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Abstract  25 

Background. Postoperative venous thromboembolism (VTE) after colorectal cancer (CRC) 26 

surgery is a leading cause of preventable morbidity, but its true incidence and downstream 27 

therapeutic consequences are highly sensitive to the detection strategy employed. Asian 28 

populations have historically reported lower symptomatic VTE rates than Western cohorts, yet 29 

contemporary screening-based data from Thai surgical populations remain sparse. We sought 30 

to quantify the incidence, anatomical distribution, predictors, and bleeding consequences of 31 

screening-detected postoperative VTE in a Thai CRC surgical cohort. 32 

Methods. This single-center prospective cohort enrolled consecutive adults with colorectal 33 

adenocarcinoma undergoing elective resection at Chulabhorn Hospital (February 2023 to 34 

January 2025), all with Caprini score ≥ 5. Prophylaxis was intermittent pneumatic compression 35 

(IPC) alone or IPC plus 40 mg of enoxaparin subcutaneous daily. Bilateral lower-limb duplex 36 

ultrasonography was performed preoperatively and on postoperative days 7–10. The primary 37 

outcome was the cumulative incidence of objectively confirmed VTE within 30 days; safety 38 

outcomes.  39 

Results. Of 270 patients, 260 received IPC alone and 10 received IPC plus enoxaparin. 40 

Screening-detected DVT occurred in 13 IPC-only patients within 30 days (5.00%), with 76.9% 41 

asymptomatic and 61.5% distal. Pulmonary embolism occurred in 2 (0.77%), both 42 

symptomatic. Six of 13 (46.2%) received therapeutic anticoagulation; 3 (50.0%) developed 43 

major bleeding. Cumulative 90-day VTE incidence was 5.77%. Univariable predictors included 44 

splenic-flexure tumor location (OR 21.35; 95% CI 2.75–165.43; p = 0.003), continuous Caprini 45 

score (OR 2.55 per 1-unit; p = 0.005), and postoperative small-bowel obstruction (OR 5.46; p 46 

= 0.034); operative duration was borderline (OR 1.45 per 120-minute increment; p = 0.066). 47 

Conclusion. In Thai colorectal cancer surgery managed with mechanical prophylaxis alone, 48 

systematic screening identified a 5% 30-day DVT incidence, predominantly distal and 49 
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asymptomatic. Subsequent therapeutic anticoagulation incurred substantial major-bleeding 50 

burden, findings that should inform design of future trials of extended pharmacological 51 

thromboprophylaxis in Asian populations. 52 

Trial registration: Thai Clinical Trials Registry, TCTR20230914001 (registered 14 September 53 

2023). 54 

 55 

Keywords (5, alphabetical) 56 

anticoagulation; colorectal cancer; deep vein thrombosis; duplex ultrasonography; venous 57 

thromboembolism. 58 

Highlights (3–5 bullets, ≤ 85 characters each)  59 

• 30-day duplex-detected DVT incidence was 5.0% under IPC-only prophylaxis (n = 260). 60 

• Over three-quarters of detected DVT were asymptomatic and distal. 61 

• Therapeutic anticoagulation for screening-detected DVT caused major bleeding in 50%. 62 

• Splenic-flexure tumor and Caprini score independently predicted postoperative VTE. 63 

• Bleeding penalty of treating incidental distal DVT may approach the thrombotic burden. 64 

 65 

 66 

 67 

 68 

 69 

 70 

 71 
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Background  72 

Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and 73 

pulmonary embolism (PE), remains a major yet preventable complication after colorectal 74 

cancer (CRC) surgery. Patients undergoing CRC resection are particularly vulnerable due to 75 

the combined effects of malignancy-associated hypercoagulability, surgical endothelial injury, 76 

and postoperative immobility. In a large English population-based cohort, the cumulative 77 

incidence of postoperative VTE after CRC resection was three- to four-fold higher than in non-78 

cancer colorectal surgery [1]. Even in the era of routine in-hospital pharmacological 79 

prophylaxis, a clinically meaningful proportion of VTE events occurs after hospital discharge: 80 

Lewis-Lloyd et al, analyzing more than 165,000 colectomies from English national registry 81 

data, reported postdischarge VTE incidence rates that remained elevated for at least 4 weeks 82 

after surgery [2], and a contemporary multicenter Chinese prospective cohort study (CRC-83 

VTE) further documented that systematic screening identified VTE in approximately one in 84 

nine CRC surgical patients [3]. 85 

Although international guidelines recommend extended thromboprophylaxis with low-86 

molecular-weight heparin (LMWH) for up to 28 days following major pelvic or abdominal 87 

cancer resection, this strategy is largely based on studies of Western populations [4, 5]. 88 

Emerging evidence suggests that Asian patients have a lower baseline risk of postoperative 89 

VTE but may be more susceptible to bleeding complications from pharmacological 90 

prophylaxis, raising concerns about whether pharmacological prophylaxis is worth the risk of 91 

this setting [6–10]. East and Southeast Asian cohorts have historically reported lower baseline 92 

incidences of postoperative VTE after CRC surgery than their European counterparts; for 93 

exmaple,in a Japanese multicenter study of fondaparinux prophylaxis, symptomatic VTE rates 94 

remained well below 2% [7,8]. Conversely, it appears that Asian surgical patients appear to 95 

incur higher relative bleeding risks when receiving extended pharmacological prophylaxis 96 
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[9,10]. Some researchers have asserted that lower body mass index, distinct inherited 97 

thrombophilia profiles, and limited representation of Asians in pivotal anticoagulant trials 98 

together justify individualized rather than reflexively guideline-driven thromboprophylaxis 99 

decisions in this population [11,12]. The most direct empirical test of this question — a 100 

Japanese multicentre randomized trial comparing IPC alone with IPC plus 7-day enoxaparin 101 

in laparoscopic gastrointestinal cancer surgery — found no statistically significant between-102 

group difference in 7-day CT-detected VTE (4.8% versus 3.3%; P = 0.453), with bleeding 103 

occurring almost exclusively in the enoxaparin arm [13]. 104 

Little surgical evidence of VTE prophylaxis has been reported in Thailand-based 105 

studies. Real-world data from the GARFIELD-VTE registry, which prospectively enrolled 337 106 

Thai patients alongside cohorts from six other Asian countries, demonstrated meaningful 107 

differences from Western populations in term of patient profile and 12-month outcome, despite 108 

comparable rates of major bleeding and VTE recurrence [12]. Extended LMWH prophylaxis 109 

imposes financial and adherence challenges that compound this evidentiary gap, while current 110 

practice therefore varies, reflecting uncertainty rather than consensus. Against this background, 111 

we impremented a prospective observational study at Chulabhorn Hospital — a tertiary cancer 112 

referral center — to quantify the cumulative incidence of screening-detected postoperative VTE 113 

under contemporary mechanical-only prophylaxis; to characterize its anatomical distribution 114 

and clinical predictors; and to describe the downstream bleeding consequences of therapeutic 115 

anticoagulation initiated for screening-detected events. Because the realized allocation to 116 

combined IPC plus enoxaparin was small, we treat between-group comparisons descriptively 117 

only and focus on incidence, distribution, and bleeding burden in the larger IPC-only cohort. 118 

 119 

 120 

 121 
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Methods  122 

Study design and oversight 123 

This was a single-center prospective observational cohort study conducted at 124 

Chulabhorn Hospital, Bangkok, Thailand — a tertiary cancer referral center — between 1 125 

February 2023 and 7 January 2025. The protocol was prospectively registered with the Thai 126 

Clinical Trials Registry (TCTR20230914001, registered 14 September 2023) and approved by 127 

the Human Research Ethics Committee of the Chulabhorn Royal Academy Institutional Review 128 

Board (EC 013/2565). All participants provided written informed consent before enrollment. 129 

The study is reported in accordance with the Strengthening the Reporting of Observational 130 

