-referenced during analysis.

Clinical Pharmacist Services
The ward was staffed with one senior clinical pharmacist and two clinical pharmacy interns. This team worked from 
Monday to Friday, dedicating 4 to 6 hours daily to serve the 40-bed ward. Clinical pharmacist operations were 
administered under the PL-VTEMP framework (Supplementary Figure 1) with oversight from administration department 
and implemented six protocol-defined components through the operational workflow (Figure 2): (1) validation of VTE- 
IDSS-generated risk assessments, (2) anticoagulant therapy optimization, (3) real-time adverse drug reaction monitoring 

Figure 1 Participants Enrollment Flowchart. 
Abbreviation: VTE, venous thromboembolism.

Figure 2 Workflow of pharmacists in PL-VTEMP. 
Abbreviations: PL-VTEMP, pharmacist-led VTE management program; PL-VTEMP, pharmacist-led VTE management program; ADR, Adverse Drug Reaction.
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with patient education, (4) clinician anticoagulation training, (5) multidisciplinary critical care coordination, and (6) 
quality improvement cycle implementation.

The clinical pharmacists’ follow-up covered the entire hospitalization period. Using an electronic system, patients at 
moderate-to-high VTE risk—including those on anticoagulants or with special conditions such as renal or hepatic 
impairment—were proactively identified. After a comprehensive medical record review, individualized recommendations 
were provided. Each medication-related consultation or education session lasted approximately 15–20 minutes.

Definition and Data Collection
Data extracted from the HIS comprised demographic information (sex, age, diagnosis, surgery site, and length of 
hospitalization), VTE diagnosis, bleeding events and anticoagulant utilization records. The VTE-IDSS provided 
automated extraction of thromboembolic and hemorrhagic risk profiles. Data on clinical pharmacists’ workload 
were extracted from the PIP PASS pharmacy system and Hospital Information System (HIS), as detailed in 
Supplementary Table 2. DVT was confirmed by positive Doppler ultrasound in patients exhibiting lower extremity 
swelling or pain concurrent with elevated D-dimer levels. Thrombi distal to the popliteal vein were categorized as 
distal DVT. PE diagnosis relied on evaluation of clinical manifestations, laboratory findings, and Computed 
Tomography pulmonary angiography (CTPA). Bleeding events following anticoagulant therapy were assessed using 
HIS-documented clinical symptoms, fecal occult blood tests, urinalysis, hemoglobin measurements, and endoscopic 
reports. Major and non-major bleeding classifications adhered to the International Society on Thrombosis and 
Haemostasias (ISTH) guidelines. The prescription of oral anticoagulants at the time of discharge was defined as 
sequential oral therapy. Prophylactic pharmacotherapy was defined as anticoagulant drugs (low-molecular-weight 
heparins, unfractionated heparin, or fondaparinux) initiated within 24 hours post-VTE risk identification and main
tained ≥3 consecutive days.

Study Outcomes
Primary outcome: The incidence of VTE and prophylactic pharmacotherapy rate.

Secondary outcomes: therapeutic duration, anticoagulants selection, sequential oral anticoagulants and ISTH-defined 
bleeding event.

Statistical Analysis
Statistical analyses were performed using SPSS Statistics 29.0 (IBM Corp). Continuous variables underwent analysis via 
parametric (Student’s t-test) or nonparametric (Mann–Whitney U) methods contingent upon distribution normality. 
Categorical variables were assessed using χ² or Fisher’s exact tests based on expected cell frequencies. Univariate logistic 
regression screened covariates for VTE prediction, with variables demonstrating α < 0.05 subsequently incorporated into 
multivariable logistic regression modeling. E-value analysis was employed to evaluate the potential impact of unmeasured 
confounding factors. Statistical significance was defined as two-tailed α = 0.05 throughout all inferential analyses.

