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Objective: Venous thromboembolism (VTE) is a significant concern in critically ill patients. However, the incidence and risk factors 
of VTE in high-altitude regions like Tibet remain unclear. This study aimed to assess the effectiveness and safety of standardized 
anticoagulation therapy in preventing VTE among intensive care unit (ICU) patients in Tibet.
Methods: This prospective controlled study included 78 patients in the treatment group receiving low molecular weight heparin 
(LMWH) and 56 patients in the control group without standardized VTE prophylaxis. VTE incidence, risk factors, and safety 
outcomes were compared between the two groups. Patients were followed up for a minimum of one week after ICU discharge to 
assess VTE outcomes.
Results: The incidence of VTE was significantly lower in the treatment group (35.9%) compared to the control group (42.9%, 
p<0.05). Risk factors for VTE included mechanical ventilation. The most common VTE type observed was deep vein thrombosis 
(DVT), with pulmonary embolism (PE) occurring less frequently. No significant bleeding events were observed in the treatment group.
Conclusion: Standardized LMWH prophylaxis effectively reduces VTE incidence in critically ill patients in Tibet without increasing 
bleeding risk. Regular risk assessment and appropriate prophylaxis should be implemented in high-altitude ICU settings.
Keywords: venous thromboembolism, critical care, thromboprophylaxis, high altitude, Tibet

Introduction
Venous thromboembolism (VTE), encompassing deep vein thrombosis (DVT) and pulmonary embolism (PE), is 
a significant concern in critically ill patients admitted to intensive care units (ICUs). VTE is associated with increased 
morbidity, mortality, and healthcare costs.1 The risk of VTE in ICU patients is particularly high due to various factors, 
including prolonged immobilization, invasive procedures, underlying medical conditions, and the prothrombotic state 
induced by critical illness.2,3

The incidence of VTE in ICU patients varies widely in the literature, ranging from 5% to 31%, depending on the 
patient population, diagnostic methods, and prophylaxis strategies employed.4,5 This variability underscores the impor
tance of understanding local epidemiology and risk factors to guide appropriate preventive measures.

While VTE prevention strategies have been well-established in many healthcare settings, their effectiveness and 
safety in high-altitude regions like Tibet remain understudied. The unique physiological adaptations to high altitude, 
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including increased blood viscosity, enhanced erythropoiesis, and altered coagulation profiles, may influence the risk of 
VTE and the efficacy of standard prophylactic measures.6,7

High altitude exposure triggers several hematological changes that could potentially elevate the risk of 
thrombosis. The hypoxic environment stimulates erythropoiesis, resulting in increased hematocrit and blood 
viscosity due to a higher red blood cell mass.8 Hypoxia-induced endothelial dysfunction results in reduced nitric 
oxide (NO) production and increased expression of von Willebrand factor (vWF), promoting platelet adhesion and 
thrombosis. Studies have also reported that hypoxia upregulates procoagulant factors such as tissue factor (TF) and 
plasminogen activator inhibitor-1 (PAI-1), reducing fibrinolysis and promoting thrombosis.9,10 Systemic inflamma
tion is exacerbated in hypoxic environments. Proinflammatory cytokines such as IL-6 and TNF-α are upregulated, 
increasing platelet activation and the production of procoagulant microparticles. Additionally, high-altitude expo
sure has been linked to increased levels of fibrinogen and factor VIII, further enhancing thrombogenicity.11 These 
physiological adaptations collectively increase the likelihood of thrombosis in high-altitude environments.

These physiological adaptations, combined with the known risk factors for VTE in critically ill patients, create 
a unique challenge in preventing thrombotic complications in high-altitude ICU settings.

Moreover, the ethnic composition of Tibet, with a predominant Tibetan population, introduces another layer of 
complexity. Tibetans have undergone genetic adaptations to high altitude over thousands of years, which have resulted in 
distinct physiological characteristics compared to lowland populations.12 These adaptations primarily involve the 
hypoxia-inducible factor (HIF) pathway and have been associated with lower hemoglobin concentrations compared to 
other high-altitude populations.13 However, the impact of these genetic adaptations on coagulation profiles and throm
botic risk remains largely unexplored.

