
Abstract. Background: Although complex scores were
recommended for diagnosis of pulmonary embolism (PE),
acceptance in clinical practice is limited. In our Emergency
Department a symptom-based algorithm for patients with
suspected PE including computed tomographic pulmonary
angiography (CTPA) and D-dimer testing was implemented.
Patients and Methods: The cases of 492 patients presenting
with either chest pain, dyspnea or syncope for whom this
algorithm was applied, were retrospectively analyzed with
respect to the incidence of PE, D-dimer and high-sensitive
troponin levels. Results: Our algorithm detected PE in 59 out
of 492 patients. D-Dimer levels were significantly higher in
the PE group than in the patients without PE (p<0.0001).
High-sensitive troponin was significantly increased in
patients with central PE compared to other patients
(p<0.01). Conclusion: Our data demonstrate the utility and
practicability of our symptom-based algorithm in
combination with D-dimer testing and the use of CTPA in
patients with suspected PE. 

Reliable detection of pulmonary embolism (PE) is
considered a major challenge for emergency facilities.
Previous studies have demonstrated that approximately two-
thirds of all cases of PE are not detected, and that
approximately 30% of these patients subsequently die due to
consequences of overlooked PE (1-4). These data
demonstrate an uncertainty in the detection of PE which has

lasted for decades. Plasma D-dimer as an indicator of acute
coagulatory activation, has been widely recognized as being
useful in the diagnostic work-up of PE (5-11). D-Dimers are
highly sensitive for PE in patients at low and moderate
clinical risk, but are of very low specificity (6, 8, 9, 11-17).
In current PE guidelines, the recommendation for D-dimer
testing is based on its highly negative predictive value in
stable patients suspected of having PE and is, therefore, well-
suited for ruling-out PE (7, 10, 18-21). Troponin is another
important prognostic biomarker in the risk assessment of
patients suspected of having PE and indicates myocardial
damage with a high sensitivity and, thus, early identifies
patients at an increased risk of mortality (22-24). New
generations of highly-sensitive troponin (hs-troponin) assays
are of particular interest for the management of acute
coronary syndromes (25-28), but high-evidence data on their
value for PE risk assessment are still rare (29, 30). Computed
tomographic pulmonary angiography (CTPA) has become
the diagnostic gold standard for the detection and safe
exclusion of PE (31, 32). Thus, the 2008 European Society
of Cardiology (ESC) guidelines for PE recommend early
integration of CTPA in the diagnostic work-up of PE (33).
However, for risk stratification prior to CTPA, complex
scoring systems such as the Wells score and the Geneva
score are currently recommended (34-36). Yet these scores
are controversially discussed since they include rather
subjective statements such as “PE is more likely than an
alternative diagnosis”. The complexity of these scores and
the aforementioned vaguely-defined criteria limit their
acceptance and application in the daily clinical routine. Thus,
a simple symptom-based algorithm for the detection of PE
was implemented at the Emergency Department of the
University Medical Center Mannheim, Germany, which has
abandoned scoring systems. The aim of this study was the
evaluation of this algorithm. The initial criterion for this
diagnostic algorithm is the presence or absence of one of the
cardinal symptoms of chest pain, dyspnea or syncope, proven
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to occur particularly frequently in PE (37-41). This study
focuses on the incidence of PE overall, as well as central,
segmental and sub-segmental PE, and on D-dimer levels in
the patient cohort. Another aspect of our work concerns the
role of hs-troponin in PE risk assessment.

Patients and Methods

Diagnostic approach. We retrospectively reviewed the medical
records of stable patients with suspected PE who had consecutively
presented with suspected PE and positive D-dimer test to the
Emergency Department of the University Medical Centre
Mannheim, Germany, between 04/2010 and 07/2011. Institutional
Review Board approval from the Klinisches Ethik-Komitee,
Klinikum Mannheim GmbH, was obtained with no informed consent
required for this retrospective analysis. The algorithm used for the
diagnostics of PE is shown in Figure 1. The study comprises of
haemodynamically-stable patients with at least one of the cardinal
symptoms of chest pain, dyspnea or syncope. Patients in cardiogenic
shock (systolic blood pressure <90 mmHg) or resuscitated patients
were excluded from this study. The standard algorithm includes
anamnesis of risk factors, physical examination and a 12-lead ECG.
D-Dimers as a parameter of simultaneous activation of coagulation
and fibrinolysis and hs-troponin as a marker of myocardial damage
were routinely determined. If at least one of the mentioned
symptoms was present and D-dimer testing yielded positive results,
CTPA was performed. CTPA was considered contraindicated in
cases of pregnancy, contrast medium allergy, high-grade renal
insufficiency (creatinine >1.5 mg/dl), hyperthyroidism, and current
metformin therapy. Determination of D-dimers (Tina-Quant D-dimer
assay; Roche Diagnostics, Mannheim, Germany) was based on a
reference range of 0-0.5 mg/l. D-Dimer levels >0.5 mg/l were
considered pathological. Determination of hs-troponin (Vista;
Siemens Healthcare Diagnostics, Eschborn, Germany) was based on
a reference range of 0-0.045 ng/ml. Thus, hs-troponin levels >0.045
ng/ml were considered pathological.

