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Contrast-enhanced ultrasonography in peripheral lung consolidations: What’s its actual role?
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Abstract
AIM: To evaluate the diagnostic accuracy of contrast-enhanced ultrasonography (CEUS) in the differential diagnosis between neoplastic and non-neoplastic peripheral pleuro-pulmonary lesions.
METHODS: One hundred patients with pleural or peripheral pulmonary lesions underwent thoracic CEUS. An 8 microliters/mL solution of sulfur hexafluoride microbubbles stabilized by a phospholipid shell (SonoVue®) was used as US contrast agent. The clips were stored and independently reviewed by two readers, who recorded the following parameters: presence/absence of arterial enhancement, time to enhancement (TE), extent of enhancement (EE), pattern of enhancement (PE), presence/absence of wash-out, time to wash-out, and extent of wash-out. After the final diagnosis (based on histopathologic findings or follow-up of at least 15 mo) was reached, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (PLR), negative likelihood ratio (NLR) of each CEUS parameter in the differential diagnosis between neoplastic and non-neoplastic lesions were calculated. Furthermore, an arbitrary score based on the ratio between the PPVs of each CEUS parameter was calculated, to evaluate if some relationship could exist between overall CEUS behaviour and neoplastic or non-neoplastic nature of the lesions. 
RESULTS: Five patients were lost at follow-up before a conclusive diagnosis was reached, 53 lesions resulted neoplastic and 42 non-neoplastic. Enhancement in the arterial phase was observed in 53/53 neoplastic lesions and 30/42 non-neoplastic lesions. On the whole, 40/42 non-neoplastic lesions showed absence of enhancement or early enhancement (95.2%) vs 3/53 neoplastic lesions (5.7%). EE was marked in 29/53 (54.7%) neoplastic lesions and 25/30 (83.3%) non-neoplastic lesions, moderate in 24/53 (45.5%) and 5/30 (16.7%), respectively. PE was homogeneous in 6/53 (11.3%) neoplastic lesions and 18/30 (60%) non-neoplastic lesions, inhomogeneous in 47/53 (88.7%) and 12/30 (40%), respectively. 19/30 (63.3%) non-neoplastic lesions enhancing in the arterial phase had no wash-out in the venous phase, 11/30 (36.7%) had late and mild wash-out. Wash-out was early in 26/53 (49%) neoplastic lesions, late in 26/53 (49%), absent in 1 (2%); marked in 16/53 (30.2%), and moderate in 36/53 (67.9%). The delayed enhancement in the arterial phase showed a sensitivity of 94.32%, specificity of 95.2%, PPV of 96.2%, NPV of 93%, PLR of 19.81, and NLR of 0.06 in identifying the neoplastic lesions. All other parameters individually considered showed unsatisfactory values of sensitivity, or specificity, or both, in differentiating neoplastic from non-neoplastic lesions. The median of the overall arbitrary score was 3 (range 0-14) in non-neoplastic lesions, and 16.5 (range 7-17.5) in neoplastic lesions (P < 0.001). The correlation between the diagnosis of neoplastic vs non-neoplastic lesion and the score value was statistically significant (r = 0.858, P < 0.001). Based on the score distribution, a cut-off of 7.5 enabled to reach a sensitivity of 98.1%, specificity of 95.1%, PPV 96.3%, NPV 97.5%, PVR 20.1 and NVR 0.02 in differentiating neoplastic from non-neoplastic lesions. 
CONCLUSION: CEUS could be useful in the diagnostic workup of pleuropulmonary lesions. A delayed TE or a score ≥ 7.5 suggest the neoplastic nature of a lesion.
© 2013 Baishideng. All rights reserved. 
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Core tip: Contrast-enhanced ultrasonography (CEUS) is widely used to characterize focal liver lesions. The lung has dual blood supply (pulmonary arteries and systemic bronchial arteries), and theoretically it should be suitable for CEUS evaluation of arterial vascularity. This study suggests that a delayed time to arterial enhancement or an arbitrary score based on the overall CEUS behaviour ≥ 7.5 have high sensitivity and specificity in suggesting the neoplastic nature of pleural of peripheral pulmonary lesions. CEUS could allow for discriminating between lesions which need invasive diagnostic procedures, and those which can be monitored with clinical and instrumental follow-up.
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INTRODUCTION
Despite the limits caused by the sound reflection at the aerated lung surface, in the last years transthoracic ultrasonography (US) has gained increasing interest in the evaluation of peripheral pulmonary lesions abutting the pleura[1,2]. However, the correlation between the US pattern of lung consolidations and their specific pathology is quite poor, and transthoracic US is mainly used as an alternative to computed tomography (CT) to guide percutaneous needle biopsy of the lesions, when endoscopic biopsy fails in yielding adequate tissue specimens[3,4,5] .
Contrast-enhanced ultrasonography (CEUS) with second generation US contrast agents is increasingly used in the diagnostic imaging of abdominal organs. In particular, in Europe, Eastern Countries, and Canada it is recommended as the first-line technique for the characterization of focal liver lesions[6-8] . The lung has dual blood supply (pulmonary arteries and systemic bronchial arteries), and this peculiarity could theoretically be exploited by CEUS to characterize and differentiate lesions with different arterial supply. However, at present only few preliminary studies on the role of CEUS in the characterization of peripheral lung masses have been reported in literature, and most of them were mainly descriptive and gave conflicting results[9-14]. This prospective pilot study was planned to evaluate the possible role and diagnostic accuracy of CEUS in the differential diagnosis between neoplastic and non-neoplastic pleural and peripheral pulmonary lesions.
MATERIALS AND METHODS