The use of pharmacological thromboprophylaxis, particularly low molecular weight heparin (LMWH), has been shown 
to be effective in reducing VTE risk in critically ill patients at lower altitudes.14 Compared to unfractionated heparin (UFH), 
LMWH offers several advantages, including predictable pharmacokinetics, a lower incidence of heparin-induced thrombo
cytopenia (HIT), and reduced bleeding risks. Additionally, LMWH does not require routine monitoring of coagulation 
parameters, making it more feasible in resource-limited high-altitude ICU settings. However, the altered coagulation profiles 
observed at high altitudes have raised concerns regarding the appropriate use and safety of anticoagulants in this setting. The 
balance between reducing thrombotic risk and minimizing potential bleeding complications remains a challenge, leading to 
ongoing debate about the optimal thromboprophylaxis strategy for critically ill ICU patients at high altitudes.15

Given these unique considerations, there is a pressing need for research specifically addressing VTE risk and 
prevention strategies in high-altitude critical care environments.

We aim to provide crucial data to inform clinical practice and guide the development of tailored VTE prevention 
strategies for critically ill patients in Tibet and potentially other high-altitude regions.

Methods
Study Design and Setting
This prospective controlled study was conducted at the People’s Hospital of Lhasa, Tibet Autonomous Region, China. 
Lhasa is situated at an altitude of approximately 3650 meters (11,975 feet) above sea level, making it one of the highest 
cities in the world. The hospital is a tertiary care center serving a population of over 3 million people in the Tibet 
Autonomous Region.

The study protocol was approved by the Ethics Committee of the People’s Hospital of Lhasa. The study was 
conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. Written informed 
consent was obtained from all prospective patients in the treatment group before study participation. For the retrospective 
control group, individual informed consent was waived by the institutional ethics committee, as the study utilized 
anonymized medical records without direct patient involvement.
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Participants
The study included two groups of patients: Treatment Group: This group consisted of critically ill ICU patients admitted 
between 2022 and 2023 who received standardized thromboprophylaxis with low molecular weight heparin (LMWH).

Control Group: This group included patients admitted between 2019 and 2021 who did not receive standardized 
VTE prophylaxis. This retrospective control group was included to compare VTE incidence with and without 
standardized prophylaxis. During this period, the study hospital had not yet implemented a formal institutional 
guideline for VTE prevention in critically ill patients at high altitudes. While some patients may have received 
thromboprophylaxis based on individual clinical decisions, there was no systematic protocol in place. Since 2022, 
a standardized thromboprophylaxis regimen has been introduced in response to the increasing recognition of high 
VTE risk in this population. Patients who met the inclusion and exclusion criteria were consecutively enrolled in the 
study during the specified period.

Inclusion criteria were:

1) Age ≥18 years
2) Body weight ≥45 kg
3) Expected ICU stay ≥2 days

Exclusion criteria were:

1) Presence of VTE at ICU admission
2) Liver failure (defined as Child-Pugh class C cirrhosis or acute liver failure)
3) End-stage renal failure (defined as estimated glomerular filtration rate <15 mL/min/1.73m2 or requiring dialysis)
4) High bleeding risk, defined as: a) Active major bleeding b) History of heparin-induced thrombocytopenia c) 

Platelet count <50,000×109/L d) International Normalized Ratio (INR) >1.5 e) Recent major surgery (<48 hours) 
with high bleeding risk

5) Pregnancy
6) Known hypersensitivity to LMWH

Intervention
Patients in the treatment group received dalteparin 5000 IU subcutaneously once daily as thromboprophylaxis. The 
choice of dalteparin was based on its availability and established efficacy in VTE prevention in critically ill patients.16

The timing of prophylaxis initiation varied depending on the patient’s condition:
Medical patients: Prophylaxis was initiated immediately upon admission to the ICU, provided there were no 

contraindications.
Surgical patients: The timing of initiation varied based on the type of surgery: a) Obstetric patients: 12 hours 

postoperatively b) Orthopedic patients: 8–12 hours postoperatively c) Neurosurgical patients: 24 hours postoperatively, 
after confirming hemostasis d) Non-surgical patients with intracranial hemorrhage: Early initiation after confirming 
hemorrhage stability (typically 48–72 hours after admission).

Anticoagulation treatment was discontinued if any of several critical conditions occurred. These included major 
bleeding, which was defined as overt bleeding associated with a decrease in hemoglobin level of 2 g/dL or more, the need 
for transfusion of 2 or more units of blood, or bleeding in a critical site such as intracranial, intraspinal, intraocular, 
retroperitoneal, intra-articular, pericardial, or intramuscular areas with compartment syndrome. Additionally, anticoagu
lation was stopped if the patient’s platelet count decreased to less than 50,000/mm3 or fell below 50% of the baseline 
value. Suspected heparin-induced thrombocytopenia was also grounds for discontinuation of anticoagulation therapy.

