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Purpose: To minimize the occurrence of acute thromboembolic events in elderly patients during the perioperative period and prevent 
adverse clinical outcomes, this study explores an efficient, and precise approach to the formulation of antithrombotic regimens under 
a multidisciplinary team (MDT) consultation model.
Patients and Methods: This single-center retrospective study included elderly patients on long-term antithrombotic therapy who 
underwent orthopedic surgery in our hospital between January 2019 and May 2023. Patients were divided into two groups: the MDT 
group and the non-MDT group. The incidence of thrombotic and bleeding-related adverse events during the perioperative period was 
observed and compared between the two groups.
Results: A total of 436 patients were enrolled, among whom 32 (7.3%) experienced thromboembolic adverse events. The incidence 
was significantly lower in the MDT group compared to the non-MDT group (3.3% vs 8.9%, P = 0.043). Logistic regression analysis 
identified several significant factors associated with thromboembolic adverse events, including: type of antithrombotic 
medication (OR=1.508, P=0.009) and postoperative ICU transfer (OR=6.390, P=0.029) were positively associated with thrombotic 
events; multidisciplinary team (OR=0.215, P=0.011) demonstrated a protective effect (negative association).
Conclusion: The multidisciplinary consultation model improves perioperative antithrombotic management strategies for elderly 
patients, contributing to a reduced incidence of thrombotic events in orthopedic surgeries for this population.
Keywords: elderly, antithrombotic therapy, perioperative period, multidisciplinary team, thrombotic adverse events

Introduction
With the intensification of the aging population trend, the demand for orthopedic surgery among the elderly has 
significantly increased. Timely surgical correction is crucial for maintaining function and improving quality of life.1 

These patients have a high risk of thrombosis due to comorbidities such as cardiovascular disease, which is further 
exacerbated by postoperative immobilization and a hypercoagulable state. Cardiovascular and thromboembolic compli
cations are common adverse events during the perioperative period for these patients, potentially leading to functional 
decline, extended hospital stays, and mortality.2 In patients without thromboprophylaxis, the risk of venous thromboem
bolism during and after orthopedic surgery is approximately 50–80%, with the risk persisting for up to 3–6 months post- 
surgery.3 Continuing preoperative antithrombotic regimens lead to perioperative bleeding, while suspending them 
undoubtedly raises the risk of perioperative myocardial and cerebral infarctions.4,5 Special attention is needed for the 
discontinuation, bridging, and resumption of antithrombotic medications in elderly during the perioperative period to 
improve the management of anticoagulant therapy and reduce the risk of thromboembolic and hemorrhagic 
complications.6

Current guidelines5,7 lack elderly-specific antithrombotic protocols and effective risk stratification tools to accurately assess 
both thromboembolic and bleeding risks in patients receiving antithrombotic therapy.8,9 Furthermore, single-discipline 
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decision-making often fails to adequately balance thrombosis prevention against surgical bleeding risks. To minimize the 
occurrence of acute thrombotic or hemorrhagic events in the elderly during the perioperative period and prevent adverse 
clinical outcomes, it is recommended that a multidisciplinary team be convened to develop the most appropriate individualized 
antithrombotic treatment plan, including adjustments in medication dosages, bridging agents, and timing of resumption.10 

Multidisciplinary consultation can integrate expertise and experience from various specialties to comprehensively assess the 
patient’s condition and surgical risks, thereby formulating a more scientific and rational antithrombotic management plan.

Most studies strongly support multidisciplinary consultation to optimize perioperative antithrombotic treatment for 
elderly patients.11 Perioperative antithrombotic management under a multidisciplinary model enables clinicians to 
effectively use precious medical resources, standardize the use of antithrombotic medications, and reduce the incidence 
and mortality rates related to surgical thrombosis and bleeding.12 Therefore, this study aims to explore whether 
a multidisciplinary consultation is beneficial in reducing the incidence of thrombotic and hemorrhagic events related 
to antithrombotic medications in the elderly during the perioperative period.

Research Methods
Data Sources
A retrospective analysis was conducted by retrieving data from the Sun Yat-sen Medical Research Data Repository and 
Electronic Medical Record System of our hospital. The study subjects were elderly patients who underwent orthopedic 
surgery between January 1, 2019, and May 1, 2023, and had regularly used antithrombotic medications prior to 
admission. This retrospective study was conducted in accordance with the ethical principles of the Declaration of 
Helsinki and was reviewed and approved by the ethics committee of Sun Yat-sen Memorial Hospital (Ethics Approval 
Number: SYSKY-2023-457-01). As the study involved the use of anonymized data extracted from the hospital’s medical 
records system, the need for individual patient consent was waived by the ethics committee. All patient data were de- 
identified and handled confidentially to ensure the privacy and protection of patient information. The primary purpose of 
this study was to analyze and summarize the relevant data for research purposes, and no interventions or interactions with 
patients were conducted.

Inclusion criteria included (1) Age 60 years or older; (2) history of antithrombotic (including anticoagulant and 
antiplatelet) medication use; (3) underwent orthopedic surgery (including Joint replacement/revision, arthroscopic 
surgery, upper or lower limb fracture surgery, percutaneous spinal surgery, spinal surgery and local orthopedic surgery) 
during hospitalization. Exclusion criteria included patients (1) with malignant tumors; (2) with post-cardiac valve 
surgery; (3) users of warfarin medication; (4) with known bleeding disorders, coagulopathies, thrombocytopenia, chronic 
liver disease, or a history of recent major hemorrhage; (5) absence of complete medical history, disease history, personal 
history, or other key information in the medical record system.

