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Abstract: In the Emergency Medicine setting, D-dimer is currently employed in the 
diagnostic assessment of suspected venous thromboembolism and aortic syndrome. The 
nonspecific symptoms reported by patients, like chest pain, dyspnea or syncope, uncover 
a wide range of differential diagnosis, spanning from mild to life-threatening conditions. 
Therefore, we assumed the perspective of the Emergency Physician and, in this narrative 
review, we reported a brief presentation of the epidemiology of these symptoms and the 
characteristics of patients, in whom we could suspect the aforementioned pathologies. We 
also reported in which patients D-dimer gives useful information. In fact, when the prob-
ability of the disease is high, the D-dimer level is futile. On the contrary, given the low 
specificity of the test, when the probability of the disease is very low, a false-positive value 
of the D-dimer only increases the risk of overtesting. Patients with low to moderate prob-
ability really benefit from the D-dimer testing, in order to prevent the execution of expensive 
and potentially dangerous imaging tests. In the second part of the review, we focused on the 
prognostic value of the test in septic patients. The early prognostic stratification of septic 
patients remains a challenge for the Emergency Physician, in the absence of a definite 
biomarker or score to rely on. Therefore, we need several parameters for the early identifica-
tion of patients at risk of an adverse prognosis and the D-dimer may play a role in this 
demanding task. SARS COVID-19 patients represent an emerging reality, where the role of 
the D-dimer for prognostic stratification could be relevant. In fact, in patients with severe 
forms of this disease, the D-dimer reaches very high values, which appear to parallel the 
course of respiratory failure. Whether the test may add useful information for the manage-
ment of these patients remains to be determined. 
Keywords: venous thromboembolism, aortic syndromes, diagnostic assessment, sepsis, 
COVID-19, prognostic stratification

Introduction
D-dimer is the name given to one of the families of fibrin fragments, which form 
and circulate in the blood-stream for several days after a thrombotic event or in the 
presence of an abnormal activation of the coagulation process. The test was 
introduced in clinical practice in the 1970s and it was employed to check for the 
presence of Disseminated Intravascular Coagulation (DIC). The limited diagnostic 
ability was due to the low specificity of the test as it detected both fibrin and 
fibrinogen degradation products. The dramatic improvement of the test, which 
actually recognizes specifically an epitope on cross-linked fibrin monomers, 
increased the possible applications as a diagnostic tool. In the clinical setting of 
Emergency Medicine, D-dimer is a cornerstone test in the diagnostic assessment of 
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several conditions, like venous thromboembolism (VTE) 
or aortic syndromes, for both of which the risk of mis-
diagnosis and the possibility of overtesting is high. 
Besides its diagnostic role, a prognostic value in the septic 
syndrome and, more specifically, in patients with severe 
forms of infection by SARS COVID-19 is emerging.

We performed a literature review via the PubMed 
portal after 2016, using (“D-dimer” AND “Emergency 
Department”) as keywords to identify all studies that eval-
uated the diagnostic and prognostic role of the D-dimer in 
the Emergency Department (ED). The reference lists from 
all relevant retrieved manuscripts were further reviewed in 
order to identify additional studies.

In this narrative review, we will present the role of the 
D-dimer test in the diagnostic assessment of venous 
thromboembolism and aortic syndromes, with a special 
attention on the selection of patients in whom the test 
may add useful information. In the second part, we will 
report the available data about the role of the D-dimer in 
the early prognostic assessment of septic patients and 
those affected by COVID-19.

What is the D-Dimer?
Blood clot formation is a complex process involving sev-
eral molecules and different pathways. A crucial step is the 
activation of thrombin, which converts soluble fibrinogen 
to fibrin through the cleavage of fibrinopeptides from the 
N-terminal domains. Fibrin initially polymers through 
noncovalent interactions, until factor XIII, activated by 
thrombin, cross-links the D domains of adjacent fibrin 
molecules, stabilizing the clot. The degradation of cross- 
linked fibrin molecules, occurring through plasmin activa-
tion during fibrinolysis, leads to fibrinogen degradation 
products (FDP) and D-dimer generation (Figure 1).

The D-dimer measurement is used as a global marker 
of activation of the coagulation and fibrinolytic systems, 
and functions as an indirect marker of thrombotic and 
subsequent thrombolytic activity1 that influences the 
accuracy of diagnosis of thromboembolism. D-dimer 
molecules are generated through the degradation of cross- 
linked fibrin during fibrinolysis. D-dimer generation 
requires the activity of three enzymes: thrombin, acti-
vated factor XIII (factor XIIIa), and plasmin. The process 
starts when thrombin generated by the coagulation sys-
tem converts soluble fibrinogen to fibrin monomers. 
These monomers then form fibrin polymers through non-
covalent interactions based on allosteric changes within 
the protein as a result of thrombin cleavage of 

fibrinopeptides from the N-terminal domain (Figure 1). 
Fibrin is strengthened through interactions with factor 
XIII, which, after activation by thrombin, cross-links 
the D domains of adjacent fibrin monomers. Plasmin 
digestion of the fibrin clot results in the D-dimer 
molecule

