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Abstract
Background: Pulmonary embolism (PE) is the third most common cardiovascular syndrome with an average
annual incidence rate of 77 per 100,000 population in the worldwide. The diagnose algorithms for suspected PE are
generally include clinical scoring assessment and plasma D-dimer evaluation, patients with high risk of PE require
computed tomographic pulmonary angiogram (CTPA) detection for confirmation.
Methods: In this retrospective analysis, 1035 patients with suspected PE were recruited. All the patients were
clinically received simplified Geneva score (SGS) pre-test, determination of plasma D-dimer level, and CTPA
detection. All enrolled patients were grouped according to the CTPA results: PE patients and non-PE patients. Then,
receiver operating characteristic (ROC) curve were constructed to determine the optimal D-dimer cutoff point value
which is based on Yonden’s index (YI).
Results: 294 (28.4%) patients were confirmed with PE and 741(71.6%) individuals were regarded as non-PE cases by
CTPA detection. Using the SGS pre-test, 829 (80.1%) patients were classified PE-unlikely (SGS ≤ 2) and 206 (19.9%)
patients were PE-likely (SGS ≥ 3). Patients with D-dimer levels above 1.96 mg/L had a significant risk to suffer from
PE (area under curve (AUC), 0.707; 95% CI, 0.678–0.735; p < 0.05). Meanwhile, in patients with SGS ≥ 3, the D-dimer
cutoff point value moved to 2.2 mg/L (AUC, 0.644; 95% CI, 0.574–0.709; p < 0.05).
Conclusion: D-dimer test in combination with SGS pre-test could improve the accuracy of PE diagnosis. Patients
with D-dimer levels over 1.96 mg/L (4 times of the normal level) have a significant risk for PE. In patients with
SGS ≥ 3, the D-dimer cutoff point concentration for PE risk moves to the levels of 2.2 mg/L.
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Background
Pulmonary embolism (PE) is a fatal condition which is
induced by thromboembolus occluding the main pulmonary artery or its branches [1]. It is the third most
common acute cardiovascular syndrome after myocardial infarction and stroke [2]. In American, it is estimated that venous thromboembolism, including PE and
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deep-vein thrombosis (DVT), may induce300 000 deaths
every year using a modeling method [3]. Owing to using
of more effective interventions and better adherence to
guidelines, the mortality rate of acute PE has been reducing in many areas of the world [4–7]. However, it is
also reported that there is an over-diagnosis in the diagnosis of PE in the current [8], this may in turn induce a
fake decline of mortality rate to a certain extent. We
consider that improving efficiency of PE detection
methods and optimizing the detection process would be
great benefit for the clinical outcomes of acute PE.
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dimerA highly sensitive D-dimer test is available for
venous thromboembolism diagnosis by exclusion without further testing [9]. Less sensitive, but more specific
D-dimer detection exhibits advantages in identifying the
patients with low thromboembolism risk [10]. Recent research has indicated that patients with the levels of Ddimer higher than 2.15 mg/L have a notable increased
risk of PE [11]. It is hinted that the role of D-dimer on
PE diagnosis test should be expanded, except for exclusion diagnosis of PE. According to the ESC guidelines,
CTPA is the clinical “gold standard” for the diagnosis of
PE [12].
The Geneva score is a clinical prediction rule to assess
PE pre-test probability [12]. The original Geneva score
was developed by Jacques Wicki et al. in 2001 [13]. To
enhance clinical applicability and practicability, it has
been simplified [14, 15]. Due to the limited sensitivity in
the diagnosis of PE [16], the Geneva score is suggested
to use in early assessment of PE clinical (pre-test) probability [12]. In present study, a retrospective analysis of
1035 cases of patients with suspected PE was carried
out, and all the patients were performed with simplified
Geneva score (SGS) assessment, D-dimer levels evaluation, and CTPA detection. We aimed to determine the
D-dimer cutoff point for PE risk in patients with pre-test
of SGS, and the patients with a D-dimer levels higher
than that should be accepted further CTPA detection
coercively.

