
Diagnosis of venous thrombosis and the post-thrombotic syndrome
Tick, L.W.

Citation
Tick, L. W. (2008, September 24). Diagnosis of venous thrombosis and the post-thrombotic
syndrome. Retrieved from https://hdl.handle.net/1887/13115
 
Version: Corrected Publisher’s Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/13115
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/13115


Summary

119 

Summary
Venous thrombosis is a common disorder with an incidence of 1 to 3 individuals per 1000 per year1.
Most often venous thrombosis occurs in the deep veins of the leg but other locations are also 
possible, e.g. upper extremities or hepatic veins. Pulmonary embolism occurs when part of the blood 
clot dislodges and migrates via the bloodstream through the heart into the lungs. Deep venous 
thrombosis is a serious disorder because of its potential complication the post-thrombotic syndrome2.
Pulmonary embolism is a potentially fatal disease in which early recognition and institution of 
anticoagulant therapy can prevent death3. A large proportion of patients with clinically suspected 
venous thrombosis do not have the disease4. Therefore it is important to accurately exclude or 
confirm the diagnosis in patients with suspected venous thrombosis.  

Diagnosis of Venous Thrombosis 

In the first part of this thesis two new diagnostic strategies are described to safely and efficiently 
exclude or confirm deep venous thrombosis and pulmonary embolism in patients in whom this 
disease is suspected. 

The imaging test of choice in the diagnosis of deep venous thrombosis is the highly specific 
ultrasonography. Due to the less than optimal sensitivity for calf vein thrombosis, ultrasonography 
requires serial testing which is often difficult to implement in busy clinical care systems5-7. For all 
diagnostic tests regardless their accuracy, the post-test probability of disease is highly dependent on 
the pretest probability. The combination of clinical pretest probability assessment, D-dimer test and 
ultrasonography increases the predictive value and reduces the need for repeat  ultrasonography. In 
Chapter 2 we report the findings of 811 patients with clinically suspected deep venous thrombosis 
using a diagnostic management strategy that combined ultrasonography with clinical probability8 and 
measurement of D-dimers9,10. To assess the safety of this algorithm we assessed the incidence of 
symptomatic venous thrombosis during 3-months of follow-up as the primary endpoint. In 280 
patients (35% of the study population) the clinical probability of deep venous thrombosis was 
considered low; in 30 of these 280 patients (11% prevalence) a thrombosis could be demonstrated 
with an abnormal initial ultrasonography. Of the other 250 patients with low clinical probability and a 
normal ultrasonography who remained untreated, 5 patients (2%; 95% confidence interval [CI]: 1- 
5%) developed a nonfatal venous thrombosis during follow-up. In 531 patients (65% of the study 
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population) the clinical probability of venous thrombosis was classified as intermediate to high; in 300 
of these 531 patients (56%) the diagnosis was made with an abnormal initial ultrasonography. Of the 
remaining 231 patients with a normal ultrasonography, 148 had a normal D-dimer test; these were left 
untreated and none of them developed deep venous thrombosis during follow-up (0%; 95%CI: 0-3%). 
Of the 83 patients with an abnormal D-dimer test, 77 underwent repeat ultrasonography about 1 week 
later; none of the 64 patients with a second normal ultrasound, who were left untreated, developed 
symptomatic deep vein thrombosis during follow-up (0%; 95% CI: 0-6%). The need for repeat 
ultrasonography was reduced by 85% (from 250 + 231 = 481 patients to 83 patients). This study 
shows a practical and safe management strategy in ruling out deep vein thrombosis in patients with 
clinically suspected thrombosis. 

