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This study aimed to analyze risk factors for postoperative VTE in pituitary tumor resection patients, 
focusing on coagulation indicators and their predictive value. This study collected clinical data from 
300 patients who underwent pituitary adenoma resection from January 2021 to August 2023 in the 
Department of Neurosurgery, the Second Clinical College of the Army Medical University, China. 
Logistic regression modeling was used to identify risk factors for VTE. Restricted cubic spline curves 
were used to characterize the dose-response relationship between coagulation-related indicators 
and the risk of venous thromboembolism. The area under the curve (AUC) was calculated using the 
receiver operating characteristic (ROC) curve to evaluate the predictive power of coagulation-related 
indicators. Multivariate analysis showed that D-dimer, platelet count and hemoglobin (Hb) were 
significant predictors of VTE with OR (95% CI) of 1.967 (1.441–2.808), 1.020 (1.013–1.029), and 0.952 
(0.914–0.994), respectively. The AUCs for D-dimer, Platelet Count, and Hb were 0.708, 0.731, and 
0.712, respectively. The AUC for combining the three coagulation indices was the largest, 0.838. The 
combined use of D-dimer, Hb, and platelet count can identify high-risk patients early, enabling timely 
implementation of antithrombotic strategies.
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Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), is 
a potentially fatal complication that occurs commonly after surgery in general1. Patients with tumors are at 
high risk of developing venous thromboembolism2. Previous studies have shown that the risk of VTE is four to 
seven times higher in patients with tumors than in those without tumors3. Additionally, patients with malignant 
tumors bear a 3.6-fold higher risk of developing VTE compared to those with benign tumors4.

Pituitary tumors are the third commonest intracranial tumors in adults5. They cause symptoms due to 
hormone overproduction or occupying effects and are classified as functional or non-functional pituitary 
tumors. Although pituitary tumors are histologically benign, they have strong endocrine effects that can 
lead to significant morbidity and shortened life expectancy6. Surgical removal is the standard treatment for 
patients with pituitary tumors. And venous thromboembolism is an important complication that may occur 
after surgery in pituitary tumor patients. Currently, numerous studies have focused on the pathogenesis of 
thrombosis, with most mechanisms ultimately influencing three key factors: slow blood circulation, damaged 
vascular walls, and hypercoagulability due to coagulation abnormalities7. When blood flow slows down, blood 
cells and coagulation factors tend to aggregate, increasing the risk of thrombosis; vascular wall damage activates 
platelets and the coagulation system, initiating thrombus formation; and coagulation dysfunction directly leads 
to hypercoagulability in the blood. These factors work together to promote thrombus formation. Coagulation 
function plays a crucial role in the formation and progression of blood clots. Platelet count, D-dimer, hemoglobin, 
prothrombin time, and thrombin time are commonly used coagulation function indicators in clinical practice, 
which can reflect coagulation factor activity and coagulation status, and may be closely related to the risk of 
postoperative thrombosis in patients8–10. Exploring the incidence of venous thrombosis and its risk factors in 
pituitary tumor patients after surgery is of great significance in reducing the incidence of postoperative venous 
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thromboembolism complications in pituitary tumor patients and improving the postoperative survival of 
pituitary tumor patients.

VTE can be prevented effectively by pharmacologic or nonpharmacologic methods11. Anticoagulation should 
be used to prevent VTE in hospitalized patients at high risk for VTE12. Nevertheless, bleeding complications 
from anticoagulation are common in oncology patients, for whom thromboprophylaxis may potentially do 
more harm than good in patients at low risk for VTE13. Therefore, thromboprophylaxis should be stratified in 
accordance with the level of risk to benefit more high-risk patients.

