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Introduction

Venous thromboembolism (VTE) encompasses two 
separated, but frequently correlated, pathologies, that are 
deep vein thrombosis (DVT) and pulmonary embolism 
(PE), with the latter condition representing the worst 
complication of the former (1). Unlike what has been 
occasionally suspected, primary PE does not exist as a single 
clinical entity, since the onset of pulmonary emboli is always 
related to embolization of blood clots during a pre-existing 
episode of DVT. Sometimes investigations are unable to 
identify DVT in patients with PE because the original 
thrombus has undergone complete embolization or, equally 
likely, are simply unable to precisely localize the thrombus; 
these usually (up to 97% of the time) localize to from veins 

of the legs, but can also occasionally onset in additional 
venous districts (e.g., vein of the arms, portal thrombosis, 
etc.) (1).

According to the most recent statistics (2), the lifetime 
risk of VTE at age 45 years is approximately 8%, slightly 
higher in African Americans (around 12%), in patients with 
obesity (around 11%), and in those bearing thrombophilic 
abnormalities such as—for example—factor V Leiden 
mutation (around 17.1%). The 30-day case fatality is 
approximately 6.5%, whilst the 1-year mortality is about 
23%. Notably the 1-year survival rate is close to 50% in 
patients with underlying cancer, but is as high as 93% in 
those with unprovoked VTE (2). Importantly, VTE should 
be considered an almost chronic disease, characterized by 
episodic recurrence, because nearly 30% of patients develop 
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recurrence within the next 10 years after the original 
episode in the absence of long-term anticoagulation (2). As 
concerns the possible complications, the 20-year cumulative 
incidence of post-thrombotic syndrome is 30%, whilst 
chronic thromboembolic pulmonary hypertension may 
affect up to 4% of patients with PE within 2 years from the 
original thrombotic episode (2).

It is currently estimated that approximately 10 million 
cases of VTE are diagnosed each year around the world, 
causing approximately 2.3 million deaths (3). Comparing 
this data with that of the novel 2019 coronavirus disease 
(now known as COVID-19), which has affected so far 
nearly 470,000 people causing about 21,000 deaths (4), 
one would conclude that the risk of dying for VTE in the 
general population is still higher than that of dying for 
COVID-19, while the risk of death in individuals affected 
by either pathology is over 8-fold higher for VTE than for 
COVID-19. As regards the future trend, epidemiologic 
data shows that the number of hospitalizations for PE in 
the US has more than doubled during the past 20 years, 
from approximately 75,000 in 1996, up to nearly 180,000 
hospitalizations in 2016 (2). The recent data, moreover, 
does not suggest that this trend will be likely to reverse 
soon.

The substantial epidemiologic burden of VTE imposes 
also challenges to acute healthcare resource utilization, 
whereby the rate of admissions for VTE in the emergency 
department can be as high as 67 per 100,000 inhabitants (5).  
Similarly, relevant also is the rate of cumulative hospital 
admissions for VTE among people aged 60 years or older, 
which is now as high as 740 per 100,000 inhabitants (6). 
These important estimates would hence contribute to 
underscore the essential significance of an appropriate 
and accurate strategy for both diagnosing or ruling out 
VTE. It is hence worthwhile to mention here a famous 
quote attributed to Karl Krause, whereby “one of the most 
widespread diseases is diagnosis” and, perhaps, this would be 
especially true when using laboratory tests.