D-Dimer in Blood Assays
In blood samples, D-dimer is detected through monoclo-
nal antibodies that recognize an epitope on cross-linked 
D-dimer. This epitope is absent in non–cross-linked fibrin 
monomers as well as in the D domain of fibrinogen. 
Although there are numerous commercial D-dimer 
assays, they are of 3 general types: whole-blood aggluti-
nation assays (a semiquantitative assay), enzyme-linked 
immunosorbent or immunofluorescent assays (ELISA 
and ELFA) and latex agglutination assays (quantitative 
assays).2

D-dimer results may not be comparable among the 
various assays because of the employment of monoclonal 
antibodies with varying specificities for the D-dimer, dif-
ferences in assay methodology or instrumentation, and 
variations in the values used to discriminate between nor-
mal and pathologic test results. Because of these reasons, 
standardization of the tests is difficult.2

As an additional confounder, two units of D-dimer 
measurement are currently used in clinical laboratories: 
Fibrinogen Equivalent Units (FEUs) and D-Dimer Units 
(DDUs). FEU (340 kD) and DDU (195 kD) may be used 
interchangeably, considering that FEU is roughly two 
times the mass of one DDU. Therefore, DDU is obtained 
by dividing FEU by 2. Since this is not an exact conver-
sion, it might be appropriate for every laboratory to state 
its own threshold for abnormality. However, the majority 
of clinical studies rely on DDU (instead of FEU) for 
decision making, so this kind of measurement should be 
preferred. Another difficulty arises from using different 
measure units (ie, ng/mL, mg/L, µg/L, g/L, g/mL, 
and mg/dL) for reporting D-dimer results.

Among the different measure units, “mg/L” or the 
corresponding “ng/mL” is probably the unit that best 
approximates the International System of Units (SI).3

D-Dimer: A Low Specific Lab Test
In blood essays, the D-dimer level tends to increase in 
several clinical conditions, so that its use in the Emergency 
Department (ED) can be affected by a low diagnostic 
specificity. Lippi et al collected the D-dimer values of 
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1647 patients accessing the ED with the aim to rule-out or 
rule-in VTE, regardless of their pre-test clinical probability 
for VTE. They showed that, in patients with increased 
D-dimer levels, infection was the most frequent diagnosis 

(15.6%), followed by VTE (12.1%), syncope (9.4%), heart 
failure (8.9%), trauma (8.2%) and cancer (5.8%).4

In Table 1, we report the most frequent confounding 
circumstances related to a D-dimer elevation.

A

B

C

D

Figure 1 The process of D-dimer generation: 1) Thrombin cleaves fibrinopeptides from fibrinogen monomer (A); 2) Fibrin monomers aggregate (B); 3) Fibrin monomers 
are cross-linked by factor XIIIa, that stabilizes the fibrin polymer (C); 4) fibrin is degraded by plasmin, releasing D-dimer and fibrinogen degradation products (FDP) (D).
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Finally, the relationship between the D-dimer and age 
or between the D-dimer and renal function will be dis-
cussed elsewhere, because of the possibility to adequate 
the cut-off in the presence of these conditions.

Role of D-Dimer in the Evaluation of 
Patients with Suspect Pulmonary 
Embolism
D-dimer has a pivotal role in the diagnostic pathway of 
PE. Dyspnea and loss of consciousness represent two of 
the more common symptoms among patients, in whom we 
have to ascertain the presence of PE. Therefore, as these 
symptoms are common among patients who come to the 
ED, the challenge is to identify among them those who 
require a complete workout and to apply the correct deci-
sion rules, in order to prevent misdiagnosis.

Dyspnea as Chief Complaint: 
Epidemiology and Clinical Characteristics
Dyspnea is defined by the American Thoracic Society as 
the “subjective experience of breathing discomfort that 
consists of qualitatively distinct sensations that vary in 
intensity”;5 a wide variety of distinctive mechanisms can 
result in the common sensation of dyspnea. Misdiagnosis 
has been shown to increase morbidity, cost and time to 
discharge.6

The reported prevalence of PE in patients presenting 
with dyspnea is very heterogeneous, ranging from 4%7 to 

38%.8 Among patients diagnosed with PE,9 dyspnea was 
the most common presenting symptom, reported by up to 
73% of subjects,10 which was more frequent during rest 
than during exertion (61% vs 16%), with rapid onset 
reported by 67% of all patients.11–13 The clinical signs 
and symptoms of acute PE are non-specific. In most 
cases, PE is suspected in a patient with dyspnea, even-
tually associated with chest pain, presyncope or syncope, 
or hemoptysis.14

Syncope as Chief Complaint: 
Epidemiology and Clinical Characteristics
Syncope is defined as a transient loss of consciousness 
(TLOC) due to cerebral hypoperfusion, characterized by 
a rapid onset, short duration, and spontaneous and com-
plete recovery.15 Syncope is a common presenting symp-
tom in the ED, accounting for 1% to 3% percent of all ED 
visits.16

Focusing on non-traumatic TLOC, the latest ESC 
Guidelines for the diagnosis and management of 
syncope15 individuate three main groups, ie, reflex, cardi-
ovascular, and secondary to orthostatic hypotension.

