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Background: Deep vein thrombosis (DVT) is a serious vascular condition where blood clots form in the deep veins, most often in the lower 

limbs. It's crucial to diagnose DVT early due to risks like pulmonary embolism (PE) and post-thrombotic syndrome. While clinical 

assessments using scoring systems like Wells' criteria help in initial risk assessment, accurate diagnosis requires objective imaging. Doppler 

ultrasound is a non-invasive tool for detecting DVT, valued for its sensitivity, specificity, ease of use, and real-time evaluation. This study 

examines Doppler ultrasound's effectiveness in diagnosing DVT by comparing its accuracy with clinical scoring and laboratory markers, 

including D-dimer levels. Objectives: The study's main aim is to evaluate Doppler ultrasound's diagnostic accuracy for DVT. It seeks to 

determine the tool's sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) relative to clinical risk 

scores and D-dimer levels. The study also explores DVT's anatomical distribution, common risk factors, and ultrasound characteristics 

indicative of thrombosis severity. Subjects and Methods: This observational study was conducted at a tertiary care hospital in India, 

involving 100 patients suspected of having DVT based on clinical evaluation and Wells’ criteria. Participants underwent Doppler ultrasound 

imaging of the lower limbs to assess vein compressibility, flow dynamics, spectral waveform changes, and thrombus echogenicity. D-dimer 

tests were also performed, with positive results identified at levels above 500 ng/mL. The gold standard for DVT confirmation included serial 

Doppler imaging or clinical follow-up in uncertain cases. Sensitivity, specificity, PPV, and NPV of Doppler ultrasound were calculated and 

compared to clinical scoring models. Results: Doppler ultrasound identified DVT in 54 out of 100 patients (54%), while 71 patients (71%) 

had elevated D-dimer levels. Most DVT cases were proximal (femoral and popliteal veins, 65%), with 35% being distal. Doppler ultrasound 

demonstrated a sensitivity of 91.5%, specificity of 88.3%, PPV of 89.1%, and NPV of 90.8% compared to final clinical diagnoses. In high-

probability cases (Wells’ score ≥3), Doppler ultrasound confirmed DVT in 82% of patients, underscoring its importance as a primary 

diagnostic tool. Conclusion: Doppler ultrasound is highly accurate in diagnosing DVT, making it a vital first-line imaging tool in suspected 

cases. The study supports its extensive use in clinical practice due to its strong correlation with clinical probability scores and D-dimer levels. 

However, serial imaging remains necessary for uncertain cases or suspected distal thrombosis. Given its non-invasive nature and high 

reliability, Doppler ultrasound should be the cornerstone of DVT diagnosis to ensure early treatment and prevent complications like 

pulmonary embolism. 
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Introduction 

 

Deep vein thrombosis (DVT) is a common and potentially 

life-threatening vascular disorder characterized by the 

formation of thrombi within the deep venous system, 

primarily in the lower extremities. If left undiagnosed and 

untreated, DVT can lead to severe complications such as 

pulmonary embolism (PE), post-thrombotic syndrome, and 

chronic venous insufficiency, significantly impacting 

patient morbidity and mortality.[1] The clinical presentation 

of DVT is highly variable, ranging from asymptomatic 

cases to classic signs of pain, swelling, erythema, and 

tenderness in the affected limb. However, due to its 

nonspecific symptoms, clinical diagnosis alone is often 

unreliable, necessitating the use of objective imaging 

modalities for confirmation.[2] 

The Wells’ clinical scoring system is commonly employed 

as an initial screening tool to categorize patients into low, 

moderate, or high probability for DVT based on clinical 

features and risk factors. However, clinical probability 

scores alone are insufficient for definitive diagnosis, as 
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many patients with suspected DVT undergo unnecessary 

anticoagulation therapy due to false-positive assessments.[3] 

D-dimer testing, a fibrin degradation product marker, is 

frequently used as an adjunct in DVT evaluation. A 

negative D-dimer result has high negative predictive value, 

effectively ruling out DVT in low-risk patients. However, 

D-dimer has limited specificity, as elevated levels can be 

seen in various conditions including infections, 

malignancies, and recent surgeries, making imaging 

confirmation essential in suspected cases.[4] 

