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Purpose: To compare the diagnostic performance of lung perfusion colormaps derived from computed tomography pulmonary
angiography (cmCTPA) by novel semi-automatic post-processing software, with lung perfusion scintigraphy (LPS), for detection of
lung perfusion defects (LPDs) in pulmonary embolism (PE).

Patients and Methods: Consecutive patients from January 2016 to April 2020 who underwent both computed tomography pulmonary
angiography (CTPA) and LPS within 7 days of each other, to rule out PE, were retrospectively enrolled. cnCTPA images were obtained
from CTPA images using semi-automatic post-processing software (Pulmonary Artery Analysis, Intellispace Portal Release 11, Philips).
The diagnosis of LPD was assessed on LPS images by two nuclear medicine physicians in consensus; CTPA and cmCTPA images were
evaluated by two radiologists in consensus, blind to the LPS results. The spatial location of the LPD was assessed according to Boyden’s
nomenclature. Agreement between LPS and cmCTPA in the diagnosis of LPD was tested using Cohen’s kappa.

Results: Fifty-three patients were enrolled. The sensitivity, specificity, positive predictive value, and negative predictive value (NPV)
of cmCTPA were, respectively, 100%, 40%, 73%, and 100%; disease prevalence was 67%, accuracy was 77%, and positive and
negative likelihood ratios were 1.67 and 0, respectively. An almost perfect agreement was found between cmCPTA and LPS in 13
segments (72%) and a substantial agreement was found in the remaining five segments (28%).

Conclusion: cmCTPA, owing to its NPV (100%) and its overall high agreement in the number and location of LPDs compared to
LPS, may have an upcoming role in the evaluation of lung perfusion in PE.

Keywords: nuclear medicine, pulmonary embolism, perfusion imaging, computed tomography angiography, image processing,
computer-assisted

Introduction

A pulmonary embolism (PE) is an embolic occlusion in the pulmonary arterial system,'? most commonly caused by
the migration of a thrombus from the lower extremities veins into the pulmonary arteries. PE can be life threatening®
when it involves the pulmonary trunk or main pulmonary arteries, with a mortality estimated to be 15% if
untreated.*°
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The diagnosis of PE is usually determined by a combination of clinical evaluation, D-dimer test, and different
imaging techniques.” Clinical symptoms are usually non-specific and several clinical algorithms, such as the Geneva
score,® Wells score,” and simplified revised Geneva score,' have been proposed, to determine a pretest probability of

PE.’ The D-dimer test has high sensitivity and low specificity:'""'?

if the D-dimer test is negative, PE is excluded; if
D-dimer is increased, PE is possible and further imaging techniques are required.

Lung perfusion scintigraphy (LPS) was the first established non-invasive imaging modality for the diagnosis of
PE."*'* On LPS, a PE can be observed as a wedge-shaped perfusion defect, and LPS is considered the reference standard
for the assessment of lung perfusion defects (LPDs), through the evaluation of the regional distribution of pulmonary
blood flow.'> LPS has a sensitivity of 92% and a specificity of 87%, but a limited accuracy, owing to the high rate of
intermediate or indeterminate findings (negative predictive value [NPV] 88% and positive predictive value [PPV]
92%).'° LPS is currently required in young patients or in pregnancy, becaue of the low implied dose of ionizing
radiation,'” to study pulmonary perfusion before lobectomy or lung transplantation, and to assess chronic PE and chronic
thromboembolic pulmonary hypertension.'*

LPS also has a primary role in patients with a high suspicion of PE and a negative computed tomography pulmonary
angiography (CTPA).

CTPA is an imaging technique useful in the detection of PE. On CTPA, a PE can be assessed as a filling defect in the
pulmonary arterial system, even in asymptomatic patients.'® According to the large Prospective Investigation of
Pulmonary Embolism Diagnosis II trial (PIOPED II), CTPA has a sensitivity of 83% and a specificity of 96%,
an NPV of 95% and a PPV of 86%,'° and it is considered the reference standard in the identification of endoluminal
arterial defects.’

