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ABSTRACT 

Pulmonary embolism (PE) is a clinical entity with high mortality rate and therefore rapid diagnosis is necessary. For 
this purpose many diagnostic strategies have been developed for avoiding or necessitating further investigations. The 
hallmark of these strategies is assessing the pretest clinic probability of PE. In this study, the effectiveness of Wells, 
Geneva and Kline methods were investigated in a university hospital emergency department. 74 patients were enrolled 
in this study. The inter-group differences in scoring systems were significant for Wells and Kline but non-significant for 
Geneva method. The diagnosis of PE was correlated with Wells and Kline system but Geneva system lacked it. The 
receiver operating characteristic analyses was performed for comparing the pretest clinical probability scoring systems 
and the greatest area under the curve was found in Wells system. Wells method seems more useful compared to Geneva 
and Kline methods particularly in emergency department. 
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1. Introduction 

Pulmonary embolism (PE) is one of the forms of venous 
thromboembolic diseases that have the highest mortality. 
It is characterized by occlusion of the pulmonary arterial 
system at various degree and different localization and 
usually results from embolization of thrombi originating 
from the deep calf veins. It has been reported that app- 
roximately 10% of newly diagnosed cases die within the 
first hour and the overall mortality is 2% - 10% with 
treatment [1], whereas the mortality rate rises up to 26% 
in untreated PE patients and also has the same recurrence 
rates [2]. Also, 36% of patients presenting to emergency 
department with pulseless electrical activity, had PE [3]. 

Clinical findings of PE are nonspecific and non-diag- 
nostic. The gold standard in diagnosis is pulmonary an- 
giography, although computerized tomography pulmo- 
nary angiography (CTPA) or ventilation/perfusion scin- 
tigraphy is more readily used. However, pretest probabi- 
lity of the disease is evaluated with various algorithms. 
For this purpose, many algorithms have been developed. 
Wells [4] and Geneva [5] scoring systems, by assigning 
points for various clinical variables, classify patients as 

low, moderate, or high probability. In general, a low pro- 
bability together with a low d-dimer level excludes the 
disease, avoiding further examinations, while other pro- 
babilities are assessed by means of further imaging tech- 
niques [6,7]. Apart from these two, a scoring system de- 
veloped by Kline et al. examines whether it is safe to 
exclude the disease in patients with a low d-dimer test [8]. 
We aimed to compare the three clinical probability levels 
with each other. 

2. Materials and Method 

2.1. Study Population and Data Collection 

After obtaining approval of ethical committee, patients 
assessed for pulmonary embolism at the emergency de- 
partment of a university hospital for a 6-month period 
were included. Demographic data, symptoms, vital signs, 
laboratory data, chest X-ray and CTPA findings, and re- 
sults of other radiologic and scintigraphic examinations 
where available were recorded to detailed data sheets. 

2.2. PE Diagnosis 
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pected diagnosis of PE. In algorithm all 3 scoring sys- 
tems were employed. Patients with moderate or high pro- 
bability in Wells or Geneva scoring systems or unsafe for 
Kline system were considered for further investtigation. 
In contrast, patients with low probability in Wells and 
Geneva scoring systems and safe for Kline system were 
evaluated with d-dimer levels. Subjects with “low proba- 
bility” and “safe” and had low d-dimer levels were not 
considered for further examination whereas subjects who 
had high d-dimer levels were considered for further exa- 
mination (Figure 1). 

Cases were divided into PE (+) and PE (−) groups ac- 
cording to criteria given below: 

Patients with a low d-dimer with a “low clinical pro- 
bability” and “safe”, a non-diagnostic CTPA and an alter- 
native diagnosis, a non-diagnostic CTPA or “normal” 
ventilation-perfusion scintigraphy and no sign of DVT in 
lower extremity venous doppler ultrasound (DUS) exa- 
mination were followed for 3 months and those who did 
not develop venous thromboembolic events were consi-  
dered PE-negative. 

Those with a CTPA diagnostic for PE, a high proba- 
bility scintigraphy result, DVT signs in lower extremity 
venous doppler ultrasonography, and with objectively de- 
monstrated venous thromboembolic events in 3-month 

follow-up were diagnosed with PE. 
To standardize PE diagnosis, CTPA examinations were 

assessed and DUS were performed by a radiologist and 
approved. 