An integrated strategy for diagnosing venous 
thromboembolism

What has now clearly emerged, becoming virtually 
incontestable, is that the efficiency of the modern 
clinical diagnostic reasoning is highly dependent upon 
the integration of multiple domains, substantially 
encompassing the combination of clinical judgement with 

results of diagnostic investigations, that can be laboratory, 
microbiology or pathology tests, radiology procedures and 
functional testing (7). The diagnostic approach to VTE 
makes no exception to this rule, but represents instead 
a paradigmatic example where clinical interpretation, 
laboratory medicine and diagnostic imaging contribute to 
build up the diagnostic reasoning (8,9). Clinical judgement 
is essential for establishing pre-test probability and driving 
clinicians towards ordering the most appropriate and 
efficient investigations, or for safely discharging patients 
with very low pre-test probability (10). Laboratory 
diagnostics—through measurement of thrombosis 
biomarkers—would enable to identify the presence of an 
ongoing thrombotic process (11). Diagnostic imaging, 
finally, will be essential to confirm the presence of a 
thrombotic episode and, even more importantly, to localize 
the site and the extension of the blood clot (12,13).

The clinical judgement should hence be considered the 
first essential element of diagnostic reasoning in patients 
with suspected VTE. This clearly translates into the 
assessment of the so-called pre-test probability, according 
to the well-known principle defined by reverend Thomas 
Bayes, more than 300 years ago (14). Basically, according 
to the Bayesian interpretation, probability depends on 
prior knowledge of conditions that might be related to 
the event. This would help define whether patients could 
be considered at low, medium or high risk of a certain 
pathology, such as VTE, for example (15). Risk assessment, 
and pre-test probability, can be carry out by using some 
clinical tools, that are specifically defined as score systems 
for both DVT and PE, and which take into consideration 
several clinical variables, such as the clinical history (for 
example the presence of cancer, recent surgery, paralysis or 
bedridden), which is then combined with some suggestive 
clinical signs and symptoms such as appearance of physical 
and respiratory abnormalities (including leg morphology, 
hemoptysis and so forth) (16). Each of these elements 
are given a score, which is then averaged to define a final 
probability of either DVT or PE, in terms of low, moderate 
or high. The final score will then guide the demand of 
diagnostics tests, as later discussed. Overall, the most widely 
used of such systems are the Well’s and the Geneva’s scores. 
They slightly differ one from the other for the variables 
included and their relative score, but the clinical significance 
is almost overlapping, whereby both allow to formulate a 
final score, which will then guide the requests of diagnostic 
investigations (16).
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Imaging and in vitro diagnostic testing

The diagnostic tests that have been historically proposed 
for investigating patients with suspected VTE include some 
notorious milestones such as pulmonary angiography and 
venography around the 1940s, Doppler ultrasonography in 
the 1960s, the development of tests for measuring fibrin/
fibrinogen degradation products (FDPs) in the 1970s, 
then followed in the ensuing years by introduction of 
computed tomography angiography, color Doppler, lung 
scintigraphy and D-dimer testing in the 1980s-1990s (8). 
As specifically concerns laboratory diagnostics, a huge 
number of thrombotic biomarkers have been proposed over 
the past 3 decades for diagnosing thrombosis (11). These 
include markers of activation of blood coagulation such 
as myeloperoxidase (MPO) and fibrin fragment 1 plus 2 
(FP1+2), along with marker of thrombin generation such 
as thrombin-antithrombin (TAT) complexes, activated 
protein C and protein C inhibitor complexes (APC-
PCI), fibrinopeptides A (PFA) and B (FPB), soluble fibrin 
monomers (sFM), thrombus precursor protein (TpP), 
as well as biomarkers of both coagulation activation and 
fibrinolysis such as plasmin and anti-plasmin complexes 
(PAP), fibrin/fibrinogen degradation products (FDPs) and, 
last but not least, D-dimer (11). Throughout the past 30 
years, an impressive number of papers has been published 
on the diagnostic efficiency of these biomarkers. What has 
now emerged now almost clearly, is that no other biomarker 
than D-dimer combines diagnostic sensitivity and specificity 
to a comparable diagnostic accuracy (17). To cite some 
paradigmatic examples, a study carried out by Gibson et 
al. including has many as 3,306 consecutive patients with 
clinically suspected PE (18), reported that the diagnostic 
accuracy of D-dimer, expressed as area under the curve 
(AUC, 0.82; 95% CI, 0.77–0.87), was substantially higher 
than that of F1+2 (AUC, 0.69; 95% CI, 0.63–0.76). In 
another, more recent study, Hasegawa et al. compared the 
diagnostic accuracy of four different D-dimer immunoassays 
with that of FDPs (19), concluding that the AUCs of each 
single D-dimer test (comprised between 0.993–1.000) was 
always higher than the of FDPs (i.e., 0.812). In particular, 
despite the diagnostic specificity of each single D-dimer test 
(comprised between 0.951–0.996) was comparable to that 
of FDPs (i.e., 0.995), their diagnostic sensitivity (comprised 
between 0.955–0.977) was consistently better that that of 
FDPs (0.341). Therefore, the large volume of evidence 
garnered during the past 20 years supports the conclusion 
that D-dimer measurement would allow to rapidly rule 