There are many different diagnostic strategies to exclude or confirm pulmonary embolism. These 
diagnostic algorithms are usually complicated and therefore not easily implemented in clinical 
practice11. It is important to develop a simple but effective management strategy in the diagnosis of 
pulmonary embolism. In Chapter 3 the safety of a simple diagnostic algorithm, combining clinical 
probability12, D-dimer testing and computed tomography13 in patients with suspected pulmonary 
embolism was assessed. Pulmonary embolism was classified as “unlikely” or “likely” using a 
dichotomized clinical decision rule with a cutoff level of  4 points. In patients with unlikely pulmonary 
embolism and a normal D-dimer test result (< 500 ng/ml), the diagnosis was considered excluded and 
anticoagulation treatment was withheld. All other patients underwent computed tomography. The 
primary outcome of this study (named the Christopher study) was the incidence of symptomatic 
venous thrombosis during 3 months of follow-up. Of the 3306 included patients pulmonary embolism 
was classified as unlikely in 2206 patients (67%). Pulmonary embolism was excluded in 1057 
patients (32%) with the combination of an unlikely clinical probability and a normal D-dimer test. 
Subsequent nonfatal venous thrombosis, during 3-month follow-up, occurred in 5 patients (0.5%, 
95% CI: 0.2-1.1%). In 2249 patients computed tomography was performed which showed pulmonary 
embolism in 674 patients (20% of the study population). Computed tomography excluded pulmonary 
embolism in 1505 patients with a subsequent 3-month incidence rate, without treatment, of 1.3% 
(95%CI: 0.7-2.0%). The algorithm was completed and allowed a management decision in 98% of 
patients. These results showed us that the diagnostic algorithm is easy to use and as effective as 
other more complex strategies in the management of patients with clinically suspected pulmonary 
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embolism. This algorithm is associated with low risk for subsequent fatal and nonfatal venous 
thrombosis.

Whether the clinical utility of this diagnostic strategy in excluding pulmonary embolism could be 
further optimized by varying the cutoff levels of the clinical decision rule as well as the D-dimer test, 
without jeopardizing safety, was evaluated in Chapter 4. For this study we performed a post-hoc 
analysis of the Christopher study. Pulmonary embolism was excluded in 29.3% of the population with 
the combination of an unlikely clinical probability (clinical decision rule  4) and a D-dimer test below 
500 ng/ml. In these patients no additional imaging tests were necessary. The overall incidence of 
symptomatic venous thrombotic events during 3 months of follow-up was 0.9% (95%CI: 0.3-2.4%). 
This did not exceed the generally accepted safety upper limit of 2.7%, which is the upper limit of the 
95% confidence interval of the 3-month thrombotic rate after a normal pulmonary angiography14. By 
increasing the cutoff level of the clinical decision rule from 4 to 5 points, pulmonary embolism could 
be ruled out in an additional 4% of the study population (from 29.3% to 33.3%) at the expense of an 
increased 3-month venous thrombotic rate of 1.5% (95%CI: 0.6-3.0%). By increasing the D-dimer 
cutoff level from 500 to 600 ng/ml, pulmonary embolism could be ruled out in an additional 3% of the 
study population but the 3-month thrombotic rate increased to 2.2% (95%CI: 1.1-4.0). This study 
demonstrates that the cutoff levels of the clinical decision rule as well as the the D-dimer test should 
be kept at the original cutoff levels, respectively 4 points and 500 ng/ml, in order to prevent the 3-
month thrombotic rate exceeding that of a normal pulmonary angiography.  

These previous studies showed that D-dimer levels below 500 ng/ml have a high sensitivity in ruling 
out pulmonary embolism. The specificity of D-dimer levels below 500 ng/ml is not high enough to 
accurately confirm this diagnosis. However, by increasing the D-dimer cutoff levels it is possible to 
increase the specificity of the D-dimer test. Studies with increased D-dimer cutoff levels were 
restricted to populations with a low risk for venous thrombosis15,16. In Chapter 5 we assessed the 
clinical consequences of high quantitative D-dimer levels combined with clinical probability score in 
the management strategy in patients with suspected pulmonary embolism. We included patients with 
a high risk for venous thrombosis, i.e., hospitalized patients, patients older than 80 years and patients 
with a malignancy or previous surgery. The overall prevalence of pulmonary embolism was 21%. The 
pulmonary embolism prevalence was strongly associated with the the D-dimer level, and increased 
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fourfold (from 15% to 61% prevalence) with D-dimer levels greater than 4000 ng/ml compared to 
levels between 500 and 1000 ng/ml. In patients with unlikely pulmonary embolism and D-dimer levels 
greater than 2000 ng/ml, the prevalence of pulmonary embolism increased to 36% which is similar to 
the overall prevalence in the likely pulmonary embolism group. These results allowed us to conclude 
that strongly elevated D-dimer levels substantially increase the likelihood of pulmonary embolism, 
even in patients with a high risk for venous thrombosis. Whether this should translate into more 
intensive diagnostic and therapeutic measures in patients with high D-dimer levels, irrespective of 
clinical probability, remains to be studied. 