Participants

From October 2009 to October 2011, 100 consecutive patients (56 males and 44 females, mean age 61 years, range 24-89 years) with pleural lesions or peripheral pulmonary consolidations abutting the pleura were enrolled into this prospective study. The study was approved by Ethics Committee of our hospital and informed consent was obtained from each patient. The inclusion criteria were the following: age > 18 years; presence of a pulmonary peripheral mass depicted by chest Rx or CT, and visible at transthoracic US; diagnostic course still running; absence of known hypersensitivity to sulfur hexafluoride, pulmonary hypertension, class IV New York Heart Association heart failure[15], unstable angina, acute or recent myocardial infarction, or adult respiratory distress syndrome.
Test methods

A preliminary US evaluation of the lesions was performed using a real-time sonography system equipped with a 3.5 to 5 MHz convex transducer and a 5 to 7.5 MHz linear transducer (Mylab 70 XVG Gold, Esaote, Genova, Italy) to identify the optimal acoustic window for CEUS examination, according to the lesion location and patient’s body size[16-18]. CEUS was performed with a low mechanical index contrast-specific nonlinear technique (CnTI, Esaote, Genova, Italy) and an 8 microliters/mL solution of sulfur hexafluoride microbubbles stabilized by a phospholipid shell (SonoVue®, Bracco, Milan, Italy) was used as US contrast agent. Acoustic power was set at 40 kilo pascal for both high-frequency linear transducer and low-frequency convex transducer. All US and CEUS examinations were performed by one of two physicians (PT and SP) with at least 5 years of experience in CEUS examination of abdominal organs, and well experienced with US of the lung. 

