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1  |  INTRODUC TION

Congestive heart failure (HF) is a leading cause of dyspnea in the 
emergency room (ER), and the number of patients with HF is in-
creasing annually in Japan.1 Although early diagnosis is necessary for 

appropriate interventions of HF,2 physical assessment requires skill, 
especially in auscultation.3,4 Recently, the use of ultrasound imaging 
for the detection of pulmonary edema—the BLUE (bedside lung ul-
trasound in emergency) protocol—has been reported to be a simple 
procedure, especially in emergency situations.5 The comet-tail sign 
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Abstract
Background: Dyspnea is a high priority symptom in the emergency department, with 
heart failure (HF) as one of its leading causes. Recently, the “comet tail sign (CTS),” a 
pulmonary ultrasonographic sign, has been proposed as an efficacious tool for detect-
ing pulmonary edema. However, to the best of our knowledge, there have been no 
published data regarding its utility when performed by non-experts, including junior 
residents.
Methods: Between September 2017 and December 2018, patients with dyspnea, 
who were admitted to the ER, were enrolled. CTS was evaluated by junior residents 
at the ER. All patients were evaluated by cardiologists independently, and clinical HF 
was defined as requiring pharmacological intervention by a cardiologist. At the end of 
this study, we investigated the results of CTS, laboratory data, and available radiologi-
cal images.
Results: A total of 95 patients were enrolled in the current study, wherein 42 pa-
tients were treated by cardiologists as those with clinical HF. Our results showed that 
CTS could identify clinical HF with a sensitivity of 71.4% and a specificity of 81.1%. 
The sensitivity of CTS against brain natriuretic peptide (BNP) (cut-off value, 100 pg/
ml) was calculated at 92.5%. Furthermore, when evaluated together with peripheral 
edema, CTS identified clinical HF with a sensitivity of 96%. False positives for CTS 
included bilateral pneumonia, hypoalbuminemia, and interstitial pneumonitis.
Conclusions: Our results indicate that CTS is a simple and effective tool for the use of 
non-experts, including junior residents.
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(CTS), one of the BLUE protocol items, is defined as hyperechoic re-
flections from the pleural line of the lung, which has shown clinical 
utility in several reports.6–14

However, to the best of our knowledge, no evidence has been 
published on the utility of the CTS among Japanese junior residents 
in real-world clinical situations. To examine this issue, we conducted 
a prospective observational study, which also explored the clinical 
factors associated with a false-positive CTS.

2  |  METHODS

2.1  |  Study design

We conducted a single-institute, prospective, observational study to 
identify whether CTS was effective for diagnosing HF in emergency 
settings when used by junior residents.

2.2  |  Participants

We conducted a prospective study in Suzuka General Hospital. 
Three out of 12 junior residents, who were second-year doctors, vol-
untarily participated in this study and received brief instructions on 
the detection of CTS in accordance with a previous report.15 After 
oral informed consent, patients with dyspnea between September 
2017 and December 2018, who were under the care of the three 
participating junior residents, were recruited for the study. Patients 
with the following criteria were excluded: age <18 years, having 
no consent, and requiring urgent interventions. Recruited patients 
were also evaluated using interstitial pulmonary ultrasound imaging 
as part of the physical evaluations at the ER. This research was ap-
proved by the Suzuka General Hospital ethical committee (no.170).

2.3  |  Variables

All participants underwent physical examinations, brain natriuretic 
peptide (BNP) tests, and chest X-ray examinations. The CTS was 
visualized using Sonosite S (FUJIFILM Sonosite, Inc. Japan), and BNP 
was measured using architect® BNP-JP (Abbott Japan LLC, Japan) 
in accordance with the manufacturer's instructions. In patients who 
underwent echocardiography, early trans-mitral flow velocity to 
early diastolic annular velocity (E/e’) was evaluated using doppler im-
ages of the mitral annular septal area, as described in the American 
Society of Echocardiography guidelines.16

2.4  |  Pulmonary ultrasound

This procedure included the bilateral scanning of the anterior and 
lateral chest walls, with the patient in a supine or seated position. As 
shown in Figure 1, the chest wall was divided into eight areas (two 
anterior and two lateral areas per side), and a scan was performed 

for each area. A comet tail artifact was identified as a high echoic 
line, similar to its previous description.17 We defined CTS positive 
as multiple comet tail artifacts in at least one area bilaterally. To 
compare inter-rater differences in the CTS results, we calculated the 
sensitivity and specificity of the CTS for each investigator.

