
Vol.:(0123456789)1 3

Annals of Nuclear Medicine (2020) 34:521–526 
https://doi.org/10.1007/s12149-020-01478-3

ORIGINAL ARTICLE

Applying Wells score to inconclusive perfusion only modified PIOPED 
II (Prospective Investigation of Pulmonary Embolism Diagnosis II) 
readings in order to optimize the lung scintigraphy diagnostic yield 
in acute pulmonary embolism detection

Seyed Kamaledin Hadei1 · Maryam Alvandi2   · Mehdi Ramezani1 · Oldooz Aloosh3 · Zahra Shaghaghi2 · 
Abbas Moradi4

Received: 17 February 2020 / Accepted: 9 May 2020 / Published online: 23 May 2020 
© The Japanese Society of Nuclear Medicine 2020

Abstract
Objective  When using perfusion only modified PIOPED II criteria for PE detection, generated non-diagnostic scans are 
found to be the main diagnostic restriction. The objective of current study is to identify the role of Wells criteria added to 
inconclusive readings with the intent of enhancing the lung scintigraphy diagnostic yield.
Methods  CTPA was performed in 34 suspected PE patients with inconclusive lung scintigraphy. They also were evaluated 
by Wells score and classified as low, intermediate and high probability. Overall prevalence and the rate of PE for each prob-
ability were calculated. Furthermore, NPV for scores < 2 and PPV for scores > 6 were computed.
Results  Having a mean age of 59.75 ± 17.38 years, 7 (20.6%), 23 (67.6%) and 4 (11.8%) of cases had total criteria point 
count < 2, 2–6 and > 6, respectively. Using CTPA, 5 patients (14.7%) were diagnosed with PE. None of the patients with 
scores < 2 had PE with an associated NVP of 100%. Patients with scores 2–6 had a PE rate of 4.3% and 100% of patients 
with scores > 6 were diagnosed with PE, implying that the PPV of scores > 6 was 100%.
Conclusion  Adding Wells score to non-diagnostic scans allowed identification of PE to be done reliably, and provided further 
insight into how lung scintigraphy in conjunction with clinical assessment is a practical strategy not only for the patients 
unfit for performing CTPA but also in all the patients referred for PE evaluation.
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Introduction

The emphasis of reliable detection of pulmonary embolism 
as an established serious cause of mortality and morbidity is 
plainly visible [1]. A clinical assessment of the probability 
of PE using approved system such as wells score is a crucial 
step but it cannot definitely confirm a diagnosis of PE [2]. 
High accuracy, wide availability, and ability to exclude other 
pathologies have made computed tomography pulmonary 
angiography (CTPA) as the first-line imaging method in 
the daily clinical practice for suspected PE patients [3, 4]. 
However, as well as high cost of CTA and its usage limita-
tion in patients with contraindications to iodinated contrast 
material, high radiation burden has been recently recognized 
as a major public health issue [3, 5, 6]. Yet, the trend is 
clearly toward safer approach in a way that CTPA would 
be performed just in selected patients. With the magnitude 
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of lung scintigraphy having been truly understood [7–9]; 
the accuracy has been improved day after day by refining 
diagnostic criteria [11]. In perfusion only modified PIOPED 
II classification, this was achieved by reducing the num-
ber of non-diagnostic categories (potential conflict in the 
lung scintigraphic evaluations) to 20.6% [12]. Besides that, 
omitting ventilation scan has substantially decreased the 
amount of received radiation dose [9]. Finding trustworthy 
diagnostic pathways for reassessment of the subgroup with 
inconclusive results can develop the validity of scintigraphy 
[12]. Furthermore, introducing such a reliable approach by 
reducing the number of unnecessary CTPA is likely to make 
significant decrease in the cost and risk imposed to the sus-
pected patients with PE [6]. The aim of the present investi-
gation is to ascertain the significance of added Wells score 
as a robust clinical tool [13, 14] to non-diagnostic results 
derived from perfusion only modified PIOPED II criteria so 
as to eventually introduce more secure diagnostic approach 
in patients with suspected pulmonary embolism.