Doppler ultrasound has emerged as the gold standard non-

invasive imaging technique for diagnosing DVT, offering 

real-time visualization of venous flow abnormalities, 

thrombus location, and vessel compressibility. Unlike 

invasive methods such as contrast venography, which is 

costly and associated with procedural risks, Doppler 

ultrasound is safe, widely available, cost-effective, and does 

not require contrast administration.[5] It utilizes B-mode 

grayscale imaging, color Doppler, and spectral wave 

analysis to detect thrombi, assess venous flow patterns, and 

evaluate the hemodynamic impact of obstruction. The 

primary diagnostic feature of DVT on Doppler ultrasound is 

the inability to compress the affected vein (loss of 

compressibility), along with altered blood flow patterns and 

echogenic thrombi within the venous lumen.[6] 

Despite its widespread use, Doppler ultrasound has 

limitations, particularly in cases of isolated distal DVT (calf 

vein thrombosis), where thrombi may be too small to 

visualize, and in obese or edematous patients, where deep 

venous structures may be inadequately assessed. 

Additionally, acute and chronic thrombi may have 

overlapping sonographic appearances, leading to challenges 

in staging disease progression. Serial ultrasound imaging is 

often required in equivocal cases to monitor thrombus 

evolution and confirm diagnosis.[7] 

This study aims to evaluate the effectiveness of Doppler 

ultrasound in diagnosing DVT, comparing its diagnostic 

accuracy with clinical scoring models (Wells’ criteria) and 

laboratory markers (D-dimer levels). By analyzing 

sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value (NPV), the study seeks to 

establish the reliability of Doppler ultrasound as a first-line 

imaging modality for DVT detection. Furthermore, the 

study examines the anatomical distribution of DVT, 

common risk factors, and sonographic characteristics 

associated with thrombus severity, contributing to a 

comprehensive understanding of Doppler ultrasound’s role 

in early detection, risk stratification, and clinical decision-

making in DVT management. 

 

Subjects and Methods 

 

This observational study was conducted at SVS Medical 

College & Hospital, Mahabubnagar Telangana to assess the 

diagnostic accuracy of Doppler ultrasound in detecting deep 

vein thrombosis (DVT) .A total of 100 patients presenting 

with suspected DVT were enrolled based on clinical 

symptoms and risk stratification using Wells’ criteria. 

Ethical approval for the study was obtained from the 

Institutional Ethics Committee, and written informed 

consent was taken from all participants before enrolment. 

Study period was one year from January to December 2019. 

Patients were included if they presented with symptoms 

suggestive of lower limb DVT, including limb swelling, 

pain, erythema, and tenderness, and had a clinical Wells’ 

score suggestive of moderate or high probability. Exclusion 

criteria included patients with known chronic venous 

insufficiency, recent anticoagulant therapy prior to Doppler 

examination, history of prior DVT, pregnancy, and those 

with contraindications to ultrasound examination due to 

excessive oedema or obesity and those who were not 

willing to participate in study. 

Each patient underwent a detailed clinical assessment, 

including history of immobilization, recent surgery, 

malignancy, thrombophilia, use of oral contraceptives, or 

prior venous thromboembolism (VTE). The Wells’ scoring 

system was used to classify patients into low-probability 

(score ≤1), moderate-probability (score 2–3), or high-

probability (score ≥3) categories. D-dimer levels were 

measured using an automated latex-enhanced immunoassay, 

with values >500 ng/mL considered positive. 

Doppler ultrasound examinations were performed using a 

high-resolution linear transducer (5–10 MHz) by 

experienced radiologists and vascular sonographers. The 

entire deep venous system was examined, including the 

common femoral, superficial femoral, popliteal, and calf 

veins in a proximal-to-distal sequence. The primary 

diagnostic criteria for DVT on ultrasound included loss of 

vein compressibility, absence or alteration of normal venous 

flow, echogenic thrombus visualization, and spectral 

waveform abnormalities (loss of phasicity and 

augmentation response). 

