Comparative Performance of Pulmonary Ultrasound, Chest Radiograph, and CT Among Patients With Acute Respiratory Failure.
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OBJECTIVES: The study goal was to concurrently evaluate agreement of a 9-point pulmonary ultrasound protocol and portable chest radiograph with chest CT for localization of pathology to the correct lung and also to specific anatomic lobes among a diverse group of intubated patients with acute respiratory failure.
DESIGN: Prospective cohort study.
SETTING: Medical, surgical, and neurologic ICUs at a 670-bed urban teaching hospital.
PATIENTS: Intubated adults with acute respiratory failure having chest CT and portable chest radiograph performed within 24 hours of intubation.
INTERVENTIONS: A 9-point pulmonary ultrasound examination performed at the time of intubation.
MEASUREMENTS AND MAIN RESULTS: Sixty-seven patients had pulmonary ultrasound, portable chest radiograph, and chest CT performed within 24 hours of intubation. Overall agreement of pulmonary ultrasound and portable chest radiograph findings with correlating lobe ("lobe-specific" agreement) on CT was 87% versus 62% (p < 0.001), respectively. Relaxing the agreement definition to a matching CT finding being present anywhere within the correct lung ("lung-specific" agreement), not necessarily the specific mapped lobe, showed improved agreement for both pulmonary ultrasound and portable chest radiograph respectively (right lung: 92.5% vs 65.7%; p < 0.001 and left lung: 83.6% vs 71.6%; p = 0.097). The highest lobe-specific agreement was for the finding of atelectasis/consolidation for both pulmonary ultrasound and portable chest radiograph (96% and 73%, respectively). The lowest lobe-specific agreement for pulmonary ultrasound was normal lung (79%) and interstitial process for portable chest radiograph (29%). Lobe-specific agreement differed most between pulmonary ultrasound and portable chest radiograph for interstitial findings (86% vs 29%, respectively). Pulmonary ultrasound had the lowest agreement with CT for findings in the left lower lobe (82.1%). Pleural effusion agreement also differed between pulmonary ultrasound and portable chest radiograph (right: 99% vs 87%; p = 0.009 and left: 99% vs 85%; p = 0.004).
CONCLUSIONS: A clinical, 9-point pulmonary ultrasound protocol strongly agreed with specific CT findings when analyzed by both lung- and lobe-specific location among a diverse population of mechanically ventilated patients with acute respiratory failure; in this regard, pulmonary ultrasound significantly outperformed portable chest radiograph.
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Introduction/ Background:
· ARF is a common reason for ICU admission and is associated with a high mortality
· Portable chest rads lack the sensitivity and specificity of CT, but are sometimes preferred due to speed, lower cost, reduced radiation exposure, and no need for patient transport
· Pulmonary ultrasound has the same convenience as portable chest rads, and per previous literature approaches the accuracy of CT for pneumonia, interstitial processes, acute respiratory distress syndrome, pleural effusion and pneumothorax
· Pulmonary ultrasound also allows for regular reassessment to look for progression or improvement of disease 
· Ultrasound technique: 
· 9 anatomical locations
· categorized as normal (A-lines and lung sliding), B lines (B1 to B3), atelectasis/ consolidation, and/or pleural effusion
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· Study objective: concurrently evaluate the accuracy of both pulmonary ultrasound and chest rads with CT, for both agreement of findings and localization of disease

Results
· 67 patients met inclusion criteria 
· Diverse population of ICU patients
· Patient that underwent pulmonary ultrasound at the time of intubation, followed but portable CXR and chest CT within the subsequent 24 hours 
· Most common diagnoses: pneumonia (30%), aspiration, cardiac arrest, sepsis, CHF and ARDS
· Median P:F ratio 214
· Pulmonary ultrasound consistently had better agreement with CT than CXR, which was most prominent for interstitial findings. It was also better at localization. (See Table 3)
· Lobe-specific agreement the worst in left lower lobe (82%)
· Pulmonary ultrasound misdiagnosed in four cases (compared to CT): metastatic pleural nodules, bullous emphysema, superior/anterior right upper lobe mass, posterior left lobe consolidation

Discussion
· This study supports the existing literature demonstrating the agreement between CT and pulmonary ultrasound 
· Demonstrates localizing ability of pulmonary ultrasound, which is clinically useful in making specific diagnosis 
· Lung ultrasound outperformed CXR, particularly for interstitial disease
· Study limitations: 
· Not truly blinded
· Requirement of CT and CXR within 24 hours may have introduced bias for sicker patients, which may impact generalizability of results 
· Duration of time between imaging modalities may have affected results 

[bookmark: _GoBack]Take-home message: Pulmonary ultrasound outperforms chest x-rays in both identification of pulmonary pathology and lobar localization in ICU patients with acute respiratory failure. Pulmonary ultrasound is a convenient, inexpensive, and a risk-reducing imaging modality that may be used as an adjunct or replacement for CXR or CT. There are potential scenarios where pulmonary ultrasound may have limitations compared to CT. 
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Figure 1. Ultrasound and chest radiograph zone location. AAx = anterior axilary line, LL = left lower, LU = left upper, MC = mid-clavicular line,
PAx = posterior axillary line, RL = right lower, RU = right upper.
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TABLE 3. Agreement of Pulmonary
Ultrasound and Portable Chest Radiograph
Findings With CT

Portable
Chest
Ultrasound, Radiograph,
Variable % % "

Lobe-specific agreement by location

Overall 866 616 <0001
Rght ung overall 866 619 <0001
Rightupperbe 836 642 0011
Rightmiddelobe 866 597° <0001
Rightlowerlobe 836 597° <0001
Left lung overall 866 612 <0001
Left upper lobe 910 597 <0001
Left lower lobe 821 627 0012
Lobe-specific agreemert by finding
Normal 788 595 0005
Interstitial 862 286 <0001
Ground glass 899 725 <0001
Atelectasis/ 956 725 <0001
consoldation
Effusion 1000 745 <0001
Overall 889 663 <0001

Lung-specific agreement by category

Right ling parenchymal® 925 657 <0001
Right plewraleffusion 985 866 0009
Leftlng parenchymal 836 716 0097

Left pleural effusion 985 851 0005
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