Materials and Methods

This study was carefully conducted in the nuclear medi-
cine and radiology departments of Farshchian heart center 
between 2018 and 2019 on the patients with suspected PE. 
The study was approved by the university ethics committee. 
The age, sex and referral cause of each patient referred to 
nuclear department of Farshchian hospital in this time inter-
val for PE evaluation were recorded. This was followed by a 
clinical assessment to complete the Wells score which was 
done prospectively for all the patients by the nuclear physi-
cist just before the scintigraphy. Components of the Wells 
score [15] are shown in Box 1. The findings of CXR, taken 
at the same day, were documented as well. Every patient, 
then, underwent lung perfusion scintigraphy immediately 
after intravenous injection of 3 mCi of Tc-99m macroaggre-
gated albumin. Planar static images of perfusion of the lung 
were acquired in six identical projections using a rotating, 
dual head gamma camera (Symbia T2, Siemens Healthcare) 
equipped with a low-energy high-resolution parallel whole 
collimator. Lung perfusion scans in conjunction with CXR 
findings were thereafter read by an experienced nuclear phy-
sician, who had performed the clinical assessment of the 
included patients. The scan was reported as PE present, PE 
absent and non-diagnostic reading according to the perfu-
sion only modified PIOPED II criteria [9] shown in box 2. 
Finally, the patients with non-diagnostic reading and without 
contraindications to iodinated contrast material (having a 
history of allergy to contrast media and/or renal dysfunc-
tion: estimated Glomerular Filtration Rate, GFR < 30 ml/
min/1.73 m2) were included in the study and referred to 
radiology department for further evaluation with CTPA. CT 

scanning was performed using a 128-slice CT device (Defi-
nition AS, Siemens Medical Solutions, and Forchheim, Ger-
many) and thorax CT angiography protocol after injection of 
contrast material at the speed of 3 ml/s. MSCT parameters 
were 300 ms rotation time, 128 × 0.6 mm collimation and 
1 mm slice width, and pitch value was 1.0–1.2. The CTPA 
studies were reported by an expert radiologist as positive 
or negative PE based on diagnostic criteria. The numerical 
variables are presented as mean ± standard deviation. They 
were also shown as median, minimum and maximum values 
if necessary, and the categorical variables were summarized 
by raw frequencies and percentages. The rate of PE in this 
study was determined according to the different Wels score 
intervals (< 2, 2–6 and > 6). The negative predictive value 
(NPV) for scores < 2 and positive predictive value (PPV) for 
scores > 6 were calculated. Fisher’s exact test was also used 
to compare the distribution of computed tomography find-
ings between patients diagnosed and not diagnosed with PE. 
For the statistical analyses, the statistical software SPSS ver-
sion 16.0 for Windows (SPSS Inc, Chicago, IL) was applied. 
All of the P values were 2-tailed, with statistical significance 
defined by P value ≤ 0.05.

Results

During the period of the study, 153 patients with suspected 
PE were referred to nuclear medicine department of Farsh-
chian hospital. The prevalence of PE in the sample was 22 of 
153 (14.37%) using the perfusion only modified PIOPED II, 
whereas 38 patients were reported as non-diagnostic scinti-
graphic reading. Having contraindication to CTPA, 4 patients 
could not be investigated by CTPA and were excluded from 
the study. Finally, 34 patients perfuming CTPA were cred-
ited for the analysis tests. The patients had a mean age of 
59.75 ± 17.38 years ranging from 29 to 91 years with a male-
to-female ratio of 22: 12. The number of patients referred 
as inpatients, outpatients and from the emergency depart-
ment were 14 (41%), 8 (24%) and 12 (35%), respectively. 
The most common clinical presentations were shortness of 
breath (SOB) in 33 (97.1%), chest pain in 20 (58.8%), cough 
in 6 (17.6%), leg pain or swelling in 5 patients (14.7%), and 
hemoptysis in 3 patients (8.8%). Demographic and clinical 
characteristics of the study population are represented in 
Table 1. Recent immobilization in 11 patients (32 0.5%) and 
previous deep venous thrombosis (DVT) in 5 ones (14.7%) 
were noted. None of the patients had a history of malignancy 
(0%). While normal CXR was observed in 12 patients, the 
most frequently described findings in abnormal reported 
CXR were consolidation (31. 8%), atelectasis (22.72%), and 
pleural effusion (18.1%). In the study population, 7 (20.6%), 
23 (67.6%) and 4 (11.8%) of cases had total criteria point 
count < 2, 2–6 and > 6, in the order given. The total criteria 
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point count categorized for the study population as well as 
patients with positive CTPA result for PE have been shown 
in Table 2. Means calculated wells score was 3.75 with mini-
mum and maximum values equal to 0 and 9, respectively. 
The CTPA ruled out the diagnosis of PE in 29 (85.3%) and 
confirmed pulmonary embolism in 5 patients (14.7%), all 
with sub-segmental branches involved. None of the patients 
with scores < 2 had pulmonary embolism with an associated 
NVP of 100%. Patients with scores 2–6 had a PE rate of 
4.3% and 100% of patients with scores > 6 were diagnosed 
with PE, implying that the PPV of scores > 6 was 100% ( 
Fig. 1). The most common computed tomography findings in 
the cases not diagnosed with PE were pulmonary artery dila-
tion (24.13%) and consolidation (20.6%). The distribution 