2.3. Statistical Analysis 

Study data were analyzed with SPSS 18.00 software pa- 
ckage. Demographic and clinic variables were expressed 
as frequency, mean ± standard deviation, and percent. Com- 
parison of categorical variables was performed using “Re- 
ceiver Operating Characteristic (ROC)” curves. 

3. Results 

A total of 74 patients were enrolled. The subjects were 
19 - 95 years old. The mean age was 66.37 ± 16.70. Half 
of the patients were female. Thirty-one (42%) subjects 
were diagnosed with PE. Table 1 summarizes the criteria 
to rule in or out PE. Assessment of presenting symptoms 
of 74 patients revealed that those with PE and those with- 
out had similar symptoms. Those with PE had dyspnea 
and chest pain as the main symptoms. The proportions of 
patients and the frequencies of pulmonary embolism ac- 
cording to scoring systems were shown in Table 2. The 
inter-group differences in scoring systems were signifi-  

 

 

Figure 1. Diagnostic algorithm for PE. 
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Table 1. Criterias used to diagnose or exclude PE. 

PE excluded Number of patients 

Nondiagnostic CTPA for PE plus, alternative diagnoses that explains clinic plus, negative  
follow up at 3 mounths 

20 

Nondiagnostic CTPA or V/Q scan for PE plus, negative venous doppler ultrasound plus,  
negative follow up at 3 mounths 

12 

Low d-dimer plus, low pretest probability for Wells and Geneva and safe for Kline plus,  
negative follow up at 3 mounths 

11 

PE diagnosed  

Diagnostic CTPA for PE 24 

Nondiagnostic CTPA for PE plus, positive venous doppler ultrasound 1 

High probability V/Q scan 4 

Nondiagnostic CTPA for PE plus, negative venous doppler ultrasound plus, positive follow up at 3 
mounths 

2 

 
Table 2. Frequencies of pulmonary embolism according to scoring systems. 

Probability n PE+ (%) PE– (%) p 

Wells     

Low 29 5 (17) 24 (83) 

Moderate 37 19 (51) 18 (49) 

High 8 7 (88) 1 (12) 

p < 0.001* 

Geneva     

Low 33 12 (36) 21 (64) 

Moderate 40 19 (48) 21 (52) 

High 1 0 (0) 1 (100) 

p > 0.05* 

Kline     

Safe 30 7 (23) 23 (77) 

Unsafe 44 24/44 (55) 20 (45) 
p < 0.01* 

*chi square. 
 

cant for Wells and Kline method, whereas non-signifi 
cant for Geneva method. There was a moderate but sig- 
nificant correlation between PE and Wells scoring sys- 
tem. This correlation was also present in Kline system, 
albeit to a lesser extent; however Geneva system lacked 
it. The correlation coefficients were 0.457 (p < 0.01), 
0.311 (p > 0.05) and 0.074 (p > 0.05) for Wells, Kline 
and Geneva system respectively. Diagnostic values of 
Wells, Geneva, and Kline methods were compared using 
ROC curves (Figure 2). And the greatest area under cur- 
ve was found in Wells scoring system. (AUC for Wells, 
Kline and Geneva were 0.75, 0.63 and 0.53, respectively). 

4. Discussion 

Diagnosis of PE is quite difficult owing to nonspecific 
clinical symptoms and laboratory data. Delays in diagno- 
sis and treatment are known to increase morbidity and 

mortality. The main objective of diagnostic methods is to  
exclude the diagnosis. Sometimes, invasive, costly, and 
modalities that are difficult-to-reach should be performed. 
Thus, some pre-test scoring systems have been developed 
to determine if patients need further diagnostic work-up. 