Study Grouping
Patients were divided into a multidisciplinary team (MDT) group and a control group (Non-MDT) group. Patients in 
MDT group underwent two or more specialty consultations before the decision to discontinue antithrombotic 
medications, including anesthesiology, cardiology, neurology, vascular surgery, or pharmacy departments. MDT 
intervention addressed whether to stop antithrombotic medications, the timing of discontinuation, the need for bridging 
therapy and the type of bridging medication, and the timing for resuming antithrombotic therapy. Non-MDT group 
patients received preoperative antithrombotic management based on surgeons’ experience or conventional practice (all 
surgeons with ≥ 5-year experience).

Observational Indicators
Baseline demographics included age, gender, medical history, antithrombotic regimen, type of surgical procedure, and 
anesthesia type.

Primary outcomes included (1) rates of perioperative thrombotic events (including transient ischemic attacks /cerebral 
infarction, myocardial infarction, pulmonary embolism, deep vein thrombosis and Atrial fibrillation) and (2) bleeding 
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events (including postoperative bleeding, gastrointestinal perforation, hypovolemic shock, hematuria, and other clinically 
relevant bleeding events). Secondary outcomes included (1) perioperative transfusion events; (2) length of hospital stay 
(LOS) and intensive care unit (ICU) admission rate following surgery; (3) medication management details (medication 
discontinuation, type of medication, bridging medication, and timing of medication resumption).

Statistical Description and Analysis
For quantitative data, if normally distributed, means ± standard deviations will be used for description; if not, medians 
will be used. Qualitative data will be described using numbers (percentages). Comparisons between the MDT group and 
the non-MDT group will involve independent sample t-tests for normally distributed quantitative data and non- 
parametric tests for non-normally distributed data. Qualitative data comparisons will be conducted using chi-square 
analysis. If the analysis of variance (ANOVA) indicates a statistically significant effect of a factor, post hoc pairwise 
comparisons using the Bonferroni correction are conducted to assess the differences among the factor’s levels. A logistic 
regression analysis was carried out to determine the independent risk factors of perioperative thrombotic events. The 
level of significance (α) is set at 0.05.

Results
Baseline Characteristics of the Study Population
Between January 1, 2019, and May 1, 2023, our hospital treated 6325 orthopedic patients aged 60 years and older, of 
which 601 had a regular history of antithrombotic medication use. After excluding 165 patients who did not undergo 
surgery, 436 patients were ultimately included in the study. The characteristics of the included patients are shown in 
Table 1. The overall average age of the study population was 73.67 ± 8.43 years, with a male to female ratio of 1:1.6. The 
patients were divided into MDT group and non-MDT group, with no significant differences between the groups in terms 
of gender, age, or anesthesia method used during surgery. However, there were statistically significant differences 
between the groups in terms of type of surgery (P=0.005), type of antithrombotic medication (P=0.004) and the number 

Table 1 General Characteristics of the Overall Study Population, MDT Group, and Non-MDT Group

Variable Overall 
(n=436)

Non-MDT Group 
(n=314)

MDT Group 
(n=122)

P-Value

Age (years) 73.67 ± 8.43 73.38 ± 8.31 74.43 ± 8.72 0.240
Gender 0.998

Female 268 (61.5%) 193 (61.5%) 75 (61.5%)

Male 168 (38.5%) 121 (38.5%) 47 (38.5%)
Underlying Diseases

Coronary artery disease 206 (47.2%) 139 (44.3%) 67 (54.9%) 0.046*

Arrhythmias 27 (6.2%) 14 (4.5%) 13 (10.7%) 0.016*
Cerebral infarction 101 (23.2%) 63 (20.1%) 38 (31.1%) 0.014*

Hypertension 291 (66.7%) 200 (63.7%) 91 (74.6%) 0.030*

Diabetes 130 (29.8%) 91 (29.0%) 39 (32.0%) 0.541
Peripheral vascular disease 20 (4.6%) 8 (2.5%) 12 (9.8%) 0.001**

Number of underlying diseases 1.78 (98.7%) 1.64 (96.0%) 2.13 (97.0%) <0.001**

Type of Surgery 0.005*
Joint replacement/revision 119 (27.3%) 77 (24.5%)a 42 (34.4%)b