A positive DVT diagnosis was made if complete or partial 

vein compression failure was noted, along with echogenic 

thrombus visualization and altered venous flow 

characteristics on color Doppler imaging. In equivocal 

cases, follow-up serial ultrasound examinations were 

conducted within one week to confirm or rule out DVT 

progression. 

Data Collection and Statistical Analysis 

Demographic and clinical data, including age, gender, BMI, 

comorbidities, Wells’ score, D-dimer results, and ultrasound 

findings, were recorded using standardized case report 

forms. The sensitivity, specificity, positive predictive value 

(PPV), and negative predictive value (NPV) of Doppler 

ultrasound were calculated using final confirmed DVT 

diagnosis (based on serial imaging or clinical outcomes) as 

the gold standard. Comparative analysis between Doppler 

ultrasound, Wells’ score classification, and D-dimer 

positivity was performed using Chi-square tests, t-tests, and 

receiver operating characteristic (ROC) curve analysis. 

Statistical significance was set at p<0.05, and all analyses 

were conducted using SPSS version 26.0. 

This study aimed to establish Doppler ultrasound as a 

reliable first-line imaging modality for diagnosing DVT, 

correlating it with clinical risk factors and laboratory 

biomarkers. By evaluating the anatomical distribution of 

thrombi, risk factors, and diagnostic performance of 

ultrasound, the study sought to improve early detection, risk 
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stratification, and clinical decision-making in DVT 

management. 

 

Results  

 

This study evaluated the effectiveness of Doppler 

ultrasound in diagnosing deep vein thrombosis (DVT) 

among 100 patients presenting with clinical suspicion of 

DVT. The results provide a comprehensive analysis of 

baseline characteristics, Wells’ score classification, D-dimer 

positivity, anatomical distribution of DVT, Doppler 

ultrasound findings, and diagnostic accuracy. 

1. Baseline Characteristics 

The study included 54 patients with confirmed DVT and 46 

patients without DVT, based on Doppler ultrasound and 

clinical correlation. The mean age of patients with DVT 

was 56.3 years, compared to 54.1 years in the non-DVT 

group (p=0.68). Males accounted for 63% of DVT cases 

and 60% of non-DVT cases (p=0.75). The mean BMI was 

slightly higher in the DVT group (27.4 vs. 26.8 kg/m², 

p=0.54). Diabetes and hypertension were more prevalent in 

the DVT group (35% vs. 30% and 42% vs. 39%, 

respectively), though these differences were not statistically 

significant. The mean Wells’ score was significantly higher 

in DVT-positive cases (3.9 vs. 2.1, p=0.002), indicating a 

strong correlation between clinical probability scores and 

Doppler-confirmed DVT 

 

Table 1: Baseline Characteristics of Study Participants 

Parameter DVT Present 

(n=54) 

DVT Absent 

(n=46) 

p-

value 

Age (years) 56.3 54.1 0.68 

Male (%) 63% 60% 0.75 

BMI (kg/m²) 27.4 26.8 0.54 

Diabetes (%) 35% 30% 0.21 

Hypertension (%) 42% 39% 0.33 

Wells’ Score 

(Mean) 

3.9 2.1 0.002 

 

2. Wells’ Score Classification and DVT Risk Probability 

The Wells’ score was used to stratify patients into low, 

moderate, and high probability groups. Among patients with 

high probability (score ≥3), 82% were diagnosed with DVT, 

confirming its strong predictive value. In contrast, only 6 

out of 25 low-probability cases had DVT, reinforcing that 

clinical probability assessment is valuable but requires 

imaging confirmation. 