Currently, many VTE scoring tools are used in clinical practice, including the COMPASS-CAT score for 
outpatient cancer patients14 and the Padua score for inpatient patients15. However, there is no simple, rapid, and 
validated VTE risk assessment tool that can be used for pituitary tumor surgery patients in China. Therefore, this 
study aimed to retrospectively analyze the potential risk factors for postoperative VTE in patients undergoing 
pituitary tumor resection, focusing on evaluating the association between coagulation-related indicators and 
thrombosis risk, as well as their predictive capability.

Methods
Study design and participants
This retrospective, single-center, cross-sectional study collected the demographic and clinical data from patients 
who underwent pituitary adenoma surgery in the Department of Neurosurgery at the Second Clinical College 
of the Army Medical University between January 2021 and August 2023. The follow-up time was 7 days after the 
operation. The inclusion criteria were as follows: (1) patients aged 18 years and older diagnosed with Pituitary 
adenomas in the Department of Neurosurgery, the Second Clinical College of the Army Medical University who 
underwent endoscopic surgical treatment, (2) complete clinical data, and (3) VTE patients must have evidence 
of imaging diagnosis. The exclusion criteria were as follows: (1) patients diagnosed with VTE at admission or 
with a history of VTE, (2) patients who did not undergo endoscopic surgery, and (3) patients with a history of 
malignancy. In total, 300 patients were selected for this retrospective study.

This study adhered to the ethical standards of the institutional and national research committees and complied 
with the 1964 Helsinki Declaration and its subsequent amendments or equivalent ethical guidelines. Approval 
was obtained from the Ethics Committee of Medical Ethics Committee of the Second Affiliated Hospital of 
Army Medical University, PLA 2023- New Technology 144-01. Additionally, written informed consent was 
secured from all participants involved in the study.

Data collection
We obtained patient characteristics and clinical data from the electronic medical records system of our hospital. 
These data were as follows: (1) patient factors: sex; age; body mass index (BMI), hypertension, hyperlipemia, 
diabetes mellitus (DM), cardiovascular disease (CVD), smoking history, and past alcohol use; (2) surgical 
factors: previous VTE (defined as VTE occurred before hospital admission), operation time and intraoperative 
blood loss; (3) preoperative laboratory parameters: total cholesterol (TC), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), D-dimer, red blood cell count 
(RBC), hemoglobin(Hb), platelet count, prothrombin time (PT) and thrombin time(TT).

BMI was measured as the following two groups according to the BMI classification standard for Chinese 
individuals: underweight/normal (< 24 kg/m2), and overweight/obese (≥ 24 kg/m2). Age was categorized as < 60 
years old and ≥ 60 years old. Hypertension, hyperlipemia, DM, CVD, smoking history, and past alcohol use were 
analyzed as binary variables categorized as yes or no. Operation time was categorized as < 2 hours and ≥ 2 hours. 
Intraoperative blood loss was categorized as < 200 mL and ≥ 200 mL. TC, TG, HDL-c, LDL-c, D-dimer, RBC, 
Hb, platelet count, PT, and TT were analyzed as continuous variables.

Primary outcome measures
The primary outcome measure was the imaging-based diagnosis of VTE, which included both DVT and PE. 
Venous dual ultrasound is the gold standard for the diagnosis of DVT due to its non-invasive nature and high 
sensitivity. In addition, CT venography and CT pulmonary arteriography (CTPA) are commonly used imaging 
modalities for the clinical diagnosis of PE and DVT, but may produce false-positive results due to anatomical 
variants. Therefore, in this study, bedside dual venous ultrasound, CT venography, and CTPA were used for the 
combined diagnosis of VTE to reduce false positives of VTE. Before surgery, all patients underwent preoperative 
lower extremity venous color Doppler ultrasound to exclude preexisting VTE. Immediate Doppler ultrasound 
was performed for patients showing lower extremity pain, swelling, or skin color changes to detect potential 
venous issues. Postoperatively, patients displaying unexplained chest symptoms or signs of PE (such as chest 
tightness, chest pain, hemoptysis, dyspnea, syncope, or decreased oxygen saturation) underwent urgent CTPA to 
confirm the diagnosis of PE. The imaging diagnosis of the above mentioned VTEs was determined and reviewed 
independently by two senior imaging physicians.