Beyond classifications, in a patient with a chief com-
plaint of syncope, the major aim in the ED is to exclude 
life-threatening causes, such as cardiac syncope, blood 
loss, pulmonary embolism and subarachnoid haemorrhage. 
The D-dimer is useful when we suspect pulmonary embo-
lism, deep venous thrombosis (DVT) and aortic syndrome. 
Aortic dissection will be discussed elsewhere in 
a dedicated paragraph. The suspicion and diagnosis of 
PE is important because a highly effective treatment such 
as oral anticoagulation is available and can significantly 
improve patients’ prognosis.

In patients with suspected EP and hemodynamic 
instability, the diagnostic work-up does not include the 
D-dimer measurement. According to ESC Guidelines,14 

those patients should undergo computed tomography 
pulmonary angiography (CTPA) only if it is immedi-
ately available and feasible; otherwise, they should 
receive early anticoagulation treatment. Anyway, when 
syncope is the presenting symptom, even in the absence 
of hemodynamic instability, PE is associated with 
a higher prevalence of right ventricle (RV) dysfunction 
and early mortality.17 The main causes of syncope dur-
ing PE are RV dysfunction, with reduced cardiac output 
and peripheral hypoperfusion, arrhythmias and 
hypoxemia.18

Table 1 Causes of D-Dimer Elevation

Pathologic Non-Pathologic

● Thromboembolism:  

o Venous: deep vein thrombosis, pulmonary 

embolism 

o Arterial: myocardial infarction, stroke, acute 

limb ischemia, intracardiac thrombus 

o Disseminated intravascular coagulation 

(DIC) 

● Infection and sepsis 

● Chronic inflammatory diseases 

● Trauma 

● Malignancy 

● Others  

o Renal or liver dysfunction 

o Congestive heart failure 

o Atrial fibrillation 

o Preeclampsia 

o Thrombolytic therapy 

o Sickle cell disease

● Age 

● Post-operative state 

● Pregnancy and 

puerperium 

Cigarette smoking
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However, the prevalence of PE in patients with syn-
cope is largely debated. According to the results of the 
PESIT study,19 acute PE was identified in nearly one out of 
six patients hospitalized for a first episode of syncope. In 
this study, patients’ median age was higher (80 years) than 
in the following ones: all recruited patients were hospita-
lized and they underwent a systematic workup for PE: the 
clinical probability assessment was performed by the 
Wells score, D-dimer was evaluated and CT or lung scan 
imaging was performed if either was abnormal.19 The very 
high prevalence obtained is in contrast with the results of 
many other studies. In a prospective diagnostic study 
(BASEL IX)20 among 1397 patients from 8 different coun-
tries, PE was diagnosed in 1.4% of patients with the 
complaint of syncope in the ED, in 2.3% of those hospi-
talized for syncope and in 4.3% of those hospitalized for 
the first episode of syncope. Patients underwent screening 
for PE, by Wells score and D-dimer, when additional 
symptoms were present (ie, dyspnea), based on clinical 
judgment. Other large observational studies reported low 
prevalence of PE among patients with the same 
complaint.21–23

Role of Clinical Prediction Rules and 
D-Dimer in the Diagnostic Assessment
In patients with suspected PE, both presenting with dys-
pnoea or syncope, associated symptoms such as chest pain 
or haemoptysis should be investigated.14 Arterial blood 
gas can show hypoxaemia and hypocapnia, but about 
40% of patients with PE show normal arterial oxygen 
saturation and 20% normal alveolar-arterial oxygen 
gradient.24,25 In addition to symptoms, knowledge of the 
predisposing factors for VTE is important in determining 
the clinical probability of the disease, which increases with 
the number of predisposing factors. However, in 40% of 
patients with PE, no predisposing factors were found.26

The combination of symptoms and clinical findings 
with the presence of predisposing factors for VTE allows 
the classification of patients with suspected PE into dis-
tinct categories of clinical or pre-test probability, which 
corresponds to an increasing actual prevalence of con-
firmed PE. As the post-test (ie, after an imaging test) 
probability of PE depends not only on the characteristics 
of the diagnostic test itself but also on the pretest prob-
ability, this is a key step in all diagnostic algorithms for 
PE. In fact, given the low specificity of all the clinical 
signs and the great availability of angio-CT scan, an 

increased performance of this test has been observed in 
the clinical practice, without a certain benefit on the prog-
nosis and mortality rate of patients with suspected PE. In 
real clinical practice, overtesting is very frequent. 
A prospective observational study including 3024 patients 
visiting the ED for shortness of breath and/or chest pain 
showed that, despite guidelines, many patients still under-
went testing for PE trough CT or V/Q scan even if 
Pulmonary Embolism Rule Out Criteria (PERC)-negative 
and without the D-dimer risk stratification (25.5% of 
PERC-negative). It is still interesting to notice that in the 
PERC-negative sample, 0.4% of patients received 
a diagnosis of PE vs 2.2% of PERC-positive patients.27

Several strategies have been proposed to reduce PE 
overtesting28 and avoid CTPA, which exposes patients to 
the risk of allergies, kidney failure and cumulative radia-
tion-induced cancer. Of these, the most frequently used 
prediction rules are the revised Geneva rule and the Wells 
rule (Table 2) that divide patients into different groups 
according to their likelihood of having DVT/PE. 
Alongside the scores, the diagnosis of VTE is strongly 
supported by laboratory testing and the D-dimer measure-
ment is currently considered the biochemical gold standard 
in the diagnostic assessment of patients with suspected 
VTE.29 Multiple trials have confirmed the safety of using 
a clinical decision rule to determine a pre-test probability 
of PE in combination with D-dimer assay to rule out PE.13

In a typical VTE diagnostic algorithm, patients who are 
scored as “low” or “unlikely” to have VTE have a drawn 
D-dimer level. If the D-dimer result is negative, VTE is 
considered excluded and no further testing is performed. 
For patient with low (<15%) pre-test probability, this is the 
primary role of a D-dimer assay: to safely exclude the 
diagnosis of VTE without requiring further investigation.14

On the other hand, if the D-dimer result is positive, 
imaging tests are ordered. If the patient is given 
a “moderate/high” or “likely” score to have VTE, 
D-dimer testing is omitted and imaging tests are performed 
(Figure 2).