Owing to continuous technological improvements, CTPA has, for instance, benefitted from the use of dual-energy CT
in the evaluation of pulmonary perfusion.”’ Moreover, with post-processing quantitative and qualitative software, CTPA
has an upcoming role in the assessment of the perfusion state of the lungs in all makes of CT scanner.

The purpose of our study is to compare the diagnostic accuracy of lung perfusion cmCTPA obtained by novel semi-
automatic post-processing software, with LPS, in the detection of LPDs in PE.

Materials and Methods

Patient Population

Consecutive patients from January 2016 to April 2020 who underwent both CTPA with a baseline CT and LPS within

7 days of each other to rule out PE were included in this single-center retrospective study. Exclusion criteria were: 1)

chronic pulmonary disease (such as chronic obstructive pulmonary disease, cystic fibrosis, or idiopathic pulmonary

fibrosis); 2) extended consolidation, due to active pneumonia or lung cancer; and 3) unsatisfactory image quality.
Clinical and biochemical information prothrombin time ratio and partial thromboplastin time ratio were also obtained

and registered. All scans were rendered anonymous.

LPS Protocol
LPS was performed after the intravenous injection of a standard dose of 350,000 **™Tc-labeled aggregates of human
albumin (Maasol; GE Healthcare, Little Chalfont, UK), with an administered activity of 111 MBq, in supine patients,
after three to five respiratory cycles. Images of the lungs were acquired in eight standard projections (anterior, posterior,
left lateral, right lateral, left oblique anterior, right oblique anterior, left oblique posterior, and right oblique posterior;
matrix 256x256; zoom 1.45; 700 K counts for projection) through a dual-head gamma camera (Symbia; Siemens Medical
Solutions, Erlangen, Germany), with a low-energy, high-resolution (LEHR) collimator.

LPS images were stored on the Picture Archive and Communication System (PACS; Fuji by Fujifilm Company Ltd,
Tokyo, Japan).
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LPS Image Analysis
Lung perfusion images were visually assessed, in consensus, by two nuclear medicine physicians, with 25 and 7 years of
experience.

The diagnosis of LPD on LPS was based on the European Association of Nuclear Medicine (EANM) guidelines'* and
the modified Prospective Investigation of Pulmonary Embolism Diagnosis II trial (PIOPED II) criteria.'” The spatial
location of the LPD was assessed by the two readers according to Boyden’s nomenclature, which divides the two lungs
into lobes and then 18 segments.*'*

The evaluators indicated the absence (0) or the presence (1) of segmental localization of each LPD. No further
qualitative evaluation could be made because LPS does not provide a qualitative assessment of the LPD, permitting only

an evaluation of the presence or the absence of an LPD.

CTPA Protocol

All patients underwent CTPA with a 128-slice scanner (Somatom Definition Flash; Siemens AG, Forchheim, Germany)
or a 64-slice scanner (Somatom Sensation; Siemens AG, Forchheim, Germany). Acquisition was performed in the supine
position, during a full-inspiration breath-hold, using the following parameters: 128x0.625 mm or 64x0.625 mm, tube
voltage of 120 kVp, and tube current of 180-200 mAs. The whole lung parenchyma, from the lung apex to the
diaphragmatic sulci, was scanned in the craniocaudal direction.

Contrast enhancement was obtained after an organo-iodine-based contrast injection (Iopamidol, lopamiro 370 mg/
mL; Bracco Imaging Italia srl, Milan, Italy), administered as 1.35 mL/kg, with a flow rate of 3-3.5 mL/s. As in the bolus
tracking method, a region of interest was placed over the main pulmonary artery and the scan started 6 seconds after
a predetermined threshold of 100 HU was reached.”

Image data sets were reconstructed with 1 mm slice thickness and standard reconstruction kernels: sharp kernel
(B70f) for the standard lung window (1350 width, —600 center) and medium-soft kernel (B30f) for the soft-tissue
window (350 width, 50 center). CTPA scan images were stored on the Picture Archive and Communication System
(PACS; Fuji by Fujifilm Company Ltd, Tokyo, Japan).