out a substantial number of patients from other expensive, 
time-consuming and even more hazardous diagnostic 
investigations (20).

The role of D-dimer in diagnosing venous 
thromboembolism

D-dimer can be defined as a mixture of fibrin degradation 
products originating when breakdown of a stabilized 
thrombus is catalyzed by plasmin (21). The advantage of 
D-dimer over other biomarkers, is that whatever increase 
into the circulation of its concentration not only reflects the 
activation of the coagulation cascade and the stabilization of 
the thrombus by factor XIII (FXIII), but also the activation 
of the fibrinolytic system, thus enabling to unquestionably 
interpret its increase within the setting of a well defined 
thrombotic process, rather than attributing its elevation to 
non-specific degradation of fibrin and/or fibrinogen (21). 
One additional important aspect is that, unlikely other 
thrombosis biomarkers, there are already many diagnostic 
algorithms based on clinical assessment and D-dimer 
which have been widely validated in a multitude of clinical 
trials (21). One paradigmatic example comes from a joint 
document of Italian Societies of Laboratory and Emergency 
Medicine (22), where D-dimer has been incorporated in 
algorithms for diagnosing DVT or PE. According to these 
recommendations, for example, it is clearly emphasized that 
D-dimer shall not be used as a stand-alone test diagnosing 
for ruling out VTE, but rather it should be used in the 
setting of a validated algorithm, which must encompass also 
the assessment of clinical pre-test probability. Notably, there 
are several strategies that can be envisaged, where D-dimer 
could be placed at different places throughout the diagnostic 
algorithm. For example, D-dimer can be the first test upon 
patient admission, then followed by diagnostic imaging. 
Otherwise, D-dimer can be placed after diagnostic imaging. 
Or, eventually, D-dimer can be placed at the beginning of the 
diagnostic reasoning, immediately after, or in combination 
with, clinical judgment (23). Several lines of evidence 
would now attest that this last strategy is probably the most 
efficient, but also the safest (21,22). This is hence what is 
being suggested, for example, by the joint document of 
Italian Societies of Laboratory and Emergency Medicine (22),  
whereby results of D-dimer testing shall be interpreted 
according to the clinical picture. Therefore, when D-dimer 
is negative and pre-test probability of VTE is low, the 
patient can be safely discharged, with a residual probability 
of having thrombosis that is considerably lower than 1%. 
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Nevertheless, when the pre-test probability is moderate or 
high, diagnostic imaging is then strongly recommended, and 
results of these investigations will be crucial for ruling in or 
ruling out both DVT and PE (Figure 1). Interestingly, an 
almost identical approach is suggested by the UK National 
Institute for Health and Care Excellence (NICE) (24). 
Overlapping recommendations have also been released by 
a joint panel of the European Society of Cardiology (ESC) 
and the Acute Cardiovascular Care Association (ACCA) (25),  
as well as by the American College of Chest Physicians 
(ACCP) (26). It may also be important to mention here that 
D-dimer is not 100% sensitive and specific for VTE, since 
there are other obvious reasons that contribute to lower its 
diagnostic accuracy (21,27). Some of these are biological, 
other analytical or pathological. Concerning the two former 
aspects, the diagnostic sensitivity of D-dimer may be lower 
when the time passed since the onset of the thrombotic event 
is too short or too long (D-dimer has a half life of nearly 6–8 
hours), when fibrinolysis is slow and clot lysis is delayed, when 
the size of the clot is small, when the thrombus is located in 
small and peripheral veins (21,28). The diagnostic specificity 
may also be decreased for the presence of other physiological 
or pathological conditions associated with enhanced thrombin 
generation and fibrinolysis, as will be more thoughtfully 
discussed afterwards, but also because the currently available 