Arthroscopic surgery 53 (12.2%) 43 (13.7%)a 10 (8.2%)a

Upper limb fracture surgery 12 (2.8%) 11 (3.5%)a 1 (0.8%)a

Lower limb fracture surgery 44 (10.1%) 31 (9.9%)a 13 (10.7%)a

Percutaneous spinal surgery 53 (12.2%) 46 (14.6%)a 7 (5.7%)b

Spinal surgery 142 (32.6%) 94 (29.9%)a 48 (39.3%)a

Local orthopedic surgery 13 (3.0%) 12 (3.8%)a 1 (0.8%)a

(Continued)
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of underlying diseases (P<0.001). In MDT group, the population of coronary artery disease (P=0.046), arrhythmias 
(P=0.016), cerebral infarction (P=0.014), hypertension (P=0.030) and peripheral vascular disease (P<0.001) were more 
than those of non-MDT group. In pairwise comparisons of surgical types, the MDT group had a higher proportion of 
patients undergoing joint replacement/revision surgery compared to the non-MDT group (34.4% vs 24.5%, P=0.037); 
conversely, the MDT group showed fewer percutaneous lumbar procedures (5.7% vs 14.6%, P=0.011); and no significant 
differences were observed in other surgical categories. Regarding preoperative antithrombotic regimens, the MDT group 
demonstrated greater use of rivaroxaban (9.0% vs 3.8%, P=0.029) and dual antiplatelet therapy (10.7% vs 
5.1%, P=0.036). However, aspirin monotherapy was less frequently prescribed in the MDT group (37.7% vs 
53.2%, P=0.04).

Perioperative Antithrombotic Medication Usage
The detailed perioperative management of antithrombotic drug discontinuation and resumption for all patients is presented 
in Table 2. The MDT group demonstrated significantly higher rates than the non-MDT group in postoperative antithrom
botic therapy resumption (64.8% vs 44.6%, P=0.001), preoperative intravenous anticoagulation bridging (75.4% vs 45.9%, 

Table 1 (Continued). 

Variable Overall 
(n=436)

Non-MDT Group 
(n=314)

MDT Group 
(n=122)

P-Value

Anesthesia Type 0.213
Local anesthesia 221 (50.7%) 165 (52.5%) 56 (45.9%)

General anesthesia 215 (49.3%) 149 (47.5%) 66 (54.1%)

Type of Antithrombotic Medication 0.004*
Aspirin 213 (48.9%) 167 (53.2%)a 46 (37.7%)b

Clopidogrel 167 (38.3%) 115 (36.6%)a 52 (42.6%)a

Rivaroxaban 23 (5.3%) 12 (3.8%)a 11 (9.0%)b

Dabigatran 4 (0.9%) 4 (1.3%)a 0 (0.0%)a

Dual antiplatelet therapy 29 (6.7%) 16 (5.1%)a 13 (10.7%)b

Note: Groups with differing superscript letters (a, b) differ significantly (P < 0.05, Bonferroni-adjusted). Groups sharing the same letter are not 
statistically different. *P value<0.05. **P value≤0.001. 
Abbreviation: MDT, multidisciplinary team.

Table 2 Perioperative Antithrombotic Medication Management Among Overall Population, Non-MDT Group, and MDT Group

Variable Overall 
(n=436)

Non-MDT Group 
(n=314)

MDT Group 
(n=122)

P-Value

Preoperative discontinuation of antithrombotics 429 (98.4%) 309 (98.4%) 120 (98.4%) 0.972

Postoperative resumption of antithrombotics 0.001**

No 8 (1.8%) 7 (2.2%)a 1 (0.8%)a

Yes 219 (50.2%) 140 (44.6%)a 79 (64.8%)b

Not mentioned 209 (47.9%) 167 (53.2%)a 42 (34.4%)b

Type of anticoagulant initiated preoperatively <0.001**
None 198 (45.4%) 169 (53.8%)a 29 (23.8%)b

Parenteral anticoagulants 236 (54.1%) 144 (45.9%)a 92 (75.4%)b

DOACs 2 (0.5%) 1 (0.3%)a 1 (0.8%)a

Type of anticoagulant initiated postoperatively <0.001**

None 193 (44.3%) 159 (50.6%)a 34 (27.9%)b

Parenteral anticoagulants 236 (54.1%) 151 (48.1%)a 85 (69.7%)b

DOACs 7 (1.6%) 4 (1.3%)a 3 (2.5%)a

(Continued)
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P<0.001), postoperative intravenous anticoagulation bridging (69.7% vs 48.1%, P<0.001), perioperative anticoagulation 
bridging (86.1% vs 61.8%, P<0.001) and reminder to resume antithrombotic therapy at discharge (50.0% vs 29.6%, 
P<0.001). The MDT group also had significantly longer bridging durations: preoperative (4.80 ± 4.24 vs 2.12 ± 2.83 days, 
P<0.001), postoperative (5.44 ± 5.06 vs 4.00 ± 5.30 days, P=0.010) and total (10.34 ± 7.04 vs 6.12 ± 6.69 days, P<0.001). 
Additionally, significant intergroup differences existed in postoperative antithrombotic regimen adjustments (P=0.003). The 
number of patients in the MDT group who were transferred to ICU after surgery was higher than that in the non-MDT 
group (5.7% vs 1.3%, P=0.008), and the length of hospital stay in the former group was significantly longer than that in the 
latter group (16.5± 11.51 vs 13.85± 8.45, P=0.009).

Incidence of Perioperative Thrombotic and Bleeding Adverse Events
The incidence of perioperative thrombotic and bleeding adverse events among the 436 patients is presented in Table 3. In 
total, 32 patients (7.3%) experienced adverse thrombotic events, with the MDT group showing a significantly lower rate 
of these events compared to the non-MDT group (P=0.043, 3.3% vs 8.9%). In the non-MDT group, 3 patients 
experienced TIA or cerebral infarction (1.0%), 13 had myocardial infarction (4.1%), 3 developed pulmonary embolism 
(1.0%), 6 presented with deep vein thrombosis (1.9%), and 3 exhibited atrial fibrillation (1.0%). However, the MDT 
group demonstrated single occurrences (0.8%) of each complication: transient ischemic attack or stroke, myocardial 
infarction, deep venous thrombosis and atrial fibrillation. There were no statistically significant differences between the 
groups in terms of postoperative bleeding events and perioperative transfusion incidents.