Statistical analysis
The Shapiro–Wilk test was used to assess the normal distribution of continuous variables. Normally distributed 
data were presented as means ± standard deviations, while non-normally distributed data were reported as 
medians (interquartile range) and compared using the Kruskal-Wallis test. Categorical variables were described 
by percentages and compared using the chi-square test or Fisher’s exact test. Variables found significant in 
univariate analysis were included as independent variables in a multivariate logistic regression model with VTE 
occurrence as the dependent variable. In the adjusted logistic regression model, restricted cubic splines with 
three knots were employed to analyze the dose-response relationship between significant coagulation-related 
indicators identified in the multivariate analysis and the risk of venous thromboembolism, including testing 
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for nonlinear associations. Receiver operating characteristic (ROC) curves and the area under the ROC curve 
(AUC) were used to assess and compare the predictive capability of coagulation-related indicators. All data 
analyses were conducted using R 4.3.2 software. A significance level of P < 0.05 (two-sided) was considered 
statistically significant.

Results
Characteristics of the study participants
The sociodemographic characteristics, smoking, drinking, surgical factors, and laboratory examination data 
of participants are summarized in Table  1. The observational study involved 300 participants. The median 
(interquartile) age of the study population was 52(48–58), and 163 (54.33%) were women. According to the 
results of CT, 48 (16%) participants were diagnosed with VTE. Compared with patients without VTE, VTE 
patients were older, and had higher D-dimer, RBC and platelet counts, and lower Hb (P < 0.05). In addition, VTE 
patients have a higher prevalence of hyperlipidemia, diabetes and cardiovascular disease. In addition, there were 
significant differences in the amount of intraoperative blood loss between VTE patients and non-VTE patients.

Risk factors for patients with VTE
Table  2 presents the multivariate associations between various indicators and VTE occurrence. After the 
multivariate logistic regression analysis, the D-dimer, Platelet Count and Hb were proved to be effective predictors 
of VTE with odd ratio (OR) and 95% confidential interval (CI) of 1.967 (1.441–2.808), 1.020 (1.013–1.029), and 
0.952 (0.914–0.994), respectively. We also got some other predictive factors: age ≥ 60 years (OR: 4.256; 95% CI: 
1.470-12.522, P = 0.007), hyperlipemia (OR: 6.895; 95% CI: 1.437–31.221, P = 0.012), intraoperative blood loss 
(OR:3.094; 95% CI: 1.262–8.026, P = 0.016). No significant relationship was detected between RBC, DM, and 
VTE after adjustment.

Restricted cubic spline curves for coagulation-related indicators and VTE risk
Figure 1 shows the dose-response relationships between the above coagulation-related factors and VTE risk by 
multivariable-adjusted restricted cubic spline analysis after adjusting hyperlipemia, age and intraoperative blood 
loss. A non-linear positive correlation was identified between VTE risk and D-dimer and Platelet Count and 
negatively correlated with hemoglobin (all P non-linear < 0.001).

Accuracy of coagulation-related indicators in predicting VTE
Figure 2 and Table  3 show the results of the individual and combined ROC analyses and AUCs for three 
coagulation-related indicators used to predict thromboembolism. The AUCs for the three coagulation-related 
indicators and their combination are all greater than 0.5, indicating a moderate predictive value for VTE. Among 
the study participants, the model combining the three coagulation indicators had the largest AUC, exceeding 
0.8 (AUC: 0.838; 95% CI: 0.756–0.919). Additionally, Hb also had a high predictive performance for VTE, and 
the AUC was greater than 0.7 (AUC: 0.731;95% CI: 0.618–0.7982). The AUC of D-dimer was 0.708 (95% CI: 
0.618–0.7982). The AUC of Platelet Count was 0.712 (95% CI: 0.625-0.800). The above results suggested that 
these indexes may be effective in the early prediction of VTE risk.