Two thoracic radiologists, with 25 and 4 years of experience, evaluated in consensus, the absence (0) or the presence
(1) of PE and the pulmonary artery affected by the defect.

cmCTPA Image Analysis

Lung perfusion analysis was assessed 6 months after the first evaluation, by the same two thoracic radiologists who had
previously judged the CTPA images, visualized on a clinical workstation (Intellispace Portal Release 11; Philips Medical
Systems, Best, the Netherlands), blind to LPS results. For the cmCTPA images, licensed pulmonary dedicated post-
processing software (Pulmonary Artery Analysis, Intellispace Portal Release 11; Philips Medical Systems, Best, the
Netherlands) was used.

The Pulmonary Artery Analysis (PAA) software evaluated contrast-enhanced CTPA images and automatically
generated HU-based cmCTPA as secondary images derived from CTPA, where higher HU values were correlated to
well-perfused areas. This process provided axial colormaps derived from both lungs, derived from but not directly related
to HU in CTPA, according to their perfusion, to assess LPDs in PE, with a color range from red—orange (indicating
a well-perfused segment) to violet (indicating a non-perfused segment).

Moreover, from axial cmCTPA images, maximum-intensity projection (MIP) cmCTPA images were reconstructed by
a radiology resident, after a period of 10 hours of training with the software applicator, in about 5 minutes for each
patient. The MIP images were reconstructed with a slice thickness of 80-100 mm to simultaneously evaluate, in coronal
view, the anterior and posterior region of both lungs and, in sagittal view, each lobe. MIP sagittal and coronal derived
colormaps permitted a more objective and reproducible comparison of cmCTPA with frontal and lateral LPS images.
Axial images were also evaluated by the two radiologists, to confirm the absence (0) or presence (1) of segmental

localization of each LPD.

Reports in Medical Imaging 2022:15 https: 33

Dove:


https://www.dovepress.com
https://www.dovepress.com

Lastella et al Dove

Statistical Analysis
Statistical analysis was performed using Python 3.7.6. Quantitative variables were expressed as medians with inter-
quartile ranges (IQRs). Qualitative variables were expressed as raw numbers and percentages.

The diagnostic performance of cnCTPA in the diagnosis of LPD was assessed according to its sensitivity, specificity,
disease prevalence, accuracy, positive predictive value (PPV), and negative predictive value (NPV); these were
calculated along with their 95% confidence intervals (Cls), and expressed as percentages using LPS images as the
reference standard. Confidence intervals for sensitivity, specificity, disease prevalence, and accuracy are “exact”
Clopper—Pearson confidence intervals; confidence intervals for the likelihood ratios were calculated using the “log
method” as in the Altman method;** and confidence intervals for the PPV and NPV were the standard logit confidence
intervals given by Mercaldo et al.>> Agreement between LPS and cmCTPA in the diagnosis of LPD was tested using
Cohen’s kappa. Linearly weighted kappa and raw concordance, namely the percentage of cases where the two methods
showed perfect agreement, were thus calculated. Kappa agreements were then characterized according to the Landis and
Koch criteria as slight (kappa = 0.00-0.20), fair (kappa = 0.21-0.40), moderate (kappa = 0.41-0.60), substantial (kappa =
0.61-0.80), or almost perfect (kappa = 0.81—1.00).%°

Results

Patient Characteristics
From 223 patients, 53 patients (18 men, 34%), with a median age of 66 years (IQR 48-82 years), were included.

Out of these, 14 patients (Group A, five men, 36%, median age 69 years, IQR 4882 years, 252 segments) presented
PE on CTPA and LPD on LPS, 17 patients (Group B, four men, 24%, median age 59 years, IQR 49-78 years, 306
segments) had no evident PE on CTPA but LPD on LPS, eight patients (Group C, six men, 75%, median age 67 years,
IQR 6471 years, 144 segments) presented PE on CTPA but no LPD on LPS, and 13 patients (Group D, three men, 23%,
median age 73 years, IQR 44-82 years, 252 segments) had no evident PE on CTPA and no LPD on LPS.