Results
Demographic Characteristics
During the study period, a total of 867 consecutive patients were admitted to the trauma and joint ward, and 718 
of them underwent surgery. Six hundred and fifty-one patients met the inclusion criteria, with 322 in the pre- 
program period and 329 in the post-program period. As summarized in Table 1, the pre-program group comprised 
177 males and 145 females, with an average age of 56.48 years; The post-program group comprised 179 males and 
150 females, with an average age of 56.99 years, with no significant difference between the two groups (p = 
0.692). Additionally, there were no significant differences in the comorbidities counts. There were no significant 
differences in the surgical sites between the two groups (all p > 0.05).
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Logistic Regression Analysis
Univariate logistic regression identified four variables significantly associated with incidence of VTE (all p < 0.05): 
implementation of LP-VTEMP, age, initial VTE risk and length of stay. Multivariable logistic analysis identified protective 
effects of LP-VTEMP (OR 0.223, 95% confidence interval [CI] 0.093–0.535), indicating that the implementation of 
LPVTEMP was associated with an approximately 78% reduction in the odds of VTE occurrence. The protective effect was 
robust to potential unmeasured confounding, as supported by an E-value of 8.32 for a point estimate and 3.00 for the confidence 
interval limit. Advancing age (OR 1.054 per year, 95% CI 1.020–1.081) and prolonged length of stay (OR 1.125 per day, 95% 
CI 1.080–1.172) were independently associated with elevated VTE risk. No significant associations were observed with sex, 
comorbidity count, surgical site or baseline bleeding. The data of the logistic analysis were summarized in Table 2.

The Incidence of VTE and Prophylactic Pharmacotherapy Rate
A total of 25 patients manifested venous thrombosis on ultrasound during the hospital stay or before discharge in the pre- 
program period. In the post-program group, nine patients were indicated to have VTE, all of whom had distal DVT. The 
incidence of VTE was significantly lower in the post-program group than in the pre-program group (7.8% vs 2.7%, p = 
0.004). The data are presented in Table 3.

Comparative analysis demonstrated a pharmacological prophylaxis rate of 38.0% during PL-VTEMP implementation 
compared to 28.6% at pre-program group, with not statistically significant between-group difference (p = 0.11). In high- 
VTE risk patients, the prophylactic pharmacotherapy rate in the post-program group was 51.6%, which was significantly 
higher than that in the pre-program group (33.9%; p < 0.01) (Table 3).

Table 1 Demographic Characteristics of the Subjects

Pre-Program 
Group (n=322)

Post-Program 
Group (n=329)

p

Sex, n (%) 0.886

Female 145 (45.0%) 150 (45.6%)

Age (years, Mean ± SD) 56.4 ± 16.54 56.9 ± 16.24 0.692
Comorbidity count, n (%) 0.655

0 235 (73.0%) 254 (77.2%)

1 64 (19.9%) 56 (17.0%)
2 21 (6.5%) 17 (1.2%)

3 2 (0.6%) 2 (0.6%)
Surgical site, n (%) 0.551

Pelvic region 20 (6.2%) 13 (4.0%)

Proximal Femoral Region 55 (17.1%) 58 (17.6%)
Distal femoral and proximal tibiofibular regions 92 (28.60%) 98 (29.8%)

Ankle and distal regions 67 (20.8%) 71 (21.6%)

Arthroplasty 31 (9.6%) 35 (10.6%)
Axial skeleton and shoulder girdle 11 (3.4%) 18 (14.7%)

Others 46 (14.3%) 36 (10.9%)

Initial VTE risk, n (%) 0.524
Low risk 204 (63.4%) 200 (60.8%)

Moderate risk 40 (12.4%) 51 (15.5%)

High risk 78 (24.2%) 78 (23.7%)
Initial Bleeding risk, n (%) 0.182

Low risk 269 (83.5%) 287 (87.2%)

High risk 53 (16.5%) 42 (12.8%)
Length of stay (days, Mean ± SD) 10.88 ± 7.490 11.18 ± 9.599 0.66

Abbreviations: SD, standard deviation; VTE, venous thromboembolism.
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Implementation Efficiency of Pharmacological VTE Prophylaxis
The average duration of pharmacological prophylaxis for VTE was less than 10 days: 6.80 days and 7.18 days in the two 
groups, respectively (p > 0.05). Compared to the pre-program group, the proportion of patients in the post-program group 
who continued oral anticoagulants for post-discharge prophylaxis was significantly higher (2.3% vs 29.4%, p < 0.001) 
(Table 4).