Discussion
There are many risk factors leading to VTE in clinical practice. Studies have found that the common risk factors 
for patients with vein thrombosis include trauma, age, gender, operation time, and body mass index, which total 
more than 30 items16–18. We found that high D-dimer levels, high platelet count levels, and low hemoglobin 
levels are important risk factors for postoperative thrombosis in pituitary tumors, further demonstrating the 
importance of these indicators in assessing the risk of postoperative thrombosis.

D-dimer is a kind of specific degradation product formed by fibrin hydrolysis, which is often used to evaluate 
whether the body has thrombosis8. Multiple studies have shown that D-dimer is an important biomarker for 
VTE19–21, which is consistent with our findings. A prospective nested case-control study that recruited trauma 
patients and healthy volunteers found that D-dimer levels (median (interquartile range) of 7.30 (5.85) mg/L) 
were significantly higher in patients with traumatic DVT than in patients with traumatic non-DVT (3.31 (10.68) 
mg/L)22. In a prospective, observational, cohort study of 821 patients with newly diagnosed cancer or disease 
progression, a 2-fold increase in D-dimer was associated with a 30% increased risk of VTE in a univariate 
Cox regression analysis [hazard ratios (HR) 1.3, 95% CI 1.1–1.5; P < 0.001], the results remained unchanged 
in multivariate analysis after adjusting for age, sex, surgery, chemotherapy and radiotherapy (HR 1.3, 95% CI 
1.2–1.6; P < 0.001)23. A cohort study of the general population in the United States found that the likelihood 
of future VTE gradually increased as the baseline concentration of D-dimer increased. The 20% with the 
highest D-dimer value had a 3.9-fold increased risk of VTE compared with the 20% with the lowest, and after 
further adjustment for hemostatic factors, the risk increased 3.0-fold. The association between D-dimer and 
VTE was consistently observed in subgroup analyses by age, race, and thrombus type24. Takuji et al. showed 
that compared with D-dimer of ≤ 1.2 µg/mL, > 1.2 µg/mL significantly increased the risk of VTE (OR: 24.80, 
95%CI: 9.57–64.30; P < 0.001)1. Luo et al. studied 1532 patients undergoing ankle fracture surgery and found 
that D dimer > 0.3 mg/L significantly increased the risk of DVT (OR (95% CI) = 1.65(1.02–2.68), P = 0.042)25. 
In a prospective multicenter study that included 1380 stroke patients followed for 12 months, elevation of 
D-dimer measured at hospitalization was independently associated with the first occurrence of subsequent VTE 
(OR 3.45; 95% CI: 2.01–8.52)26. In this study, a “J-shaped” correlation was found between D-dimer level and 
postoperative thrombosis (OR (95% CI) = 1.967 (1.441–2.808), P nonlinear <0.001), and the ROC curve showed 
an AUC of 0.708 (95% CI: 0.618–0.798), the optimal critical value was 2.04 µg/ml (sensitivity 63%, specificity 
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75%), which provided a reference for the prediction of postoperative VTE in patients with pituitary tumors 
to a certain extent. Elevated levels of D-dimer polymers usually indicate activation of the clotting system and 
fibrinolysis in the body, resulting in excessive fibrin degradation products in the blood27–29. In addition, the 
longer duration of surgery may lead to blocked blood circulation and increased blood viscosity, thus increasing 
the risk of thrombosis30–32.

