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A B S T R A C T   

Purpose: While computed tomography pulmonary angiography plays an effective role in the 
diagnosis and prognosis of pulmonary embolism (PE), there are not enough studies regarding 
ventilation/perfusion (V/Q) scintigraphy. We aimed to evaluate the clinical outcomes of PE pa-
tients whose V/Q scintigraphy was reported as high probability for PE. 
Method: Demographic data, Simplified Pulmonary Embolism Severity Index (SPESI), radiological 
findings, V/Q scintigraphy and echocardiographic (ECHO) findings, laboratory data, treatment 
information and comorbidities of 43 patients whose V/Q scintigraphy was reported as high 
probability for PE between January 2020 and January 2023 was recorded. Perfusion scintigraphy 
defects were classified as subsegmental, multiple subsegmental, segmental, and multiple 
segmental. Those with subsegmental, multiple subsegmental, and segmental perfusion defects 
were classified as Group 1, and those with multiple segmental defects as Group 2. 
Results: The mean age of the patients was 74 years (31–94), being 27 women (62.8 %) and 16 men 
(37.2 %), and there was no significant difference between the two groups. Multisegmental 
perfusion defect was detected in 23 (53.5 %) patients. 25 % of patients reported as high- 
probability PE had a SPESI score of ≥2. There was no significant difference between Groups 1 
and 2 in terms of SPESI scoring. Perfusion defect had no significant correlation with SPESI score, 
D-Dimer, Troponin, pulmonary artery systolic pressure, right ventricular dilatation, and length of 
hospital stay. The presence of comorbidity was significantly positively correlated only with the 
SPESI score. There was no difference between the two groups regarding laboratory, radiological, 
echocardiographic findings, presence of comorbidity, unit of treatment, and duration of 
hospitalization. 
Conclusion: Parameters predicting clinical severity and providing treatment benefits are required 
in PE patients diagnosed with V/Q scintigraphy.   

1. Introduction 

Computed tomography pulmonary angiography (CTPA) is preferred more frequently in the diagnosis of pulmonary embolism (PE) 
since it is easily accessible and is also included in the exclusion of diseases in the differential diagnosis of PE. Right ventricular (RV) 
dilatation can indicate cardiac involvement by measuring the diameter of the pulmonary artery (PA). While there is a specificity and 
sensitivity of over 90 % in diagnosing PE in the main pulmonary artery, its lobar and segmental branches, these rates decrease in 
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subsegmental embolisms [1,2]. The diagnostic performance of Ventilation/Perfusion (V/Q) Single-Photon Emission Computed To-
mography (SPECT) is comparable to and even exceeding that of CTPA, yet non-diagnostic rates are similar (<5 %) [3–5]. Although 
there have been significant developments in CT technology to improve image quality and reduce radiation dose, the effective doses of 
CTPA protocols are still several times higher than those of VQ SPECT, and even the dose absorbed in breast tissue is 18–40 times higher 
[6]. Therefore, the examination increases the risk of cancer. V/Q scintigraphy is especially preferred in patients with renal failure, and 
its diagnostic value is higher than CTPA in subsegmental embolisms. Since comorbid pulmonary disorders are less common during 
pregnancy, V/Q scintigraphy can be interpreted more easily [7]. 

V/Q scintigraphy is reported as normal, near-normal, low-, intermediate (non-diagnostic), and high probability for PE [8]. In 
high-probability patients, PE is detected with a probability of more than 85 %. In low or intermediate probability, this rate is around 
25 %. If the clinical probability is high, the probability of PE may exceed 40 % in low-probability V/Q scintigraphy [8]. However, the 
clinical correlations with these probability estimates remain unknown. Furthermore, while the role of CTPA in PE risk classification 
and treatment strategy is evident, the role of V/Q scintigraphy is unclear. For all these reasons, the present study aimed to evaluate the 
clinical status of patients with V/Q scintigraphy reported as high probability for PE. 