diagnostic kits for measuring D-dimer are characterized by 
heterogeneous specificity for the molecular cross-link which is 
the hallmark of circulating D-dimers (21,28).

The gradual ageing of the organism, altogether with 
that of blood vessels and coagulation, is another important 
aspect that may impact the accuracy of D-dimer for 
diagnosing VTE (29). It has now been clearly demonstrated 
that normal (i.e., physiological) concentration of D-dimer 
in plasma increases in parallel with the age of the subject, 
especially after the age of 50 years. Therefore, the “normal” 
D-dimer value of a 50 years old man can be nearly 8- to 10-
fold lower than that of a 90 years old male subject (30). This 
evidence has led to a substantial revision of the diagnostic 
criteria based on the D-dimer diagnostic cutoffs, leading 
the way to introducing a formula specifically designed to 
adjust the diagnostic thresholds according to the age of 
the subjects and thereby improve the diagnostic specificity 
without affecting the diagnostic sensitivity. The most widely 
used formula encompasses the definition of the diagnostic 
threshold by multiplying the age of the subject for a fix 
coefficient of 10 after the age of 50 years. Therefore, the 
diagnostic cutoff of a 75 years old subject would be 75×10, 
and thus 750 µg/L, whilst that of a 90 years old subject 
would be 90×10, and thus 900 µg/L (31).

In a previous part of this presentation, the concept of 

Figure 1 Integrated (holistic) approach for diagnosing venous thromboembolism (VTE). ‘Diagnostic’ refers to D-dimer levels above the 
cutoff, typically 500 μg/L of fibrinogen equivalent units (FEU), or as age-adjusted if applied to patients aged 50 years or older, by using a 
validated formula.
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physiological and pathological causes of D-dimer increase 
beside VTE was already introduced. This is in keeping 
with a foremost quote, attributed to the English writer 
and philosopher Aldous Huxley, that “medical science has 
made such tremendous progress that there is hardly a healthy 
human left”. This provoking assertion is consistently true 
for D-dimer, especially for healthcare professional who are 
almost unaware of its many physiological and pathological 
determinants. As previously mentioned, D-dimer values 
increase whenever there is enhanced (i.e., supernormal or 
excess) thrombin generation combined with activation of 
fibrinolysis pathway (21). This may happen in a number of 
physiological condition such as ageing and pregnancy, as 
physiological consequence of healing after surgery, traumas 
or other injuries, as well as in patients with disseminated 
intravascular coagulation (DIC), arterial thrombosis such 
as acute coronary syndrome, stroke, peripheral occlusive 
disease, intestinal ischemia and acute aortic dissection, or 
in those with vascular disorders such as Alzheimer’s disease, 
pneumonia, other severe infections and sepsis, cancer, 
HELLP (hemolysis, elevated liver enzymes, low platelets) 
syndrome, liver disease, atrial fibrillation and heart failure, 
among others (21,27).

In a recent study, which has explored the most frequent 
reasons of D-dimer elevation in patients admitted to the 
emergency department, VTE was not found to be the 
most frequent pathology in these patients (12.1%), but was 
preceded by infections (15.6%), and closely followed by 
syncope (9.4%), heart failure (8.9%), trauma (8.2%) and 
cancer (5.8%) (32). In particular, in subjects with D-dimer 
values between 500 and 1,000 µg/L, thus already considered 
diagnostic, but only modestly elevated, VTE was only 11th 
among the causes of increased values of this biomarker (33). 