Platelets are cytoplasmic fragments of megakaryocytes produced by bone marrow and are involved in 
primary hemostasis as well as secondary hemostasis in cases of trauma or injury. Therefore, platelet count is 
an important indicator to evaluate blood coagulation capacity, with abnormal elevations often signaling an 

Characteristics
Total
(n = 300)

non-VTE
(n = 252)

VTE
(n = 48) P value

Gender, N (%) 0.771

 Men 137 (45.67) 116 (46.03) 21 (43.75)

 Women 163 (54.33) 136 (53.97) 27 (56.25)

Age, N (%) 0.001

 < 60 241 (80.33) 211 (83.73) 30 (62.50)

 ≥ 60 59 (19.67) 41 (16.27) 18 (37.50)

BMI, N (%) 0.167

 < 24 kg/m2 123 (41.00) 99 (39.29) 24 (50.00)

 ≥ 24 kg/m2 177 (59.00) 153 (60.71) 24 (50.00)

Hypertension, N (%) 0.458

 No 237 (79.00) 201 (79.76) 36 (75.00)

 Yes 63 (21.00) 51 (20.24) 12 (25.00)

DM, N (%) 0.048

 No 268 (89.33) 229 (90.87) 39 (81.25)

 Yes 32 (10.67) 23 (9.13) 9 (18.75)

Hyperlipemia, N (%) 0.002

 No 284 (94.67) 243 (96.43) 41 (85.42)

 Yes 16 (5.33) 9 (3.57) 7 (14.58)

Smoking, N (%) 0.127

 No 238 (79.33) 196 (77.78) 42 (87.50)

 Yes 62 (20.67) 56 (22.22) 6 (12.50)

Drinking, N (%) 0.136

 No 246 (82.00) 203 (80.56) 43 (89.58)

 Yes 54 (18.00) 49 (19.44) 5 (10.42)

CVD, N (%) 0.009

 No 285 (95.00) 243 (96.43) 42 (87.50)

 Yes 15 (5.00) 9 (3.57) 6 (12.50)

Operation time, N (%) 0.724

 < 2 h 157 (52.33) 133 (52.78) 24 (50.00)

 ≥ 2 h 143 (47.67) 119 (47.22) 24 (50.00)

Intraoperative blood loss, N (%) 0.025

 < 200 mL 175 (58.33) 154 (61.11) 21 (43.75)

 ≥ 200 mL 125 (41.67) 98 (38.89) 27 (56.25)

TG (mmol/L) 1.77 (1.22, 2.45) 1.77 (1.22, 2.48) 1.75 (1.11, 2.22) 0.161

TC (mmol/L) 5.00 (4.34, 5.60) 5.00 (4.35, 5.58) 5.04 (4.27, 5.74) 0.831

HDL-c (mmol/L) 1.13 (0.96, 1.32) 1.13 (0.96, 1.31) 1.15 (0.99, 1.38) 0.302

LDL-c (mmol/L) 2.54 (2.04, 3.02) 2.52 (2.02, 3.02) 2.65 (2.22, 3.02) 0.256

D-dimer (10− 1mg/L) 1.56 (1.06, 2.35) 1.50 (0.98, 2.04) 2.39 (1.56, 3.76) < 0.001

RBC (1012/L) 4.38 (4.09, 4.72) 4.41 (4.18, 4.75) 4.00 (3.66, 4.31) < 0.001

Hb (g/L) 132.00 (122.00, 141.25) 133.00 (125.0, 142.20) 119.50 (104.75, 133.00) < 0.001

Platelet Count (109/L) 220.00 (176.00, 261.25) 213.50 (172.00, 249.00) 262.00 (206.25, 334.25) < 0.001