Materials and methods
Patients

1035 patients with clinical suspected PE in the Quanzhou First Hospital Affiliated to Fujian Medical University from Jan, 2015 to Jun, 2019 were retrospectively
analyzed. All the patients were accepted with SGS pre-
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test, D-dimer measurement, and CTPA. According to
the results of CTPA, patients were divided into two
groups: PE group and non-PE group. In addition, the
following clinical information were collected from all the
individuals: lung cancer, hypertension, diabetes, coronary
disease, fibrinogen, morphological blood analysis, levels
of C-reaction protein (CRP) and so on. Patients with
missing or inconclusive statistical information were excluded. This study was approved by the Ethics Committee of Quanzhou First Hospital Affiliated to Fujian
Medical University. Informed consent was obtained.
Simplified Geneva score (SGS)

Simplified Geneva score (SGS) was calculated in accordance with the items in Table 1. In detail, the SGS assessment items included Age > 65, previous DVT or PE,
surgery or fracture within one-month, active malignant
condition, unilateral lower limb pain, hemoptysis etc.
Most of the survey items just required a simple choice
(yes/on) to make an easy and efficient assessment. Each
item of the SGS had the same weight. An SGS ≤ 2 was
presented as PE-unlikely, and an SGS ≥ 3 was regarded
as PE-likely.
Plasma D-dimer evaluation and CTPA

Plasma D-dimer levels were detected by immunoturbidimetry using ACL TOP 700 system (Beckman Coulter
Inc., Fullerton, CA, USA) according to the manufacturer’s instructions. Concentration of D-dimer< 0.5 mg/L
was regarded as normal level. In a routine process, patients with normal D-dimer level did not receive any further PE testing, while patients with positive D-dimer
levels underwent CTPA detection. However, in present
study, all enrolled patients were performed with CTPA
detection (Light Speed VCT; GE Healthcare, USA)

Table 1 Items for calculating Geneva score in original and simplified version are presented
Items

Original Version

Simplified Version

Age > 65

1

1

Previous DVT or PE

3

1

Surgery or fracture within one month

2

1

Active malignant condition

2

1

Unilateral lower limb pain

3

1

Hemoptysis

2

1

75–94 b.p.m.

3

1

≥ 95 b.p.m.

5

2

Pain on deep palpation of lower limb and unilateral oedema

4

1

PE-unlikely

0–5

0–2

PE-likely

> 5

> 2

Heart rate

Clinical probability

DVT deep vein thrombosis, PE pulmonary embolism, b.p.m. beat per minute
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according to “pulmonary embolism” method. Patients
with positive CTPA results were subjected to anticoagulant therapy. All PE-suspected patients were adjudicated
by at least two experts until the final decision. All patients were followed up for 3 months.

Statistical analysis

Data in present study were analyzed by using the MedCalc Statistical Software version 15.2.2 (MedCalc Software bvba, Ostend, Belgium). The purposed cutoff point
of D-dimer for PE diagnosis was determined by receiver
operating characteristic (ROC) curve. Youden’s index
(YI = sensitivity + specificity – 1) of each point in ROC
curve was evaluated to determine the cutoff point value
with optimal sensitivity and specificity. Categorical variables were presented as number and percentage, and
continuous variables were presented as mean ± SD
(standard deviation). Comparisons between categorical
variables were performed using Chi-square (χ2) test.
Comparisons between continuous variables were performed using one-way analysis of variance (ANOVA)
test. P < 0.05 was regarded as statistically significant
difference.
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Results
Analysis of general and clinical information for all
patients