In Figures 1 and 2, two cases of perfusion defect detected by cmCTPA are shown.

Demographic and laboratory values of these cohorts of patients are presented in Table 1.

22,23,

A total of 954 segments, according to Boyden’s classification were analyzed, in both LPS and cmCTPA images,

assessing lung perfusion.

Perfusion Analysis
The results for lung perfusion are presented in Table 2.

Considering lung perfusion, on LPS images, a total of 413 segments (43%) presented LPDs; 541 segments (57%)
were well perfused.

On cmCTPA images, a total of 446 segments (47%) presented LPDs; 508 segments (53%) were well perfused.

Statistical analyses are shown in Tables 3 and 4.

The sensitivity, specificity, PPV, and NPV of emCTPA were, respectively, 100%, 40%, 73%, and 100%; disease
prevalence was 67%, accuracy was 77%, and positive and negative likelihood ratios were 1.67 and 0, respectively.

The linear kappa for the evaluation of the total patients ranged from 0.65 to 1.0; raw concordance ranged from 0.83 to
1. Linear kappa could not be calculated where the values obtained were the same. An almost perfect agreement was
found between the two modalities in 13 segments (72%), while a substantial agreement was found in the remaining five
segments (28%). No segments had slight, fair, or moderate concordance.

Discussion
LPS was the first established non-invasive imaging modality for the diagnosis of PE,'*'* through the evaluation of the
regional distribution of pulmonary blood flow'” assessed as LPDs. However, it cannot identify endoluminal defects of the
pulmonary arterial system.

CTPA is an imaging technique that is useful in the detection of PE, assessed as a filling defect in the pulmonary
arterial system, but it cannot evaluate LPD.
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Figure | A comparison of lung perfusion in a patient with positive LPS and positive CTPA, with cmCTPA on the left and LPS on the right. (A) Coronal view on cmCTPA and
LPS (anterior and posterior projections); (B) sagittal view on cmCTPA and LPS (left and right lobes); (C) axial view from apex to base on cmCTPA images. The figure shows
a lung perfusion defect (LPD) in the middle lobe and lingula (violet areas), confirmed by LPS.

CmCTPA are obtained using novel semi-automatic post-processing software, directly from CTPA images, which
provides lung perfusion colormaps. Potentially, cnCTPA evaluation could increase the information provided by CTPA,
but its diagnostic performance has not previously been evaluated.

Our study found a sensitivity of 100% of cmCTPA compared with LPS as the reference standard, with an NPV of
100%, so the absence of LPDs on cmCTPA is always retrieved as well-perfused segments on LPS and it can rule out PE.

For concordance, an overall high level of agreement in the number and location of LPDs has been observed between
c¢cmCTPA and LPS. A high level of agreement has also been retrieved where cmCTPA did not find any endoluminal
pulmonary arterial defects. Lower concordance was found in anti-gravitational segments, eg the lingular and anterior
segments of the inferior lobes, owing to a physiological iodate-based contrast gradient in CTPA due to gravity.

In our statistical analysis, low or negative values of linear kappa obtained in some patients could be explained by
a high influence of unbalanced distribution; raw concordance is less influenced, varies less, and is more reliable.
However, in most of the segments, high values of linear kappa and raw concordance reflected a good or almost perfect
concordance between the two modalities.

Moreover, in patients with negative LPS and positive CTPA, cmCTPA was able to detect an LPD in the precise
segment where CTPA had shown an endoluminal pulmonary arterial defect, so CTPA was able to detect the endoluminal
defect in the feeding artery of the segment with an LPD on cmCTPA; no mismatch was retrieved between the two
modalities in these cases.

In clinical practice, cmCTPA could be useful to rule out PE, increasing the performance of CTPA.