In cases where anticoagulation was discontinued, physical methods such as intermittent pneumatic compression 
devices were employed for VTE prevention when possible.
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VTE Assessment
DVT was assessed using the following methods:

a) Ultrasound evaluation: Initial assessment within 2 days of admission, followed by twice-weekly evaluations. Additional 
scans were performed if DVT was suspected. Trained ultrasonographers evaluated the proximal leg vein system at 1 cm 
intervals, assessing compressibility at six sites: common femoral vein, proximal, mid, and distal superficial femoral vein, 
popliteal vein, and venous trifurcation. Any partially or fully non-compressible venous segment was classified as DVT. 
Wall thickening alone was not considered diagnostic of DVT. Distal DVT was defined as thrombosis occurring below the 
popliteal vein (such as in the tibial and peroneal veins), while proximal DVT was defined as thrombosis involving the 
popliteal vein and above (including the femoral and iliac veins).

b) Computed Tomography Pulmonary Angiography (CTPA): Used for diagnosing pulmonary embolism (PE) in 
patients with confirmed DVT or suspected PE with respiratory dysfunction.

c) Clinical assessment: Trained researchers evaluated patients for the following signs and symptoms:
1) Local temperature changes
2) Pitting edema
3) Swelling in each lower limb

The presence of one or more of these signs or symptoms was considered consistent with DVT.

Data Collection
Demographic characteristics: Gender, age, ethnicity, body mass index (BMI), primary diagnosis, and comorbidities.

Laboratory tests: White blood cell count (WBC), hemoglobin (HGB), platelet count (PLT), prothrombin time (PT), 
activated partial thromboplastin time (APTT), thrombin time (TT), fibrinogen (FIB), D-dimer, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), direct bilirubin (DBIL), serum creatinine (sCr), blood 
urea nitrogen (BUN), and serum sodium (Na+).

Treatment information: Total fluid input, mechanical ventilation, continuous renal replacement therapy (CRRT), use 
of vasoactive drugs, blood product transfusions (platelets, plasma, red blood cells), ICU length of stay, sedation, and 
central venous catheterization (internal jugular, subclavian, or femoral vein).

Scoring systems: Acute Physiology and Chronic Health Evaluation (APACHE) II score and Caprini VTE risk 
assessment score.

Statistical Analysis
Continuous variables were expressed as mean ± standard deviation or median (interquartile range) based on their 
distribution. Categorical variables were presented as frequencies and percentages. The Student’s t-test or Mann– 
Whitney U-test was used to compare continuous variables between groups, while the chi-square test or Fisher’s exact 
test was used for categorical variables.

Logistic regression analysis was performed to adjust for potential confounding factors in the association between 
thromboprophylaxis and VTE incidence. Variables with p<0.1 in univariate analysis were included in the multivariate 
model. Results were presented as odds ratios (ORs) with 95% confidence intervals (CIs).

All statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). A two-tailed 
p-value <0.05 was considered statistically significant.

Results
Baseline Characteristics
A total of 134 patients were included in the study, with 78 adult patients (≥18 years old) admitted to the ICU between 
January 2022 and May 2023 in the treatment group and 56 patients admitted to the ICU between August 2019 and 
July 2021 in the control group. The baseline characteristics of both groups are presented in Table 1.
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The treatment and control groups were generally well-matched, with no significant differences in age, primary 
diagnosis, comorbidities, APACHE II scores, or Caprini scores. However, there were significant differences in sex 
distribution (p=0.011) and BMI (p=0.026) between the two groups.

Incidence of VTE
The overall incidence of VTE and the breakdown of DVT and PE in both groups are presented in Table 2.

The incidence of VTE was significantly lower in the treatment group compared to the control group (35.9% vs 42.9%, 
p=0.041). While there was a trend towards lower DVT incidence in the treatment group, the difference did not reach 
statistical significance (33.3% vs 39.3%, p=0.077). Proximal DVT was observed in 12.8% of the treatment group and 
16.1% of the control group, while distal DVT accounted for 20.5% and 23.2%, respectively. There was no significant 
difference in PE incidence between the two groups (5.1% vs 8.9%, p=0.387). Our subgroup analysis suggested that older 
age, male gender, and higher BMI were associated with a higher incidence of VTE.

Risk Factors for VTE
Univariate and multivariate logistic regression analyses were performed to identify independent risk factors for VTE. The 
results are presented in Table 3.