Some of the most useful preanalytical, analytical and 
clinical issues related to the use of D-dimer for diagnosing 
VTE have been summarized in the recent consensus 
document published by the Italian Societies of Laboratory 
and Emergency Medicine (22). As concern the more 
important preanalytical aspects, specific focus is given to 
the facts that D-dimer should not be used alone, but within 
validated diagnostic algorithms, entailing the assessment of 
clinical pre-test probability, diagnostic imaging shall then be 
used according to the available guidelines, blood for D-dimer 
measurement shall be drawn using 3.2% citrate blood tubes 
and venipuncture using straight-needles shall be preferred 
when drawing blood for D-dimer testing, since this will limit 
spurious activation of blood coagulation. Among the most 
relevant analytical aspects, major emphasis is given to the 

facts that quantitative and certified immunoassays shall be 
used, that techniques characterized by optimal diagnostic 
sensitivity and acceptable diagnostic specificity are preferable, 
that the measuring range and the linearity of the assay 
shall be broad, preferably between 50 and 5,000 µg/L, that 
the analytical imprecision shall be lower than 10% at the 
method-specific diagnostic cutoffs, and that the turnaround 
time shall always be lower than 60 minutes. As finally regards 
the main post-analytical aspects, it has been recommended 
that testing shall not be repeated earlier than 6–8 hours, that 
final result shall be reported in μg/L of fibrinogen equivalent 
units (FEU), that a clinically validated cutoff shall always be 
used under the age of 50 years and that age-adjusted cutoffs 
shall instead be applied to patients aged 50 years or older, by 
using a validated formula. It is also advised that additional 
conditions associated with increased D-dimer concentration 
shall be considered in the differential diagnosis, and that 
it shall be avoided to measure D-dimer in patients who 
are admitted to the emergency department too early or 
too late after the onset of a thromobotic episode, in those 
with impaired fibrinolysis, whilst caution is necessary when 
interpreting test results in patients undergoing anticoagulant 
therapy.

Conclusions

Although the diagnostic approach to patients with suspected 
VTE remains somehow challenging, the many progresses 
made during the past decades have enormously contributed 
to improve the diagnostic armamentarium and thereby to 
achieve a more efficient diagnosis (8). A final mention shall 
then be made to the future perspective of integrated—
and thereby holistic—diagnostic approach to VTE. The 
most promising techniques encompass thrombus-targeted 
molecular imaging by means of radioiodinated monoclonal 
antibodies, small molecules with fibrin affinity or 
nanoparticles, along with infrared thermal imaging. These 
techniques are still confined to the research setting, but 
some interesting studies are underway. The main advantage 
is that diagnostics, through molecular imaging, and therapy, 
could then be combined into the well-known concept of 
theranostics (8). One of the most paradigmatic and perhaps 
promising example is thrombous imaging trough peptide-
based fibrin-targeting probes (33). These innovative 
compounds not only could selectively bind with the fibrin, 
which essentially constitutes the blood clot and thus 
enabling its visualization, but may also convey fibrinolytic 
enzymes such as plasmin, urokinase or tissue-type 
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plasminogen activator (t-PA), which would complement clot 
imaging with its active dissolution. Basically, fibrin-binding 
substances, simple such as antibodies, or more complex such 
as nanoparticles and red blood cells which are also essential 
elements of a blood clot (34), can be conjugated with a 
variety of fibrinolytic agents, and could then be delivered at 
the site of thrombosis, where the clot could be contextually 
visualized and lysed. It is our hope that reliable studies will 
soon show that these innovative and disruptive strategies 
could be considered the next paradigm in diagnosis and 
management of VTE (35).
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