After iv administration of a bolus of 2.4 mL of Sonovue, the lesions were continuously examined for at least 180 s taking care to include a portion of normal surrounding parenchyma in the same US scan, in order to examine contemporaneously both the lesion and normal lung. If normal parenchyma could not be included in the same scan, or the mass was located at the basis of the lung, the surrounding chest wall, or the liver or spleen, were examined contemporaneously to the lesion. All CEUS examinations were recorded, stored and independently reviewed by the two operators. 
First, each lesion was assessed for the presence or the absence (Figure 1) of enhancement in the arterial phase, defined as the twenty s period following the appearance of the first microbubbles in the lesion or the surrounding parenchyma (or the chest wall, the liver, or spleen). If the lesion showed arterial enhancement, the following parameters were then recorded: time to enhancement (TE), extent of enhancement (EE), pattern of enhancement (PE), time to wash-out (TW), and extent of wash-out (EW). TE was defined as early if it was observed contemporaneously to the normal lung, or before the enhancement of the chest wall, liver or spleen (Figure 2); and as delayed if it was observed at least 2 s after the enhancement of the normal lung, or contemporaneously to the enhancement of the chest wall, liver or spleen (Figure 3). EE was defined marked (Figure 4) or moderate (Figure 3B) with respect to the EE of the normal lung, the chest wall, the liver or spleen. PE was classified as homogeneous (Figure 4) or inhomogeneous (Figure 3B). TW was defined as early if it occurred within 60 s after the injection of Sonovue, as late if it occurred later, and as absent if it was not observed within 180 s after the bolus. EW was classified as marked or mild according to its entity with respect to the entity of the arterial enhancement. The parameters examined are reported in Table 1. If some discordance in the evaluation of the CEUS parameters occurred between the two readers, the clip was reviewed and discussed with a third reader (SS) and the final decision was reached by consensus.
The final diagnosis was based on histopathologic findings (by endoscopic or percutaneous imaging-guided biopsy, or surgical exploration), or clinical follow-up. Clinical proof of malignant lesion was accepted if the patient was treated for malignancy and the clinical course and response to therapy were appropriate. Clinical proof of benign lesion was accepted if the lesion disappeared spontaneously or after treatment other than antineoplastic chemotherapy, or no change in size was observed for more than 15 mo.
Statistical analysis

After the final diagnosis was reached, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (PLR), negative likelihood ratio (PLR) of each CEUS parameter in the differential diagnosis between neoplastic and non-neoplastic lesions were calculated. First, the presence vs the absence of arterial enhancement was evaluated. If the lesion showed arterial enhancement, each distinctive feature of TE (i.e., early or delayed) was compared to the other one plus the absence of enhancement. The other parameters of arterial enhancement were analyzed as well (marked vs moderate enhancement, and homogeneous vs inhomogeneous enhancement). Finally, wash-out features were evaluated (presence vs absence, early vs late, and marked vs mild or absent) for the lesions that had enhancement in the arterial phase.

Furthermore, an arbitrary score based on the features of all CEUS parameters examined was conceived, in order to evaluate if some relationship could be found between the overall CEUS behaviour and the neoplastic or non-neoplastic nature of the lesions. The absence of arterial enhancement or wash-out (when arterial enhancement was present) was scored 0. For each parameter of enhancement or wash-out, the feature with lower PPV was scored 1 and the other one was scored according to the ratio between the two PPVs (for instance, homogeneous enhancement: PPV 25%, score 1; inhomogeneous enhancement: PPV 79.7%, score 3.2). The sum of the scores assigned to each CEUS parameter yielded the overall score, and the median values of the overall scores of neoplastic and non-neoplastic lesions were compared by using the non-parametric Mann Whitney test. Finally, the relationship between neoplastic or non-neoplastic nature of the lesions and overall CEUS score was analysed by using the non-parametric Spearmann test. An alfa error < 5% was assumed as statistically significant in both analyses. All statistical analyses were performed with a statistical software program (Stata 11.0 for Windows, Stata Corp., College Station, TX, United States).
RESULTS

Participants

The quality of CEUS examination was good in all patients and no adverse reaction to Sonovue was observed. Both high-frequency linear transducer and low-frequency convex transducer yielded the same quality of CEUS examinations. There was no concordance between the readers in TE and EW evaluation in 5/100 cases and 4/100 cases, respectively (r = 0.899, and r = 0.9, respectively). In all these cases final consensus was reached after collegial review and discussion of the CEUS clips.