Studies in Epidemiology (STROBE) statement for cohort studies  [14] (Fig.1). 131 

Participants 132 

Consecutive patients undergoing elective colorectal resection between 1 February 2023 133 

and 7 January 2025 were screened for eligibility. Adults (≥18 years) with histologically 134 

confirmed colorectal adenocarcinoma scheduled for elective open or laparoscopic resection 135 

with curative intent and a Caprini Risk Assessment Model (RAM) score of ≥5 — corresponding 136 

to a high preoperative VTE risk stratum [15] — were eligible. Patients were excluded if they 137 

had: (i) a preoperative diagnosis of deep vein thrombosis (DVT) on screening duplex 138 

ultrasonography; (ii) known hypersensitivity or contraindication to enoxaparin; (iii) severe 139 

renal impairment (estimated glomerular filtration rate < 30 mL/min/1.73 m²); (iv) active major 140 

bleeding; or (v) a prior history of VTE. 141 

Allocation and prophylactic interventions 142 

Group allocation was non-randomized and reflected real-world practice: Each treating 143 

surgeon, consistent with the institutional protocol informed by ACCP and ASCO guidance 144 

[4,6], assigned patients prospectively to either mechanical prophylaxis alone (IPC group) or 145 
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combined mechanical and pharmacological prophylaxis (IPC + enoxaparin group). Both arms 146 

received standardized perioperative care within the institutional Enhanced Recovery After 147 

Surgery (ERAS) pathway, including early mobilization, multimodal analgesia, normothermia 148 

maintenance, and prophylactic antibiotics. 149 

In the IPC group, intermittent pneumatic compression was delivered using the Kendall 150 

SCD™ Express system (Cardinal Health) in sequential mode with bilateral calf–thigh sleeves. 151 

Compression was initiated immediately before the induction of anesthesia, continued 152 

throughout the operative period, and maintained postoperatively for ≥18 hours per day until 153 

full ambulation.  154 

In the IPC + enoxaparin group, identical IPC was combined with subcutaneous 40 mg 155 

of enoxaparin subcutaneously once daily, with the first dose administered postoperatively 156 

once the attending surgeon confirmed adequate hemostasis (typically within 12–24 hours after 157 

skin closure). Enoxaparin was prescribed for a planned duration of 28 days postoperatively. 158 

However, treatment could be discontinued earlier at the discretion of the treating physician in 159 

cases of intolerance or bleeding. The actual duration of enoxaparin use, including any 160 

premature discontinuation and its underlying reasons (e.g., intolerance, non-adherence, or 161 

bleeding), was prospectively recorded for all patients. 162 

 163 

 164 

 165 

 166 

 167 

 168 

 169 
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Figure 1. Study conduction flowchart according to the Strengthening the Reporting of 170 

Observational Studies in Epidemiology (STROBE) guidelines. 171 

 172 
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 194 

Patients with histologically confirmed colorectal adenocarcinoma 

assessed for eligibility (n=275) 

Eligibility 

 
Excluded (n=5) 

 

• Preoperative DVT on screening DUS 

• Severe renal impariment (GFR<30) 

• Prior history of VTE 

• Declined Inform consent  

Enrolled (n=270) 
Enrollment 

 

Analyzed (n=260) 

Allocation 

 

IPC alone (n = 260) 

Received allocated intervention (n = 260) 

 

IPC + LMWH (n = 10) 

Received allocated intervention (n = 10) 

 

Preoperative DUS (n = 260) 

Postoperative DUS (n = 260) 

30-day follow up (n = 260) 

30-day follow up (n = 260) 

Lost to follow up (n = 0) 

 

Analyzed (n=10) 

Preoperative DUS (n =10) 

Postoperative DUS (n = 10) 

30-day follow up (n = 10) 

30-day follow up (n = 10) 

Lost to follow up (n = 0) 

 

Folllow-up 

 

Analysis 
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Surveillance and assessments 195 

Bilateral lower-extremity compression duplex ultrasonography (DUS) was performed 196 

at two prespecified time points: within 1 day before surgery (preoperative DUS) and between 197 

postoperative day 7 and day 10 (postoperative DUS). Examinations were performed by board-198 

certified vascular surgeons using B-mode imaging with augmentation maneuvers and color 199 

Doppler flow analysis. The protocol systematically interrogated the common femoral, femoral, 200 

popliteal, posterior tibial, peroneal, and intramuscular (soleal and gastrocnemius) veins. DVT 201 

was defined as non-compressibility on B-mode imaging, with or without absence of color 202 

Doppler flow, and was categorized as proximal (femoral or popliteal) or distal (calf or 203 

intramuscular). Sonographers were blinded to the patient's prophylaxis assignment whenever 204 

practicable. Suspected pulmonary embolism (PE) was investigated using computed 205 

tomography pulmonary angiography (CTPA) or, when contraindicated, ventilation–perfusion 206 

scintigraphy. Patients found to have preoperative DVT were withdrawn before surgery and 207 

managed in accordance with to the institutional thrombosis pathway. 208 

Demographic, clinical, and operative variables were collected prospectively using a 209 

standardized case-report form. Recorded variables included age, sex, body mass index (BMI), 210 

American Society of Anesthesiologists (ASA) physical status, tumor location and TNM stage, 211 

histological differentiation, presence of synchronous tumors or distant metastases, surgical 212 

approach (open versus laparoscopic), operative duration, estimated intraoperative blood loss, 213 

and perioperative transfusion requirement. Postoperative variables included surgical 214 

complications (postoperative ileus, small-bowel obstruction and chyle leak), prophylaxis 215 

adherence (total enoxaparin days, dropout and reason for dropping out) and  length of hospital 216 

stay. 217 

 218 

 219 
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Outcomes 220 

The primary outcome was the cumulative incidence of VTE within 30 days of surgery, 221 

defined as a composite of objectively confirmed DVT (proximal or distal, identified on protocol 222 

or symptom-driven DUS) or PE confirmed by CTPA or ventilation–perfusion scintigraphy. 223 

Secondary outcomes were: (i) overall, proximal, and distal DVT incidence within 30 days; (ii) 224 

symptomatic DVT within 30 days; (iii) total and symptomatic PE within 30 days; (iv) 225 

cumulative VTE incidence at 90 days; (v) 30-day all-cause mortality; and (vi) length of hospital 226 

stay. 227 

Safety outcomes were defined according to the International Society on Thrombosis and 228 

Haemostasis (ISTH) criteria [16]. Major bleeding was defined as followed: fatal bleeding; 229 

symptomatic bleeding in a critical organ (intracranial, intraspinal, intraocular, retroperitoneal, 230 

intra-articular or pericardial); bleeding causing a drop in hemoglobin of ≥20 g/L; or bleeding 231 

requiring transfusion of ≥2 units of whole blood or red blood cells. Clinically relevant non-232 

major bleeding (CRNMB) was defined as overt bleeding not meeting the criteria for major 233 

bleeding but requiring medical intervention, unscheduled contact with a clinician, interruption 234 

of prophylaxis, or impaired daily activity. Reoperation for bleeding and perioperative 235 

transfusion requirement were also recorded. 236 

Sample size 237 

Based on prior evidence from a Japanese randomized trial comparing IPC alone with IPC plus 238 

enoxaparin, which reported 30-day VTE incidences of 4.8% and 3.3%, respectively [13], we 239 

estimated that approximately 113 patients per group would be required to detect a 3% 240 

absolute risk difference with 80% power at a two-sided alpha of 0.05. After inflating by 5% 241 

for anticipated loss to follow-up, the planned recruitment target was 120 patients per arm 242 

(total N = 240). 243 



11 

 

However, owing to the observational design and treatment allocation based on physician 244 

preference, actual group sizes were not controlled and were markedly imbalanced. Therefore, 245 

this study should be interpreted as exploratory and not powered for definitive between-group 246 

comparisons. 247 

Statistical analysis 248 

Continuous variables are presented as mean ± standard deviation or median 249 

(interquartile range), as appropriate; categorical variables are presented as frequencies and 250 

percentages. Between-group comparisons were performed using Student's t test or the Mann–251 

Whitney U test for continuous variables and the χ² test or Fisher's exact test for categorical 252 

variables, with standardized mean differences (SMDs) reported and SMD < 0.20 considered 253 

indicative of acceptable balance. Because of the large difference in group sizes (260 vs 10), 254 

causal estimation by propensity-score adjustment was not feasible — kernel-density inspection 255 

of the estimated propensity score showed minimal common support, violating the assumption 256 

of positivity[44]. Between-group comparisons are therefore presented descriptively only. 257 

The principal analytical effort was directed at the IPC-only cohort (n = 260; 13 events). 258 

Univariable associations between candidate predictors and 30-day VTE were estimated using 259 