2. Material and method 

The files of 50 of 304 patients who underwent V/Q scintigraphy at the Nuclear Medicine department between January 2020 and 
January 2023 and whose result was reported as having a high probability of PE were examined. Seven of these patients were diagnosed 
with chronic thromboembolic pulmonary hypertension and thus excluded from the study (Fig. 1). The remaining 43 patients were 
included. Demographic data, Simplified Pulmonary Embolism Severity Index (SPESI) score, radiological findings, V/Q scintigraphy 
and echocardiographic (ECHO) findings, laboratory data, and treatment information of the patients were recorded. Left ventricular 
ejection fraction (LVEF), right ventricular dilation and pulmonary artery systolic pressure (PAPs) were noted as ECHO findings. 

Chest X-ray/computed tomography (CT) findings of the patients were grouped as normal and abnormal (pleural effusion, atel-
ectasis, cardiomegaly, parenchymal abnormalities). D-dimer and Troponin values were recorded from laboratory findings. Comorbid 
diseases were grouped as cardiovascular diseases (hypertension, heart failure, coronary artery disease), pulmonary diseases (asthma, 
chronic obstructive pulmonary disease, interstitial lung disease, obstructive sleep apnea syndrome, pneumoconioses), malignancy, and 
"other diseases" group (e.g., diabetes mellitus, chronic renal failure, hyperthyroidism). 

Simplified Pulmonary Embolism Severity Index (SPESI) scoring is calculated by adding 1 point each: being >80 years old, heart rate 
of ≥110 beats/min, systolic arterial pressure of <100 mmHg, arterial oxygen saturation of <90 %, history of cancer, and history of 
chronic cardiopulmonary disease. A score of 0 predicts low mortality risk [9]. 

2.1. Evaluation of ventilation perfusion scintigraphy 

In Lung Perfusion Scintigraphy, anterior, posterior, right and left lateral, oblique planar images are acquired under a Siemens 
double-headed gamma camera following the intravenous administration of Macro Albumin Aggregate labeled with 5 mCi Technetium 
99 m. Moreover, patients undergo SPECT imaging. Patients are classified as normal (no perfusion defects), low, moderate, and high- 
risk groups according to the probability of PE risks. Patients who do not have perfusion defects in lung perfusion imaging are 

Fig. 1. Flowchart for the selection of patients included in the study.  
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Fig. 2. In perfusion scintigraphy, images of cases with a: subsegmental, b: multiple subsegmental, c: segmental, and d: multiple segmental perfusion 
defects are indicated (perfusion defects are marked with arrows). 
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interpreted as ’normal,’ and ventilation scintigraphy is not taken. If abnormal perfusion findings and suspicious hypoperfusion are 
observed in any segment, lung ventilation scintigraphy imaging is performed on another day. In ventilation scintigraphy, the patient is 
inhaled with Technegas deep inspiration marked with 10 mCi Technetium 99 m, and then lung ventilation scintigraphy images are 
obtained. After the images are acquired, perfusion and ventilation images and chest X-ray are evaluated together. If the same defects 

Fig. 2. (continued). 
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are observed in the ventilation scintigraphy in hypoperfused segments with impaired lung perfusion, they are interpreted as match 
defects and evaluated as ’low probability.’ If there is improvement in ventilation scintigraphy in the hypoperfused segment in one 
large, two medium, or four small segments in lung perfusion scintigraphy, it is considered a mismatch (incompatible defect) and 
interpreted as ’high probability’ in terms of PE. Patients who do not fit either low or high-probability groups are interpreted as having 
’intermediate probability.’ Only patients reported as high-probability PE were included in our study. Perfusion scintigraphy defects of 
these patients were classified as subsegmental, multiple subsegmental, segmental, and multiple segmental. Fig. 2 shows image samples 
from patients with perfusion defects. Those with subsegmental, multiple subsegmental, and segmental perfusion defects were clas-
sified as Group 1, and those with multiple segmental defects as Group 2. Demographic, clinical, radiological, laboratory, and functional 
data of the two groups were compared. This study, in which routine data for clinical purposes was used, and all patient in-
formation was kept confidential, was approved by the Abant Izzet Baysal University Ethics Committee (date: February 21, 
2023, approval no: 2023/29). 