Statistical analysis. Statistical analysis was performed using JMP
8.0 (SAS Institute, Cary, NC, USA) and MedCalc 12.3.0 (MedCalc
Software bvba, Mariakerke, Belgium). Categorical variables were

reported as counts (percentages). Continuous variables were
expressed as the mean±standard deviation, median (25th to 75th
percentile) and range. For each continuous variable, the
Shapiro–Wilk test was performed to investigate the normality of
the distribution of the data. Possible differences in the assessed
study parameters between different patient subgroups were
estimated with Fisher’s exact test and Chi² test for categorical
variables, and with one-way analysis of variance (ANOVA) for
continuous variables; for normally-distributed variables, Student’s
t-test for independent samples was applied, for non-parametric
variables the Wilcoxon/Kruskal–Wallis rank sum test and normal
approximation was applied. All analyses were performed as two-
tailed and a p-value of ≤0.05 was considered statistically
significant.
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Figure 1. Diagnostic algorithm for haemodynamically-stable patients
with suspected acute Pulmonary embolism. CTPA: Computed
tomographic pulmonary angiography.

Table I. Patients’ baseline characteristics (n=492).

Age, years
Mean±SD 68±17
Range 19 to 105

Gender, n (%) 
Male 218 (44)
Female 274 (56)

Symptoms, n (%)
Chest pain 257 (52)
Dyspnoea 281 (57)
Syncope 81 (16)

Heart rate, beats/min
Mean±SD 86±22
Range 49 to 175

Systolic blood pressure, mmHg
Mean±SD 147±29
Range 90 to 290

Diastolic blood pressure, mmHg
Mean±SD 80±15
Range 40 to 150

Oxygen saturation, %
Mean±SD 96±4
Range 70 to 100

SD: Standard deviation.

Table II. Results of electrocardiogram (ECG) and computed
tomographic pulmonary angiography CTPA (n=492).

ECG, n (%)
Atrial fibrillation 43 (9)
Left bundle branch block 21 (4)
Right bundle branch block 61 (12)
ST-Segment depression 20 (4)
T-Wave inversion 67 (14)

CTPA, n (%)
PE overall 59 (12)
Central PE 19 (4)
Segmental PE 34 (7)
Sub-segmental PE 6 (1)

PE: Pulmonary embolism. 



Results

Baseline characteristics. Our cohort consisted of 492
hemodynamically stable patients that suffered from at least
one of the three following symptoms: chest pain, dyspnea,
or syncope, and who underwent CTPA after positive D-dimer
testing. Baseline characteristics are shown in Table I. The
proportion of women (n=274; 56%) was slightly higher than
that of men (n=220; 44%). Most frequent cardinal symptoms
were dyspnea (n=281; 57%) and chest pain (n=257; 52%);
syncope (n=81; 16%) was significantly less frequent. 

Technical diagnostics. Table II shows the results of
electrocardiogram (ECG) and CTPA. In ECG, T-wave
inversion was the most common pathological finding (n=67;
14%). CTPA detected PE in a total of 59 (12%) out of the
492 investigated patients. Segmental PE (n=34; 7%) was the
most common finding followed by central PE (n=19; 4%).
Isolated subsegmental PE (n=6; 1%) was rare. 

Laboratory diagnostics. Table III summarizes the laboratory
findings. D-Dimer concentrations were significantly
increased in patients with PE compared to patients without
PE (p<0.0001). Concerning the subgroups, significantly
higher D-dimer levels were only found in patients with
central PE (p<0.0001) and segmental PE (p<0.01) compared
to patients without PE. In patients with subsegmental PE, D-
dimer levels did not differ significantly from those of
patients without PE (p=0.13). 

Regarding hs-troponin, significantly higher concentrations
were only found in the central PE subgroup compared to
patients without PE (p<0.01). In patients with segmental
(p=0.35) or sub-segmental PE (p=0.14) and in the overall PE
group (p=0.62) no significant differences in the hs-troponin
levels were detected compared to patients without PE.

Discussion

Emergency facilities are in need of straightforward strategies
for the diagnosis of PE that take into account all the relevant
risk parameters, leave-out the unnecessary ones and are easy
to implement in daily practice. The main therapeutic aim is
the start of an anti-coagulation treatment as early as possible
(42). In our study, haemodynamically-instable patients were
excluded. According to the guidelines, in these patients
echocardiography is a useful diagnostic tool. However, the
vast majority of patients with suspected PE are
haemodynamically-stable. Our algorithm was applied to
stable patients with positive D-dimers. PE was detected in
12% of our patient cohort, in 88% PE was ruled-out. For
these patients a simple algorithm with D-dimer testing
routinely followed by CTPA seems to be most useful
approach given the known diagnostic uncertainties associated
with exclusion of PE in D-dimer-positive patients. 