PT (s) 11.00 (10.47, 11.80) 11.05 (10.50, 11.80) 10.70 (10.17, 11.43) 0.056

TT (s) 14.30 (13.30, 15.80) 14.25 (13.20, 15.60) 14.90 (13.57, 16.80) 0.109

Table 1.  Characteristics of the participants with and without VTE. VTE Venous thromboembolism, BMI body 
mass index, DM diabetes mellitus, CVD cardiovascular disease, TG triglyceride, TC total cholestero, HDL-c 
high-density lipoprotein cholesterol, LDL-c low-density lipoprotein cholesterol, RBC red blood cell count, Hb 
hemoglobin,  PT prothrombin time, TT thrombin time.
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increased risk of thrombosis. In line with previous studies32–34, a high platelet count was identified as a risk 
factor for postoperative thrombosis (OR = 1.020, 95% CI = 1.013–1.029). In addition, further analysis in this 
study found a “J-shaped” correlation between platelet count and postoperative thrombosis, with an AUC value 
of 0.712 (95%CI = 0.625-0.800), the optimal critical value was 290.5 × 109/L, sensitivity and specificity of 44% 
and 92%, respectively. In a retrospective case-control study (65 VTE cases, 123 controls), Zakai et al. investigated 
risk factors for VTE in hospitalized patients. They found that those with high platelet counts (> 350 × 109/L) 
had a 3.1-fold increased risk of developing VTE during hospitalization [OR (95% CI) = 3.1(1.4–7.0)]9. In 
a prospective observational study of patients with newly diagnosed cancer or disease progression, venous 
thromboembolism occurred in 44 (6.6%) patients during follow-up. At univariate analysis, patients with high 
platelet counts (≥ 443 × 109/L, representing the 95% percentile of our patients’ cohort) had a more than 5-fold 
increased risk of VTE compared with patients with platelet counts below the 95th percentile of the data (HR: 
5.07, 95% CI: 2.35–10.95, P < 0.0001), increased more than 3-fold in multivariate analysis [HR: 3.50, 95%CI): 
1.52–8.06, P = 0.0032]35. In addition, Zhang et al. found that there was a statistically significant difference in 
platelet counts between the thrombus group (176 × 109/L) and the non-thrombus group (142 × 109/L) in elderly 
hip fracture patients (P < 0.001). Further multiple logistic regression analysis showed that platelet count was 
one of the independent risk factors for DVT (P < 0.05), AUC = 0.642 (95%CI: 0.569 ~ 0.714), the critical value 
was 200.5 × 109/L, sensitivity and specificity were 38.9% and 85.9%36. Similarly, a prospective observational 
study found a significant association between VTE and thrombocytosis throughout cancer in patients [HR 1.65; 
95%CI: 1.04–2.637, P < 0.0341]37. The role of platelets in VTE may be due to the following reasons: secondary 
soluble mediators of platelet activation, such as TXA2, ADP, and HMGB1, promote platelet aggregation and 
activation of clotting factors38,39. When the platelet count is abnormally high, the ability of platelets to aggregate 
and activate is correspondingly enhanced, thus accelerating the formation of blood clots. In addition, platelets 
can interact with vascular endothelial cells through the release of bioactive substances, destroying the integrity 
of vascular endothelial cells, and the interaction between platelets and immune cells leads to the release of 
cytokines, platelet particles, and the increase of tissue factors and thrombin production40–42, further promoting 
thrombosis.

Fig. 1.  Relationship of D-dimer, hemoglobin, and platelet count with the risk of VTE. ORs are adjusted 
for age, hyperlipemia and intraoperative blood loss. OR odd ratio, CI confidential interval, VTE Venous 
thromboembolism.

 