Post-thrombotic Syndrome 

The second part of this thesis addresses the incidence, risk factors and early predictors of the post-
thrombotic syndrome (PTS).  

PTS is a chronic complication that develops in 20 to 50% of patients after deep venous thrombosis2.
The clinical features vary from mild oedema to chronic pain and venous ulcers in the affected limb. 
There is no ‘gold standard’ test for the diagnosis of PTS and the diagnosis is primarily based on 
clinical features. In contrast to the many identified risk factors for deep venous thrombosis17, the only 
identified risk factors for PTS so far are recurrent, ipsilateral deep venous thrombosis and a high body 
mass index18-21. We performed a large follow-up study to assess acquired and genetic risk factors for 
the development of PTS after a first deep venous thrombosis. In Chapter 6 we report the findings of 
1668 patients of the Multiple Environmental and Genetic Assessment (MEGA) study. The one-year 
cumulative incidence of PTS was 25%, with a cumulative incidence of 7% for severe PTS. The one-
year cumulative incidence of PTS in women was 31% compared to 17% in men. Women had a 1.5-
fold higher risk of developing PTS than men (risk ratio (RR) 1.5, 95%CI 1.3-1.8). Similarly, obese 
patients had a 1.5 fold increased risk of PTS compared to patients with normal weight (RR 1.5, 
95%CI 1.2-1.9), with a one-year cumulative incidence of 34% compared to 22%. Varicose veins were 
present in 28% of patients prior to the deep venous thrombosis, and in these patients the one-year 
cumulative incidence of PTS was 30%. These patients had a 1.5-fold increased risk of PTS 
compared to patients without varicose veins (RR 1.5, 95%CI 1.2-1.8). Proximal localization of 
thrombosis in the femoral and iliac vein was associated with a 1.3-fold increased risk of PTS 
compared to popliteal vein thrombosis (RR 1.3, 95%CI 1.1-1.6). Calf vein thrombosis conferred a 
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similar risk for PTS as popliteal vein thrombosis. Patients over 60 years were less likely to develop 
PTS than patients below the age of 30 (RR 0.6, 95%CI 0.4-0.9). Malignancy, surgery, minor injury, 
plaster cast, pregnancy or the use of female hormone did not influence the risk of PTS, nor did the 
factor V Leiden or prothrombin 20210A mutation. This study shows that PTS is a frequent 
complication of deep venous thrombosis despite the widespread use of elastic compression 
stockings. The results of this study led to the identification of new risk factors for PTS; women, obese 
patients, patients with proximal deep venous thrombosis and those with varicose veins have an 
increased risk of PTS, whereas the elderly appeared to have a decreased risk.

The pathogenic mechanism underlying PTS is venous hypertension caused by venous valvular reflux 
with diminished calf muscle pump function and persistent venous obstruction. This high venous 
pressure leads to alterations of the skin microcirculation and morphological skin changes22. These 
skin changes can be classified with the clinical score of the Clinical, Etiologic, Anatomic, and 
Pathofysiologic (CEAP) classification23. Venous hypertension will be present before clinical symptoms 
are manifest. With duplex scanning it is possible to measure the extent of the initial thrombus, 
residual thrombosis and valvular reflux, while strain gauge plethysmography quantifies venous 
outflow resistance and calf muscle pump function24,25. These non-invasive venous examinations can 
be useful to predict the development of PTS. Chapter 7 assesses the predictive value of non-
invasive venous examination in a 2-year follow-up study in 111 patients with a first deep venous 
thrombosis of the leg. The cumulative incidence of PTS was 49% after one year, and the incidence 
and severity did not increase afterwards. Men were at increased risk of PTS compared to women (RR 
1.4, 95% confidence interval (CI) 0.9-2.2), as were patients over 50 years compared to younger 
patients (RR 1.4, 95%CI 0.9-2.1). Patients with thrombosis localized in the proximal veins at 
diagnosis had an increased risk of PTS compared to patients with distal thrombosis (risk ratio (RR) 
2.3, 95% confidence interval (CI) 1.0-5.6). PTS developed in 32 out of 52 patients (62%) with residual 
thrombosis in the proximal veins six weeks after diagnosis, compared to 17 out of 45 patients (38%) 
without residual proximal thrombosis, leading to a 1.6-fold increased risk (RR 1.6, 95%CI 1.0-2.5). 
The presence of valvular reflux in the superficial veins was a predictor of PTS with a 1.6-fold 
increased risk (RR 1.6, 95%CI 1.1-2.3). A multivariate analysis of these predictors yielded a ROC 
area-under-the-curve of 0.72 (95%CI: 0.62-0.82). We found that PTS develops in half of all patients 
within one year after a first deep venous thrombosis, with no increase up to two years of follow-up. 
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This study identified five predictors of PTS: male sex, age over 50 years, proximal localization of the 
thrombus, residual proximal thrombosis and superficial valvular reflux at six weeks. Duplex scanning 
six weeks after diagnosis of deep venous thrombosis appears to be clinically useful to identify 
patients at risk of the PTS.