Firth's penalized maximum-likelihood logistic regression, which mitigates small-sample bias 260 

and quasi-complete separation arising from rare exposures and limited events. Continuous 261 

predictors were rescaled to clinically interpretable units (operative duration per 120-min 262 

increment; Caprini score per 1-unit increment). Effect estimates are reported as odds ratios 263 

(ORs) with profile-likelihood 95% confidence intervals. The discriminative ability of operative 264 

duration as a continuous predictor of 30-day VTE was further explored using receiver-265 

operating-characteristic (ROC) analysis, with optimal threshold identification by Youden's J 266 

statistic and sensitivity analyses using the closest-to-(0,1) and Liu's index methods. The 95% 267 

confidence interval for the area under the curve was derived from 2,000 nonparametric 268 
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bootstrap. Given the limited number of events (n = 13), all reported associations should be 269 

interpreted as hypothesis-generating. Missing data were minimal and handled by complete-case 270 

analysis. All tests were two-sided with significance threshold of p < 0.05. Analyses were 271 

performed in Stata version 17 (StataCorp LLC, College Station, TX, USA). 272 

Results  273 

Study population and baseline characteristics 274 

Between 1 February 2023 and 7 January 2025, 270 patients with colorectal cancer 275 

undergoing elective surgery were enrolled and analyzed (Fig.1); 260 (96.3%) received IPC 276 

alone and 10 (3.7%) received IPC plus enoxaparin. Mean age was 64.8 ± 10.7 years, 171 277 

patients (63.3%) were male, and mean BMI was 23.1 ± 3.5 kg/m². All patients had a Caprini 278 

score ≥5 (overall mean 5.96 ± 0.76), classifying the entire cohort as being at high VTE risk. 279 

Baseline comorbidities, ASA class, tumor stage, and tumor location were broadly similar 280 

between the groups, although the small size of the IPC + enoxaparin group precluded 281 

meaningful inference (Table 1). 282 

Regarding tumor characteristics, the most common tumor locations were the rectum 283 

(47.78%, n = 129) and sigmoid colon (30.74%, n = 83) as shown in Table 1. TNM stage III was 284 

the most prevalent (39.26%, n = 106), followed by stage IV (24.44%, n = 66), stage II (23.70%, 285 

n = 64), and stage I (12.59%, n = 34). Distant metastasis was present in 23.33% of patients (n 286 

= 63), predominantly to the liver (14.07%) and lung (6.67%). Synchronous tumors were 287 

identified in 5.00% of patients (n = 13). No significant differences in tumor location, TNM 288 

stage, pathological grade, or pattern of metastasis were observed between groups. Regarding 289 

high bleeding risk in the IPC-only group, 13 patients (5.0%) were receiving concomitant 290 

anticoagulant or antiplatelet therapy, and 51 patients (19.6%) underwent procedures associated 291 

with a high bleeding risk according to the ACCP guidelines (Table 1). 292 
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Table 1. Baseline characteristics of the study cohort, by venous thromboembolism 293 

prophylaxis assignment. 294 

Variable IPC only (n=260) IPC+LMWH 

(n=10) 

Standardized mean 

difference (SMD) 

Age, mean ± SD (years) 64.7 ± 10.8 68.0 ± 8.3 0.34 

Male sex, n (%) 164 (63.1) 7 (70.0) 0.15 

BMI, mean ± SD 23.1 ± 3.5 24.0 ± 3.6 0.25 

ASA ≥3, n (%) 80 (30.8) 3 (30.0) 0.02 

Caprini score 5.95 ± 0.76 6.10 ± 0.74 0.20 

Location of tumor    

- Cecum 9 (3.46) 1 (10.00) 0.2632 

- Ascending colon 21 (8.08) 0 (0.00) 0.4192 

- Hepatic flexure 10 (3.85) 1 (10.00) 0.2442 

- Transverse colon 9 (3.46) 0 (0.00) 

 

0.2678 

- Splenic flexure 4 (1.54) 0 (0.00) 0.1768 

- Sigmoid colon 79 (30.38) 4 (40.00) 0.2024 

- Descending colon 12 (4.6) 1 (10.0) 0.208 

- Rectum 125 (48.08) 4 (40.00) 0.1632 

Synchronous tumor 13 (5.00) 1 (10.00) 0.1907 

Pre-op CEA, ng/mL, 

median (IQR) 

2.8 (1.5–9.1) 4.0 (2.1–9.7) 0.518 

TNM staging 

- 1 

- 2 

 

32 (12.31) 

63 (24.23) 

 

2 (20.00) 

1 (10.00) 

0.4497 
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- 3 

- 4 

101 (38.85) 

64 (24.62) 

5 (50.00) 

2 (20.00) 

Liver metastasis 37 (14.23) 1 (10.00) 0.1299 

Lung metastasis 18 (6.92) 0 (0.00) 0.3857 

Peritoneal metastasis 8 (3.08) 1 (10.00) 0.2828 

Simultaneous 

metastatectomy 

13 (5.00) 0 (0.00) 0.3244 

Pathology 

- Well 

differentiation 

- Moderate 

differentiation 

- Poorly 

differentiation 

 

33 (12.69) 

220 (84.62) 

7 (2.69) 

 

1 (10.00) 

9 (90.00) 

0 (0.00) 

0.2541 

Mucinous component 15 (5.77) 1 (10.00) 0.1575 

High bleeding risk     

- Concomitant use 

of anticoagulant, 

antiplatelet 

13 (5.00) 

 

1 (10.00) 

 

0.1907 

 

- Procedure- 

specific risk 

51 (19.62) 2 (20.00) 0.0097 

Laparoscopic surgery 73 (28.08) 2 (20.00) 0.1899 

Operation    

- Right 

hemicolectomy 

30 (11.54) 2 (20.00) 0.2338 
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- Sigmoidectomy 52 (20.00) 4 (40.00) 0.4472 

- Low anterior 

resection 

31 (11.92) 0 (0.00) 0.5203 

- Abdominoperineal 

resection 

96 (36.92) 3 (30.00) 0.1471 

- Adjacent organ 

resection 

10 (3.85) 

 

0 (0.00) 

 

0.2828 

 

- Metastatectomy 7 (2.69) 0 (0.00) 0.2352 

Duration of surgery (min) 

Mean +/- SD 

312.57 (156.73) 

 

269.90 (162.46) 

 

0.2673 

 

- <2 hours 

- 2-6 hours 

- >6 hours 

23 (8.85) 

147 (56.54) 

  90 (34.62) 

3 (30.00) 

3 (30.00) 

4 (40.00) 

0.6675 

Estimated blood loss (ml) 

Mean +/- SD 

323.55 (973.63) 132.00 (139.90) 0.2754 

Perioperative blood 

transfusion 

28 (10.77) 0 (0.00) 0.4913 

Postoperative 

complication 

   

- Postoperative 

ileus 

34 (13.08) 

 

0 (0.00) 

 

0.5485 

 

- Post op small 

bowel obstruction 

11 (4.23) 1 (10.00) 0.2258 

- Chyle leak 9 (3.46) 0 (0.00) 0.2678 
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Length of hospital stay 

(days) 

10.41 (4.55) 14.10 (17.21) -0.2934 

Post op immobilization 

(day) 

2.35 (1.24) 1.90 (0.74)  

Contraindication for IPC 2 (0.77) 0 (0.00) 0.1245 

Postoperative LMWH 0 (0) 10 (100.00) 2.2975 

- Intolerance 0 (0.00) 1 (10.00)  

- Bleeding 

complication 

0 (0.00) 

 

0 (0.00) 

 

 

Dutation of LMWH 

(days) 

0 (0.00) 24.2 (10.78)  

Continuous variables are presented as median (interquartile range) or mean ± standard 295 

deviation, as appropriate based on Shapiro–Wilk normality testing. IPC: Intermittent 296 

pneumatic compression; LMWH: Low molecular weight heparin; BMI, body mass index; 297 

ASA, American Society of Anesthesiologists physical status classification; CEA, 298 

carcinoembryonic antigen; TNM, Tumor–Node–Metastasis staging system. 299 

Procedure-specific bleeding risk was defined according to ACCP guidance [4]. Duration of 300 

postoperative immobilization was defined as the number of days with restricted ambulation 301 

following surgery. Length of hospital stay was calculated from the day of operation to 302 

discharge. 303 

Operative characteristics 304 

The most frequently performed operations were abdominoperineal resection (APR, 305 