of CT findings of cases diagnosed and not diagnosed with 
PE has been introduced in Table 3. In patients with Wells 

Table 1   Wells criteria for pulmonary embolism

Characteristics Score

Tachycardia with pulse > 100 1.5
No alternative diagnosis better explains the illness 3
Immobilization(> = 3 days)or surgery in the previ-

ous 4 weeks
1.5

Prior history of DVT or PE 1.5
Symptoms of DVT 3
Presence of hemoptysis 1
Presence of malignancy 1
Probability of PE score Prevalence of PE
Low  < 2
Intermediate  >  = 2 and <  = 6
High  > 6

Table 2   Perfusion-only modified PIOPED II criterias

*Or equivalent where large segmental defect, 0.75% of segment, 
equals 1 segmental equivalent; moderate defect, 25–75% of segment, 
equals 0.5 segmental equivalent; small defect, 25%, is not counted
@ For example, prominent hilum, cardiomegaly, elevated diaphragm, 
linear atelectasis, or costophrenic angle effusion with no other perfu-
sion defect in either lung and no other radiographic lesion
# Peripheral perfusion in a defect (best seen on tangential view)
$ Pleural effusion in at least one third of pleural cavity, with no other 
perfusion defect in either lung

PE present  > 2 large mismatched (Q:CXR) segmental defects*
Nondiagnostic All other findings
PE absent Very low probability

Nonsegmental @

Q defect < CXR lesion
1–3 small segmental defects*
Solitary matched (Q:CXR) defect (< = 1 segment) 

in mid or upper lung
Stripe sign#

Solitary large pleural effusion$

Fig. 1   Confirmed sub-segmental pulmonary embolism in right upper 
lobe (arrow) by CTPA (a) in a 35-year-old patient in whom lung scin-
tigraphy (b) was inconclusive when compared with CXR findings

Table 3   Demographic and clinical characteristics of the study popu-
lation

Demographic and clinical characteristics N (%)

Age (mean) 59.75 ± 17.38
Female n (%) 12 (35.3%)
Chest pain 20 (58.8%)
Shortness of breath 33 (97.1%)
Leg swelling 5 (14.7%)
Abdominal pain 3 (8.8%)
Hemoptysis 3 (8.8%)
Cough 6 (17.6%)
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score above 6, the male-to-female number ratio was 4:1; 
however, overall, the significant relationship between sex 
and Wells score was not found. When it comes to diameter 
measurement of main pulmonary artery—although all the 
patients with proved pulmonary embolism on CTPA had a 
PA diameter of 29 mm or more—there was no significant 
correlation between increased PA diameter and diagnosis of 
acute pulmonary embolism.   

Discussion

Thanks to amazing technological advancements occurred 
in the field of pulmonary computed tomography angiog-
raphy (CTPA), this practice is brought up as the modality 
of choice in suspected acute PE [3–5]. However, CTA is 
an expensive practice and may result in complications in 
patients who have reduced renal function or iodine allergy 
[5, 6]. Furthermore, based on recently suggested diagnos-
tic pathways, when CTA result is inconclusive or discord-
ant with the clinical risk assessment, further imaging tests 
such as scintigraphy may be required [12, 15]. Eventually, 
the rapidly increasing frequency of CTA usage has raised 
concern about the radiation exposure of the population, 
particularly radiation of the female breast [16, 17]. CTPA 
delivers a minimum radiation dose of 20 mGy to each 
breast in an average-sized woman, 50–80 mSv depending 
on coronary CTA protocol, and as many as 190 mGy with 
CTA in a woman with large breasts. Owing to the risk of 
cancer after such an exposure to radiation, another imag-
ing test with lower doses may be indicated, especially in 
younger women. Breast irradiation with V/Q scintigraphy 
is found to be less than 5% of the radiation dose to the 
breast resulting from CTA, approximately 0.28–0.9 mGy 
[12]. It is more relevant if follow-up studies require evalu-
ating recovery of pulmonary perfusion over time, or in 
patients likely to have recurrent clinical episodes of Pul-
monary Emboli. Indeed, it is hypothesized that this risk is 
further increased in pregnancy due to increased radio sen-
sitivity of the proliferating breast tissue [19]. To the best of 
our knowledge, this survey is the first to evaluate the utility 
of applying the wells score to inconclusive only perfusion 
modified PIOPED II results so as to improve the diagnos-
tic yield of lung scintigraphy as a more secure test in the 
diagnosis of acute PE. Lung scintigraphic interoperation 
criteria have been redefined over time so as to enhance 
its diagnostic yield in the field of pulmonary embolism 
detection [9–11, 20]. Comparing with previous algorithms 
for V/Q scan reporting, modified PIOPED II criteria has 
been found to truly define most patients to PE present and 
PE absent with high sensitivity and specificity [11, 12]. 
When using this algorithm, further imaging test is war-
ranted in just small number of patients with non-diagnostic 