In this study, the enrolled patients consisted of
423(40.87%) females and 612(59.13%) males, the average age was 67.36 ± 9.79 years. Patients were divided
into PE group (294 patients, 28.41%) and non-PE
group (741 patients, 71.59%) according to the CTPA
results. Among them, 68 patients (6.57%) were suffered from lung cancer of which pathological type
mainly were adenocarcinoma and small cell cancer. It
was found that patients with lung cancer were more
likely to suffer from PE than those without lung cancer (p = 0.02). In addition, cough was the related factors for PE (p = 0.02), but other clinical symptoms
including chest pain (p = 0.74), hemoptysis (p = 0.58),
and dyspnea (p = 0.08) were not. The plasma D-dimer
levels in PE patients (6.61 ± 11 mg/L) were significantly higher than those in non-PE patients (2.89 ±
5.99 mg/L, p < 0.001). The general and clinical information of all patients were presented in Table 2. The
frequency of patients classified by D-dimer range was
shown in Fig. 1.

Table 2 Clinical information of the PE and non-PE patients
Variates
Age (years)

p

Total

PE patients

Non-PE patients

(n = 1035)

(n = 294)

(n = 741)

67.36 ± 9.79

67.27 ± 9.47

67.4 ± 9.92

0.84

0.51

Gender
Male n (%)

612 (59.13)

167 (56.8)

445 (60.05)

Female n (%)

423 (41.07)

127 (43.2)

296 (39.95)

Lung cancer n (%)

68 (6.57)

28 (9.52)

40 (5.4)

0.02

Pulmonary infection n (%)

377 (36.43)

100 (34.01)

277 (37.38)

0.34

Hypertension n (%)

418 (40.39)

110 (37.41)

308 (41.57)

0.25

Diabetes n (%)

154 (14.88)

35 (11.9)

119 (16.06)

0.11

Coronary disease n (%)

71 (6.86)

14 (4.76)

57 (7.69)

0.12

Dyspnea n (%)

559 (54)

172 (58.5)

387 (52.23)

0.08

Chest pain n (%)

124 (11.98)

37 (12.59)

87 (11.74)

0.74

Cough n (%)

360 (34.78)

85 (28.91)

275 (37.11)

0.02

Hemopthysis n (%)

50 (4.83)

12 (4.08)

38 (5.13)

0.58

WBC

8.62 ± 6.71

9.00 ± 9.85

8.47 ± 4.95

0.26

HGB

125.22 ± 23.39

126.69 ± 21.67

124.63 ± 24.02

0.46

Neutr.

8.63 ± 6.71

9 ± 9.85

8.47 ± 4.95

0.26

PLT

232.66 ± 96.36

226.76 ± 89.76

234.99 ± 98.84

0.22

CRP

37.47 ± 56.05

38.07 ± 58.00

35.82 ± 50.33

0.61

FIB

3.49 ± 1.17

3.33 ± 1.06

3.56 ± 1.21

0.01

D-dimer (mg/L)

3.94 ± 7.92

6.61 ± 11

2.89 ± 5.99

< 0.001

SGS

1.72 ± 0.95

1.87 ± 0.96

1.66 ± 0.93

0.002

PE pulmonary embolism, n number, WBC white blood cell, HGB hemoglobin, Neutr neutrophil, PLT blood platelet, CRP C-reaction protein, FIB Fibrinogen, SGS
Simplified Geneva score
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Fig. 1 The frequency for PE and non-PE patients classified by D-dimer range. PE = pulmonary embolism

ROC curve to determine D-dimer proposed cutoff point
value for PE diagnosis

To confirm the optimal cutoff point of D-dimer, ROC
curve was established. As shown in Fig. 2, patients with
D-dimer levels above 1.96 mg/L have a significant risk to
suffer from PE (area under curve (AUC), 0.707; 95% CI,
0.678–0.735; p < 0.0001). In addition, ROC curves were
constructed in patients both with SGS ≤2 and SGS ≥ 3.