Statistical Method. 
The analysis of the data obtained as a result of the research was performed in the SPSS 20 statistical package program. Descriptive 

statistical methods (frequency, arithmetic mean, standard deviation, median, minimum, maximum, and crosstabs) were used. 
Compliance with normal distribution was evaluated with the Kolmogorov-Smirnov. Independent Sample t-test was used for two in-
dependent groups by comparing the arithmetic means of the normally distributed groups. The Mann-Whitney U test examined two 
independent groups by comparing the medians of the groups that did not show normal distribution. The Chi-Square test evaluated the 
relationship between categorical variables. The correlation between continuous variables was analyzed with Pearson’s or Spearman’s 
correlation coefficient, depending on the suitability of the data. The statistical significance level was accepted as p < 0.05. 

3. Results 

The mean age of the patients, including 27 women (62.8 %) and 16 men (37.2 %), was 74 years (31–94), and there was no sig-
nificant difference between the two groups. Furthermore, no significant differences were determined between the two groups 
regarding laboratory, radiological and echocardiographic findings, presence of comorbidities, unit of treatment, and length of hospital 
stay. (Table 1). Subsegmental, multiple subsegmental, and segmental perfusion defects were detected in 20 of 43 patients (46.5 %), and 
Group 1 included these patients. There were multiple segmental perfusion defects in 23 patients (53.5 %), and Group 2 was formed. Of 
the total 43 patients reported as high-probability PE, 25 % had an sPESI score of ≥2. There was no significant difference between 
Groups 1 and 2 in terms of SPESI scoring (Table 1). 

Perfusion defect had no significant correlation with SPESI score, D-dimer, Troponin, PAPs, RV dilatation, and length of hospital 
stay. The presence of comorbidity was significantly positively correlated only with the SPESI score (Table 2). 

When the patients were examined according to the presence of comorbidity, these patients could not be evaluated further since the 
comorbidity information of 8 patients could not be reached. Only 3 of 35 patients did not have any comorbidities. All patients without 
comorbidity had a SPESI score in the range of 0–1, and there was no need for intensive care, but the number was insufficient to perform 

Table 1 
Comparison of demographic, laboratory, echocardiographic, and clinical data of patients grouped according to a perfusion defect.   

Group 1(n:20) Group 2 (n:23) Total (n:43) p-value 

Gender 
Female 14(70 %) 13(56.5 %) 27 (62.8 %) 0.362 
Male 6 (30 %) 10 (43.5 %) 16 (37.2 %) 

Age 73.5 (39–94) 74 (31–90) 74 (31–94) 0.760 
D-Dimer (mg/L, n:23) 3.72 (0.61–42.9) 1.90(0.35–15.64) 3.14 (0.35–42.9) 0.389 
Troponin (ng/L, n:16) 12 (1–196.3) 15.9 (1.5–91.1) 14.75(1–196.3) 0.315 
PAPs (n:27) 41.8 ± 19.7 37.1 ± 14.3 39.2 ± 16.7 0.472 
RV dilatation (n:27) 1(0.09 %) 2(0.13 %) 3(0.11 %) 0.749 
LVEF (n:27) 60(25–60) 60(20–65) 60(20–65) 0893 
Chest X-ray (n:40) 

Pathological 17(89.5 %) 17 (81 %) 34 (85 %) 0.451 
SPESI (n:32) 

0-1 10 (71.4 %) 14 (77.8 %) 24 (75 %) 0.681 
≥2 4 (28.6) 4 (22.2 %) 8 (25 %) 

Comorbidity (n:35) 14(87.5 %) 18 (94.7 %) 32 (91.4 %) 0.446 
Cardiovascular 8(50 %) 15 (78.9 %) 23 (65.7 %) 0.072 
Pulmonary 5 (31.3 %) 4 (21.1 %) 9 (25.7) 0.492 
Other 11 (68.8 %) 10(52.6 %) 21 (60 %) 0.332 

Treatment unit (n:33) 
Outpatient 7 (50 %) 14 (73.7 %) 21 (63.6 %) 0.176 
Ward 7 (50 %) 4 (21.1 %) 11 (33.3 %) 
Intensive care 0 1(5.3 %) 1 (3 %) 

Duration of hospitalization (days) 
(n:14) 

5 (0–7) 6 (3–120) 5.5 (0–120) 0.312 

SPESI: Simplified Pulmonary Embolism Severity Index, PAPs: pulmonary artery systolic pressure, LVEF: left ventricle ejection fraction, RV: right 
ventricle. 
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statistical analysis (Table 3). 