Table 2 Univariate Analysis and Multivariate Analysis of VTE-Related Risk Factors

Univariate Analysis Multivariate Analysis

OR (95% CI) p OR (95% CI) p

LP-VTEMP 0.334 (0.153–0.727) 0.006* 0.223 (0.093–0.535) <0.001*

Female 0.563 (0.279–1.135) 0.108
Age 1.04 (1.017–1.065) <0.001* 1.050 (1.020–1.081) 0.001*

Comorbidity count
0 1.643 (0.740–3.649) 0.223
1 1.126 (0.255–4.965) 0.876

2 0.000 0.999

3 Reference
Surgical site

Pelvic region 0.627 (0.180–2.185) 0.464

Proximal Femoral Region 0.446 (0.133–1.494) 0.190
Distal femoral and proximal tibiofibular regions 0.273 (0.069–1.078) 0.064

Ankle and distal regions 0.227 (0.039–1.308) 0.097

Arthroplasty 0.181 (0.032–1.043) 0.056
Axial skeleton and shoulder girdle 0.259 (0.027–2.462) 0.240

Others Reference

Initial VTE risk
Low risk Reference

Moderate risk 0.366 (0.166–0.808) 0.013* 0.436 (0.176–1.079) 0.072

High risk 1.060 (0.422–2.664) 0.901 0.968 (0.338–2.775) 0.952
Initial Bleeding risk

Low risk Reference

High risk 1.874 (0.822–4.274) 0.135
Length of stay 1.092 (1.055–1.130) <0.001* 1.125 (1.080–1.172) <0.001*

Note: *Results are statistically significant. 
Abbreviations: OR, odds ratio; CI, confidence interval; LP-VTEMP, pharmacist-led VTE management program; VTE, venous 
thromboembolism.

Table 3 VTE Incidence and Prophylactic Pharmacotherapy Rate

Pre-Program 
Group (n=322)

Post-Program 
Group (n=329)

p

VTE Incidence, n (%) 25 (7.8%) 9 (2.7%) 0.004*

PE 1 (0.3%) 0 (0.0%) 0.312
DVT 2 (0.6%) 0 (0.0%) 0.152

Distal DVT 22 (6.8%) 9 (2.7%) 0.014*

Prophylactic pharmacotherapy rate, n (%) 92 (28.6%) 125 (38.0%) 0.11
High-VTE risk 83 (33.9%) 98 (51.6%) <0.001*

Moderate-VTE risk 9 (11.7%) 27 (19.4%) 0.144

Note: *Results are statistically significant. 
Abbreviations: VTE, venous thromboembolism; PE, pulmonary embolism; DVT, deep vein thrombosis.
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Neither group showed any occurrence of gastrointestinal or intracranial hemorrhage. After the clinical pharmacist 
provided PL-VTEMP, urinalysis from nine patients indicated positive occult blood, three patients presented with positive 
fecal occult blood, and two patients in the pre-program group exhibited positive urinalysis for occult blood, with no 
patients showing positive fecal occult blood. There were no significant differences in bleeding between the two groups.

Discussion
Primary Outcomes of the Pharmacist-Led VTE Management Program
The PL-VTEMP, guided by Caprini risk stratification, established a novel pharmacotherapeutic pathway for multi
disciplinary VTE management in orthopedic trauma. This program demonstrated lower VTE incidence (7.8% vs 2.7%, 
p = 0.004), and the prophylactic pharmacotherapy rate of high-risk patients in the post-program group was 51.6%, 
significantly higher than the 33.9% in the pre-program group (Table 3). Multivariate adjustment for confounding factors 
confirmed the independent protective effect of the program (OR 0.223, 95% CI 0.093–0.535) (Table 2).

Role of Caprini Score and Digital Tools in Precision Management
In accordance with the 2023 CHEST Guideline and ACCP Consensus,25,26 our study employed the Caprini Risk 
Assessment Model (RAM) through VTE-IDSS for automated VTE risk stratification in surgical populations. This 
selection aligns with evidence from Spencer et al, whose multicenter cohort study established a dose-response relation
ship between Caprini scores and VTE incidence (β = 1.32, 95% CI 1.18–1.47; p < 0.001).27 Notably, while current 
literature proposes elevated risk thresholds (8–10 points) for major orthopedic trauma patients with pelvic/hip fractures – 
given that these injuries intrinsically contribute 5 points on the Caprini scale28–30 – we maintained the guideline- 
recommended 5-point threshold to prioritize pharmaceutical care accessibility.