Regardless of the score used, the proportion of patients 
with confirmed PE can be expected to be <10% in the low- 
probability category, 30% in the moderate-probability 
category, and 65% in the high probability category. 
When the two-level classification is used, the proportion 
of patients with confirmed PE is <12% in the PE-unlikely 
category and 30% in the PE-likely category.30

A D-dimer result is not helpful when the pretest prob-
ability of VTE is “likely” for three reasons: (i) the result is 
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unlikely to be negative even if VTE is not present (ie, 
many of the factors that increase the risk of VTE will also 
increase D-dimer levels, eg, cancer, recent surgery); (ii) 
a positive result still requires confirmatory imaging; and 
(iii) there is uncertainty that the D-dimer testing can safely 
exclude VTE in this subgroup.31

We cannot ignore that even though D-dimer is 
a relatively low-cost test, it has poor specificity, and there-
fore often leads to false-positive results, especially among 
low-risk patients. However, once the D-dimer test is posi-
tive, the physician has to perform a confirmatory test. To 
deal with such an issue, in recent years, several rule-out 
scores have been developed, with the aim to identify 
patients who do not require any further diagnostic assess-
ment (Table 3), specifically no D-dimer dosage or CTPA, 
or V/Q scan. The drawback of the PERC rule is the need 
to employ a double score, as it can be applied only in 
patients already classified as low risk by revised Geneva 
score.

Other strategies have therefore been proposed to 
reduce PE overtesting and overdiagnosis.28 Two main 
novelties characterize the new tools: the use of one only 

prediction score and the adoption of different cut-offs for 
the D-dimer based on the probability of PE. Roy and coll. 
developed and validated a pretest probability score 
(Table 3) to safely reduce imaging testing by integrating 
all the previously proposed strategies: the 4-Level 
Pulmonary Embolism Clinical Probability Score 
(4PEPS). With this score they classified patients in four 
subgroups: 1) very low clinical pretest probability – CPP – 
(score = 0), allowing exclusion of PE on clinical criteria 
only; 2) low CPP, allowing exclusion of PE with 
a D-dimer level less than 1000 ng/mL; 3) moderate CPP, 
allowing exclusion of PE with a D-dimer level less than 
500 ng/mL or less than the age-adjusted cutoff value; 4) 
high CPP, not allowing a safe exclusion of PE with 
D-dimer testing and requiring imaging testing (CTPA or 
V/Q scan). The accuracy, safety, and efficacy of the 4PEPS 
strategy were confirmed in 2 independent external valida-
tion cohorts, one with a moderate PE prevalence and the 
other with a high PE prevalence. For both cohorts, 4PEPS 
score allowed to obtain a very low rate of diagnostic fail-
ure and a substantial reduction in imaging testing. It 
should now be tested in a formal outcome study. With 

Table 2 Clinical Risk Score to Define the Pretest Probability of Pulmonary Embolism (PE) in Patients with Suspect Symptoms

Wells Score Geneva Score

Variable Original 
Score

Simplified 
Score

Variable Revised 
Score

Simplified 
Score

Risk factors

Clinical signs and symptoms of DVT 3 1 Age 65 years or over +1 +1

Alternative diagnosis less likely than PE 3 1 Previous DVT or PE +3 +1

Heart rate >100 beats per minute 1.5 1 Surgery or fracture within 1 month +2 +1

Immobilization for 3 days OR surgery in the 

previous 4 weeks

1.5 1 Active malignant condition +2 +1

Previous, objectively diagnosed PE or DVT 1.5 1 Symptoms

Hemoptysis 1.5 1 Unilateral lower limb pain +3 +1

Active cancer or remission for less than six months 1.5 1 Hemoptysis +2 +1

Clinical signs

Heart rate 75 to 94 b/m +3 +1

Heart rate 95 or more b/m +5 +2

Pain on deep palpation of lower limb and 

unilateral edema

+4 +1

Clinical probability of PE Clinical probability of PE

Three level score for the original score Three level score for the revised score

Low risk <2 Low risk 0–3 0–1

Moderate risk 2–6 Moderate risk 4–10 2–4

High risk ≥7 High risk ≥11 ≥5

Two level score for the simplified score Two level score for the simplified score