36.92%, n = 96), sigmoidectomy (20%, n = 52), and low anterior resection (11.92%, n = 31). 306 
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Open surgery was performed in 72.22% of patients (n = 195) and laparoscopic surgery in 307 

27.78% (n = 75).  308 

The mean operative duration was 312.57 ± 156.73 minutes overall. As shown in Table 309 

1, operations lasting 2–6 hours accounted for 150 cases (55.6%), while those exceeding 6 h 310 

numbered 94 (34.8%), indicating a complex surgical case-mix. Mean estimated blood loss was 311 

316.45 ± 956.39 mL, and approximately one in ten patients required perioperative blood 312 

transfusion. No statistically significant differences in surgical approach, operative duration, or 313 

blood loss were observed between the IPC-only and IPC + enoxaparin groups (Table 1). 314 

VTE prophylaxis exposure and adherence 315 

IPC was applied in nearly all patients, with contraindications to mechanical prophylaxis 316 

documented only rarely, as shown in Table 1. Among patients who received enoxaparin, the 317 

mean duration of enoxaparin administration was 24.20 ± 10.78 days. The timing of the first 318 

enoxaparin dose was 23.29 ± 20.02. Treatment dropout occurred in 1 patients overall (10% of 319 

LMWH recipients) which was due to intolerance (Table 1). 320 

Primary outcome: 30-day VTE incidence  321 

Within 30 days of surgery, screening-detected DVT occurred in 13 patients, all in the 322 

IPC-only group, corresponding to an incidence of 5.00% (13/260) within then IPC-only group 323 

and 4.81% (13/270) across the total cohort. No DVT events occurred in the IPC + enoxaparin 324 

group (0/10). The 30-day composite VTE incidence (DVT or PE) was therefore 5.00% in IPC-325 

only and 0% in IPC + enoxaparin. Of the 13 detected DVT events, 10 (76.9%) were 326 

asymptomatic and identified solely by protocol screening, and 3 (23.1%) were symptomatic 327 

with clinical features such as lower-limb swelling, calf tenderness, or pain. By anatomical level, 328 

8 of 13 (61.5%) events were distal (involving the tibial, peroneal, or intramuscular veins) and 329 
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5 of 13 (38.5%) were proximal (femoral or popliteal) (Fig.2). Limb involvement was right-330 

sided in 4 of 13 (30.8%), left-sided in 6 of 13 (46.2%), and bilateral in 3 of 13 (23.1%) (Table 331 

2). 332 

Pulmonary embolism was diagnosed in 2 IPC-only patients (0.77%) and in no IPC + 333 

enoxaparin patients; both PE events were symptomatic. The 30-day all-cause mortality was 334 

0.77% (2/260) in the IPC-only group and 0% in the IPC + enoxaparin group. By 90 days, two 335 

additional events were captured in the IPC-only group, yielding a cumulative VTE incidence 336 

of 5.77% (15/260) in IPC-only and 0% in IPC + enoxaparin. 337 

 338 

 339 
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Figure 2. Anatomical distribution of screening-detected DVT events 356 

 357 

 358 

 359 

 360 

 361 

Anatomical distribution of screening-detected deep vein thrombosis events within 30 days of 362 

colorectal cancer surgery. Lower-extremity venous segments are categorized as proximal 363 

(femoral or popliteal) or distal (calf or intramuscular). 364 

 365 
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 375 

 376 

 377 
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Table 2: Characteristics and clinical course of postoperative venous thromboembolism in 378 

patients receiving mechanical prophylaxis alone 379 

 380 

Preoperative ultrasound parameter Number IPC only 

Overall DVT 13 13 (5.00) 

Location 

- Femoral 

- Popliteal 

- Tibial vein 

- Intramuscular  

 

4 

1 

1 

8 

 

4 (1.54) 

1 (0.38) 

1 (0.38) 

8 (3.08) 

Location 

- Proximal 

- Distal  

 

5 

8 

 

5 (38.46) 

8 (61.54) 

Limb involvement 

- Rt leg 

- Lt leg 

- Both 

 

4 

6 

3 

 

4 (30.77) 

6 (46.15) 

3 (23.08) 

Symptomatic DVT 3 3 (23.08) 

Treatment 

- Full dose anticoagulant 

- Surveillance 

 

6 

7 

 

6 (46.15) 

7 (53.8) 

Bleeding complication after anticoagulant 3 3 (50) 

Symptomatic PE 2 2 (66.67) 

VTE at 4 weeks 13 13 (5.00) 

VTE at 3 months 15 15 (5.77) 
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Preoperative ultrasound parameter Number IPC only 

30-day mortality (all cause) 2 2 (0.77) 

Sum of vessel-level rows exceeds the 13 patient-level DVT events because one patient had 381 

multi-segment involvement. 382 

Data are presented as n (%) or mean  standard deviation unless stated otherwise. IPC: 383 

Intermittent pneumatic compression; DVT: Deep vein thrombosis; PE: Pulmonary Embolism; 384 

VTE: Venous thromboembolism  385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 
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Management of detected DVT and downstream bleeding 403 

Of the 13 patients with screening-detected DVT, 6 (46.2%) received full-dose 404 

therapeutic anticoagulation and 7 (53.8%) were managed with surveillance ultrasonography 405 

alone, in accordance with anatomical extent and clinical judgment. Among the 6 patients who 406 

commenced on therapeutic anticoagulation, 3 (50.0%) developed major bleeding, all in the 407 

early postoperative period and requiring transfusion or interventional management. By contrast, 408 

no major bleeding event was attributable to prophylactic-dose enoxaparin in the IPC + 409 

enoxaparin group; given the small denominator (n = 10), the corresponding upper 95% binomial 410 

confidence bound for any major-bleeding event in that group is approximately 30.8%, 411 

preventing us from drawing any definitive conclusions about the safety of prophylactic 412 

enoxaparin from these data alone. Reoperation for bleeding occurred in 2 IPC-only patients 413 

(0.77%) and in no IPC + enoxaparin patients. Median length of hospital stay was 9 days (IQR 414 

8–11) in IPC-only and 9 days (IQR 8–10) in IPC + enoxaparin. 415 

Univariable analysis of risk factors for postoperative VTE 416 

Among 260 patients receiving IPC-only prophylaxis, 13 (5.0%) developed objectively 417 

confirmed venous thromboembolism within 30 days of surgery. Univariable Firth’s-penalized 418 

logistic regression identified five predictors significantly associated with postoperative VTE 419 

(Table 3; Figure 3). Splenic-flexure tumor location showed the strongest univariable association 420 

(OR 21.35; 95% CI 2.75–165.43; p = 0.003), followed by extended left hemicolectomy and 421 

preoperative leg swelling, both with identical odds ratios reflecting their near-perfect overlap 422 

in this cohort (OR 19.72; 95% CI 1.16–334.07; p = 0.039 for both). Postoperative small-bowel 423 

obstruction was also associated with VTE (OR 5.46; 95% CI 1.13–26.27; p = 0.034). Notably, 424 

the continuous Caprini score emerged as a significant univariable predictor (OR 2.55 per 1-unit 425 

increment; 95% CI 1.32–4.93; p = 0.006), despite all patients in the cohort being categorized 426 

as Caprini high-risk (≥ 5). Operative duration achieved only borderline univariable significance 427 



23 

 

(OR 1.45 per 120-minute increment; 95% CI 0.98–2.15; p = 0.066). Wide confidence intervals 428 

across binary predictors reflect rare exposures (n ≤ 4 affected patients) and should be interpreted 429 

as hypothesis-generating. 430 

 431 

 432 

 433 

 434 

 435 

 436 

 437 

 438 

Table 3.  Univariable predictors of 30-day postoperative venous thromboembolism in the 439 

IPC-only cohort (n = 260; 13 events). 440 

Variable Non-VTE (n = 

247) 

VTE (n = 13) OR (95% CI) P value 

     

Body mass index, kg/m², mean 

± SD 

23.05 ± 3.51 24.02 ± 4.28 1.08 (0.93–1.25) 0.306 

Caprini score, mean ± SD 5.92 ± 0.74 6.54 ± 0.97 2.55 (1.32–4.93) 0.005 

Preoperative leg swelling 

(Caprini item), n (%) 