Determination of D-dimer levels plays a crucial role in
patients with suspected PE. Normal D-dimer levels can be
interpreted to safely rule-out PE in patients with low or
moderate probability of PE (33). In our study, D-dimer levels in
the patients who were later found to have PE, and especially
in the subgroups with central and segmental PE, were
significantly increased compared to the patients where PE was
finally ruled out. To date, conflicting results have been
published on the correlation between D-dimer levels and right
ventricle dysfunction, but consensus exists regarding the
association between an elevated D-dimer level and the burden
of PE as assessed by CTPA (5). It has yet to be considered that
individual cases of PE with a negative D-dimer test have been
described, although such occurence has never been confirmed
in systematic clinical trials (43-45). Patients with negative D-
dimer findings were excluded from our retrospective study, but
in principle, CTPA may yet be expedient in individual patients
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Table III. Results of laboratory values (n=492).

Median (25th to 75th percentile) Range p-Value

D-Dimer values (mg/l)
Patients without PE (n=433) 1.26 (0.89 to 3.06) 0.51 to 35.00 -
Patients with PE overall (n=59) 3.77 (2.25 to 9.95) 0.53 to 32.00 <0.0001*
Patients with central PE (n=19) 10.90 (5.40 to 18.01) 1.36 to 29.00 <0.0001*
Patients with segmental PE (n=34) 2.87 (1.27 to 4.28) 0.53 to 32.00 <0.01*
Patients with subsegmental PE (n=6) 3.12 (1.12 to 4.74) 1.06 to 8.30 0.13

Hs-troponin values (ng/ml)
Patients without PE (n=433) 0.02 (0.02 to 0.02) 0.01 to 8.30 -
Patients with PE overall (n=59) 0.02 (0.02 to 0.04) 0.02 to 3.12 >0.05
Patients with central PE (n=19) 0.02 (0.12 to 0.29) 0.02 to 3.12 <0.01*
Patients with segmental PE (n=34) 0.02 (0.02 to 0.02) 0.02 to 0.64 >0.05
Patients with subsegmental PE (n=6) 0.02 (0.02 to 0.04) 0.02 to 0.02 >0.05

*Values significantly higher compared to patients without PE. SD: Standard deviation; PE: pulmonary embolism; Hs-troponin: highly-sensitive
troponin.



with negative D-dimer test results if the probability of
diagnosing PE is particularly high. This affects for example
patients with a history of deep vein thrombosis or PE. 

Another focus of our work is on hs-troponin. The reason
for the release of troponin in a subset of patients with acute
PE is still unclear (24). However, an explanation might be
the existence of hypoxaemia due to perfusion-ventilation
mismatch, hypoperfusion as a consequence of low output and
reduced coronary blood flow, as well as cell injury caused
by acute dilatation of the right ventricle, or a combination of
these factors (2, 24). Data on hs-troponin in PE patients are
scarce (29, 30). A verified, definite prognostic cut-off value
is still lacking. Our data demonstrate significantly increased
hs-troponin values in patients with a central PE, suggesting a
higher risk for an adverse outcome. This might identify
patients who would benefit from intensified monitoring even
in cases of haemodynamic stability. In our study, no
significant differences regarding hs-troponin concentrations
were found in the overall PE group nor in the subgroups of
segmental and sub-segmental PE compared to patients
without PE. This is understandable because the overall PE
group consisted predominantly of patients with segmental
and sub-segmental PE and these two subgroups of PE are
usually not associated with right ventricular dysfunction.

Overall, our algorithm consists of three simple work-up
steps to PE diagnosis and abandons any complex scores. Low-
threshold CTPA is the basic imaging method in accordance
with the 2008 ESC guidelines. Nevertheless, the risk of missing
a patient with PE presenting with atypical symptoms lacking
presence of either of the three described cardinal symptoms
remains. Residual uncertainties in the context of PE diagnostics
will never be completely eliminated, but emphasize the
particular importance of a comprehensive evaluation of all
relevant clinical, technical and laboratory parameters. These
always include a detailed history of the risk factors documented
for PE to assess pre-test probability (46-49).

Conclusion

Although scores are recommended in current guidelines for
diagnosis of PE, acceptance of their use in clinical practice is
limited. We implemented a simple symptom-based algorithm
for the detection of PE which abandons all scoring systems.
In this retrospective analysis, we demonstrated the utility and
practicability of this symptom-based algorithm in
combination with D-dimer testing and the routine use of
CTPA in Emergency Department patients with suspected PE. 
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