Table 1 Baseline Characteristics of the Study Population

Characteristic Treatment  
Group (n=78)

Control  
Group (n=56)

P-value

Age, years (mean ± SD) 54.4 ± 15.2 58.5 ± 16.3 0.123

Male sex, n (%) 53 (67.9%) 26 (46.4%) 0.011

Ethnicity, n (%) 0.089
Tibetan 57 (73.1%) 55 (98.2%)

Han 21 (26.9%) 1 (1.8%)

BMI, kg/m2 (mean ± SD) 21.7 ± 2.8 22.9 ± 3.5 0.026
Primary diagnosis, n (%) 0.104

Neurological 25 (32.1%) 10 (17.9%)
Respiratory 15 (19.2%) 10 (17.9%)

Cardiovascular 10 (12.8%) 10 (17.9%)

Gastrointestinal 8 (10.3%) 4 (7.1%)
Trauma/Orthopedic 10 (12.8%) 8 (14.3%)

Gynecological 5 (6.4%) 12 (21.4%)

Other 5 (6.4%) 2 (3.6%)
Comorbidities, n (%)

Hypertension 25 (32.1%) 15 (26.8%) 0.502

Diabetes 7 (9.0%) 5 (8.9%) 0.989
Malignancy 9 (11.5%) 9 (16.1%) 0.442

APACHE II score (mean ± SD) 18.5 ± 7.2 17.8 ± 6.9 0.562

Caprini score (mean ± SD) 7.2 ± 2.5 6.9 ± 2.3 0.457

Table 2 Incidence of VTE in Treatment and Control Groups

VTE Type Treatment  
Group (n=78)

Control  
Group (n=56)

P-value

Any VTE, n (%) 28 (35.9%) 24 (42.9%) 0.041

DVT, n (%) 26 (33.3%) 22 (39.3%) 0.077

Proximal DVT 10 (12.8%) 9 (16.1%) 0.592
Distal DVT 16 (20.5%) 13 (23.2%) 0.706

PE, n (%) 4 (5.1%) 5 (8.9%) 0.387
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The multivariate analysis, after adjusting for potential confounders, identified mechanical ventilation (p=0.046) as 
a significant risk factor for VTE. Other risk factors, including advanced age (p=0.128), obesity (p=0.152), prolonged 
immobilization (p=0.837), malignancy (p=0.521) and sepsis (p=0.077), did not reach statistical significance after 
adjustment (p > 0.05), suggesting that they may not be independently associated with VTE in this study population.

Safety Outcomes
The safety outcomes, including bleeding events and other adverse effects, are summarized in Table 4.

There were no significant differences in bleeding events or other adverse effects between the treatment and control 
groups. One major bleeding event occurred in the treatment group, but this was not statistically significant compared to 
the control group. Minor bleeding events and thrombocytopenia were slightly more common in the treatment group, but 
these differences were not statistically significant.

Discussion
This study provides valuable insights into the incidence, risk factors, and prevention of VTE in critically ill patients in 
Tibet, a high-altitude region where such data have been scarce. Our findings demonstrate that standardized thrombopro
phylaxis with LMWH significantly reduces the incidence of VTE in this population without increasing the risk of 
bleeding complications.

Our study revealed a high overall incidence of VTE, with 35.9% in the treatment group and 42.9% in the control 
group, significantly exceeding the typical range of 5% to 31% reported in ICU patients at lower altitudes.17,18 This 
elevated incidence can be attributed to several factors unique to our study population. Firstly, Tibet’s average elevation 
exceeds 4000 meters above sea level, which is associated with increased blood viscosity, enhanced coagulation, and 
impaired fibrinolysis, potentially contributing to a higher thrombosis risk.19 Secondly, the predominantly Tibetan 
ethnicity of our study population may play a role, as genetic adaptations to high altitude could influence coagulation 
profiles and thrombotic risk, though this area warrants further investigation.20 Additionally, many patients experienced 
prolonged immobilization due to their critical illness, a well-established risk factor for VTE.21 Lastly, a significant 
proportion of patients in both groups had central venous catheters, known to increase the risk of upper extremity DVT.22 

These combined factors likely contributed to the notably high VTE incidence observed in our study.

Table 3 Risk Factors for VTE (Multivariate Logistic Regression Analysis)

Risk Factor Odds Ratio 95% CI Adjusted Odds  Ratio 95% CI P-value

Age >65 years 2.31 1.45–3.68 1.02 0.96–1.05 0.128
BMI >30 kg/m2 1.87 1.12–3.14 0.92 0.79–1.03 0.152

Immobilization >3 days 3.42 2.18–5.36 0.89 0.29–2.72 0.837

Mechanical ventilation 1.98 1.24–3.15 3.63 1.02–12.83 0.046
Malignancy 2.53 1.57–4.08 1.55 0.41–5.67 0.521

Sepsis 2.09 1.31–3.33 0.36 0.12–1.07 0.077

Table 4 Safety Outcomes in Treatment and Control Groups

Outcome Treatment  
Group (n=78)