1 (0.40) 1 (7.69) 19.72 (1.16–

334.07) 

0.039 
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Splenic-flexure tumor 

location, n (%) 

2 (0.81) 2 (15.38) 21.35 (2.75–

165.43) 

0.003 

Extended left hemicolectomy, 

n (%) 

1 (0.40) 1 (7.69) 19.72 (1.16–

334.07) 

0.039 

Operative duration, min, mean 

± SD 

308.4 ± 154.5 391.8 ± 183.3 1.45 (0.98–2.15) 0.066 

    per 120-min (2-hour) 

increment 

    

Operative duration category, n 

(%) 

    

    < 2 hours (reference) 23 (9.31) 0 (0.00) 1 (reference) — 

    2–6 hours 140 (56.68) 6 (46.15) 0.66 (0.22–1.96) 0.458 

    > 6 hours 84 (34.01) 7 (53.85) 2.23 (0.75–6.62) 0.148 

Postoperative small-bowel 

obstruction, n (%) 

9 (3.64) 2 (15.38) 5.46 (1.13–

26.27) 

0.034 

     

Data are presented as mean ± standard deviation or n (%) unless stated otherwise. Operative 441 

duration odds ratio refers to a continuous per-120-minute (2-hour) increment. Effect estimates 442 

and 95% confidence intervals are derived from Firth's penalized maximum-likelihood logistic 443 

regression to mitigate small-sample bias and quasi-complete separation given the limited 444 

number of events. Wide confidence intervals reflect the small absolute number of events (n = 445 

13) and rare exposures (n ≤ 4 affected patients for several binary predictors); these 446 
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associations should be interpreted as hypothesis-generating. CI, confidence interval; OR, odds 447 

ratio; SD, standard deviation; VTE, venous thromboembolism. 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 
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 457 

 458 

 459 
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 462 

 463 

 464 
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 466 

 467 
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 469 

 470 

 471 

 472 
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Figure 3. Forest plot of univariable predictors of 30-day VTE in the IPC-only cohort, with odds 473 

ratios and 95% confidence intervals. 474 

 475 

 476 

Univariable predictors of 30-day postoperative venous thromboembolism in the IPC-only 477 

cohort (n = 260; 13 events). Filled diamonds denote predictors with 95% confidence intervals 478 

not overlapping with the null value of 1; horizontal bars represent 95% confidence intervals. 479 

Operative duration is rescaled per 120-min (2-hour) increment; the Caprini score is presented 480 

per 1-unit increment. CI, confidence interval; OR, odds ratio. 481 

 482 

 483 

 484 

 485 
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Figure 4: Discrimination of operative duration as a sole predictor of 30-day postoperative 486 

venous thromboembolism. 487 

 488 

Discrimination of operative duration as a sole predictor of 30-day postoperative venous 489 

thromboembolism. (A) Receiver-operating-characteristic curve with bootstrap-derived 95% 490 

confidence interval for the area under the curve (AUC = 0.64; 95% CI 0.47–0.78). The 491 

Youden’s optimal threshold of 280 minutes (filled red circle) yielded a sensitivity of 85% and 492 

specificity of 47%, with three convergent cut-off methods (Youden's J, closest-to-(0,1), and 493 

Liu's index) shown for sensitivity analysis. (B) Density distribution of operative time 494 

stratified by VTE status, illustrating substantial overlap between groups (median 363 min in 495 

events vs 294 min in non-events; Mann–Whitney p = 0.097). The dashed vertical line marks 496 

the Youden cut-off. AUC, area under the curve; CI, confidence interval; VTE, venous 497 

thromboembolism. 498 

 499 

The discriminative ability of operative duration as an isolated predictor of 30-day VTE was 500 

modest (Figure 4A). The area under the receiver-operating-characteristic curve was 0.64 501 

(95% bootstrap 95% CI 0.47–0.78), indicating limited but non-trivial discrimination. Patients 502 

who developed VTE underwent significantly longer procedures (median 363 minutes; IQR 503 

251–451) than those who did not (median 294 minutes; IQR 192–404), although the between-504 
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group difference reached only borderline significance on Mann–Whitney testing (U = 2,095; 505 

p = 0.097), reflecting substantial overlap in operative-time distributions (Figure 4B). Three 506 

convergent threshold-selection methods identified an optimal cut-off in the range of 280–337 507 

minutes. The Youden-optimal threshold of 280 minutes (≈ 4.7 hours) yielded a sensitivity of 508 

84.6%, specificity of 47.4%, positive predictive value of 7.8%, and negative predictive value 509 

of 98.3%, supporting operative duration's utility as a rule-out criterion rather than a screen-in 510 

tool. Bootstrap 95% confidence intervals for the optimal threshold were wide (280–618 511 

minutes), reflecting estimator instability with limited events. 512 

 513 

Discussion 514 

In this prospective single-center cohort of 270 Thai adults undergoing elective 515 

colorectal cancer surgery within an enhanced recovery pathway, systematic duplex screening 516 

detected postoperative DVT in 5.00% of patients managed with IPC alone. Three observations 517 

from these data warrant particular emphasis here. First, more than three-quarters of detected 518 

thrombi were asymptomatic and almost two-thirds were anatomically distal — a phenotype 519 

defined by the screening protocol itself rather than by clinical presentation. Second, the 520 

screening-detected rate exceeded the symptom-triggered VTE incidence reported at our own 521 

institution in a previous cohort of 2,462 abdomino-pelvic surgeries by approximately tenfold 522 

(5.00% vs 0.48%) [17], reflecting the methodological gulf between active surveillance and 523 

clinically driven detection. Third, therapeutic anticoagulation initiated in response to these 524 

screening-detected thrombi precipitated major bleeding in half of those treated — a hazard 525 

exceeding the findings for prophylactic-dose bleeding reported in contemporary trials [18]. 526 

Together, these findings expose an unresolved tension at the heart of postoperative VTE 527 

management: Detection sensitivity, treatment escalation, and bleeding risk are not independent 528 

levers but linked elements of the same risk–benefit calculus. 529 
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Quantitative comparisons across the postoperative VTE literature must be calibrated to 530 

the detection strategy. English population-based registry data indicated that colorectal cancer 531 

resection confers a postoperative VTE risk three- to four-fold higher than non-cancer colorectal 532 

surgery, with a clinically relevant proportion of events accruing after hospital discharge [1,2]. 533 

The Chinese CRC-VTE prospective cohort, employing protocolized surveillance, identified 534 

postoperative VTE in roughly one in nine patients [3]. By contrast, a Japanese colorectal series 535 

using pharmacological prophylaxis and clinical endpoints have, by contrast, reported 536 

symptomatic VTE rates below 2% [7,8]. Thai data span an analogous methodological range — 537 

symptom-triggered surveillance has yielded incidences below 1% [18], whereas duplex-based 538 

detection has consistently identified rates in the 3%–7% range [19,20]. Our 5.00% screening-539 

detected DVT rate is therefore broadly aligned with prior Thai imaging-based estimates and 540 

roughly an order of magnitude higher than symptom-triggered rates at the same institution. The 541 

implication of this is methodological rather than biological: estimates of postoperative VTE 542 

burden are governed less by the underlying thrombotic risk of the population than by how 543 

aggressively that risk is interrogated [3,7,13,17,19,20]. 544 

The clinical centerpiece of this study is not the absolute event rate but the asymmetry 545 

between thrombus detection and the harm of treating what is detected. Of 13 DVT events, 8 546 

(61.5%) were anatomically distal and 10 (76.9%) were asymptomatic at the time of duplex 547 

screening — a phenotype broadly congruent with imaging-based postoperative cancer cohorts 548 

[3,7,11,18,20]. Chinese surveillance-based series in patients without pharmacological 549 

prophylaxis have documented asymptomatic distal DVT rates of 38%–42% after open and 550 

laparoscopic colorectal resection [21,22], and a multicenter United Kingdom duplex-551 

surveillance study identified asymptomatic below-knee DVT in 6.3% of patients at 6 weeks 552 

despite extended prophylaxis in selected cases [23]. A Korean prospective cohort similarly 553 

identified that approximately 3% of colorectal cancer patients developed postoperative VTE, 554 
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predominantly asymptomatic distal calf-vein thrombosis detected on screening ultrasonography 555 