Mean diameter of the lesions was 3.5 cm (range 1-12 cm). Five patients were lost at follow-up before a conclusive diagnosis was reached. The final diagnosis was based on a median clinical follow-up of 17 mo (range 7-26 mo) in 23/95 cases (3 neoplastic and 20 non-neoplastic lesions), and histopathological findings (63 endoscopic or percutaneous biopsies, and 9 surgical explorations) in 72/95 cases (50 neoplastic and 22 non-neoplastic lesions). On the whole, fifty-three lesions resulted neoplastic (40 primary tumors, 13 metastatic tumors), and 42 resulted non-neoplastic. All the 22 biopsy diagnoses of non-neoplastic lesion were confirmed by the clinical follow-up. The final diagnoses are reported in detail in Table 2. 
Test results

Enhancement in the arterial phase was observed in 53/53 neoplastic lesions and 30/42 non-neoplastic lesions. Arterial enhancement resulted absent in four organized pleural effusions, 1 abscess, 3 pulmonary infarctions, 3 post-surgical fibroses, and 1 fibrotic plaque of the pleura. TE was delayed in 50/53 neoplastic lesions (94.3%), and early in 28/30 non-neoplastic lesions (93.3%). On the whole, 40/42 non-neoplastic lesions showed absence of enhancement or early enhancement (95.2%) vs 3/53 neoplastic lesions (5.7%). EE was marked in 29/53 (54.7%) neoplastic lesions and 25/30 (83.3%) non-neoplastic lesions, moderate in 24/53 (45.5%) and 5/30 (16.7%), respectively. PE was homogeneous in 6/53 (11.3%) neoplastic lesions and 18/30 (60%) non-neoplastic lesions, inhomogeneous in 47/53 (88.7%) and 12/30 (40%), respectively. 19/30 (63.3%) non-neoplastic lesions with enhancement in the arterial phase had no wash-out in the venous phase, 11/30 (36.7%) had late and mild wash-out. Wash-out was early in 26/53 (49%) neoplastic lesions, late in 26/53 (49%), absent in 1 (2%); marked in 16/53 (30.2%), and moderate in 36/53 (67.9%). The results are summarized in Table 3.
Estimates

The delayed enhancement in the arterial phase showed a sensitivity of 94.32%, specificity of 95.2%, PPV of 96.2%, NPV of 93%, PLR of 19.81, and NLR of 0.06 in identifying the neoplastic lesions. All the other parameters individually considered showed unsatisfactory values of sensitivity, or specificity, or both, in differentiating neoplastic from non-neoplastic lesions. All analyses are reported in detail in Table 4.

The correlation data between PPV and values of the arbitrary score are reported in Table 5. The risk score was calculated in all the patients, with overall median value of 15 (range 0-17.5). In non-neoplastic lesions the median score was 3 (range 0-14), in neoplastic lesions it was 16.5 (range 7-17.5) (P < 0.001). The correlation between the diagnosis of neoplastic vs non-neoplastic lesion and the score value was statistically significant (r = 0.858, P < 0.001). Based on the score distribution, we found that a cut-off of 7.5 enabled to reach a sensitivity of 98.1%, specificity of 95.1%, PPV 96.3%, NPV 97.5%, PVR 20.1 and NVR 0.02 in differentiating neoplastic from non-neoplastic lesions. 