The utilization of an auxiliary decision-making system has been considered to enhance the prevention rate and reduce 
the incidence of VTE.31–34 In our study, clinical pharmacists reviewed the Caprini score calculated by the Dr. Breath 
system and found overestimations. The post-program group reviewed by clinical pharmacists had fewer high-risk VTE 
patients compared to the pre-program group (57.8% vs 76.1%, p < 0.01), and a higher proportion of moderate-risk 
patients (42.2% vs 23.9%, p < 0.01) (see Supplementary Table 1). The discrepancies stemmed from three factors: 1) the 
system assumed all surgical patients had bed rest or restricted mobility; 2) glucocorticoids use for anti-inflammatory 
purposes was misclassified as hormone replacement therapy; and 3) chronic ischemic stroke was incorrectly categorized 
as acute stroke (within 1 month). Consequently, the high-risk VTE proportion significantly decreased in the clinical 
pharmacist post-program group compared to the pre-program group (57.8% vs 76.1%, p < 0.001). These findings align 
with previous studies35 demonstrating that computerized VTE risk stratification based solely on Electronic Medical 

Table 4 Utilization of Prophylactic Anticoagulants

Pre-Program 
Group (n=322)

Post-Program 
Group (n=329)

p

Duration (days, Mean ± SD) 6.80 (4.24) 7.18 (4.81) 0.870

Anticoagulants, n (%)
LMWH 53 (61.6%) 101 (84.9%) <0.001*
Fondaparinux sodium 32 (37.2%) 17 (14.3%) <0.001*

DOAC 1 (1.2%) 1 (0.8%) 0.817

Sequential oral anticoagulants, n (%) 3 (2.3%) 35 (29.4%) <0.001*
Bleeding, n (%)

Major bleeding 0 0 /
Nonmajor bleeding

Positive urinalysis occult blood 2 (2.2%) 9 (7.3%) 0.090

Positive fecal occult blood 0 (0.00%) 3 (2.4%) 0.131

Note: *Results are statistically significant. 
Abbreviations: LMWH: Low molecular weight heparin; DOAC: Direct oral anticoagulants.

Journal of Multidisciplinary Healthcare 2025:18                                                                                 https://doi.org/10.2147/JMDH.S555848                                                                                                                                                                                                                                                                                                                                                                                                   7055

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/555848/Supplemental%20Materials_1.docx


Records (EMR) data tends to be inaccurate, reinforcing that the face-to-face discussion Caprini score remains the most 
reliable method.36 While our intervention utilized a digital decision-support tool for efficiency, its core—standardized 
VTE risk assessment and pharmaceutical monitoring by trained clinical pharmacists—can be transferred to non-digital 
settings. Automated assessment and monitoring records can be substituted with standardized paper-based screening 
forms, structured medication reconciliation, and focused staff education to ensure feasibility, requiring additional 
personnel effort but demonstrating the program’s adaptability even in resource-limited environments.

The Value of Pharmacist Interventions
In the PL-VTEMP group, 38% of surgical patients with moderate-to-high VTE risk received pharmacological prophy
laxis. This rate was notably lower than the 98.81% reported by Shang et al for postoperative TJA.9 The observed 
discrepancies may be attributed to multiple factors: 1) inclusion of diverse surgical procedures; 2) non-exclusion of 
patients with high bleeding risk; 3) omission of pharmacological prophylaxis for early mobilization (≤24 hours post
operatively); 4) limited intervention duration; and 5) insufficient clinical pharmacist staffing. Notably, among high-risk 
VTE patients, the PL-VTEMP demonstrated significantly improved pharmacological prophylaxis rates (51.6% vs 33.9%, 
p < 0.01), highlighting the clinical value of specialized pharmaceutical care. Although current prophylaxis rates remain 
suboptimal, the observed VTE incidence (2.7%) was substantially lower than the 29.6% reported in the previous 
literature.37 The enhanced outcomes may be partially explained by China’s national VTE prevention initiatives. 
Through policies established by the National Health Commission and Chinese Hospital Association, medical staff 
awareness has significantly increased. Consequently, basic preventive measures – including health education, ankle 
pump exercises, early ambulation, avoidance of lower extremity venous catheters, and breathing exercises – have become 
standard practice in our trauma and orthopedic units.38 Although the pre-program group VTE incidence was 7.8%, it was 
reduced to 2.7% after the implementation of the PL-VTEPM, corresponding to an absolute risk reduction of approxi
mately 5 events per 100 patients. This not only markedly improves patient safety but also translates to substantial cost 
savings, averting over $60,000 in treatment costs alone given that each VTE event costs $12400-13900 to manage, 
further demonstrating the benefits of pharmacist-led anticoagulation management in cost-effectiveness and patient 
outcomes.39