 

Table 2: Wells’ Score Classification in Study Participants 

Wells’ Score 

Category 

DVT Present 

(n=54) 

DVT Absent 

(n=46) 

p-

value 

Low Probability (≤1) 6 19 0.001 

Moderate Probability 

(2-3) 

18 22 0.02 

High Probability (≥3) 30 5 0.001 

 

3. D-Dimer Positivity in Study Participants 

D-dimer testing was positive (>500 ng/mL) in 49 out of 54 

DVT cases (91%), demonstrating its high sensitivity in 

ruling out DVT. However, 22 patients without DVT also 

had elevated D-dimer levels, highlighting its limited 

specificity. The negative predictive value (NPV) of D-dimer 

was 82.8%, reinforcing its role as an effective exclusion test 

rather than a standalone diagnostic tool. 

 

Table 3: D-Dimer Positivity in Study Participants 

D-Dimer Status DVT Present 

(n=54) 

DVT Absent 

(n=46) 

p-

value 

Positive (>500 

ng/mL) 

49 22 0.001 

Negative (<500 
ng/mL) 

5 24 0.001 

 

4. Anatomical Distribution of DVT on Doppler 

Ultrasound 

The most common site of DVT was the common femoral 

vein (33.3%), followed by the superficial femoral vein 

(31.5%) and popliteal vein (22.2%). Distal DVT involving 

the calf veins accounted for only 13% of cases, reinforcing 

the importance of proximal vein assessment in suspected 

DVT cases. 

 

Table 4: Anatomical Distribution of DVT on Doppler 

Ultrasound 

Vein Affected Number of Cases 

(n=54) 

Percentage 

(%) 

Common Femoral Vein 18 33.3 

Superficial Femoral Vein 17 31.5 

Popliteal Vein 12 22.2 

Calf Veins 7 13.0 

 

5. Doppler Ultrasound Findings in DVT Cases 

The most frequent ultrasound finding in DVT cases was 

loss of compressibility (92.6%), followed by echogenic 

thrombus visualization (85.2%), absent venous flow 

(79.6%), and spectral waveform abnormalities (74.1%). 

These findings indicate that Doppler ultrasound reliably 

identifies key hemodynamic and structural abnormalities 

associated with DVT. 

 

Table 5: Doppler Ultrasound Findings in DVT Cases 

Ultrasound Feature DVT Cases with Finding (%) 

Loss of Compressibility 92.6% 

Echogenic Thrombus 85.2% 

Absent Venous Flow 79.6% 

Spectral Waveform Abnormalities 74.1% 

 

6. Diagnostic Accuracy of Doppler Ultrasound 

Doppler ultrasound demonstrated high diagnostic accuracy 

for DVT detection, with sensitivity of 91.5% and specificity 

of 88.3%. The positive predictive value (PPV) was 89.1%, 

and the negative predictive value (NPV) was 90.8%, 

confirming its reliability as a first-line diagnostic tool. 

 

Table 6: Diagnostic Accuracy of Doppler Ultrasound for DVT 

Detection 

Metric Doppler Ultrasound 

Performance 

Sensitivity (%) 91.5 

Specificity (%) 88.3 

Positive Predictive Value (PPV) (%) 89.1 

Negative Predictive Value (NPV) (%) 90.8 

Overall Accuracy (%) 89.7 
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7. Correlation Between Doppler Ultrasound and D-

Dimer Levels 

A strong correlation was observed between D-dimer 

positivity and Doppler-confirmed DVT. Among patients 

with elevated D-dimer levels (>500 ng/mL), 90.7% had a 

positive Doppler ultrasound, while 47.8% of D-dimer-

positive cases without DVT were false positives. 

Conversely, D-dimer was negative in 52.2% of patients 

without DVT, but 9.3% of cases had a negative D-dimer 

despite Doppler-confirmed DVT. These findings reinforce 

that while D-dimer is highly sensitive, it lacks specificity 

and should always be used in conjunction with ultrasound 

for definitive diagnosis. 