DISCUSSION

Thoracic US has become a well-established method to guide percutaneous biopsy of peripheral pulmonary lesions abutting the pleura, and is considered as effective as CT-guidance in terms of sample accuracy, with the advantages of lower cost, lack of exposition to ionizing radiation, shorter procedure time, and lower rates of post-procedural pneumothorax[19]. Despite the increasing applications of CEUS in the characterization of focal lesions of the liver and other abdominal organs[6,7,8,20] , to date the use of second generation US contrast media in pleuropulmonary diseases is limited to improve the diagnostic yield of percutaneous biopsy[21,22]. The role of CEUS in the characterization of peripheral pulmonary lesions has been scarcely investigated, and the few preliminary studies published in literature were mainly descriptive and gave inconclusive and disappointing results[9-14,23]. The lung is characterized by dual blood supply: the bronchial arterial system, which provides nutrition for the bronchi, pulmonary vessels, alveoli, interstitial tissue, and visceral pleura; and the pulmonary arterial system, which is responsible for gas exchange[10]. Such a peculiarity could theoretically be exploited to differentiate pleural-based non-neoplastic lesions from neoplastic lesions, as the formers are supplied by both arterial systems, whereas tumor angiogenesis usually rises from bronchial arteries[12]. Therefore, a different TE should be seen in real time imaging, as the tissue enhancement resulting from the pulmonary arteries starts before the tissue enhancement resulting from the bronchial arteries. Moreover, a regular, dominant pulmonary arterial supply should lead to a more marked tissue enhancement than that observed in tissues only supplied by the bronchial arteries. CEUS represents the best imaging method to evaluate both the vascularity and transit time within an organ, as it enables the assessment of any time of enhancement during the arterial phase. Conversely, contrast-enhanced CT is an instant scanning modality, and can assess the vascularity only at a certain point in time during the arterial phase[24]
Although CEUS was shown to be as effective as CT in detecting peripheral lung cancer vascularisation[25] a prior study on 137 patients with pleural based lesions reported that CEUS did not allow to distinguish benign from malignant pulmonary consolidations[9]. However, 62% of malignant lesions had delayed TE, whereas 62% of inflammatory consolidations had early TE, and this observation was subsequently confirmed on larger and more recent series[10,11,26]. In our pilot study, delayed TE was observed in 94.3% of neoplastic lesions and in 4.8% of non-neoplastic lesions. A methodological defect could have biased the results of the above-mentioned studies. An arbitrary cut-off of six s after the iv bolus of the US contrast agent was used to define TE as early or delayed, because the time windows of pulmonary arterial vascularity and systemic bronchial arterial vascularity usually range from 1 to 5 s, and from 8 to 11 s, respectively[10,11]. However, a lot of physiological and pathological conditions, such as sitting or supine position of the patient, antiarrhythmic drugs, tachycardia, bradycardia, chronic heart failure, chronic pulmonary disease, hyperthyroidism and hypothyroidism, and so on, can modify the standard time window of both pulmonary and systemic bronchial arterial vascularities. Indeed, a wide variability in hepatic artery arrival time, ranging from 8 to 16 s, was observed even in healthy volunteers in a study investigating the hepatic transit time in healthy subjects and patients with liver metastases[27]. It follows that a cut-off based on the standard time windows of the pulmonary and systemic bronchial arteries can be misleading in the assessment of early or delayed TE. In our study, this potential bias was avoided defining TE as early if the enhancement in the lesion was contemporaneous to that of the normal lung, and as delayed if it appeared after the enhancement of the normal lung, or contemporaneously to that of the chest wall, liver, or spleen. In this way, a true early enhancement was observed in just three neoplastic lesions, probably due to a concomitant supply from pulmonary arteries, as described in some bronchioloalveolar carcinomas and adenocarcinomas[28]. Likewise, non-neoplastic lesions showed absence of arterial enhancement or early enhancement in all cases but two, in which the delayed enhancement was likely determined by a widespread vasoconstriction caused by hypoxia[10]. 

Conversely, and despite the theoretical rationale in favour of a more marked arterial enhancement in non-neoplastic lesions due to the dual blood supply, EE did not result useful to distinguish neoplastic from non-neoplastic lesions, as well as all the other CEUS parameters. The presence  of enhancement and the absence of wash-out (when arterial enhancement was present) showed very good sensitivity in suggesting the neoplastic and the non-neoplastic nature of the lesions, respectively, but specificity of both parameters was quite poor; and  the presence of early wash-out had a 100% specificity in predicting the neoplastic nature of the lesions, but an unacceptably low sensitivity. However, we analysed also the overall CEUS behaviour including all the CEUS parameters into an arbitrary score, either to limit the possible bias consequent to the subjective evaluation of a single parameter, or to explore the possibility of further improving the good performance yielded by the delayed TE. Indeed, the score was proven to be a reliable tool to differentiate the two populations, and the cut-off of 7.5 enabled to improve the sensitivity of the single CEUS parameter “delayed TE” in discriminating between neoplastic and non-neoplastic lesions.
Our study has several limits. First, US and even more CEUS are strictly operator-dependent techniques. However, an adequate learning curve can minimize the risk of high interobserver variability; indeed, in our study it resulted fairly low and limited to two CEUS parameters. Second, because of the low number of patients enrolled into this pilot study, benign neoplastic lesions were just 2/53, and both of them showed a CEUS behaviour comparable to that of malignant lesions. Consequently, our results suggest that CEUS can discriminate between neoplastic and non-neoplastic lesions, but it does not enable to distinguish benign from malignant neoplastic lesions. Finally, US and CEUS may represent useful tools to evaluate peripheral pulmonary masses, but they can not investigate central lung lesions.
Despite these limits, this prospective pilot study suggests that CEUS could play some role in the diagnostic work-up of peripheral lung lesions. If the results will be confirmed by wider series, a lesion with a CEUS score  < 7.5 could undergo clinical and instrumental follow-up, whereas invasive diagnostic procedures could be reserved to lesions with delayed TE, or a score ≥7.5 if TE is not delayed.
COMMENTS