In our study, no major bleeding events occurred in either group. Minor bleeding incidence showed no statistically 
significant difference between groups (urine occult blood positivity: 2.2% vs 7.3%, p = 0.09; stool occult blood 
positivity: 0% vs 2.4%, p = 0.13). Notably, the post-program group demonstrated numerically higher bleeding occur
rences. This trend may reflect intensified monitoring through PL-VTEMP, where increased surveillance frequency 
naturally elevates detection rates. Importantly, clinical pharmacists’ expertise in anticoagulant management effectively 
counterbalanced this detection bias, maintaining comparable bleeding outcomes between groups - a protective effect well 
documented in existing literature.9,17,40,41

According to a meta-analysis,42 the peak risk of VTE occurs within two weeks following major orthopedic surgery 
and persists for five weeks postoperatively. Current evidence-based guidelines recommend pharmacological prophylaxis 
durations of 10–35 days.25 In our study, both groups had an average treatment duration of approximately one week, with 
no statistically significant difference (6.80 days vs 7.18 days, p = 0.870). In our study, both groups demonstrated 
comparable short-term prophylaxis (mean 6.80 vs 7.18 days, p = 0.870), potentially caused by similar lengths of stay 
(10.88 vs 11.18 days, p = 0.660). The absence of pharmacological prophylaxis in some patients stemmed from initial 
low-risk classifications via RAM. Post-discharge oral anticoagulant continuation rates emerged as a surrogate marker for 
prophylaxis duration, revealing dramatic intergroup disparity: post-program group patients demonstrated 8.9-fold higher 
compliance than pre-program group (29.4% vs 3.3%, p < 0.001). This improvement directly demonstrates the PL- 
VTEMP program’s potential in discharge medication reconciliation, personalized OAC adherence monitoring, and 
scheduled telemedicine consultations.

Study Limitations and Future Perspectives
Our study has five limitations. Firstly, the retrospective observational design inherently restricted data comprehensive
ness, particularly regarding unmeasured confounders. Certain biases cannot be avoided. Secondly, short intervention 
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duration hindered full assessment of longitudinal effects and late-onset complications. Extended-duration studies were 
needed to evaluate treatment outcomes’ long-term sustainability. Thirdly, pharmacist workforce constraints limited full 
protocol adherence monitoring, as evidenced by the intervention data in Supplementary Table 2. It is important to note 
that these same constraints also meant we could not implement a structured follow-up timeline. Fourthly, the regression 
analysis did not comprehensively consider potential factors influencing VTE occurrence, nor did it systematically assess 
the appropriateness of drug selection or the timing of initiation during the perioperative period, which may have 
constrained the optimization effectiveness of the PL-VTEMP. Fifth, the constraints of the electronic data extraction 
system precluded the collection of granular data on individual VTE risk factors, thereby necessitating our reliance on the 
aggregated Caprini risk scores rather than their specific components. We are currently conducting prospective clinical 
studies to address these limitations and to validate the impact of PL-VTEMP.

Conclusion
In summary, the PL-VTEMP implementing exhibited clinically meaningful outcomes in trauma and orthopedic popula
tions. Clinical pharmacists have the potential to be core members of the VTE management team. Prospective multicenter 
studies are warranted to establish its clinical utility as a standardized thromboprophylaxis strategy.
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