Independent Risk Factors for Thrombotic Adverse Events and Logistic Analysis
We defined the Thrombosis group as patients with postoperative thrombotic events, and the non-Thrombosis group as 
those without these events. Table 4 presents the univariate analysis results, identifying the following as risk factors for 

Table 2 (Continued). 

Variable Overall 
(n=436)

Non-MDT Group 
(n=314)

MDT Group 
(n=122)

P-Value

Anticoagulants bridging during perioperative period <0.001**
No 137 (31.4%) 120 (38.2%) 17 (13.9%)

Yes 299 (68.6%) 194 (61.8%) 105 (86.1%)

Type of Anticoagulants
Enoxaparin 258 (59.2%) 164 (52.2%) 94 (77.0%) <0.001**

Nadroparin 31 (7.1%) 19 (6.1%) 12 (9.8%) 0.167

Fondaparinux 26 (6.0%) 22 (7.0%) 4 (3.3%) 0.140
Adjustment of postoperative antithrombotic medication 0.003*

No change 111 (25.5%) 68 (21.7%)a 43 (35.2%)b

Antiplatelet to anticoagulant 104 (23.9%) 72 (22.9%)a 32 (26.2%)a

Antiplatelet to antiplatelet 9 (2.1%) 5 (1.6%)a 4 (3.3%)a

Anticoagulant to anticoagulant 2 (0.5%) 2 (0.6%)a 0 (0.0%)a

Anticoagulant to antiplatelet 1 (0.2%) 0 (0.0%)a 1 (0.8%)a

Not mentioned 209 (47.9%) 167 (53.2%)a 42 (34.4%)b

Days of preoperative antithrombotic discontinuation 7.12 ± 19.65 7.02 ± 22.57 7.39 ± 8.36 0.862

Days to resume antithrombotics postoperatively 7.56 ± 6.68 7.29 ± 5.479 8.04 ± 8.41 0.424
Days of preoperative anticoagulant initiation 2.87 ± 3.50 2.12 ± 2.83 4.8 ± 4.24 <0.001**

Days of postoperative anticoagulant initiation 4.41 ± 5.27 4 ± 5.30 5.44 ± 5.06 0.010*

Total bridging days 7.3 ± 7.04 6.12 ± 6.69 10.34 ± 7.04 <0.001
Reminder to resume antithrombotic therapy at discharge 154 (35.3%) 93 (29.6%) 61 (50.0%) <0.001**

Note: Groups with differing superscript letters (a, b) differ significantly (P < 0.05, Bonferroni-adjusted). Groups sharing the same letter are not statistically different. *P 
value<0.05. **P value≤0.001. 
Abbreviations: MDT, multidisciplinary team; DOACs, Direct oral anticoagulants.
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postoperative thrombotic events: type of Antithrombotic Medication (P=0.026), multidisciplinary team involvement 
(P=0.043), postoperative resumption of antithrombotics (P=0.013), type of anticoagulant initiated postoperatively 
(P=0.002), anticoagulant bridging during perioperative period (P=0.046), adjustment of postoperative antithrombotic 
medication (P=0.026), days of postoperative anticoagulant initiation (P=0.010), total bridging days (P=0.005), perio
perative transfusion (P<0.001) and postoperative transfer to ICU (P=0.010). A binary logistic regression analysis (Enter 

Table 3 Incidence of Perioperative Thrombotic and Bleeding Adverse Events

Variable Overall (n=436) Non-MDT Group (n=314) MDT Group (n=122) P-Value

Postoperative Thrombotic Events
Occurred 32 (7.3%) 28 (8.9%) 4 (3.3%) 0.043*

None 404 (92.7%) 286 (91.1%) 118 (96.7%) 0.395

TIA/cerebral infarction 4 (0.9%) 3 (1.0%) 1 (0.8%)
Myocardial infarction 14 (3.2%) 13 (4.1%) 1 (0.8%)

Pulmonary embolism 3 (0.7%) 3 (1.0%) 0 (0.0%)

Deep vein thrombosis 7 (1.6%) 6 (1.9%) 1 (0.8%)
Atrial fibrillation 4 (0.9%) 3 (1.0%) 1 (0.8%)

Postoperative bleeding events
Occurred 40 (9.2%) 27 (8.6%) 13 (10.7%) 0.504

None 396 (90.8%) 287 (91.4%) 109 (89.3%) 0.708

Postoperative bleeding 34 (7.8%) 22 (7.0%) 12 (9.8%)
Gastrointestinal perforation 2 (0.5%) 2 (0.6%) 0 (0.0%)

Hypovolemic shock 3 (0.7%) 2 (0.6%) 1 (0.8%)

Hematuria 1 (0.2%) 1 (0.3%) 0 (0.0%)
Perioperative transfusion events

Occurred 71 (16.3%) 46 (14.6%) 25 (20.5%) 0.138

None 365 (83.7%) 268 (85.4%) 97 (79.5%) 0.419
Preoperative transfusion 4 (0.9%) 2 (0.6%) 2 (1.6%)

Intraoperative transfusion 27 (6.2%) 17 (5.4%) 10 (8.2%)

Postoperative transfusion 40 (9.2%) 27 (8.6%) 13 (10.7%)
Postoperative transfer to ICU 11 (2.5%) 4 (1.3%) 7 (5.7%) 0.008*

Length of hospital stay (days) 14.59 ± 9.47 13.85 ± 8.45 16.50 ± 11.51 0.009*

Notes: *P value<0.05. 
Abbreviations: MDT, multidisciplinary team; DOACs, Direct oral anticoagulants.