results (20.6%) [12]. Our investigation revealed that add-
ing Wells score < 2 to non-diagnostic readings in perfusion 
only modified PIOPED II interpretation system can rule 
out PE with NPV to 100% and consequently, patients who 
without any need to additional evaluation are reliably iden-
tified. On the other hand, 100% of inconclusive readings 
along with Wells score above 6 were diagnosed as pul-
monary embolism by CTPA. Only one patient with wells 
score between 2 and 6 (4.3%) was diagnosed as Pulmonary 
Embolism on CTPA. The only patient with intermediate 
score (4.5) and pulmonary embolism was a 78- year-old 
man hospitalized because of heart failure and lower—
extremity edema. The patient had the documented history 
of pulmonary embolism dating back to 5 years ago. After 
the patient being evaluated by CTPA, signs of acute and 
chronic pulmonary embolism were appeared simultane-
ously. Previously, Sostman et al. found substantial agree-
ment between CTPA results and perfusion only modified 
PIOPED II interpretations for detection of PE; in their 
study, the sensitivity of a “PE present” perfusion scan 
was 84.9% and the specificity of "PE absent "was 92.7%, 
excluding "nondiagnostic" results [12]. Accordingly, with 
inconclusive results being excepted, perfusion scintigraphy 
combined with chest radiography could provide diagnostic 
accuracy similar to both CTA and ventilation–perfusion 
scintigraphy, at lower cost and with lower radiation dose 
[20].Our findings is momentous in terms of management 
of patients with inconclusive lung scintigraphic result who 
have contraindication for further radiological evaluation. 
Therefore, by this approach, later appropriate therapeutic 
strategies could be selected safely. Our findings add con-
firmation to the strong nature of Wells score in identifying 
the patients with high probability of pulmonary embolism. 
The strength of Wells score in management of suspected 
PE patients had been previously understood [14]so that 
wells score < 2 with a high NPV (> 95%) can reliably rule 
out PE but in Wells score above 2, other diagnostic imag-
ing tests are obligatory, therefore, just 67% of patients with 
wells score above 6 revealed PE in their CTPA exami-
nation. Such a beneficial role of combination of clinical 
assessment system with other diagnostic test has been truly 
understood [2, 22]. Our study suffers a small sample size, 
may be due to referral of most suspected PE patients to the 
Department of Radiology for going under CTPA proce-
dure as the first-line imaging modality. With respect to our 
findings, exerting Wells score to non-diagnostic reading, 
which occurs just in 20.6% modified PIOPED II criteria 
[12], can solve the main problem of declining usage of 
lung perfusion scan appearing in recent years. If other 
studies with larger sample size confirm these findings, this 
algorithm may replace the routine use of CTPA as a first 
line in PE detection (Tables 4, 5). 
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Conclusion

The summery of current study concluded that applying wells 
score to inconclusive only perfusion modified PIOPED II 
readings could appropriately reclassify the patients; as a 
result, PE was excluded in patients with Wells score below 
2 and confirmed in Wells score above 6. According to these 
valuable findings, using Wells score in combination with 
only perfusion modified PIOPED II interpretation system 
seems to be reliable diagnostic strategy both for the patients 
inappropriate for performing CTPA and in all the patients 
needing PE evaluation and it is likely to replace the routine 
use of CTPA in PE detection.
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