Background

The lung has dual blood supply (pulmonary arteries and systemic bronchial arteries), and this peculiarity could theoretically be exploited by contrast-enhanced ultrasonography (CEUS) to differentiate non-neoplastic from neoplastic lesions, as the formers are supplied by both arterial systems, whereas tumor angiogenesis usually rises from bronchial arteries.
Research frontiers

CEUS represents the best imaging method to evaluate both the vascularity and transit time within an organ, as it enables the assessment of any time of enhancement during the arterial phase. Conversely, contrast-enhanced computed tomography is an instant scanning modality, and can assess the vascularity only at a certain point in time during the arterial phase
Innovations and breakthroughs

A different time to arterial enhancement (TE) should be seen in neoplastic and non-neoplastic lesions, as the enhancement resulting from the pulmonary arteries starts before that resulting from the bronchial arteries. However, the few preliminary studies investigating the role of CEUS in the characterization of lung consolidations gave inconclusive and disappointing results. In all these studies, an arbitrary cut-off of six s after the bolus of the US contrast agent was used to define TE as early or delayed, because the time windows of pulmonary arterial vascularity and bronchial arterial vascularity usually range from 1 to 5 s, and from 8 to 11 s, respectively. However, a lot of physiological and pathological conditions can modify the standard time window of both pulmonary and bronchial arterial vascularities. Authors avoided this potential bias defining TE as early if the enhancement in the lesion was contemporaneous to that of the normal lung, and as delayed if it appeared after the enhancement of the normal lung, or contemporaneously to that of the chest wall, liver, or spleen. In this way, a true early enhancement was observed in just 3/53 neoplastic lesions, and the delayed TE showed a very high diagnostic accuracy in identifying neoplastic lesions. Moreover, a cut-off value of 7.5 obtained by a cumulative arbitrary score based on the ratio between the positive predictive values of all CEUS parameters investigated, was shown to further improve the diagnostic performance of TE.
Applications 

The study results suggest that CEUS could play some role in the diagnostic work-up of peripheral lung lesions. Lesions with a CEUS score  < 7.5 could undergo clinical and instrumental follow-up, whereas invasive diagnostic procedures could be reserved to lesions with delayed TE, or a score ≥ 7.5 if TE is not delayed.
Terminology

Low mechanical index CEUS with second generation ultrasonography contrast agents is a technique that allows for real-time depiction of tissue micro- and macrovascularity, and in the last years it is increasingly used worldwide in abdominal imaging; in particular it is recommended as the first-line technique for the characterization of focal liver lesions in most western and eastern countries.
Peer review