[24]. The natural history of these screening-detected events remains unclear. Outside the 556 

perioperative setting, several reviews suggest that selected low-risk patients with isolated distal 557 

DVT may be safely managed with serial ultrasonographic surveillance rather than immediate 558 

anticoagulation [26,27]. However, active malignancy, recent major abdominal surgery, 559 

perioperative immobility, and systemic inflammatory activation collectively place colorectal 560 

surgical patients in a substantially higher thrombotic-risk category, and contemporary cancer-561 

thrombosis reviews continue to debate whether small, asymptomatic, or distal thrombi warrant 562 

the same anticoagulation intensity as proximal DVT [28]. Ongoing uncertainty rather than 563 

established consensus characterizes this clinical space. 564 

That uncertainty was empirically demonstrated in our cohort. Of six patients in whom 565 

therapeutic anticoagulation was initiated for screening-detected DVT, three (50.0%) developed 566 

major bleeding — almost two orders of magnitude higher than the 0.7% major-bleeding rate 567 

observed under prophylactic-dose rivaroxaban in PRO-LAPS II [17] and substantially 568 

exceeding the 2–3-fold bleeding excess reported in cancer-patient therapeutic anticoagulation 569 

cohorts relative to counterparts undergoing cancer-unrelated surgery [28,29]. CRC-specific 570 

VTE registries have likewise documented substantial major and clinically relevant non-major 571 

bleeding, driven by age, frailty, anemia, thrombocytopenia, and antiplatelet exposure rather 572 

than by surgery alone [30, 31]. The early postoperative window introduces additional 573 

asymmetry: fresh anastomoses, raw pelvic dissection planes, and unstable hemostasis 574 

recalibrate the threshold at which therapeutic-dose anticoagulation becomes safe. This finding 575 

is not an indictment of distal DVT as a clinical entity. Rather, it is a quantitative reminder that 576 

the act of detecting subclinical thrombi early after surgery may trigger interventions whose 577 

immediate harm rivals or exceeds the short-term threat posed by the thrombus itself. For 578 

colorectal surgeons, the practical question therefore shifts from whether duplex screening 579 
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increases sensitivity — it self-evidently does — to whether all screening-detected distal events 580 

warrant equal weight in treatment algorithms, trial endpoints, and quality benchmarks. 581 

Univariable analysis identified four risk factors significantly associated with 30-day 582 

postoperative VTE: splenic-flexure tumor location (OR 21.35; 95% CI 2.75–165.43), extended 583 

left hemicolectomy (OR 19.72; 95% CI 1.16–334.07), the continuous Caprini score (OR 2.55 584 

per 1-unit increment; 95% CI 1.32–4.93), and postoperative small-bowel obstruction (OR 5.46; 585 

95% CI 1.13–26.27). Operative duration achieved only borderline univariable significance (OR 586 

1.45 per 120-min increment; 95% CI 0.98–2.15; p = 0.066), although VTE patients underwent 587 

surgery on for an average of 83 minutes longer than non-VTE patients (mean 391.8 vs 308.4 588 

minutes). The direction and magnitude of the operative-duration effect align with prior large-589 

scale registry-based analyses identifying prolonged operative duration as an independent VTE 590 

risk factor in colorectal surgery — including a NSQIP analysis of 51,139 CRC resections in 591 

which operative time of 4–6 hours and beyond 6 hours conferred odds ratios of 1.56 and 1.85, 592 

respectively, relative to procedures under 2 hours [36], a Chinese multicenter prospective cohort 593 

in which anesthesia time ≥ 180 minutes independently elevated 28-day VTE risk [25], and a 594 

Bangladeshi prospective study identifying prolonged operative duration as an independent 90-595 

day VTE predictor [37]. The biological coherence is well-established: prolonged operations 596 

amplify lower-limb venous stasis, intensify tissue injury, and serve as a surrogate for technical 597 

complexity, multivisceral resection, and pelvic dissection [3,7–9]. 598 

To translate this borderline univariable signal into a clinically interpretable threshold, 599 

an exploratory receiver-operating-characteristic analysis identified a Youden-optimal 600 

operative-time cut-off of 280 minutes (approximately 4.7 hours; AUC 0.64; 95% CI 0.47–0.78; 601 

sensitivity 85%; specificity 47%; negative predictive value 98%) (Figure 4). Operative time 602 

below this threshold reliably identified patients at low absolute risk of 30-day VTE, supporting 603 

its utility as a rule-out criterion rather than a screen-in tool. This cut-off sits intermediate 604 
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between the thresholds most commonly invoked in the postoperative-VTE literature. The 605 

Caprini Risk Assessment Model uses a 3-hour benchmark, assigning additional points to 606 

procedures exceeding 180 minutes [15]; the CRC-VTE risk score incorporates anesthesia time 607 

≥ 180 minutes as a discrete predictor [25]; and the NSQIP CRC analysis of Schlick and 608 

colleagues stratifies operative time at 2-hour, 4-hour, and 6-hour boundaries, with each 609 

successive stratum conferring approximately 1.5- and 1.85-fold elevations in odds, respectively 610 

[36]. Our cohort-derived threshold of 280 minutes (4.7 hours) is higher than the 3-hour 611 

benchmark used in Caprini and CRC-VTE — plausibly reflecting the technical complexity of 612 

the predominantly oncologic resections at our tertiary referral center, where median operative 613 

time was 294 minutes (interquartile range 192–406) — and lower than the 6-hour boundary 614 

used in the NSQIP CRC stratification used by Schlick and colleagues [36]. The 95% bootstrap 615 

confidence interval for the optimal threshold was wide (280–618 minutes), reflecting estimator 616 

instability with limited events, and convergent sensitivity-analysis methods (closest-to-(0,1) 617 

and Liu's index) identified an alternative threshold of 337 minutes (5.6 hours), suggesting that 618 

a clinically meaningful 'prolonged-surgery' boundary for this population likely lies between 4 619 

and 6 hours rather than at the conventional 3-hour benchmark. Whether a population-specific 620 

threshold derived from Asian colorectal cohorts ultimately serves clinical practice better than 621 

the existing literature-derived benchmarks remains a question for prospective multicenter 622 

validation. 623 

Tumor location and procedure-type signals — particularly splenic-flexure tumors and 624 

extended left hemicolectomy — are more difficult to interpret. Confidence intervals span two 625 

to three orders of magnitude, and the apparent over-representation of splenic-flexure tumors 626 

among VTE events (2 of 4 affected patients) may reflect the technical demands of splenic-627 

flexure mobilization, often associated with prolonged operative time and extensive dissection, 628 

rather than an intrinsic anatomical effect. These associations should be regarded as 629 
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hypothesis-generating until replicated in larger cohorts. Notably, our results differ from larger 630 

colorectal surgery series. A retrospective study of 6,844 CRC resections by McKenna et al. 631 

found that distal tumor location, especially rectal cancer, was associated with increased 632 

postoperative VTE risk, with extensive pelvic surgery further amplifying this risk [38]. 633 

Similar observations were reported in a multicenter randomized trial, where rectal resection 634 

emerged as a significant VTE risk factor [9]. In contrast, the signal in our cohort was 635 

primarily associated with splenic-flexure tumors rather than rectal lesions. 636 

 637 

The Caprini score retained meaningful within-cohort discrimination in univariable 638 

analysis despite the constraint that every patient was scored ≥ 5 for the enrollment criteria. 639 

Prespecified subgroup analyses (Supplementary Table S1) revealed a dose-response gradient: 640 

Patients with Caprini scores ≥ 7 and ≥ 8 had approximately four- and seven-fold higher odds of 641 

30-day VTE, respectively, than those at the lower end of the high-risk spectrum. This signal is 642 

biologically consistent with the Caprini framework but unexpected given the well-described 643 

ceiling effect of Caprini in uniformly high-risk surgical populations [25,32,33]. Recent CRC-644 

specific work has highlighted modest discriminative performance of the Caprini score (AUC 645 

0.59 in a large Chinese cohort), with CRC-tailored models such as CRC-VTE outperforming 646 