Conclusions

In the first part of this thesis we investigated two new diagnostic algorithms for patients with clinically 
suspected deep venous thrombosis and pulmonary embolism. These management strategies include 
both pretest clinical probability and D-dimer assay, and reduce the need for non-invasive imaging 
tests. These novel strategies are safe in excluding deep venous thrombosis and pulmonary 
embolism. The results of the first part of this thesis led to a different, more simple diagnostic strategy 
in patients with venous thrombosis. The diagnostic algorithm for the diagnosis of deep vein 
thrombosis led to a reduction of the need of serial ultrasonography. The use of D-dimer in patients 
with a low clinical probability can give a further reduction in the need of initial ultrasonography. A 
systematic review showed that in low clinical probability patients with negative D-dimer results, 
diagnosis of deep vein thrombosis can be safely ruled out without performing an ultrasonography26.
The question of which D-dimer assay to use is another matter. The SimpliRED red cell agglutination 
assay that we used for the diagnosis of deep vein thrombosis has a lower sensitivity than rapid 
enzyme-linked immunosorbent assays (ELISAs)10. Indeed high sensitivity assays such as the rapid 
ELISA miss fewer venous thromboses than other tests. Conversely, the SimpliRED assay may 
reduce the need for imaging tests because of higher specificity. Nowadays, rapid ELISAs are being 
used frequently, and avoiding missed diagnoses is preferred over reducing imaging tests. Finally, it is 
important that D-dimer tests should only be employed if the physician is convinced that venous 
thrombosis is a diagnostic possibility and not as a screening test. The challenge for future studies is 
to provide new algorithms, which can safely provide a further reduction of  the number of patients 
undergoing imaging tests for the diagnosis of venous thrombosis.   

In the second part of this thesis we described two follow-up studies which led to the identification of 
new risk factors and early predictors for PTS. At present, the results of these studies enable us to 
provide individualized information to patients with a first deep venous thrombosis about their risk for 
the development of PTS. Future research should focus on validating and standardizing diagnostic 
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criteria for PTS. A standardized diagnosis is necessary to improve the uniformity of the diagnosis and 
to enhance the ability to compare results of different studies. Moreover, objective diagnosis of PTS 
will allow physicians to monitor the development and course of PTS in their own patients.  



126 

References
1. White RH. The epidemiology of venous thromboembolism. Circulation. 2003;107:4-8. 
2. Kahn SR. The post-thrombotic syndrome: progress and pitfalls. Br J Haematol. 2006;134:357-65. 
3. Bounameaux H, Perrier A. Diagnosis of Venous Thromboembolism. Hemostasis  and Thrombosis; basic principles 

and clinical practice (ed 5th). Philadelphia: Lippincott Williams & Wilkins; 2006:1279-1297. 
4. Lee AY, Hirsh J. Diagnosis and treatment of venous thromboembolism. Ann Rev Med. 2002; 53:15-33. 
5. Lensing AWA, Prandoni P, Brandjes D, et al. Detection of deep-vein thrombosis by real-time B-mode 

ultrasonography. N Engl J Med. 1989;320:342-5 
6. Birdwell B, Raskob G, Whitsett T, et al. The clinical validity of normal compression ultrasonography in outpatients 

suspected of having deep venous thrombosis. Ann Intern Med. 1998;128;1-7. 
7. Cogo A, Lensing AW, Koopman MM, et al. Compression ultrasonography for diagnostic management of patients with 