PE-unlikely 0–4 0–1 PE-unlikely 0–5 0–2

PE-likely ≥5 ≥2 PE-likely ≥6 ≥3
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the YEARS32 strategy (Table 3), pulmonary embolism is 
considered to be ruled out in patients with zero YEARS 
criteria and a D-dimer level of less than 1000 ng/mL and 
in those with one or more YEARS criteria and a D-dimer 
level of less than 500 ng/mL. Finally, the Pulmonary 
Embolism Graduated D-Dimer (PEGeD)33 strategy used 
the 3-level revised Wells score and PE could be ruled out 
in patients with a moderate pre-test probability, who have 
a D-dimer level of less than 500 ng/mL or in patients with 
a low CPP who have a D-dimer level of less than 1000 ng/ 
mL.33

It is of utmost importance to first examine the patient 
and assess the clinical probability, after which the D-dimer 
concentration can be considered, in order to prevent phy-
sicians from being influenced by a normal D-dimer test 
result when they evaluate the clinical probability of PE. 
Patients with a likely clinical probability should undergo 
further testing, regardless of the D-dimer test outcome. 
Gibson et al34 found that in patients with an unlikely 
probability of PE (n = 477), VTE was confirmed in 1.1% 
of the patients with a normal D-dimer concentration. In 
those patients with a likely clinical probability of PE (n = 
86), VTE was confirmed in 9.3% of the patients with 
a normal D-dimer concentration.

Actual guidelines recommend the application of Wells 
or Revised Geneva score, combined with D-dimer 

evaluation and imaging test when necessary. Only PERC 
criteria are recommended as a rule-out strategy. The adop-
tion of new scores and the consideration of differential cut- 
offs based on the level of pre-test probability of PE could 
offer new opportunities for the appropriate selection of 
patients to evaluate by the mean of imaging tests. 
Physicians need reliable and validated instruments as the 
decision to exclude PE from differential diagnosis may 
have heavy prognostic consequences in the case of 
a mistake.

Role of D-Dimer in the Evaluation of 
Chest Pain
Chest pain is the second most common specific principal 
reason given by adult patients (aged >15 years old) for 
visiting the ED, accounting for approximately 6% of the 
ED visits yearly.35 Among all the possible causes of chest 
pain, PE, acute coronary syndrome (ACS), and acute aor-
tic syndrome (AAS) are the most life-threatening patholo-
gies that need fast diagnosis and treatment to mitigate the 
risk of short- and long-term fatal and non-fatal complica-
tions. When PE presents itself as chest pain, a differential 
diagnosis with ACS has to be done, considering that both 
troponin and D-dimer can be increased in both conditions. 
A recently published retrospective observational study by 

Figure 2 Diagnostic pathways in patients with suspected PE based on WELLS and GENEVA scores.
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Kim et al36 proposes a new tool that could be useful in the 
differential diagnosis between PE with troponin elevation 
and NSTEMI. The authors elaborated and analyzed the 
clinical performance of the D-dimer/Troponin ratio in 
771 patients with NSTEMI and 90 patients with PE and 
troponin elevation. According to these authors, PE should 
be considered in patients with acute chest pain or dyspnea 
and D-dimer/troponin ratio >1.82 before considering acute 
NSTEMI and performing coronary angiography. The 
authors concluded that the implementation in the routine 
clinical practice of D-dimer/troponin ratio could avoid 
unnecessary coronary angiography. However, prospective 
studies are needed to confirm these results.

Regarding the presentation of the disease, a case-control 
study by Ohle et al37 reported that the chest represented the 
most common pain site with a sensitivity of 69.6% and 
a specificity of 52.8% (LR+ of 1.48) in patients with 
AAD. Moreover, this study showed that the characteristics 
(abrupt-onset, tearing/ripping, pleuritic, migrating) and the 

location (back) of pain, rather than the pain itself, led to an 
increased likelihood of AAD. Abrupt-onset pain had the 
highest sensitivity (96.9%) and tearing/ripping quality had 
the highest specificity (99.7%) for detecting AAD.

AASs are relatively rare.38,39 In the general population, 
they affect 5–15 cases/100,000 individuals/year. They 
include aortic dissection (AD), intramural hematoma 
(IMH) and penetrating aortic ulcer (PAU) with different 
percentages based on the type of AAS. In-hospital mortal-
ity rate approaches 26% in patients with type A AD or 
IMH.40–43 The diagnostic accuracy of signs and symptoms 
is limited.44,45 Atypical presentations of AAS occur more 
frequently in women, diabetics and the elderly.46

In 2011, Rogers and coll. developed the aortic dissec-
tion detection risk score (ADD-RS, Table 4), which 
allowed for the subdivision of patients visiting the ED 
with suspected AAS into three different risk classes. In 
the original score, the D-dimer was not considered and the 
level of risk was determined based on anamnestic data and 

Table 3 Probability Scores to Rule Out PE

PERC Criteria 4PEPS YEARS

Variable Score Variable Score Variable Score

Age >50 yrs No Age, years Signs of deep vein thrombosis 1

Heart rate ≥100 b/min No <50 −2 Hemoptysis 1
O2 sat. on Room air <95% No 50–64 −1 PE as the most likely diagnosis 1

Prior history of DVT/PE No Chronic respiratory disease −1

Recent surgery No Heart rate <80 beats per minute −1
Hemoptysis No Chest pain and acute dyspnea +1

Exogenous estrogen No Male +2
Hormonal estrogenic treatment +2

Personal history of VTE +2

Syncope +2
Immobility within the last 4 weeks +2

Pulse oxygen saturation <95% +3

Calf pain and/or unilateral lower limb 
edema

+3

PE is the most likely diagnosis +5

• To be applied only in patients at 

low risk based on Geneva score.