Variables

Multivariate analysis

OR (95% CI) P

D-dimer 1.967 (1.441–2.808) < 0.01

Hb 0.952 (0.914–0.994) 0.019

Platelet Count 1.020 (1.013–1.029) < 0.01

RBC 1.065 (0.324–2.848) 0.909

Hyperlipemia 6.895 (1.437–31.221) 0.012

DM 2.698 (0.645–9.992) 0.15

CVD 3.949 (0.629–25.932) 0.147

Age ≥ 60 4.256 (1.470–12.522) 0.007

Intraoperative blood loss ≥ 200 3.094 (1.262–8.026) 0.016

Table 2.  Logistic regression analyses for the association between various indicators and VTE. OR odd ratio, 
CI confidential interval, Hb hemoglobin, RBC red blood cell count, DM diabetes mellitus, CVD cardiovascular 
disease.
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In this study, we found a negative correlation between reduced hemoglobin levels and postoperative 
thrombosis. RCS showed an “L-shaped” correlation between the two (P nonlinear < 0.001), with an AUC of 0.731 
(0.618–0.7982), the optimal critical value was 123.5 g/L (sensitivity 63%, specificity 79%), which was consistent 
with the results reported in the previous literature. Chi et al. found that low hemoglobin levels at baseline were 
associated with symptomatic venous thromboembolism in patients hospitalized for acute medical conditions 
[relative risk (RR) = 1.94; 95% CI: 1.27–2.98; P = 0.002], symptomatic DVT (RR = 2.29; 95% CI: 1.12–4.68; 
P = 0.019) and non-fatal pulmonary embolism (RR 2.63; 95% CI: 1.22–5.65; P = 0.010) was associated with a higher 

Variables AUC (95%CI) Cut-off Specificity Sensitivity Youden

D-dimer 0.708(0.618–0.798) 2.04 0.75 0.63 0.38

Hemoglobin 0.731 (0.642–0.820) 123.5 0.79 0.63 0.42

Platelet count 0.712 (0.625-0.800) 290.5 0.92 0.44 0.36

D-dimer + hemoglobin + platelet count 0.838 (0.756–0.919) NA 0.90 0.73 0.63

Table 3.  AUCs for D-dimer, hemoglobin, and platelet count in relation to NAFLD. AUC area under curve.

 

Fig. 2.  The receiver operating characteristic curve of D-dimer, hemoglobin, and platelet count.
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risk. In addition, low hemoglobin (as a categorical or continuous variable) was still associated with an increased 
likelihood of VTE (adjusted RR 1.71, 95% CI 1.09–2.69; P = 0.020)10. A study of 2059 total joint replacement 
(TJA) patients found an AUC of 0.646 for Hb based on the ROC curve. Multivariate binary regression analysis 
showed that TJA patients with Hb ≤ 118 g/L had a 2.15-fold increased risk of DVT (P < 0.001, 95%CI [1.42–
3.24])43. In a prospective observational study, low baseline (pre-chemotherapy) hemoglobin levels (< 100 g/L) 
have been shown to be a risk factor for chemotherapy-associated VTE44. The degree of hemoglobin decline 
often reflects the severity of anemia in patients, and a large retrospective study has confirmed that anemia is 
associated with the occurrence of thrombosis. When hemoglobin is decreased, the lower iron content promotes 
the activation of the clotting system and inhibits fibrinolytic activity, thus increasing the chance of thrombosis. 
Early control of hemoglobin levels, and rapid correction of anemia, can avoid coagulation balance in the body, 
and maintain a relatively stable blood environment45. Moreover, low hemoglobin levels can lead to endothelial 
dysfunction, blood stasis, and/or hypercoagulability, and are often indicative of many conditions that can lead 
to VTE, such as inflammation and malnutrition46–48. In addition, hemoglobin is an iron-containing protein 
inside red blood cells whose primary function is to transport oxygen and carbon dioxide. When hemoglobin 
levels are reduced, the oxygen-carrying capacity of red blood cells is correspondingly reduced, resulting in 
tissue hypoxia. Studies have shown that hypoxia stimulates endothelial cells to release endothelial microvesicles 
(EMVs), which can bind to vascular cell adhesion molecules, cell adhesion molecules, and platelet endothelial 
cell adhesion molecules, promote inflammatory cell infiltration, destroy endothelial cell function, and then lead 
to thrombosiss49–51.