¢mCTPA could play a role in assessing areas of hypoperfusion in patients in emergency units; Grasselli et al*’
observed bilateral areas of hypoperfusion in coronavirus disease 2019 (COVID-19) intubated patients with increased
D-dimer level and a clinical suspicion of PE. A more precise assessment of lung perfusion with cmCTPA could help in
diagnosis and treatment.

LPS will continue to have a primary role in mismatch.***’ Macroaggregates injected during LPS have better
distribution than in CTPA, which reflects the normal intrapulmonary blood distribution and remains the reference
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Figure 2 A comparison of lung perfusion in a patient with positive CTPA and negative LPS, with cnCTPA on the left and LPS on the right. (A) Coronal view on cmCTPA and LPS
(from left to right: anterior and posterior projections); (B) sagittal view on cnCTPA and LPS (left and right lobes); (C) axial view from apex to base on cmCTPA images. The CTPA
showed a perfusion defect in the upper left lobe in the posterior segment and lower right lobe (violet areas), while the LPS did not show any perfusion defect.

standard for LPDs. Macroaggregates are retained in the pulmonary parenchymal capillaries for a longer period because of
their large size,’*>' causing microembolization, and give a more precise evaluation of pulmonary perfusion compared

with iodate-based contrast medium, which has a passive and faster distribution.

Table | Demographic and Biochemical Data in Different Cohorts of Patients

Total Group A Group B Group C Group D
(n=53) (n=14) (n=17) (n=8) (n=14)
Age (years), median 65.68 69.04 58.81 66.63 72.92
Age (years), IQR 43.89-82.5 47.62-81.94 48.76-78.13 | 63.86-71.44 | 43.89-82.5
Male, n 18 5 4 6 2
Male, % 34 36 24 75 23
PT ratio (INR), median 1.14 1.12 1.46 1.05 1.2
PT ratio (INR), IQR 1.03-1.5 1.05-1.24 1.14-1.9 0.99-1.12 1.03-1.25
PTT ratio (INR), median 1.0 |.46 1.06 1.0 091
PTT ratio (INR), IQR 0.9-1.12 1.14-1.9 0.93-1.17 0.99-1.06 0.85-1I.1
Time between LPS and CTPA (days), median 2.11 243 1.59 2.58 2

Note: Group A: PE on CTPA and LPD on LPS; Group B: no PE on CTPA but LPD on LPS; Group C: PE on CTPA but no LPD on LPS; Group D: no PE
on CTPA and no LPD on LPS.

Abbreviations: IQR, interquartile range; PT, prothrombin time; PTT, partial thromboplastin time; INR, international normalized ratio; LPS, lung
pulmonary scintigraphy; CTPA, computed tomography pulmonary angiography.
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Table 2 Distribution of Lung Perfusion in Each Cohort of Patients

Group Patients LPS cmCTPA

0 | 0 1
A 14 79 173 76 176
B 17 68 238 67 239
C 8 142 2 130 14
D 13 252 0 235 17
Total 52 541 413 508 446

Note: Group A: PE on CTPA and LPD on LPS; Group B: no evident PE on CTPA but LPD on LPS; Group C: PE on CTPA
but no LPD in LPD; Group D: no evident PE on CTPA and no LPD on LPS. 0: absence of LPD; I: presence of LPD.

Abbreviations: LPS, lung perfusion scintigraphy; cmCTPA, colormaps derived from computed tomography pulmonary
angiography; PE, pulmonary embolism; CTPA, computed tomography pulmonary angiography; LPD, lung perfusion defect.

Table 3 Diagnostic Performance of cmCTPA in the Diagnosis of Lung
Perfusion Defect Compared to Lung Perfusion Scintigraphy

Value 95% ClI
Sensitivity (%) 100 89.42-100.00%
Specificity (%) 40 19.12-63.95%
Positive likelihood ratio 1.67 1.17-2.38
Negative likelihood ratio 0 -
Positive predictive value (%) 7333 65.79-79.73%
Negative predictive value (%) 100 -
Disease prevalence (%) 62.26 47.89-75.21%
Accuracy (%) 77.36 63.79-87.72%

Note: Sensitivity, specificity, positive predictive value, negative predictive value, disease prevalence,
and accuracy are expressed as percentages.