clinically suspected deep-vein thrombosis: prospective cohort study. BMJ. 1998;316:17-20. 
8. Wells PS, Anderson DR, Bormanis J, et al. Value of assessment of pretest probability of deep-vein thrombosis in 

clinical management. Lancet. 1997;350:1795-98. 
9. Bounameaux H, de Moerloose P, Perrier A, Miron M-J. D-dimer testing in suspected venous thromboembolism: an 

update. Q J Med. 1997;90:437-42. 
10. van der Graaf F, van der Borne H, van der Kolk M, et al. Exclusion of deep-vein thrombosis with D-dimer testing. 

Comparison of 13 D-dimer methods in 99 outpatients suspected of deep-vein thrombosis using venography as 
reference standard. Thromb Haemost. 2000;83:191-8. 

11. Perrier A, Roy P-M, Sanchez O, et al. Multidetector-row computed tomography in suspected pulmonary embolism. 
New Engl J Med. 2005;352:1760-8. 

12. Wells PS, Anderson DR, Rodger M et al. Derivation of a simple clinical model to categorize patients probability of 
pulmonary embolism: increasing the models utility with the SimpliRED D-dimer. Thromb Haemost. 2000; 83:416-420. 

13. Rathbun SW, Raskob GE, Whitsett TL. Sensitivity and specificity of helical computed tomography in the diagnosis of 
pulmonary embolism: a systematic review. Ann Intern Med. 2000; 132:227-232. 

14. van Beek EJ, Brouwerst EM, Song B, Stein PD, Oudkerk M. Clinical validity of a normal pulmonary angiogram in 
patients with suspected pulmonary embolism--a critical review. Clin Radiol. 2001;56:838-842. 

15. Perrier A, Desmarais S, Goehring C, et al. D-dimer testing for suspected pulmonary embolism in outpatients. Am J 
Respir Crit Care Med. 1997;156:492-496. 

16. Bosson JL, Barro C, Satger B, et al. Quantitative high D-dimer value is predictive of pulmonary embolism occurrence 
independently of clinical score in a well-defined low risk factor population. J Thromb Haemost. 2005;3:93-99. 

17. Rosendaal FR. Venous thrombosis: a multicausal disease. Lancet. 1999;353:1167-73. 
18. Prandoni P, Lensing AW, Prins MH, Frulla M, Marchiori A, Bernardi E, et al. Below-knee elastic compression 

stockings to prevent the post-thrombotic syndrome: a randomized, controlled trial. Ann Intern Med. 2004;141:249-56. 
19. Ageno W, Piantanida E, Dentali F, Steidl L, Mera V, Squizzato A, et al. Body mass index is associated with the 

development of the post-thrombotic syndrome. Thromb Haemost. 2003;89:305-9. 
20. Kahn SR, Kearon C, Julian JA, Mackinnon B, Kovacs MJ, Wells P, et al. Predictors of the post-thrombotic syndrome 

during long-term treatment of proximal deep vein thrombosis. J Thromb Haemost. 2005;3:718-23. 
21. Stain M, Schonauer V, Minar E, Bialonczyk C, Hirschl M, Weltermann A, et al. The post-thrombotic syndrome: risk 

factors and impact on the course of thrombotic disease. J Thromb Haemost. 2005;3:2671-6. 
22. Neumann HA, Veraart JC. Morphological and functional skin changes in post-thrombotic syndrome. Wien Med 

Wochenschr. 1994;144:204-206.  
23. Porter JM, Moneta GL and International Consensus Committee. Reporting standards in venous disease. J Vasc 

Surg. 1995;21:635-645. 
24. Haenen JH, van Langen H, Janssen MC et al. Venous duplex scanning of the leg: range, variability and 

reproducibility. Clin Sci. 1999; 96:271-277. 
25. Klein Rouweler FJB, Brakkee AJM, Kuiper JP. Plethysmographic measurement of venous flow resistance and 

venous capacity in the human leg. Part One: method. Phlebology. 1989; 4: 241-250. 
26. Wells PS, Owen C, Doucette S, Fergusson D, Tran H. Does this patient have deep vein thrombosis? JAMA. 

2006;295:199-207. 

Summary