Table 4 Comparison of Characteristics Between Thrombosis Group and Non-Thrombosis Group

Variable Overall 
(n=436)

Non-Thrombosis 
Group (n=404)

Thrombosis 
Group (n=32)

P-Value

Age (years) 73.67± 8.43 73.57± 8.42 75.00± 8.56 0.367

Gender 0.209

Female 268 (61.5%) 245 (60.6%) 23 (71.9%)
Male 168 (38.5%) 159 (39.4%) 9 (28.1%)

Underlying Diseases
Coronary artery disease 206 (47.2%) 187 (46.3%) 19 (59.4%) 0.153

Arrhythmias 27 (6.2%) 25 (6.2%) 2 (6.3%) 0.989

Cerebral infarction 101 (23.2%) 94 (23.3%) 7 (21.9%) 0.857
Hypertension 291 (66.7%) 269 (66.6%) 22 (68.8%) 0.802

Diabetes 130 (29.8%) 121 (30.0%) 9 (28.1%) 0.828

Peripheral vascular disease 20 (4.6%) 19 (4.7%) 1 (3.1%) 0.681
Number of underlying diseases 1.78 ± 0.99 1.77 ± 0.98 1.88 ± 1.07 0.562

(Continued)
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Table 4 (Continued). 

Variable Overall 
(n=436)

Non-Thrombosis 
Group (n=404)

Thrombosis 
Group (n=32)

P-Value

Type of Surgery 0.277
Joint replacement/revision 119 (27.3%) 105 (26.0%) 14 (43.8%)

Arthroscopic surgery 53 (12.2%) 52 (12.9%) 1 (3.1%)

Upper limb fracture surgery 12 (2.8%) 12 (3.0%) 0 (0.0%)
Lower limb fracture surgery 44 (10.1%) 40 (9.9%) 4 (12.5%)

Percutaneous spinal surgery 53 (12.2%) 49 (12.1%) 4 (12.5%)

Spinal surgery 142 (32.6%) 134 (33.2%) 8 (25.0%)
Local orthopedic surgery 13 (3.0%) 12 (3.0%) 1 (3.1%)

Anesthesia Type 0.775

Local anesthesia 221 (50.7%) 204 (50.5%) 17 (53.1%)
General anesthesia 215 (49.3%) 200 (49.5%) 15 (46.9%)

Type of Antithrombotic Medication 0.026*

Aspirin 213 (48.9%) 203 (50.2%)a 10 (31.3%)b

Clopidogrel 167 (38.3%) 152 (37.6%)a 15 (46.9%)a

Rivaroxaban 23 (5.3%) 22 (5.4%)a 1 (3.1%)a

Dabigatran 4 (0.9%) 4 (1.0%)a 0 (0.0%)a

Dual antiplatelet therapy 29 (6.7%) 23 (5.7%)a 6 (18.8%)b

Consultation
Consultation 210 (48.2%) 192 (47.5%) 18 (56.3%) 0.342
Multidisciplinary Team (MDT) 122 (28.0%) 118 (29.2%) 4 (12.5%) 0.043*

Cardiology 165 (37.8%) 152 (37.6%) 13 (40.6%) 0.736
Anesthesiology 102 (23.4%) 98 (24.3%) 4 (12.5%) 0.130

Neurology 48 (11.0%) 44 (10.9%) 4 (12.5%) 0.780

Vascular Surgery 11 (2.5%) 11 (2.7%) 0 (0.0%) 0.344
Faculty of Pharmacy 1 (0.2%) 1 (0.2%) 0 (0.0%) 0.778

Thoracic surgery 2 (0.5%) 2 (0.5%) 0 (0.0%) 0.690

Preoperative discontinuation of antithrombotics 429 (98.4%) 397 (98.3%) 32 (100.0%) 0.453
Postoperative resumption of antithrombotics 0.013*

No 8 (1.8%) 8 (2.0%)a 0 (0.0%)a

Yes 219 (50.2%) 195 (48.3%)a 24 (75.0%)b

Not mentioned 209 (47.9%) 201 (49.8%)a 8 (25.0%)b

Type of anticoagulant initiated preoperatively 0.913

None 198 (45.4%) 183 (45.3%) 15 (46.9%)
Parenteral anticoagulants 236 (54.1%) 219 (54.2%) 17 (53.1%)

DOACs 2 (0.5%) 2 (0.5%) 0 (0.0%)

Type of anticoagulant initiated postoperatively 0.002*
None 193 (44.3%) 188 (46.5%)a 5 (15.6%)b