Fig. 2 Receiver operating characteristic (ROC) curve for PE diagnosis
by D-dimer evaluation. All patients were included (n = 1035).
PE = pulmonary embolism

The results of ROC curve in patients with SGS ≤ 2 were
similar to that in all patients, with a D-dimer cutoff
point value of 1.96 mg/L (AUC, 0.722; 95% CI, 0.690–
0.752; p < 0.0001) (Fig. 3). However, in patients with
SGS ≥ 3, the D-dimer cutoff point value moved to 2.2
mg/L (AUC, 0.644; 95% CI, 0.574–0.709; p = 0.0004)
(Fig. 4).

Fig. 3 ROC curve for PE diagnosis by D-dimer evaluation. Patients
with SGS ≤ 2 were included (n = 829). PE = pulmonary embolism,
SGS = simplified Geneva score
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Fig. 4 Receiver operating characteristic curve for PE diagnosis by Ddimer evaluation. Patients with SGS ≥ 3SGS ≥ 3 were included (n =
206). PE = pulmonary embolism, SGS = simplified Geneva score

Sensitivity, specificity, positive predicted value (PPV), and
negative predicted value (NPV) of D-dimer cutoff for PE
diagnosis

The sensitivity, specificity, positive predicted value
(PPV), and negative predicted value (NPV) were calculated for the D-dimer cutoff point value (Table 3). Compared with the rule-out value 0.5 mg/L, the specificity of
proposed cutoff point 1.96 mg/L was increased by 0.355
(from 0.328 to 0.683). Meanwhile, the PPV was promoted by 0.105 (from 0.345 to 0.45), while the NPV was
only decreased by 0.052 (from 0.884 to 0.832). When
combined the SGS assessment and D-dimer detection in
PE diagnosis, the D-dimer proposed cutoff point value
was changed according to the SGS. In patients with
SGS ≥ 3, the D-dimer optimal cutoff point was raised by
0.24 mg/L (from 1.96 mg/L to 2.2 mg/L) compared with
that in patients with SGS ≤2.

Discussion
It is well investigated that D-dimer test has a good performance in PE ruling-out diagnosis [9, 12, 17]. On the
other hand, several studies based on ROC curves have illustrated that high levels of plasma D-dimer (1.96 mg/L
in present study) in patients are associated with

significant risk for PE incidence [11, 18–20]. However,
the best D-dimer cutoff point level for significant PE risk
is quite different in these studies. In the first study (PE
confirmed patients/study population = 134/370), it was
reported that the best D-dimer cutoff level for significant
PE risk = should be 2.152 mg/L (AUC, 0.69; 95% CI,
0.64–0.74; p < 0.05) [11]. In the second study (PE confirmed patients/study population = 48/544), the optimal
D-dimer cutoff point for significant PE risk was determined to be 0.9 mg/L (AUC, 0.76; 95% CI, 0.69–0.82;
p < 0.001) [18]. In the third study (PE confirmed patients/study population = 40/80), the authors have declared a best D-dimer cutoff point for significant PE risk
of 0.83 mg/L (AUC, 0.762; 95% CI, 0.653–0.850;
p < 0.05) [19]. In the aspect of confirmation of D-dimer
cutoff point for significant PE risk, our finding is similar
to the first study. Meanwhile, compared with previous
studies, our study has the largest investigation population (n = 1035) in which the number of PE confirmed
patients is 294(28.41%). In the last two studies [18, 19],
it is limited in terms of both research population and PE
confirmed patients. It was also reported that the age is
an important factor while evaluating D-dimer levels for
PE diagnosis [21, 22]. But considering that age is one of
the SGS items, we did not discuss the age factor independently in our research.
The sensitivity of Geneva score in diagnosis of PE
was previously reported as 0.208 in Japanese population [16], which is generally consistence with that in
present study (SGS sensitivity, 0.241; data not shown).
The specificity of Geneva score for PE diagnosis is
relatively high as 0.731 in our study (Data not
shown). Combination D-dimer testing and Geneva
scores in the diagnosis of PE could improve the diagnostic accuracy and utility of the diagnostic criteria
[17, 22]. In our study, the ROC curves were constructed to assess the diagnostic value of D-dimer
testing in both PE-likely (SGS ≥ 3) and PE-unlikely
(SGS ≤ 2) patients. Our results showed that in patients
with SGS ≤ 2, the AUC of the ROC curve raise from
0.328 to 0.722 (comparison with commonly used cutoff point level of 0.5 mg/L). In patients with SGS ≥ 3,
the D-dimer optimal cutoff point for significant PE
risk moved to the level of 2.2 mg/L, and the PPV increased from 0.345 to 0.476 (comparison with commonly used cutoff point level of 0.5 mg/L).