Caprini-based prediction (AUC 0.72) [25,32]. Composite approaches integrating Caprini with 647 

postoperative D-dimer and procedure-specific variables (operative duration, blood loss, 648 

surgical complexity) have shown improved discrimination [33,34], supporting a broader 649 

principle that thrombosis risk prediction after CRC surgery may benefit from integrating 650 

patient-level risk factors with procedure-specific operative characteristics. In elderly Korean 651 

colorectal cancer patients managed within an ERAS pathway, an age-adjusted modification of 652 

the Caprini score similarly outperformed the standard instrument for postoperative VTE 653 

prediction, reinforcing the case for population- and procedure-specific calibration — 654 

particularly given the significant excess VTE risk observed among patients ≥ 70 years in our 655 
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subgroup analysis (Supplementary Table S1) [34,35]. These developments — together with our 656 

own findings — do not refute the value of the Caprini score but rather suggest the need for its 657 

supplementation with perioperative variables in future Asian-adapted risk-stratification models. 658 

The most striking observation independent of any comparative claim is the asymmetry 659 

of prophylaxis allocation: 96.3% of patients received IPC alone, while only 3.7% received 660 

combined IPC plus enoxaparin. This pattern reflects more than individual clinician discretion. 661 

The Thailand subgroup of the multinational ENDORSE survey documented that, although 662 

56.1% of hospitalized patients met VTE-risk criteria, only 1.8% received guideline-concordant 663 

prophylaxis [40]. Even after structured multidisciplinary protocol implementation at a major 664 

Thai academic center, pharmacological prophylaxis was administered to fewer than one in six 665 

high-risk surgical patients, despite a measurable reduction in symptomatic VTE (from 1.20% 666 

to 0.37%) and VTE-related 30-day mortality (from 0.11% to 0.02%) [39]. A complementary 667 

Korean experience embedding a structured venous thromboembolism prophylaxis program 668 

within an established Enhanced Recovery After Surgery protocol demonstrated improved 669 

adherence to guideline-concordant thromboprophylaxis without disrupting enhanced-recovery 670 

milestones, illustrating that delivery-pathway redesign — rather than guideline revision alone 671 

— can narrow the implementation gap [35]. The allocation pattern in our cohort is therefore 672 

less an outlier than the natural extension of a long-standing implementation gap [17,39,40] — 673 

driven by clinician concern about early postoperative bleeding, ambiguity about timing of the 674 

first dose, outpatient injection burden, cost, adherence, and the residual perception that Asian 675 

patients face lower thrombotic risk [6,11,12]. Whether universal Caprini high-risk classification 676 

justifies universal pharmacological prophylaxis or supports individualized de-escalation is a 677 

question that can not be answer by the present study. What this work does establish is that 678 

improving postoperative thromboprophylaxis in CRC surgery requires not only sharper 679 
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comparative evidence but also delivery models calibrated to the workflow, economics, and 680 

patient-acceptability constraints of routine Asian surgical practice [39]. 681 

Strengths 682 

Various methodological strengths of this work support the validity of these findings. 683 

For example, the cohort was prospectively assembled with a high rate of standardized 684 

preoperative and postoperative bilateral whole-leg duplex screening, eliminating the 685 

ascertainment bias common to retrospective registry analyses and complementing prior Thai 686 

cohorts that relied on symptom-triggered diagnosis [18,19] or proximal-vein-only imaging [20]. 687 

Moreover, univariable risk-factor estimation used Firth's penalized maximum-likelihood 688 

logistic regression [42,43], providing bias-corrected coefficients that remain interpretable under 689 

quasi-complete separation arising from rare exposures and limited events — a methodological 690 

choice rarely applied in surgical VTE risk-factor analyses. Granular ascertainment of tumor 691 

characteristics, operative variables, prophylaxis exposure, thrombus anatomy, and downstream 692 

bleeding collectively yields a contemporary, clinically rich description of postoperative VTE in 693 

a Thai oncological surgical population. 694 

Limitations 695 

Despite the above strength, the study also has subject to several important limitations. 696 

The first and most critical is the severe imbalance in group allocation: 260 patients (96.3%) 697 

received IPC alone and only 10 patients (3.7%) received IPC plus enoxaparin. This imbalance 698 

precludes statistically meaningful between-group comparison, renders propensity-score 699 

adjustment numerically unreliable owing to violation of the positivity assumption, and makes 700 

causal inference from group contrasts impossible. The absence of VTE events in the IPC plus 701 

enoxaparin group, while directionally encouraging, cannot be attributed to prophylaxis strategy 702 

with statistical confidence given the small denominator (upper 95% binomial confidence bound 703 
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for any major-bleeding event approximately 30.8%). Second, the non-randomized 704 

observational design is inherently susceptible to confounding by indication. Third, the study 705 

was conducted at a single institution, limiting its generalizability to other contexts. Fourth, the 706 

absolute number of VTE events (n = 13) is small, yielding wide confidence intervals around all 707 

effect estimates and making univariable analyses underpowered to detect modest effects; 708 

reported associations should accordingly be interpreted as hypothesis-generating. Fifth, the 3-709 

month follow-up window, while capturing most clinically relevant postoperative VTE, may 710 

miss late events in patients receiving adjuvant systemic therapy that independently elevates 711 

VTE risk. Finally, the Caprini score's universal high-risk classification (all patients ≥ 5) 712 

compressed its distribution within the cohort and limited within-cohort discrimination, although 713 

subgroup analyses suggested preserved signal at higher thresholds (Caprini ≥ 7 and ≥ 8). 714 

Implications and future directions 715 

First, a multicenter prospective trial with balanced allocation — randomized or 716 

pragmatically comparative — is required to evaluate extended pharmacological prophylaxis 717 

against optimized mechanical-only care, using endpoints calibrated to clinical importance: 718 

symptomatic VTE, proximal DVT, pulmonary embolism, and major bleeding. Existing meta-719 

analyses of prolonged LMWH after abdomino-pelvic cancer surgery [4,5] and the favorable 720 

efficacy–safety profile of extended rivaroxaban in PRO-LAPS II [17] establish a credible 721 

evidence base from which to design such a study. Second, future protocols must prespecify the 722 

management of screening-detected distal DVT, because the present cohort demonstrates that 723 

reflexive therapeutic anticoagulation in the early postoperative window can carry an 724 

unacceptably high bleeding penalty. Distinguishing biological signal from patient-important 725 

benefit is essential to trial endpoint selection — a methodological clarification with implications 726 

well beyond Thai practice. Third, Asian-adapted CRC-specific risk stratification and 727 

implementation research should advance in parallel. The ceiling effect of the Caprini score in 728 
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our cohort, mirrored in earlier Thai surgical cohorts [18,19], indicates room for context-729 

sensitive risk models incorporating perioperative variables; the persistence of an 730 

implementation gap across two decades of Thai data [18,39,40] indicates that delivery science 731 

— addressing bleeding concerns, post-discharge injection logistics, adherence, and clinician 732 

risk perception — must accompany any new pharmacological prophylaxis recommendation 733 

[6,11,12,39,40]. Mixed-methods studies embedded within colorectal surgical pathways may 734 

therefore prove as consequential as further efficacy trials in narrowing the gap between 735 

guideline and practice. 736 

Conclusions 737 

Routine duplex screening after elective colorectal cancer surgery uncovers a substantial 738 

burden of predominantly distal, asymptomatic thrombosis under mechanical-only prophylaxis 739 

— approximately tenfold higher than the symptom-triggered rate observed at our own 740 

institution. Treating these incidental events with therapeutic anticoagulation in the early 741 

postoperative window incurred major bleeding in half of those treated. The central question for 742 

postoperative VTE prevention in Asian colorectal cancer surgery is therefore not whether more 743 

thrombosis can be detected, but which detected thrombi are clinically meaningful, and how 744 

prophylactic intensity should be calibrated to the balance of thrombotic and hemorrhagic risk 745 

in routine practice. 746 
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Figures + figure legends: 941 

 942 

Figure 1. Study conduction flowchart according to the Strengthening the Reporting of 943 

Observational Studies in Epidemiology (STROBE) guidelines. 944 
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Figure 2. Anatomical distribution of screening-detected DVT events 967 

 968 

 969 

 970 

 971 

 972 

Anatomical distribution of screening-detected deep vein thrombosis events within 30 days of 973 

colorectal cancer surgery. Lower-extremity venous segments are categorized as proximal 974 