Parenteral anticoagulants 236 (54.1%) 209 (51.7%)a 27 (84.4%)b

DOACs 7 (1.6%) 7 (1.7%)a 0 (0.0%)a

Anticoagulants bridging during perioperative period 0.046*

No 137 (31.4%) 132 (32.7%) 5 (15.6%)

Yes 299 (68.6%) 272 (67.3%) 27 (84.4%)
Type of Anticoagulants

Nadroparin 31 (7.1%) 28 (6.9%) 3 (9.4%) 0.605

Enoxaparin 258 (59.2%) 237 (58.7%) 21 (65.6%) 0.441
Fondaparinux 26 (6.0%) 22 (5.4%) 4 (12.5%) 0.105

(Continued)
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method) was performed to evaluate the impact of these factors (including all variables with P<0.1 in univariate analysis) 
on thrombotic adverse events (see Table 5). The final model incorporated three significant predictors: type of antith
rombotic medication (OR=1.508, P=0.009) and postoperative ICU transfer (OR=6.390, P=0.029) were positively 
associated with thrombotic events; multidisciplinary team (OR=0.215, P=0.011) demonstrated a protective effect 
(negative association). Subgroup analysis of antithrombotic regimens revealed the thrombotic group had a higher 
proportion of patients on dual antiplatelet therapy preoperatively (18.8% vs 5.7% in non-thrombotic group, P=0.004). 

Table 4 (Continued). 

Variable Overall 
(n=436)

Non-Thrombosis 
Group (n=404)

Thrombosis 
Group (n=32)

P-Value

Adjustment of postoperative antithrombotic medication 0.026*
No change 111 (25.5%) 103 (25.5%)a 8 (25.0%)a

Antiplatelet to anticoagulant 104 (23.9%) 90 (22.3%)a 14 (43.8%)b

Antiplatelet to antiplatelet 9 (2.1%) 7 (1.7%)a 2 (6.3%)a

Anticoagulant to anticoagulant 2 (0.5%) 2 (0.5%)a 0 (0.0%)a

Anticoagulant to antiplatelet 1 (0.2%) 1 (0.2%)a 0 (0.0%)a

Not mentioned 209 (47.9%) 201 (49.8%)a 8 (25.0%)b

Days of preoperative antithrombotic discontinuation 7.12 ± 19.65 7.22 ± 20.40 5.94 ± 3.09 0.268

Days to resume antithrombotics postoperatively 7.56 ± 6.68 7.43 ± 6.80 8.58 ± 5.60 0.360

Days of preoperative anticoagulant initiation 2.87 ± 3.5 2.88 ± 3.52 2.78 ± 3.22 0.871
Days of postoperative anticoagulant initiation 4.41 ± 5.27 4.13 ± 5.15 7.88 ± 5.67 0.010*

Total bridging days 7.30 ± 7.043 7.04 ± 7.04 10.66 ± 6.26 0.005*

Perioperative transfusion
Occurred 71 (16.3%) 58(14.4%) 13 (40.6%) <0.001**

None 365 (83.7%) 346(85.6%)a 19 (59.4%)b <0.001**

Preoperative transfusion 4 (0.9%) 3 (0.7%)a 1 (3.1%)a

Intraoperative transfusion 27 (6.2%) 24 (5.9%)a 3 (9.4%)a

Postoperative transfusion 40 (9.2%) 31 (7.7%)a 9 (28.1%)b

Postoperative transfer to ICU 11 (2.5%) 8 (2.0%) 3 (9.4%) 0.010*
Length of hospital stay (days) 14.59 ± 9.47 14.41 ± 9.58 16.91 ± 7.67 0.151

Note: Groups with differing superscript letters (a, b) differ significantly (P < 0.05, Bonferroni-adjusted). Groups sharing the same letter are not statistically different. *P 
value<0.05. **P value<0.001. 
Abbreviations: MDT, multidisciplinary team; TIA, transient ischemic attacks; ICU, Intensive Care Unit.

Table 5 Independent Risk Factors for Thrombotic Adverse Events in Logistic Analysis

Variable B S.E. Wald OR 95% CI P-Value

Antithrombotic drug type 0.410 0.157 6.820 1.508 1.108–2.052 0.009*

Multidisciplinary Team (MDT) −1.537 0.605 6.446 0.215 0.066–0.704 0.011*

Postoperative resumption of antithrombotics 0.384 1.196 0.103 1.469 0.141–15.304 0.748
Type of anticoagulant initiated postoperatively 0.339 0.737 0.212 1.404 0.331–5.591 0.645

Anticoagulants bridging during perioperative period 0.357 0.757 0.222 1.429 0.324–6.301 0.637

Adjustment of postoperative antithrombotic medication −0.198 0.275 0.518 0.820 0.478–1.407 0.472
Days of postoperative anticoagulant initiation 0.140 0.093 2.297 1.151 0.960–1.380 0.130

Total bridging days −0.077 0.077 0.991 0.926 0.796–1.077 0.320

Perioperative transfusion −0.296 1.616 0.033 0.744 0.031–17.683 0.855
Times of perioperative transfusion 0.433 0.595 0.530 1.542 0.480–4.954 0.467

Postoperative transfer to ICU 1.855 0.847 4.793 6.390 1.214–33.618 0.029*

Constant −4.067 1.300 9.792 0.017 0.002

Notes: *P value<0.05. 
Abbreviations: SE, standard error; OR, odds ratio; CI, confidence interval.
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Conversely, aspirin monotherapy was less frequent in the thrombotic group (31.3% vs 50.2% in non-thrombotic 
group, P=0.038). The number of patients in the Thrombotic group who were transferred to ICU after surgery was higher 
than that in the non-Thrombotic group (9.4% vs 2.0%, P=0.010), and the two groups showed no significant difference in 
length of hospitalization (P= 0.151).