Table 3 Sensitive, specificity, positive predicted value (PPV), and negative predicted value (NPV) of D-dimer for significant PE risk
Group

Proposed D-dimer
cutoff point (mg/L)

Sensitivity

Specificity

PPV

NPV

All patients

1.96

0.653

0.683

0.45

0.832

Patients with SGS ≤ 2

1.96

0.628

0.71

0.443

0.838

Patients with SGS ≥ 3

2.22

0.704

0.593

0.476

0.792

PE pulmonary embolism, SGS simplified Geneva score, PPV positive predicted value, NPV negative predicted value
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According to the guidelines for diagnosis and management of acute pulmonary embolism (PE) in 2019, the PPV
of D-dimer test is low and D-dimer test is not suggested
to applicate in PE confirmation [12]. However, our results
revealed that patients with D-dimer levels higher than
1.96 mg/L have a significant risk for PE, in other words,
D-dimer may have potential prognostic value in the PE
diagnosis. Moreover, lung cancer in patient plays a positive role in PE incidence and poor prognosis [23]. In our
study population, there were 68 patients suffered from
lung cancer, 28 (41.2%) of which were confirmed with PE.
The incidence rate of PE in patients with lung cancer is
much higher than 28.4% of the overall study population.
Therefore, it is necessary to investigate the prognostic
value of D-dimer test for PE diagnosis in patients with
lung cancer if large sample size is collected.
In our study, when using the D-dimer commonly used
cutoff point (0.5 mg/L) to rule-out PE, 11.6% patients
with normal D-dimer levels and confirmed PE would
not be excluded by D-dimer testing effectively. Meanwhile, in the patients with PE, 10.9% (32 of 294) had
normal levels of D-dimer, which was slightly higher than
those reported in most studies, 5.2% (7 of 134) (11),
3.6% (2 of 55) [24], 4% (29 of 725) [25], and 27% (8 of
30) [26]. In present study, we desire to establish optimized test process for PE confirmation through combination SGS pre-test and D-dimer detection in large
sample size. CTPA should be our final measure for PE
confirmation in patients with high PE risk in our ideal
testing process.
There were some limitations in our study. This was a
retrospective analysis, and most of the study individuals
were hospitalized patient with complex conditions.
Plasma D-dimer concentration could be promoted in patients with cancer [27], during pregnancy [28], and in
hospitalized patients [29]. Moreover, due to limited sample size of patients with lung cancer, we cannot analyze
the D-dimer cut-off point levels for PE diagnosis in this
separated population.

Conclusions
In summary, D-dimer test in combination with SGS pretest could improve the accuracy of PE diagnosis. Patients
with D-dimer levels over 1.96 mg/L (4 times of the normal level) have a significant risk for PE. In addition, in
patients with SGS ≥ 3, the D-dimer cutoff point concentration for PE risk moves to the level of 2.2 mg/L. CTPA
should be a compulsive measure for PE confirmation in
patients with a high level of D-dimer.
Abbreviations
SGS: Simplified Geneva score; PE: Pulmonary embolism;; CTPA: Computed
tomographic pulmonary angiogram; ROC: Receiver operating characteristic;
YI: Yonden’s index; AUC: Area under curve; ANOVA: Analysis of variance;
PPV: Positive predicted value; NPV: Negative predicted value
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