Abbreviations: cmCTPA, colormaps derived from computed tomography pulmonary angiogra-
phy; Cl, confidence interval.

This is a preliminary study that evaluates the diagnostic performance of cmCTPA compared to LPS. Wildberger
et al*? have already evaluated LPD on ¢cmCTPA, but theirs was only a preliminary study, without comparison with
a reference standard, and so without clinical relevance. Ierardi et al**> demonstrated a role for cmCTPA in a COVID-19
patient, but the data need to be confirmed by multicenter studies with a larger cohort of patients. Si-Mohamed et al*®
compared and found a strong correlation in lung perfusion between dual-energy computed tomography (DE-CT) and
single-photon emission computed tomography (SPECT), especially regarding iodine-based maps and colormaps obtained
from CT images, but this method requires a more sophisticated scanner. DE-CT is another tomographic technique where
acquisition is assessed with dual tubes, and several studies®*>® have shown that the evaluation of peripheral perfusion
defects can be visualized with an accuracy comparable to that of SPECT. However, DE-CT has not been widely used
owing to its cost, reduced spread, and technology that requires long technical training. As an alternative, cnCTPA offers
the possibility to study lung perfusion with all makes of CT scanner, with a standard angiographic phase. Because of the
compatibility between all of the machines, the easy software interface, and the fast image processing, the rapid spread of
this software is desirable.

Tamara et al’’ demonstrated the good correlation between the results of lung subtraction iodine mapping (LSIM) and
LPS for identifying segmental pulmonary perfusion defects in patients with chronic thromboembolic pulmonary
hypertension (CTEPH), and the significantly higher diagnostic accuracy of LSIM compared to CTPA, using LPS as
the reference standard. Similarly to their study, we provided a new tool for obtaining both morphological and functional
information, which could reduce the total radiation exposure and cost by obviating the need for LPS.
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Table 4 Linear Kappa and Raw Concordance of Each Segment in Each Cohort

Group A Group B Group C Group D Total

Linear Raw Linear Raw Linear Raw Linear Raw Linear Raw

Kappa Concordance Kappa Concordance Kappa Concordance Kappa Concordance Kappa Concordance
LUL AP 0.43 0.71 0.77 0.94 0.0 0.75 0.0 0.92 0.69 0.85
LUL ANT 1.06 0.86 0.63 0.82 n/a 1.0 0.0 0.77 0.68 0.85
LING SUP 1.24 0.93 0.76 0.88 n/a 1.0 0.0 0.69 0.72 0.87
LING INF 1.24 0.93 0.88 0.94 0.0 0.75 n/a 1.0 0.84 0.92
LLL SUP 1.06 0.86 0.0 0.94 n/a 1.0 n/a 1.0 0.88 0.94
LLL 1.0 1.0 1.0 1.0 0.0 0.88 n/a 1.0 0.96 0.98
ANTMED
LLL LAT 0.59 0.86 1.0 1.0 0.6 0.88 0.0 0.92 0.85 0.92
LLL POST 1.06 0.86 1.0 1.0 n/a 1.0 n/a 1.0 0.92 0.96
RUL APIC 1.0 1.0 1.0 1.0 0.0 0.88 0.0 0.92 0.92 0.96
RUL ANT 1.0 1.0 1.0 1.0 n/a 1.0 0.0 0.92 0.96 0.98
RUL POST 1.0 1.0 1.0 1.0 n/a 1.0 n/a 1.0 1.0 1.0
RML MED 1.0 1.0 0.87 0.94 0.0 0.88 0.0 0.69 0.77 0.88
RML LAT 1.0 1.0 1.0 1.0 0.0 0.75 n/a 1.0 0.92 0.96
RLL SUP 0.59 0.86 1.0 1.0 0.0 0.88 n/a 1.0 0.88 0.94
RLL MED 1.0 1.0 n/a 1.0 n/a 1.0 n/a 1.0 1.0 1.0
RLL ANT 1.0 1.0 1.0 1.0 n/a 1.0 n/a 1.0 1.0 1.0
RLL LAT 1.0 1.0 0.88 0.94 1.0 1.0 n/a 1.0 0.96 0.98
RLL POST 0.51 0.65 0.0 0.94 0.0 0.88 n/a 1.0 0.65 0.83