4. Discussion 

There are very few studies in the literature regarding the clinical findings and course of patients with a high probability for PE 
reported on V/Q scintigraphy. Our study is one of the rare studies regarding this subject. In the study of Afsin, V/Q scintigraphy of 95 
patients was examined, and normal, low, intermediate, and high probability PE groups were established. It was reported that a high 
probability of PE did not indicate submassive-massive embolism and that it was not the number of involved segments that determined 
the clinical presentation. It was emphasized that probability results in V/Q scintigraphy were insufficient to predict clinical findings, 
and this data should be supported by clinical, radiological, and echocardiographic results [10]. The degree of obstruction by the 
thrombus in PE and the cardiopulmonary reserve of the patient determine the occurrence of hemodynamic disorder [11]. The resulting 
hemodynamic impairment and cardiopulmonary reserve also form the basis of SPESI scoring. The sensitivity of the SPESI score in 
predicting 30-day mortality is high [12]. In our study, only 25 % of patients reported as having a high probability of PE had a SPESI 
score of ≥2. There was no significant difference between Groups 1 and 2 in terms of SPESI scoring. It was determined that the size and 
extent of the perfusion defect were not correlated with the SPESI. 

When the correlation of perfusion defect with laboratory, SPESI, D-dimer, PAPs, and length of hospital stay was examined, no 
correlation was observed with any of them, while the presence of comorbidity was significantly positively correlated with the SPESI 
score. This result is as expected since malignancy, cardiac, and pulmonary diseases from comorbidities are included in the SPESI 
scoring. In our study, patients without comorbidity were very few, but the specific value of all of these patients was in the range of 0–1, 
and there was no need for intensive care. 

A negative lung perfusion scan obtained on day one after the onset of symptoms excludes the diagnosis of PE, with a negative 
predictive value close to 100 %. The perfusion defect may be due to bullae, atelectasis, chronic obstructive pulmonary disease (COPD), 
pneumonia, and other lung diseases, as well as left heart failure. However, what distinguishes PE from other diseases is that the 
ventilation scintigraphy is normal. The specificity of lung SPECT scintigraphy is 91–96 %, and its negative predictive value is 97–99 % 
[13]. The specificity of lung perfusion scanning is enhanced by the lobar or segmental shape of the perfusion defect and by negative 
ventilation scanning. In contrast, one or more non-wedge-shaped perfusion defects, with or without accompanying chest X-ray ab-
normalities, do not indicate PE as defined in the PISA-PED study [14]. The most valuable finding in lung scintigraphy is the presence of 
one or more wedge-shaped segmental defects, regardless of whether they suggest concomitant lung pathology [15]. Our study detected 

Table 2 
Correlation of the presence of perfusion defect and comorbidity with laboratory, clinical, and echocardiographic parameters.   

Perfusion defect Comorbidity  

r p r p 

Troponin 0.260 0.331 0.364 0.166 
D-Dimer − 0.184 0.401 0.163 0.458 
SPESI − 0.073 0.692 0.408 0.020 
Duration of hospitalization 0.280 0.331 − 0.104 0.723 
PAPs − 0.144 0.472 − 0.128 0.533 

SPESI: Simplified Pulmonary Embolism Severity Index, PAPs: pulmonary artery systolic pressure. 

Table 3 
Comparison of demographic, laboratory, echocardiographic, and clinical data of groups with and without coordination.   

With comorbidity (n:32) Without comorbidity (n:3) Total (n:35) p-value 

Gender 
Female 20(62.5 %) 3 (100 %) 23 (65.7 %) 0.191 
Male 12 (37.5 %) 0 12 ((34.3 %) 

Age 75 (32–94) 72 (31–74) 74 (31–94) 0.226 
D-Dimer (mg/L, (N:23) 3.57 (0.35–42.9) 1.42 (091–1.94) 3.14 (035–42.9) 0.445 
Troponin (ng/L, n:16) 15(1–196.3) 1.5(1.5–1.5) 14.75(1–196.3) 0.159 
PAPs (n:26) 38.3 ± 17.8 45 ± 10 39.1 ± 17 0.533 
LVEF (n:27) 60 (20–65) 60 (30–65) 60 (20–65) 0.623 
Chest X-ray (n:34) .    