This is an interesting and somewhat unique study to identify neoplastic lesions in the lung using contrast-enhanced ultrasound.
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Figure 1 Absence of arterial enhancement. A: transverse sonogram of the right chest wall in the sixth posterior intercostal space showing an inhomogeneous mass in the pleural space; B: transverse contrast-enhanced sonogram of the mass showing complete absence of enhancement in the arterial phase. Final diagnosis was haemothorax with a large clot.
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Figure 2 Early arterial enhancement. A: Transverse sonogram showing parenchymal consolidation of the lower lobe of the right lung (arrow); B: Transverse contrast-enhanced sonogram in the arterial phase showing clear enhancement of the lung consolidation (large arrow); the enhancement of the liver is still starting (thin arrow). Final diagnosis was slow resolution pneumonia.
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Figure 3 Delayed arterial enhancement. A: Tranverse sonogram of the left chest wall in the seventh intercostal space along the mid-axillary line showing an isoechoic pleural nodule, pleural effusion (thin arrows), and spleen (large arrow); B: Transverse contrast-enhanced sonogram in the arterial phase showing inhomogeneous enhancement of the nodule (thin arrow) that occurs contemporaneously to the enhancement of the spleen (large arrow) (left side of the split-screen); the enhancement of the nodule is less marked than that of the spleen. Final diagnosis was pleural metastasis from colon cancer.
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Figure 4 Marked and homogeneous arterial enhancement. Left side of the split-screen: tranverse sonogram of the left chest wall in the sixth intercostal space showing loculated pleural effusion (thin arrow) and pulmonary consolidation. Right side of the split screen: contrast-enhanced sonogram showing homogeneous and marked enhanced of the pulmonary consolidation with respect to the chest wall (large arrow). Final diagnosis was compressive atelectasis.

Table 1 Contrast-enhanced ultrasonography parameters 

	
	TE
	EE
	PE

	Enhancement

present
	Early (0-1 s with
Respect to normal lung)
	Late (≥ 2 s later

than normal lung)
	Marked
	Moderate
	Homogeneous
	Inhomogeneous

	Enhancement

absent
	Stop assessing CEUS parameters

	Wash-out
	TW
	EW

	
	Early ( < 60 s)
	Late (≥ 60 s)
	Marked
	Mild
	Absent


TE: Time to enhancement; EE: Extent of enhancement; PE: Pattern of enhancement; TW: Time to wash-out; EW: Extent of wash-out; CEUS: Contrast-enhanced ultrasonography.

Table 2 Final diagnoses 
	Non-neoplastic lesions
	n
	Neoplastic lesions
	Lost at follow-up
(n)   

	
	
	Primary tumors


	n
	Metastatic tumors     
(origin)
	 n
	

	Slow resolution pneumonia
	19
	Adenocarcinoma
	18
	Colon
	5
	5

	BOOP
	5
	Squamous carcinoma
	5
	Stomach
	2
	

	Abscess               
	4
	Small-cell lung cancer
	3
	Testis (seminoma)
	2
	

	Pulmonary infarction


	3
	Indefferentiate carcinoma
	6
	Liver (HCC)

	1
	

	Organized pleural effusion            
	4
	Sarcomatoid carcinoma
	2
	Breast
	1
	

	Post-surgical fibrosis        
	4
	Mesothelioma
	2
	Indeterminate
	2
	

	Obstruction atelectasys              
	2
	Schwannoma
	2
	
	
	

	Fibrotic plaque of the pleura          
	1
	Plasmocitoma
	1
	
	
	

	
	
	Lymphoma
	1
	
	
	

	
	
	
	40
	
	13
	

	Total            
	42
	53
	5


BOOP: Bronchiolitis obliterans organizing pneumonia; HCC: Hepatocellular carcinoma.
Table 3 Enhancement and wash-out findings in non-neoplastic and neoplastic lesions n (%)
	
	Enhancement
	Wash-out

	
	Early
	Delayed
	Absent
	Marked
	Moderate
	Homogeneous
	Inhomogeneous
	Marked
	Mild
	Absent
	Early
	Late

	Non-neoplastic lesions 
	28/42

(66.7)
	2/42

(4.8)
	12/42

(28.6)
	25/30

(83.3)
	5/30

(16.7)
	18/30

(60)
	12/30

(40)
	0/30

(0)
	11/30

(36.7)
	19/30

(63.3)
	0/30

(0)
	11/30

(36.7)