Discussion
With the incidence rate of cardiovascular diseases increasing year by year, more and more elderly people need to use 
antithrombotic drugs for a long time to prevent major adverse cardiovascular and cerebrovascular events.13 For elderly 
patients who have received antithrombotic therapy but require surgery, continuing to take antithrombotic drugs increases 
the risk of surgical bleeding, while discontinuing the medication increases the occurrence of adverse thrombotic events. 
In addition, the risk of other complications, such as bleeding risk, should also be considered.14 However, there are 
currently no detailed and specific recommendations for perioperative antithrombotic management in elderly patients.15 

The ‘Guidelines for Prevention of Venous Thromboembolism in Chinese Orthopedic Surgery’16 proposes the concept of 
deepening comprehensive perioperative treatment. Orthopedic surgeons assess surgical approaches and recovery time; 
cardiologists and neurologists evaluate stroke risks post-antithrombotic treatment; and departments of hematology, 
vascular surgery, and pharmacy guide medication dosage and bridging. MDT optimizes and integrates existing medical 
resources to provide patients with the best diagnosis and treatment decisions, becoming an important guarantee for 
perioperative management of elderly patients17 At present, multiple orthopedic hospitals in China have applied multi
disciplinary collaboration to the diagnosis and treatment of elderly patients in orthopedics,18,19 but there is little precise 
adjustment of antithrombotic drugs, and they have still not been widely applied in orthopedic clinical practice.20 In our 
study, we found that MDT can assess patients’ risks of thrombosis and bleeding, decide whether to interrupt antic
oagulation therapy or apply a bridging strategy during the perioperative period, and devise personalized perioperative 
antithrombotic medication management plans for elderly patients to minimize perioperative risks.21,22 It can also monitor 
postoperative coagulation function and bleeding status, adjusting treatment plans promptly to ensure patient safety.23

This study found that despite comprising a higher proportion of patients at elevated thrombotic risk (eg, those 
undergoing joint replacement/revision surgery, with more comorbidities, or receiving rivaroxaban/dual antiplatelet 
therapy), the MDT group demonstrated a significantly lower incidence of thrombotic events (3.3% vs 8.9%, P=0.043). 
Furthermore, the MDT group showed statistically superior performance in multiple key aspects of antithrombotic 
management compared to the non-MDT group, including: postoperative resumption of antithrombotic therapy, perio
perative intravenous anticoagulation bridging (both pre- and postoperatively), duration of bridging anticoagulation and 
adjustment of postoperative antithrombotic regimens. This suggests that multidisciplinary antithrombotic management 
enhances the creation of personalized perioperative antithrombotic medication plans for elderly patients, improving 
medication appropriateness during the perioperative period.

Concurrently, this study identified preoperative antithrombotic medication type and postoperative ICU admission as 
independent risk factors for thrombotic adverse events in elderly orthopedic patients. Specifically, dual antiplatelet 
therapy increased the risk by 50.8% (OR=1.508), while patients requiring ICU transfer demonstrated a 6.39-fold higher 
risk (OR=6.390). Notably, multidisciplinary team (MDT) consultation significantly reduced thrombosis risk (OR=0.215), 
exhibiting particularly strong protective effects for high-risk patients receiving complex antithrombotic regimens like 
dual antiplatelet therapy. These findings suggest that clinical practice should prioritize implementing MDT management 
protocols to optimize anticoagulation strategies for patients either on preoperative dual antiplatelet therapy or those 
anticipated to require postoperative ICU care.

Multidisciplinary consultation effectively reduces postoperative thrombotic events such as pulmonary embolism, 
myocardial infarction, and deep vein thrombosis. Similarly, a prospective, multicenter study demonstrated that MDTs 
significantly decrease complications related to anticoagulant use, reducing both bleeding and thrombotic events within 
three months post-discharge.24 Hu et al25 applied a multidisciplinary thrombosis prevention model, mainly by enhancing 
patient awareness, strengthening rehabilitation exercises, physical thrombosis prevention, and early management of 
venous thromboembolism in orthopedic patients, and found that this model significantly reduced the overall incidence 
of venous thromboembolism to 6.56%, with no postoperative fatal pulmonary embolism occurring.25 Wang et al found 
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that a multidisciplinary medical-nursing collaboration model (led by orthopedics, supported by internal medicine, and 
enhanced by surgical nursing) resulted in significantly lower incidence rates of respiratory, cardiovascular, cerebrovas
cular diseases, and lower limb deep vein thrombosis compared to the control group.26 The primary goal of implementing 
a multidisciplinary antithrombotic management plan is to enhance patient-centered outcomes by significantly reducing 
complications associated with anticoagulation. Utilizing a multidisciplinary approach in perioperative antithrombotic 
management ensures the efficient use of medical resources, standardizes antithrombotic medication protocols, and 
decreases both the incidence and mortality from surgical thrombosis and bleeding.12 Current research, both domestic 
and international, generally involves forming MDT teams led by orthopedic physicians, from admission to discharge, to 
create personalized diagnostic and treatment plans focused more on perioperative chronic disease management and 
surgical care.27–29 This study pointed to the importance of MDT in reducing postoperative thrombotic adverse events 
through the management of perioperative antithrombotic medications in elderly patients.