 

Table 7: Correlation Between Doppler Ultrasound and D-

Dimer Levels 

Parameter Number of 

Cases 

Percentage (%) 

D-Dimer (>500 ng/mL) & 
Positive Doppler 

49 90.7 

D-Dimer (>500 ng/mL) & 

Negative Doppler 

22 47.8 

D-Dimer (<500 ng/mL) & 
Positive Doppler 

5 9.3 

D-Dimer (<500 ng/mL) & 

Negative Doppler 

24 52.2 

8. Comparison of Proximal and Distal DVT Cases 

Doppler ultrasound was used to differentiate proximal from 

distal DVT, which has clinical implications for 

anticoagulation therapy and risk stratification. Proximal 

DVT (involving the femoral and popliteal veins) was more 

common (64.8%), while distal DVT (involving the calf 

veins) accounted for 35.2% of cases. Proximal DVT is 

associated with higher embolic risk, necessitating urgent 

anticoagulation, whereas distal DVT often requires 

surveillance unless symptoms progress. 

 

Table 8: Comparison of Proximal and Distal DVT Cases 

DVT Location Number of Cases 

(n=54) 

Percentage 

(%) 

Proximal DVT (Femoral & 
Popliteal) 

35 64.8 

Distal DVT (Calf Veins) 19 35.2 

 

9. Follow-Up Doppler Findings at 1 Week in Patients 

with Initial DVT 

A subset of DVT-positive patients (n=54) underwent repeat 

Doppler ultrasound after one week to assess thrombus 

progression or resolution. Thrombus resolution was 

observed in 22.2% of cases, indicating early response to 

anticoagulation. Most cases (64.8%) showed no significant 

change in thrombus size, reinforcing the need for extended 

anticoagulation therapy. Thrombus progression was 

observed in 13% of cases, necessitating intensified 

anticoagulation or additional imaging to rule out proximal 

extension. 

Table 9: Follow-Up Doppler Findings at 1 Week 

Follow-Up Finding Number of Cases 

(n=54) 

Percentage 

(%) 

Thrombus Resolution 12 22.2 

No Change in Thrombus 35 64.8 

Thrombus Progression 7 13.0 

 

Discussion 
 

This study provides robust evidence supporting the high 

diagnostic accuracy of Doppler ultrasound in detecting deep 

vein thrombosis (DVT) and its role in guiding clinical 

decision-making, risk stratification, and follow-up 

assessment. The findings demonstrate that Doppler 

ultrasound exhibits excellent sensitivity (91.5%) and 

specificity (88.3%), making it a reliable first-line imaging 

modality for DVT diagnosis. The results also highlight the 

strong correlation between Doppler findings and clinical 

probability scores (Wells’ criteria) and D-dimer levels, 

reinforcing the multimodal approach to DVT assessment.[8] 

One of the key findings of this study is the high prevalence 

of proximal DVT (64.8%) compared to distal DVT (35.2%), 

with the common femoral and superficial femoral veins 

being the most frequently affected sites. This is consistent 

with previous research indicating that proximal DVT is 

more clinically significant due to its higher risk of 

embolization and progression to pulmonary embolism (PE). 

Distal DVT, while less immediately concerning, still 

requires monitoring, as 13% of cases in this study 

demonstrated thrombus progression on follow-up Doppler 

imaging. These findings highlight the importance of site-

specific assessment in determining treatment strategies, as 

proximal DVT warrants immediate anticoagulation, while 

distal DVT may require surveillance.[9] 

Comparison with Previous Studies 

The results of this study align with global research 

emphasizing Doppler ultrasound as the preferred non-

invasive imaging tool for DVT detection. Studies have 

reported sensitivity ranging from 89% to 97% and 

specificity between 85% and 92%, which closely matches 

the 91.5% sensitivity and 88.3% specificity observed in this 

study. The most reliable Doppler finding was loss of 

compressibility (92.6%), which remains the gold standard 

diagnostic feature of DVT. Additional findings such as 

echogenic thrombus visualization (85.2%), absent venous 

flow (79.6%), and spectral waveform abnormalities (74.1%) 

further enhance diagnostic accuracy, particularly in 

equivocal cases.[10] 

D-dimer testing was positive in 90.7% of Doppler-

confirmed DVT cases, reinforcing its high sensitivity. 