Note: Linear kappa cannot be calculated where the values obtained are the same, so n/a is written.
Abbreviations: LUL, left upper lobe; LING, lingular lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; AP, apicoposterior; ANT, anterior, SUP, superior; INF, inferior; ANTMED,
anteromedial; LAT, lateral; POST, posterior; APIC, apical; MED, medial.
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LPS, still considered the reference standard for LPD evaluation, is a planar technique that cannot be perfectly
overlapped on to cmCTPA images, which are derived from tomographic images, and therefore only a qualitative
comparison can be made. A segmental localization of LPDs requires a global evaluation of images in all planes,
owing to an overlap of different lobes in each planar image.

SPECT is a novel diagnostic tool used in nuclear medicine, rather than planar LPS, for diagnosing PE, which has

a high diagnostic value®® with a high NPV. Regarding comparison with CTPA, Blachere et al,** Grenier et al,*

and Mayo
et al*! have demonstrated that positive predictive value and negative predictive value were higher in CTPA, with a
concordance between SPECT and CTPA of 95%. They found a higher sensitivity with SPECT, a higher specificity with
CTPA, and an equally high accuracy with both methods. Furthermore, CTPA is more easily available, but has some
contraindications, while SPECT is less widely available, has no definitive contraindications, and could have a possible
role in detecting right ventricular dysfunction.'®>® Currently, head-to-head comparisons between ventilation/perfusion
SPECT and CTPA are limited, and further studies should be performed to better assess which is the leading tool with the
higher diagnostic accuracy.

Our study has several limitations. First, the main limitation is the absence in our cohorts of underlying pulmonary
disease that could influence cmCTPA. Pathological parenchyma, with substitution of normal alveoli with emphysema,
bullae, or fibrotic branches, such as in chronic obstructive pulmonary disease or idiopathic pulmonary fibrosis, creates
a chronic baseline state of hypoperfusion in the pulmonary parenchyma, which has a corresponding pattern on LPS,
called an “inhomogeneous distribution of macroaggregates”.** In this condition, an LPD due to PE could pass
undiagnosed if evaluated through cmCTPA. Even in chronic severe hypoperfusion due to chronic PE, a superimposed
new LPD could be difficult to find.

Moreover, in a consolidated lung, pulmonary perfusion evaluated with cmCTPA can hardly be assessed. cmCTPA
images are derived from densitometric lung values and the presence of a hyperattenuated area, as in consolidation, can
strongly influence the cmCTPA evaluation. However, these promising results suggest that cmCTPA should be
evaluated in other cohorts of patients, to enable a better assessment of this novel lung perfusion post-processing
software.

Second, we enrolled only 53 patients in 4 years, and this fact undermines the statistical power of the results shown, so
further studies in larger patient populations are required to confirm these preliminary findings. Third, our tool, cmCTPA,
has low sensitivity on the lingular and anterior segments of the inferior lobes, owing to a physiological iodate-based
contrast gradient in CTPA due to gravity.* Fourth, ventilation imaging was not included for analysis in this study.
Although ventilation imaging is necessary for the diagnosis of and treatment decisions in PE, the purpose of our study
was to assess the diagnostic accuracy of cmCTPA for the evaluation of pulmonary perfusion. A final drawback of our
study was the time interval, of 7 days, between the LPS and CTPA examinations.

Further studies are suggested, to compare cmCTPA with SPECT imaging, which is not yet considered the reference
standard.**

Conclusion
cmCTPA, owing to its NPV (100%) and its overall high agreement in the number and location of LPDs compared to
LPS, may have an upcoming role in the evaluation of lung perfusion in PE.
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