Wells et al. developed by assessing patients in terms 
of predisposing factors, symptoms, and clinical findings, 
classified subjects as having low, intermediate, and high 
probability and detected PE in 67% of those with a high 
probability, 21% of those with an intermediate proba- 
bility, and 4% of those with a low probability [4]. We de- 
tected a somewhat higher rate of PE compared to Wells 
et al.; however, our results were consistent with those of 
Chagnos et al. [9]. When assessed with Wells score, dis- 
tribution of subjects to groups with low, intermediate, 
and high probability and PE prevalence in the groups 
were comparable with other studies [10,11]. It was noted  

Copyright © 2012 SciRes.                                                                                 IJCM 



Prediction of Pretest Probability Scoring Systems in Pulmonary Embolism: Wells, Kline and Geneva 734 

 

 

Figure 2. ROC analyses for wells, kline and Geneva scoring system.    
that as the Wells score increases, the rise in the rate of PE 
diagnosis was significant. 

Our results were consistent with Kline et al.’s results 
when assessed with Kline classification. The PE preva- 
lence in unsafe group was significantly higher than safe 
group; nevertheless, there are not adequate trials for its 
evaluation and use. 

When assessed with Geneva scoring system, patients 
distribution in low probability group was consistent with 
that in the study by Wicki et al. However, we had a 
greater number of patients diagnosed with PE in the low 
probability group. There was no significant correlation in 
terms of PE diagnosis between low and intermediate high 
probabilities. In this respect, our results were consistent 
with those of Moores et al. [10], while differrent from 
those of Chagnon et al. [9].  

In a previous study, PE diagnosis was put in a rate of 
20% in case PE was the most probable diagnosis [12]. 
Although the criterion of “pulmonary embolism as likely 
as or more likely than an alternative diagnosis” in Wells 
scoring system seems subjective that puts the patient 
directly into a moderate probability group by giving 3 
points at the time and necessitates a further imaging mo- 
lity, Wells scoring system seems to have broadly better 
predictive value in PE. 

Geneva scoring system classified more patients with 
PE into low probability group; on the other hand, it clas- 

sified patients without PE into moderate probability 
groups, falling picking up patients. Among criteria of Ge- 
neva score, previous DVT/PE, tachycardia, and previous 
surgery are also the components of Wells scoring system. 
However, lack of criteria of active DVT signs, hemopty-
sis, malignancy, and “pulmonary embolism as likely as 
or more likely than an alternative diagnosis” in Geneva 
criteria probably put the patients with PE into the low- 
probability group as well as assigning a point to every 
hypoxic value in arterial blood gas irrespective of the 
etiology may have given the results in our study by in- 
cluding other clinical scenarios confused with PE in the 
high probability group. In a meta-analysis, 40% - 49% of 
patients were included in the low probability (less than a 
probability of 10%) group when assessed by Wells and 
Geneva systems. Six to seven percent of patients were 
deemed to have high-probability (greater than 65%), and 
the remaining half was considered intermediate-proba- 
bility group (20% - 40% probability) [13]. Results of our 
study showed that Wells score is consistent with this meta- 
analysis whereas Geneva score is not. 

Kargel and Reissig [14] reported that pathophysiologic 
manifestations are directly related to embolic size in pa- 
tients with no previous cardiopulmonary disease, there is 
a linear relationship between angiographic obstruction 
and mean pulmonary artery pressure, right atrial pressure, 
partial oxygen pressure, and pulse pressure but this rela- 
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tionship is lost in patients with comorbid diseases, and no 
relation can be established between the above criteria and 
the size of embolic obstruction. The difference between 
studies by Chagnon [9], Moores [10], Miniati [11], and 
our study should be the result of presence or absence of 
comorbid diseases and population differences between the 
study groups. In patients with no comorbidities confused 
with PE, Geneva classification would likely give a more 
accurate result. 

Wells score had the greatest area under curve in ROC 
analysis. Studies in literature comparing Wells and Ge- 
neva scores have given conflicting results [9,10,15]. Al- 
though Kline scoring system had a smaller AUC com- 
pared to Wells, it was more valuable than Geneva system. 
However, it may be a disadvantage to reducing the as- 
sessment of patients younger than 50 years having a sta- 
ble clinical status only to d-dimer tests. 

5. Conclusions 

As a conclusion, various pretest scoring systems based 
on predisposing factors, symptoms, clinical, radiologic, 
and laboratory data are important to reach PE diagnosis 
and sometimes to obviate the need for unnecessary fur-
ther diagnostic work-up. 

Among these methods, Wells method seems more use- 
ful compared to Geneva and Kline methods particularly 
in emergency department. 
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