Clinical pretest probability Diagnostic algorithm
Very low (<2%): PE can be ruled out <0 YEARS =0 and D-dimer 

<1000 ng/mL

PE excluded

Low (2–20%): PE can be ruled out if 

D-dimer level <1.0 μg/mL

0–5 YEARS =0 and D-dimer 

≥1000 ng/mL

Order CTPA• If all criteria are equal to “No”, 

PE can be ruled out.

Moderate (20–65%): PE can be ruled 
out if D-dimer level <0.5 μg/mL or <(age 

× 0.01) μg/mL

6–12 YEARS ≥1 and D-dimer <500 
ng/mL

PE excluded• Imaging is mandatory in the 
presence of one or more criteria 

equal to “Yes”

High (>65%): PE cannot be ruled out 
without imaging testing

≥13 YEARS ≥1 and D-dimer 
≥500ng/mL

Order CTPA
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clinical signs. The ADvISED prospective multicenter 
study proposed to integrate the score with the dosage of 
the D-dimer in patients with low to moderate pretest 
probability of having AAS.47 In fact, as well as for PE, 
patients with organ ischemia or hemodynamic instability 
require urgent diagnosis and treatment and D-dimer eva-
luation is not useful in these conditions.48 In high-risk 
patients, the D-dimer dosage was negative (<500 ng/mL) 
in a significant number of cases, leading to a failure rate of 
4.4%. On the other hand, in patients with low-intermediate 
risk (ADD-RS ≤1), who represented the vast majority of 
screened subjects, the integration of the ADD-RS score 
with the D-dimer test allowed to exclude AASs with 
a good accuracy and a failure rate of 0.3%. In fact, in 
the presence of ADD-RS = 0 plus D-dimer <500 ng/mL or 
ADD-RS ≤1 plus D-dimer <500 ng/mL, AAS could be 
ruled out, with a considerable sparing of expensive and 
potentially dangerous tests. In the presence of ADD-RS ≤1 
and increased D-dimer level, a CTA was indicated 
(Figure 3). Once again, D-dimer allowed to improve the 
diagnostic pathway in patients in the intermediate-low risk 
class.

D-Dimer and Age
The frequency of abnormally elevated D-dimer levels is 
higher in older individuals, even in the absence of detect-
able thrombosis. In particular, the diagnostic specificity of 
the D-dimer in pulmonary embolism (PE) decreases stea-
dily with age to 10% in patients in their eighties.49 The 
reason for the increased levels of the D-dimer in the 

elderly is not completely clear. As proposed by Tita-Nwa 
et al, a valid hypothesis is the mild pro-inflammatory state, 
which is “normally” seen in elderly patients. In agreement 
with this explanation, a reliable marker of systemic inflam-
mation like erythrocyte sedimentation rate was shown to 
be independently associated with elevated D-dimer 
levels.50

The use of age-adjusted cut-offs may improve the 
diagnostic performance of D-dimer testing in the elderly. 
A multinational prospective management study, including 
3346 patients, evaluated a previously validated age- 
adjusted cut-off (for patients aged >50 years, normal 
values <age*10 ng/mL, ie, for a 70-year-old man maximal 
normal value 700 ng/mL). The 3-month failure rate in 
patients with a D-dimer level higher than 500 ng/mL but 
below the age-adjusted cutoff was 0.3%, comparable with 
that of patients with D-dimer <500 ng/mL and negative 
Computerized Tomographic Angiography (CTA). The use 
of the age-adjusted (instead of the “standard” 500 ng/mL) 
D-dimer cut-off increased five-fold the number of patients 
in whom PE could be ruled out without further testing 
from 6.4% to 30%.51 The ESC 2019 guidelines for the 
diagnosis and management of PE recommend the use of 
the age-adjusted (instead of the “standard” 500 ng/mL) 
D-dimer cut-off.14

D-Dimer and Renal Function
In patients with renal insufficiency, D-dimer levels are 
elevated, as elimination partly occurs via the kidneys 
and, on the other hand, renal dysfunction is typically 
associated with a state of chronic hypercoagulation. This 
poses a considerable problem to physicians as the possibi-
lity of thromboembolic events in these patients is high but 
the specificity of D-dimer is reduced. In order to overcome 
this limit, Pfortmueller et al conducted a study on 9716 
critically ill patients with suspected VTE. The population 
was divided into three groups based on the estimated 
Glomerular Filtration Rate (eGFR). In the presence of 
kidney failure, D-dimer cutoff values rose with declining 
eGFR. Three different D-dimer levels (333 ng/mL, 1306 
ng/mL and 1663 ng/L) were identified as cutoff for each of 
the following classes of renal impairment: 1) eGFR 
>60 mL/min; 2) eGRF 30–60 mL/min; 3) eGRF 
<30 mL/min, respectively. The new cut-offs could be 
used to safely rule out VTE with the same sensitivity 
and specificity as the usual cut-off (500 ng/mL) in patients 
with abnormal kidney function, with a post-test probability 
of VTE of 1%.52

Table 4 Aortic Dissection Detection Risk Score (ADD-RS)