These findings provide robust validation of established clinical consensus: for high-risk patient populations under
going major orthopedic procedures, particularly those with multiple comorbidities or receiving potent antithrombotic 
medications, the multidisciplinary team (MDT) approach - incorporating comprehensive evaluations by anesthesiologists, 
cardiologists, and clinical pharmacists - demonstrates significant advantages in optimizing perioperative anticoagulation 
strategies. This collaborative model not only effectively reduces postoperative thrombosis incidence but also maintains 
a favorable safety profile without substantially increasing bleeding risks. The results offer compelling real-world 
evidence supporting the MDT recommendations outlined in the Chinese Guideline for Prevention of Venous 
Thromboembolism in Major Orthopedic Surgery. Although the MDT group demonstrated prolonged hospitalization 
durations and higher ICU admission rates, these outcomes likely reflect appropriate intensive monitoring for high-risk 
patients rather than clinical inefficiency, particularly given the superior clinical outcomes observed. Notably, this vigilant 
monitoring protocol potentially contributed to the prevention of recurrent thrombotic events in our study cohort (No 
recurrent thrombotic events were observed in our study).

This study demonstrates that the multidisciplinary consultation model significantly improved the management of 
perioperative antithrombotic medications, providing personalized guidance to patients both before and after surgery. 
Research on perioperative antithrombotic medication use in patients with chronic orthopedic conditions revealed several 
real-world problems, such as inappropriate preoperative planning, incorrect timing for discontinuing and resuming 
medications, failure to resume medications postoperatively, improper bridging techniques, and inappropriate use of low- 
molecular-weight heparins.30 Managing perioperative antithrombotic medications is complex, with risks of adverse 
reactions like bleeding and thrombosis. Effective management requires personalized patient assessments within 
a standardized, systematic framework, a thorough understanding of antithrombotic pharmacodynamics, and collaborative 
multidisciplinary efforts.31 Implementing a multidisciplinary collaborative model leads to better treatment and manage
ment outcomes for elderly patients with fractures, allowing for more rational and effective use of medical resources.32

In our study, we also found that the MDT model significantly increased the number of patients reminded to resume 
antithrombotic therapy post-discharge compared to the control group, promoting standardized use of antithrombotic 
drugs and enhancing perioperative antithrombotic awareness among cardiovascular disease patients. The MDT approach 
improves the quality of orthopedic surgery management,17 tailoring treatment plans for patients with various conditions 
and needs, actively improving patient outcomes, and standardizing orthopedic diagnostic and treatment strategies while 
optimizing the overall allocation of medical resources. MDT not only focuses on the surgical outcomes but also 
emphasizes the overall treatment effects and quality of life for patients. By conducting comprehensive evaluations of 
patients’ health statuses and surgical risks, personalized treatment plans are developed, which help increase the success 
rates of surgeries and patient satisfaction. Furthermore, MDT provides postoperative rehabilitation guidance and follow- 
up management, aiding patients in better recovery of physical functions and enhancing their quality of life. Importantly, 
MDT leverages the expertise and experience from various disciplines to offer a one-stop, comprehensive service, which 
improves the efficiency and quality of medical services.33

However, this study has limitations: (1) As a retrospective analysis, missing data on comorbidities and medication 
histories in some cases may have introduced potential selection bias. Although we performed multivariate adjustments in 
our study, residual confounding factors may persist. Additionally, potential selection bias could exist in the allocation of 
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MDT interventions. (2) The single-center design limits external validity, and the observed incidence rates may not 
accurately represent all elderly orthopedic patients. (3) We did not document postoperative wound assessments, wound- 
related complications, 30-day readmission rates and etc. These factors could influence anticoagulation regimen adjust
ments and potentially lead to underestimation of adverse events. (4) The lack of cost-effectiveness analysis warrants 
attention when considering widespread MDT model implementation. (5) The absence of long-term follow-up precludes 
comprehensive understanding of post-thrombosis outcomes. In future studies, we will expand the sample size, extend 
follow-up duration, and conduct prospective cohort research to further investigate the impact of multidisciplinary 
management on perioperative thrombotic and bleeding events.

Conclusion
This study rigorously evaluates the application of perioperative antithrombotic medications in elderly patients at a tertiary 
hospital, aiming to enhance clinical awareness and application of these critical interventions. By assessing clinical 
outcomes, including adverse thrombotic events, between groups managed with and without a MDT approach, the 
research highlights the benefits of MDT in the perioperative management of elderly patients. The findings clearly 
demonstrate that the MDT model significantly reduces adverse thrombotic events by enabling targeted and precise 
adjustments to antithrombotic therapies. Furthermore, this study establishes a foundation for future research, which 
should focus on broadening the evidence base through larger sample sizes, extended follow-up periods, and the 
implementation of prospective cohort studies. These efforts will provide deeper insights into the effectiveness of 
multidisciplinary management in mitigating perioperative thrombosis and bleeding risks, ultimately improving patient 
outcomes in complex clinical settings.
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