(femoral or popliteal) or distal (calf or intramuscular). 975 
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Figure 3. Forest plot of univariable predictors of 30-day VTE in the IPC-only cohort, with odds 989 

ratios and 95% confidence intervals. 990 

 991 

 992 

Univariable predictors of 30-day postoperative venous thromboembolism in the IPC-only 993 

cohort (n = 260; 13 events). Filled diamonds denote predictors with 95% confidence intervals 994 

excluding the null value of 1; horizontal bars represent 95% confidence intervals. Operative 995 

duration is rescaled per 120-minute (2-hour) increment; the Caprini score is presented per 1-996 

unit increment. CI, confidence interval; OR, odds ratio. 997 

 998 

 999 

 1000 
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Figure 4: Discrimination of operative duration as a sole predictor of 30-day postoperative 1001 

venous thromboembolism. 1002 

 1003 

Discrimination of operative duration as a sole predictor of 30-day postoperative venous 1004 

thromboembolism. (A) Receiver-operating-characteristic curve with bootstrap-derived 95% 1005 

confidence interval for the area under the curve (AUC = 0.64; 95% CI 0.47–0.78). The 1006 

Youden-optimal threshold of 280 minutes (filled red circle) yielded a sensitivity of 85% and 1007 

specificity of 47%, with three convergent cut-off methods (Youden's J, closest-to-(0,1), and 1008 

Liu's index) shown for sensitivity analysis. (B) Density distribution of operative time 1009 

stratified by VTE status, illustrating substantial overlap between groups (median 363 min in 1010 

events vs 294 min in non-events; Mann–Whitney p = 0.097). The dashed vertical line marks 1011 

the Youden cut-off. AUC, area under the curve; CI, confidence interval; VTE, venous 1012 

thromboembolism. 1013 
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 1019 
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Supplementary Table S1.  Prespecified subgroup analyses of 30-day postoperative venous 1020 

thromboembolism in the IPC-only cohort (n = 260; 13 events). 1021 

Firth's penalized maximum-likelihood logistic regression for each prespecified subgroup. 1022 

Bold values indicate p < 0.05. 1023 

Subgroup VTE events / n 

(%) Exposed 

VTE events / n 

(%) Unexposed 

OR (95% CI) P value 

     

Demographics 

Age ≥70 years 8/90 (8.9) 5/170 (2.9) 3.10 (1.02–9.40) 0.046 

Male sex 8/164 (4.9) 5/96 (5.2) 0.90 (0.30–2.74) 0.858 

Anthropometric 

BMI ≥25 kg/m² 4/73 (5.5) 9/187 (4.8) 1.22 (0.38–3.89) 0.741 

BMI ≥30 kg/m² 1/10 (10.0) 12/250 (4.8) 3.01 (0.45–

20.02) 

0.254 

Comorbidity and lifestyle 

ASA physical status ≥3 5/80 (6.2) 8/180 (4.4) 1.48 (0.49–4.49) 0.491 

Current or former smoker 0/10 (0.0) 13/250 (5.2) 0.84 (0.04–

17.27) 

0.909 

Surgical approach and tumor characteristics 

Laparoscopic (vs open) 5/73 (6.8) 8/187 (4.3) 1.70 (0.56–5.17) 0.353 

Rectal cancer (vs colonic) 5/124 (4.0) 8/136 (5.9) 0.70 (0.23–2.10) 0.520 
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Operative complexity 

Operative duration ≥4 

hours 

11/164 (6.7) 2/96 (2.1) 2.83 (0.70–

11.46) 

0.145 

Operative duration ≥6 

hours 

7/91 (7.7) 6/169 (3.6) 2.23 (0.75–6.62) 0.148 

Caprini risk strata 

Caprini score ≥7 6/51 (11.8) 7/209 (3.3) 3.86 (1.28–

11.65) 

0.017 

Caprini score ≥8 2/9 (22.2) 11/251 (4.4) 6.97 (1.38–

35.26) 

0.019 

     

Footnote.  1024 

Subgroup analyses were performed using Firth's penalized maximum-likelihood logistic 1025 

regression [42,43] to mitigate small-sample bias and quasi-complete separation arising from 1026 

rare exposures. Each row represents an independent univariable analysis comparing patients 1027 

fulfilling the subgroup criterion ("Exposed") to those not fulfilling it ("Unexposed"). Effect 1028 

estimates and confidence intervals from this approach differ from those produced by standard 1029 

(unpenalized) maximum-likelihood logistic regression, which tends to overestimate odds ratios 1030 

and underestimate standard errors when one or more cells contain few or no events. 1031 

Three subgroups showed statistically significant associations with 30-day VTE: age ≥70 years 1032 

(OR 3.10; 95% CI 1.02–9.40; p = 0.046), Caprini score ≥7 (OR 3.86; 95% CI 1.28–11.65; p = 1033 

0.017), and Caprini score ≥8 (OR 6.97; 95% CI 1.38–35.26; p = 0.019). These findings should 1034 

be interpreted as hypothesis-generating given the small number of events (n = 13) and the 1035 
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limited number of patients in some exposure strata (n = 9 patients with Caprini score ≥8; n = 1036 

10 patients with BMI ≥30 kg/m²; n = 10 current or former smokers). Wide confidence intervals 1037 

reflect this small-sample limitation. 1038 

All other prespecified subgroups (surgical approach, tumor location, operative duration 1039 

thresholds, body mass index, sex, smoking, and ASA physical status) showed no statistically 1040 

significant association with 30-day VTE. 1041 

ASA, American Society of Anesthesiologists; BMI, body mass index; CI, confidence interval; 1042 

IPC, intermittent pneumatic compression; OR, odds ratio; VTE, venous thromboembolism. 1043 

 1044 

 1045 
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 1054 
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 1056 
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Supplementary Table 2.  Caprini-anchored composite VTE risk score — Firth-penalized 1057 

multivariable model coefficients, integer-point clinical scoring system, and model 1058 

performance. 1059 

IPC-only cohort (n = 260, 13 events). Firth's penalized maximum-likelihood logistic regression 1060 

was used to mitigate small-sample bias and quasi-complete separation given the low number 1061 

of events. 1062 

A. Multivariable model coefficients (Firth-penalized logistic regression) 1063 

Predictor β SE Adjusted 

OR 

95% CI Wald 

z 

P 

value 

       

Caprini score (per +1 unit) +1.119 0.369 3.06 1.49–6.31 3.03 0.002 

Splenic-flexure tumor 

location 

+2.813 1.164 16.66 1.70–163.03 2.42 0.016 

Operative duration (per 

+120 min above 4 h) 

+0.476 0.214 1.61 1.06–2.45 2.22 0.027 

Extended left 

hemicolectomy 

+0.821 1.759 2.27 0.07–71.32 0.47 0.641 

Constant −3.744 0.473 0.024 0.009–0.060 −7.91 <0.001 

       

Operative duration centered at 240 minutes (4 hours) and reported per 120-minute (2-hour) 1064 

increment. Caprini score modeled continuously per +1 unit. Bold values indicate p < 0.05. 1065 

B. Integer-point clinical scoring system (modified Caprini-plus) 1066 
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Risk factor Points Frequency, n 

(%) 

VTE event rate 

    

Caprini score, per +1 unit above 

baseline (≥5) 

+2 Continuous OR 3.06 per +1 

Splenic-flexure tumor +6 4 (1.5) 2/4 (50.0%) 

Extended left hemicolectomy +2 2 (0.8) 1/2 (50.0%) 

Operative time, per +60 min above 4 h +1 Continuous OR 1.27 per +60 

min 

    

Integer points derived by rounding Firth coefficients to nearest 0.5-unit log-odds increment 1067 

(each integer ≈ OR 1.65). Score AUC = 0.769 with negligible discrimination loss vs continuous 1068 

model. Optimal Youden cut-off ≥ 6 points yields sensitivity 62%, specificity 80%. 1069 

C. Discrimination, calibration, and clinical performance 1070 

Performance metric Estimate 95% CI / interpretation 

   

Discrimination   

AUC (area under ROC curve) 0.784 0.633–0.920 (bootstrap) 

ΔAUC vs Caprini score alone +0.091 DeLong p = 0.047 

Calibration   

Brier score 0.040 Lower is better (range 0–1) 
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Brier skill score 0.157 16% improvement vs null 

model 

Calibration intercept +0.00 Ideal = 0.00 

Calibration slope 1.05 Ideal = 1.00 

 1071 
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