Predisposing 
Conditions

Pain 
Characteristics

Physical Findings

Connective tissue 

diseases (eg Marfan)

Sudden Pulse deficit or 

anysosfigmia (>20 mm/ 

Hg)

Familiar history of 

aortic disease

Severe Neurological deficit 

plus pain

Aortic valve disease Tearing or 
ripping

New diastolic aortic 
murmur

Thoracic aorta 
aneurism

Hypotension or shock

Previous aortic 
manipulation

Note: 1 point for each category if one or more risk factors are present (total may 
vary from 0 to 3).
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Schefold et al underlined the use of eGFR adjusted 
D-dimer cutoff levels. They included 14,477 patients 
admitted to the ED for suspected VTE and showed that 
adjusted D-dimer cutoff levels seemed reliable also in 
patients with acute kidney injury (AKI) and “acute on 
chronic” renal dysfunction: when eGFR-adjusted 
D-dimer cutoff levels were used in patients with AKI, 
the Negative Predictive Value (NPV) remained high 
(99%) with a sensitivity of 96% and a specificity of 
39%. In patients with “acute on chronic” renal dysfunc-
tion, the use of renal function–adjusted D-dimer values 
showed a sensitivity of 98%, a specificity of 49% with an 
NPV of 98%.53 However, we have to emphasize that the 
use of clinical decision rules based on age-adjusted 
D-dimer values is well established, especially for the 
diagnosis of PE. On the other side, the diagnostic perfor-
mance of a D-dimer value adjusted for renal function is 
not definitively validated and requires further 
investigations.

Prognostic Value of D-Dimer in the 
ED
D-Dimer and Sepsis
According to the Surviving Sepsis Campaign (2016), sep-
sis has been defined as a life-threatening organ dysfunction 
caused by a dysregulated host response to infection.54,55

Currently, the mortality for sepsis is still high, ranging 
between 20% and 50% in patients with septic shock.56 The 
main determinant of the adverse prognosis of septic 
patients is the abnormal response of the host to the infec-
tion, rather than the infection itself. The abnormal activa-
tion of several pathways involved in the immune response 
finally leads to multi-organ failure (MOF), related to cel-
lular dysfunction and tissue hypoperfusion. The activation 
of cell death pathways and the presence of mitochondrial 
dysfunction compromise several essential cellular pro-
cesses. On the other side, a complex imbalance of circu-
latory function exists, with reduced peripheral resistances 

Figure 3 Diagnostic pathway in patients with suspected AAS. 
Abbreviations: POCUS, point-of-care ultrasonography; AAS, Acute aortic syndromes; ADD-RS, Aortic dissection risk score.
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and impaired cardiac function, alongside endothelial dys-
function and the abnormal activation of the coagulation 
system.57

Coagulative alterations are virtually recognized in all 
patients with sepsis: they range from a subtle asympto-
matic activation of coagulation to a serious systemic invol-
vement of small vessels (50–70% of patients), leading to 
the clinical picture of a DIC (35% of patients). This 
spectrum of clinical manifestations is sustained by 
a derangement of coagulation and fibrinolysis mediated 
by several cytokines, such tumor necrosis factor (TNF), 
interleukin-6 (IL-6) and interleukin-1 (IL-1).58 These cyto-
kines are responsible for the expression of tissue factor 
(TF) on monocytes and macrophages, as well as on the 
damaged endothelial cells, and it has been recognized as 
the main initiator of coagulation in sepsis, together with 
other clotting factors, such as factor VIIa, factor Xa, 
thrombin and fibrin.59 On the other hand, especially in 
cases of overt DIC occurring in septic patients, the 

prothrombotic effects have shown to be significantly 
enhanced by the excessive suppression of fibrinolysis 
caused by overproduction of plasminogen activator inhi-
bitor-1 (PAI-1, Figure 4).60

According to the International Society of Thrombosis 
and Hemostasis (ISTH), D-dimer evaluation has shown its 
utility in stratifying septic patients in the light of the 
severity of the coagulopathy, as part of the DIC score, 
altogether with the values of fibrinogen, international nor-
malized ratio (INR) and platelet count.61

Early identification of patients at high risk of an 
adverse prognosis is still a challenge for the Emergency 
Physician. SOFA (Sequential Organ Failure Assessment) 
score has been adopted as a diagnostic tool in the screen-
ing of potentially septic patients, but several studies con-
firmed its good ability to predict in-hospital mortality.62

In the actuality, we do not have a specific and reliable 
biomarker for the diagnostic assessment of septic patients. 
On the other side, a constellation of tests, including 

Figure 4 Coagulation abnormalities during sepsis. 
Abbreviations: TNF, Tumor Necrosis Factor; Il, Interleukin; TF, Tissue Factor; PAI, plasminogen activator inhibitor; DIC, Disseminated Intravascular coagulation.
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D-dimer, are usually employed to assess the severity of the 
septic process, in order to improve prognostic stratifica-
tion. D-dimer has shown to add prognostic information to 
the SOFA score. In a study performed by our group, 
coagulation parameters commonly measured in clinical 
practice and used in SOFA score calculation (prothrombin 
time [PT], activated partial thromboplastin time [aPTT], 
fibrinogen and platelets) were shown not to provide any 
useful prognostic information in septic patients. 
Conversely, higher levels of D-dimer and thrombin- 
antithrombin complex (TAT) levels, measured in sequen-
tial evaluations performed in the first 24 hours after ED 
admission, were significantly associated with an increased 
short- and medium-term in-hospital mortality, indepen-
dently to SOFA score and lactate levels.63