The results of this study show that significant changes in coagulation related factors (D-dimer levels, platelets, 
hemoglobin, etc.) in patients with pituitary tumors after surgery are closely related to the risk of thrombosis. This 
discovery provides important monitoring indicators for clinical practice, suggesting that dynamic monitoring of 
coagulation function should be strengthened after surgery, especially for high-risk patients (such as those with 
long surgery time, long postoperative bed rest time, or other thrombotic risk factors). In addition, the research 
results suggest the necessity of preventive anticoagulant therapy in the early postoperative period, especially in 
cases of abnormal elevation of coagulation related factors. Based on the data from this study, it is recommended 
to include personalized VTE risk assessment and prevention strategies for postoperative patients with pituitary 
tumors in clinical guidelines, such as adjusting anticoagulant therapy based on changes in coagulation related 
factors to reduce the incidence of postoperative VTE. Future research can further explore the effectiveness and 
safety of different anticoagulation regimens in postoperative patients with pituitary tumors, providing more 
specific guidance for clinical practice.

This study is based on a patient population with pituitary tumors, and given the relatively few previous 
studies in this area, it provides data support for thrombosis prevention strategies in this patient population. In 
addition, this study adopted highly unified and rigorous procedures in the data collection process to ensure the 
authenticity, accuracy, and reliability of the collected data, and laid a solid foundation for subsequent analysis 
and conclusions. Finally, we further explored the nonlinear relationship between D-dimer, platelet count, 
hemoglobin level, and venous thrombosis, and studied the best cutoff values of each index, which provided a 
reference for effective prevention and treatment strategies of VTE. However, there are some shortcomings in 
this study. First of all, this study is a single center retrospective study with a population of hospitalized patients 
in our hospital. There may be selection bias and information bias, and the extrapolation of the research results 
may be limited. In order to reduce selection bias and information bias, we have established strict inclusion 
and exclusion criteria, especially for the exclusion of malignant tumors with previous VTE. This is because 
patients with previous thrombosis may have long-term changes in coagulation function, or these patients may 
have received anticoagulant therapy or other treatments that may affect postoperative coagulation function 
changes. Malignant tumor patients often have different blood coagulation characteristics (such as tumor 
induced coagulation abnormalities, procoagulant status, etc.). The tumor itself or its treatment may have an 
impact on coagulation indicators, and excluding these patients can avoid the interference of tumor factors on the 
research results. Multi center research is needed in the future to further evaluate the reliability of this conclusion. 
Second, according to previous research7,52,53, there is no unified standard for the follow-up time of postoperative 
patients, but considering that most neurosurgical postoperative thrombosis usually occurs within 7 days after 
surgery, showing obvious symptoms or diagnostic results. The determination time for venous thrombosis in this 
study was on the seventh day after surgery. Some studies have also indicated that 1–3 months after discharge 
is still a high-risk stage for thrombosis, so there may be some bias in the results. Therefore, after the follow-
up is completed, the long-term VTE risk of patients still needs to be considered, especially for patients with 
potential risk factors such as long-term bed rest, obesity, and a history of thrombosis. It is necessary to continue 
to pay attention to the risk of thrombosis and conduct further monitoring and evaluation if necessary. Third, the 
sample size of this study is relatively limited, which fails to fully control for all potential confounding factors, and 
the results need to be further verified. Finally, the laboratory indicators selected in this study were the detection 
indicators at the time of admission without dynamic monitoring, and these indicators may vary greatly with the 
development of the disease.

Conclusions
D-dimer, high platelet count, and low hemoglobin level are high risk factors for VTE after pituitary tumor 
surgery. The combined use of D-dimer, Hb, and platelet count can identify high-risk patients early, enabling 
timely implementation of antithrombotic strategies. This helps reduce the incidence of postoperative VTE, 
improving patient outcomes and enhancing the quality of postoperative care.
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Data supporting the results of this study are available from the authors, but the availability of these data is re-
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through the corresponding author(s) if the author(s) make a reasonable request and obtain permission from 
Chongqing General Hospital affiliated with Chongqing University. Example from: ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​8​6​/​s​1​2​9​
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