Pathological 26 (83.9 %) 3 (100 %) 29 (85.3 %) 0.451 
SPESI (n:32) 

0-1 21(72.4 %) 3 (100 %) 24 (75 %) 0.294 
≥2 8 (27.6) 0 8(25 %) 

Treatment unit (n:33) 
Outpatient 19 (63.3 %) 2 (66.7 %) 21(63:6 %) 0.949 
Ward 10(33.3 %) 1 (33.3 %) 11 (33.3 %) 
Intensive care 1 (3.3 %) 0 1 (3 %) 

Duration of hospitalization (n:14) 5 (0–120) 6 (6–6) 5.5 (0–120) 0.707 

SPESI: Simplified Pulmonary Embolism Severity Index, PAPs: pulmonary artery systolic pressure, LVEF: left ventricle ejection fraction. 
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multiple segmental perfusion defects in 53.5 % of the patients. There was no significant difference between the two groups regarding 
pathology in the chest X-ray. 

The risk of PE increases after the age of 60 [16]. This situation can be explained by the increase in comorbid conditions with age and 
the decrease in mobilization. In our study, the mean age was 74 (31–94) years, and no significant age difference was determined 
between the two groups. Although the female gender was more frequent in general patients and both groups, the difference was not 
statistically significant. These data are also compatible with the literature [17]. 

D-dimer is produced by the action of plasmin on fibrin, has a high negative predictive value, and is critical to exclude the diagnosis 
of PE with low or moderate clinical probability [18]. The specificity of D-dimer positivity is low, and it increases in many conditions 
such as inflammation, necrosis, malignancy, infection, old age, pregnancy, and hospitalization [15]. D-dimer elevation has prognostic 
significance in PE [19]. Another laboratory prognostic marker is cardiac troponin, as its increase with right ventricular dysfunction 
indicates a high risk of mortality. The negative predictive value is 0.99, which is higher than the positive predictive value (0.34). 
Troponin levels peak at least 6–12 h after PE develops. A meta-analysis of 20 studies involving PE patients revealed that any increase in 
troponins was associated with a five-fold increase in the risk of death and an increased risk of death from PE [20]. In our study, no 
significant difference was observed in D-dimer and troponin levels between patients with perfusion defects in both groups. 

The coexistence of pulmonary hypertension and right ventricular (RV) dilatation in ECHO has a high sensitivity of 93 %, specificity 
of 81 %, and negative predictive value of 94 % in the diagnosis of PE. RV dysfunction develops in 30–40 % of hemodynamically stable 
PE patients, as well as in unstable PE patients. Even in hemodynamically stable patients, RV dysfunction is associated with a death rate 
twice as high. Because up to 20 % of PE patients have normal echocardiographic findings, a normal echocardiogram cannot rule out PE 
[21]. Only the study of Afsin evaluated the relationship between the PAPs and pulmonary artery diameter measured in CT with PE 
probability groups, and no correlation was determined [10]. In a case report, postmortem idiopathic pulmonary arterial hypertension 
was reported in a case with grossly abnormal mismatched defects [22]. Scott reported that significant information about PA pressure 
could be obtained from radionuclide perfusion scanning with artificial intelligence [23]. Our study revealed no statistically significant 
correlation between PAPs and RV dilatation with perfusion defects. However, it should not be forgotten that our study sample was 
small. 

In our study, there was no difference between the groups in terms of laboratory, radiological, echocardiological, and clinical 
severity, and there was no difference in the unit where the patients were treated and the length of hospital stay. 

The limitations in our study included being single-centered and retrospective, and our sample group was limited. We would also 
need patient groups without comorbidities. It is necessary to evaluate with multicenter and large data. However, in this study, issues 
that had never been investigated before were addressed. 

5. Conclusion 

Although the present study did not demonstrate a correlation between clinical scoring and cardiac functions, studies examining the 
size and extent of perfusion defects need to continue with larger samples. While CTPA facilitates disease management by contributing 
to the prognosis and treatment of PE, parameters that would predict clinical severity and guide treatment are needed in PE patients 
diagnosed with V/Q scintigraphy. 
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