Likewise, Rodelo et al studied the relationship between 
a 28-day mortality and several biomarkers (such D-dimer, 
C reactive protein, procalcitonin) and scores (SOFA score 
and APACHE II [Acute Physiologic Assessment and 
Chronic Health Evaluation II] score). D-dimer was found 
to be the only biomarker that exhibited a strong linear 
relationship with 28-day mortality.64

D-Dimer and COVID-19
The coronavirus disease 2019 (COVID-19) pandemic, due 
to the novel Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2), has caused worldwide 
over 176 million confirmed cases of COVID-19, including 
3.8 million deaths.

SARS-CoV-2 infection may be asymptomatic or it may 
cause a wide spectrum of symptoms, ranging from mild 
symptoms of upper respiratory tract infection and pneu-
monia to multiorgan failure, configuring an overt life- 
threatening disease.65

Besides the respiratory failure, that represents the hall-
mark of COVID-19-related pneumonia, the coagulation 
abnormalities have been extensively studied because of 
their high frequency and clinical implications. Based on 
recent studies, coagulopathy has been recognized in the 
most severely ill patients, frequently presenting a DIC-like 
massive intravascular clot formation.

Pathophysiologically, COVID-19 coagulopathy has not 
been fully clarified yet, even though the underlying 
mechanisms may partially overlap those of a bacterial 
sepsis-induced coagulopathy and DIC.66 Furthermore, 
hypoxia has shown to play a role in thrombus formation 
and propagation, through the activation of cellular path-
ways including hypoxia-inducible factors (HIFs), such 

HIF1 and HIF2. These molecules enhance the transcription 
of genes coding for proteins involved in coagulation 
homeostasis, including PAI-1. In addition, hypoxia may 
increase the release of inflammatory cytokines and reduce 
thrombomodulin levels, resulting in an overall prothrom-
botic effect unbalanced by a reduced fibrinolytic 
response.67

Despite some similarities, coagulopathy in COVID-19 
shows peculiar hallmarks: in comparison with bacterial- 
sepsis-induced coagulopathy, prolongation of PT and aPTT 
and decrease in antithrombin activity are less frequent in 
COVID-19. Thrombocytopenia is relatively uncommon, 
while thrombocytosis is recognized in the most severe 
cases. However, one of the typical features of coagulation 
disorder in COVID-19 is the predominant increase of the 
D-dimer, which appears to parallel the severity of the 
disease.66

Tang et al analyzed retrospectively conventional coa-
gulation results and outcomes of 183 consecutive patients 
with confirmed COVID-19 pneumonia: upon admission, 
non-survivors revealed significantly higher D-dimer and 
FDP levels, longer PT and aPTT compared to survivors (p 
< 0.05).68

However, a reliable D-dimer cut-off level on admission to 
predict in-hospital mortality in these patients has not been 
defined. Zhang et al dichotomized 343 patients in two groups 
based on the D-dimer cut-off value of 2000 ng/mL (four-fold 
the normal cutoff), which was found to be able to predict in- 
hospital mortality with a sensitivity of 92.3% and a specificity 
of 83.3%. Patients with D-dimer levels ≥2000 ng/mL had 
a higher mortality rate than those with D-dimer levels <2000 
ng/mL.69 In a preliminary analysis of a sample of 140 
patients, treated with non-invasive ventilation for acute 
respiratory failure due to COVID-19 and followed for several 
days at the beginning of the ventilator support (unpublished 
data), we found that the D-dimer level decreased in survivors, 
while showing a late increase in non-survivors. However, the 
dispersion of values was so wide that we did not find any 
significant difference based on prognosis (Figure 5).

Besides the prognostic role, the elevation of D-dimer 
level in patients with COVID-19 has a therapeutic impor-
tance, concerning VTE prophylaxis. In Tang et al’s trial, 
449 COVID-19 patients were enrolled: 94 received 40– 
60 mg/day of enoxaparin and 5 received 10.000–15.000 U/ 
day of unfractionated heparin. The 28-day mortality of 
heparin users was lower than that of non-users, among 
patients who had a D-dimer value >3000 ng/mL (ie, six- 
fold higher than the normal upper limit). Mortality rate did 
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not differ among heparin users according to D-dimer 
values. However, mortality raised alongside the increase 
in the D-dimer in non-users. When the D-dimer levels 
reached six-folds the normal upper limit, a reduction of 
20% in mortality rate was found in heparin users com-
pared to non-users (32.8% vs 52.4%; p = 0.017).70

Conclusions
D-dimer represents a useful and cheap test, easily available in 
most EDs, which can add relevant diagnostic and prognostic 
information in the workup of a relevant proportion of patients 
visiting the ED. Knowing which patients will benefit from 
a determination of the D-dimer level and selecting them 
appropriately can help the Emergency Physician avoid unne-
cessary imaging tests, without increasing the risk of misdiag-
nosing. The employment of the D-dimer as a prognosticator 
needs to be confirmed in large prospective studies, as well as 
its role in guiding treatment.
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