	Neoplastic lesions 
	3/53

(5.7)
	50/53

(94.3)
	0/53

(0)
	29/53

(54.7)
	24/53

(4.3)
	6/53

(11.3)
	47/53

(88.7)
	16/53

(30.2)
	36/53

(67.9)
	1/53

(1.9)
	26/53

(49)
	26/53

(49)


Table 4 Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio of enhnacement and wash-out parameters

	
	
	Sensitivity
	Specificity
	PPV
	NPV
	PLR
	NLR

	
	
	95%CI
	95%CI
	95%CI
	95%CI
	95%CI
	95%CI

	　
	Present
	100
	28.6
	63.9
	100
	1.4
	0

	
	
	100-100
	14.9-42.2
	53.5-74.2
	100-100
	1.21-1.59
	--

	　
	Early
	5.7
	6.7
	9.7
	3.8
	0.06
	14.15

	　
	
	-0.719
	-17.9
	-20.8
	-10.5
	-2.24
	12.8-15.5

	　
	Delayed
	94.3
	95.2
	96.2
	93
	19.81
	0.06

	Enhancement
	
	88.1-100.6
	88.8-101.7
	90.9-101
	85.4-100.6
	18.4-21.2
	-2.2

	　
	Marked
	54.7
	16.7
	53.7
	17.2
	0.66
	2.72

	　
	
	41.3-68.1
	3.3-30
	40.4-67
	3.5-31
	0.36-0.95
	1.86-3.57

	　
	Moderate
	45.3
	83.3
	82.8
	46.3
	2.72
	0.66

	　
	
	31.9-58.7
	70-96.7
	69-96.5
	33-59.6
	1.86-3.57
	0.36-0.95

	　
	Homogeneous
	11.3
	40
	25
	20.3
	0.19
	2.22

	　
	
	2.8-19.9
	22.5-57.5
	7.7-42.3
	10.1-30.6
	-1.62
	1.77-2.67

	　
	Inhomogeneous
	88.7
	60
	79.7
	75
	2.22
	0.19

	　
	
	80.1-97.2
	42.5-77.5
	69.4-89.9
	57.7-92.3
	1.77-2.67
	-1.62

	
	Marked
	30.8
	100
	100
	23.4
	--
	0.69

	
	
	18.2-43.3
	100-100
	100-100
	11.3-35.5
	
	0.5-0.87

	Wash-out
	Mild
	69.2
	0
	76.6
	0
	0.69
	--

	
	
	56.7-81.8
	
	64.5-88.7
	
	0.5-0.87
	

	
	Absent
	98.1
	63.3
	82.5
	95
	2.68
	0.03

	
	
	94.5-101.8
	46.1-80.6
	73.2-91.9
	85-104.6
	2.2-3.15
	-3.92

	
	Early
	50
	100
	100
	29.7
	--
	0.5

	
	
	36.4-63.6
	100-100
	100-100
	15-44.5
	
	0.23-0.77

	
	Late
	50
	0
	70.3
	0
	0.5
	--

	
	
	36.4-63.6
	
	55.5-85
	
	0.23-0.8
	


PPV: Positive predictive value; NPV: Negative predictive value; PLR: Positive likelihood ratio; NPV: Negative likelihood ratio.
Table 5 Arbitrary score based on the ratio between the positive predictive value calculated for each contrast-enhanced ultrasonography parameter 

	
	PPV 
	Score

	Enhancement
	Absent
	63.9
	0

	
	Early
	9.7
	1

	
	Delayed
	96.2
	9.9

	
	Marked 
	53.7
	1

	
	Moderate
	82.8
	1.5

	
	Homogeneous
	25
	1

	
	Inhomogeneous
	79.7
	3.2

	Wash-out
	Marked
	100
	1.3

	
	Mild
	76.7
	1

	
	Absent
	69.3
	0

	
	Early
	100
	1.4

	
	Late
	70.3
	1


 Absent enhancement or wash-out = 0; lower positive predictive value (PPV) = 1; higher PPV = higher PPV: lower PPV ratio.