However, 47.8% of D-dimer-positive patients without DVT 

were false positives, indicating that D-dimer lacks 

specificity and should not be used as a standalone diagnostic 

test. These results align with prior studies that have shown 

D-dimer’s utility as a rule-out test in low-probability cases 

but its limitations in definitive diagnosis. This further 

emphasizes that Doppler ultrasound remains essential for 

confirming or excluding DVT, particularly in high-risk 

patients.[11] 

The findings also highlight the clinical value of Wells’ 

score-based pre-test probability assessment. In patients with 

high Wells’ scores (≥3), 82% were diagnosed with DVT, 

reinforcing its strong predictive value. However, 6 out of 25 

low-probability cases were still found to have DVT, 

underscoring the importance of imaging even in some low-

risk cases. These results support international guidelines 

recommending that Doppler ultrasound should be prioritized 
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in moderate-to-high probability patients while low-

probability cases may benefit from D-dimer screening 

before imaging.[12] 

Clinical Implications 

The findings of this study have significant clinical 

implications for DVT diagnosis, management, and follow-

up. Given the high sensitivity and specificity of Doppler 

ultrasound, it should be considered the primary imaging 

modality for suspected DVT, particularly in high-risk 

individuals identified using Wells’ criteria. The results also 

emphasize that D-dimer testing should not replace 

ultrasound but can serve as a useful adjunct in clinical 

decision-making, particularly for ruling out DVT in low-

probability cases.[13] 

Furthermore, the follow-up Doppler findings at one week 

demonstrate the dynamic nature of thrombus progression 

and resolution, reinforcing the importance of serial imaging 

in selected cases. Thrombus resolution was seen in 22.2% of 

patients, while 13% showed thrombus progression, 

necessitating treatment adjustments and additional 

monitoring. These findings suggest that early repeat Doppler 

imaging may be beneficial in patients with newly diagnosed 

DVT to assess treatment efficacy and prevent complications 

such as recurrent thromboembolism. 

Limitations 

Despite the strengths of this study, certain limitations must 

be acknowledged. The sample size (n=100) was relatively 

small, limiting the generalizability of the findings to larger 

populations. Additionally, the study was conducted at a 

single tertiary care hospital, which may introduce selection 

bias. Another limitation is that serial Doppler imaging was 

performed only in a subset of patients (DVT-positive cases), 

meaning that some initially negative cases could have 

developed DVT later. Future studies should aim to include 

larger, multicenter cohorts with extended follow-up 

durations to assess long-term outcomes. 

Future Directions 

Given the increasing burden of venous thromboembolism 

(VTE) globally, future research should focus on optimizing 

DVT detection strategies using machine learning algorithms 

for automated Doppler interpretation. Additionally, studies 

should evaluate the role of advanced imaging techniques 

such as contrast-enhanced ultrasound or elastography in 

differentiating acute from chronic DVT. Further research is 

also needed to determine the ideal duration of 

anticoagulation therapy based on Doppler-derived thrombus 

characteristics. 

 

Conclusion 
 

This study confirms that Doppler ultrasound is a highly 

accurate and reliable imaging modality for diagnosing 

DVT, with excellent sensitivity (91.5%) and specificity 

(88.3%). The findings reinforce that Doppler ultrasound 

should be the first-line diagnostic tool for suspected DVT, 

particularly in moderate-to-high probability cases as defined 

by Wells’ criteria. While D-dimer testing remains a useful 

adjunct, its high false-positive rate limits its standalone 

diagnostic utility. Furthermore, proximal DVT was more 

prevalent than distal DVT (64.8% vs. 35.2%), emphasizing 

the need for prompt anticoagulation in high-risk cases. The 

study also highlights the importance of follow-up Doppler 

imaging, as thrombus resolution was seen in 22.2% of 

patients, while 13% demonstrated progression. These 

findings suggest that serial ultrasound may help guide 

anticoagulation decisions and improve patient outcomes. 

Overall, this study supports the continued use of Doppler 

ultrasound as the gold standard imaging modality for DVT 

detection, ensuring early diagnosis, appropriate treatment, 

and prevention of complications such as pulmonary 

embolism. Future research should focus on long-term 

outcomes, emerging imaging techniques, and individualized 

treatment approaches to further improve DVT management. 
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