Control  
Group (n=56)

P-value

Major bleeding, n (%) 1 (1.3%) 0 (0%) 1.000

Minor bleeding, n (%) 5 (6.4%) 2 (3.6%) 0.706
Thrombocytopenia, n (%) 3 (3.8%) 1 (1.8%) 0.646

Heparin-induced thrombocytopenia, n (%) 0 (0%) 0 (0%) –
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The significant reduction in VTE incidence observed in the treatment group (35.9% vs 42.9%, p=0.041) underscores the 
importance of standardized thromboprophylaxis in this high-risk population. This finding is consistent with previous studies 
demonstrating the efficacy of LMWH in preventing VTE in critically ill patients.23,24 However, the persistence of a relatively 
high VTE rate despite prophylaxis suggests that additional preventive measures may be necessary for this unique population.

Our study investigated risk factors for VTE. After adjusting for confounding factors, mechanical ventilation was 
identified as an independent risk factor for VTE These findings suggest that critically ill patients requiring mechanical 
ventilation may be at higher risk of developing VTE and should receive careful monitoring and prophylactic interven
tions. Notably, several variables that were previously considered risk factors for VTE, such as age, BMI, malignancy and 
prolonged bed rest, were not significantly associated with VTE risk after adjustment. This suggests that their impact on 
VTE might be mediated by other clinical factors or that their effects were diluted in our study population. However, 
sepsis demonstrated a trend toward significance, indicating a potential association that requires further investigation.

In our study, no significant differences in major bleeding events or other adverse effects were observed between the 
LMWH prophylaxis and control groups. This is reassuring, given the concerns about potential bleeding risks associated 
with anticoagulation at high altitudes due to altered coagulation profiles.25 Our findings suggest that standard LMWH 
dosing regimens can be safely used in critically ill patients in Tibet, although close monitoring remains essential.

Several limitations of our study should be acknowledged. The single-center design, conducted at one hospital in 
Lhasa, may limit the generalizability of our findings to other high-altitude regions or healthcare settings. Different high- 
altitude regions, such as the Andes and the Ethiopian Highlands, have unique environmental and genetic adaptations that 
may influence VTE risk. Additionally, variations in healthcare infrastructure and ICU management protocols across 
regions could impact VTE prevention strategies. While our study provides valuable data, the relatively small sample size 
restricts our ability to conduct robust subgroup analyses and potentially identify additional risk factors. The non- 
randomized design, utilizing a historical control group rather than randomization, introduces the potential for confound
ing factors that may have influenced the results. Our limited follow-up, focusing on VTE events during ICU stay and up 
to one week after discharge, may not capture the long-term protective effects of thromboprophylaxis. Additionally, we 
lacked comprehensive data on some potential VTE risk factors, such as genetic thrombophilias or detailed medication 
histories. Future research should incorporate multi-center studies across diverse high-altitude settings to determine 
whether our findings apply broadly and to develop tailored thromboprophylaxis guidelines for high-altitude ICU patients.

Despite these limitations, our study provides important evidence supporting the use of standardized thromboprophy
laxis in critically ill patients in Tibet. Future research directions should encompass several key areas. Multicenter studies 
involving multiple hospitals in Tibet and other high-altitude regions would yield more generalizable results and allow for 
exploration of regional variations in VTE risk and prevention strategies. Optimization of prophylaxis regimens through 
studies comparing different dosing regimens or combinations of pharmacological and mechanical prophylaxis could help 
identify the most effective strategies for this high-risk population. Further investigation of altitude-specific risk factors, 
focusing on the physiological adaptations to high altitude and their impact on coagulation, could inform more tailored 
approaches to VTE prevention in these settings. Studies examining the long-term consequences of VTE in high-altitude 
populations, including the incidence of post-thrombotic syndrome and chronic thromboembolic pulmonary hypertension, 
would provide valuable insights for patient management. Lastly, cost-effectiveness analyses evaluating the economic 
impact of standardized thromboprophylaxis in this setting could inform policy decisions and resource allocation.

Conclusion
Venous thromboembolism represents a significant challenge in the care of critically ill patients in Tibet. Our study 
demonstrates that standardized thromboprophylaxis with low molecular weight heparin effectively reduces the incidence of 
VTE without increasing bleeding risk. Further research should also explore regional variations in VTE risk and the impact of 
different anticoagulation protocols across diverse high-altitude settings. Addressing these gaps will contribute to the devel
opment of more tailored and effective VTE prevention strategies for critically ill patients in high-altitude environments.

Data Sharing Statement
All data generated or analyzed during this study are included in this published article.
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