2.5  |  Confirmation of diagnosis and definition

All enrolled patients were evaluated by cardiologists or doctors on 
duty by interview, physical assessments, BNP value, chest X-ray and, 
if necessary, additional examinations. Among them, HF-suspected 
patients were evaluated by two or more cardiologists indepen-
dently. Clinical HF was defined by cardiologists when a patient 
required pharmacological intervention (including diuretics, vasodi-
lators, natriuretic peptides, and/or inotropes).18 We calculated the 
matching ratio between the CTS results, laboratory data, and avail-
able radiological images.

2.6  |  Statistical analyses

We compared BNP in CTS+ and CTS− participants by Student's t-
test. We calculated C-statistics of BNP for HF-oriented medication 
using the receiver operating characteristic (ROC) curve analysis and 
determined the area under the receiver operating characteristic curve 
(AUC). All statistical analyses were performed using R (version 4.0.2).

3  |  RESULTS

3.1  |  Patient characteristics

During the research period, 95 patients with dyspnea were referred 
to the ER department of our institution. We obtained informed 
consent from all eligible patients, and no patient was excluded. 

F I G U R E  1  Comet-tail sign (CTS) evaluation site and example. 
CTS is evaluated bilaterally at four thoracic areas
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Table  1 displays the characteristics of the 95 patients enrolled in 
this study. All patients were evaluated by junior residents within 
only 2 min, and none of them were excluded. Among the 95 enrolled 
patients, 42 presented with clinical HF (Table  1). Other diagnoses 
included pneumonia (n = 16), chronic obstructive pulmonary disease 
(COPD) exacerbation (n = 5), asthma (n = 4), interstitial pneumonitis 
(n  =  4), bronchitis (n  =  3), hypoalbuminemia (n  =  3), pulmonary 
embolism (n = 2), hyperventilation syndrome (n = 2), pneumothorax 
(n  =  2), anemia (n  =  1), mitochondrial disease (n  =  1), pulmonary 
abscess (n = 1), arrhythmia (n = 1), polymyalgia rheumatica (n = 1), 
sleep apnea syndrome (n  =  1), aneurysm (n  =  1), and dehydration 
(n  =  1). Notably, no diagnosis was made in four patients despite 
workup. Furthermore, there were no differences in sex or body mass 
index (BMI) between clinical HF patients and other patients.

3.2  |  The clinical utility of CTS

The results showed that CTS had a sensitivity of 71.4% (30/42) and a 
specificity of 81.1% (43/53) for clinical HF. The sensitivity and speci-
ficity of CTS between the investigators were 66.7% and 69% (inves-
tigator A), and 73% and 86% (investigator B), respectively. Figure 2A 
presents a visual summary of the study sample. In addition, CTS had 
a good predictive value for radiograph-based pulmonary congestion, 
showing a sensitivity of 70.6% (24 CTS-positive patients out of 34 
radiograph-positive patients) and a specificity of 73.3% (44 CTS-
negative patients out of 60 radiograph-negative patients).

3.3  |  The comparison between CTS and BNP

Then, we investigated the relationship between BNP and CTS 
(Figure 2B), showing that CTS-positive patients showed significantly 
higher BNP values than CTS-negative patients. To define the cut-
off value for BNP against clinical HF diagnosis, ROC analysis was 
performed (Figure  2C), showing an area under the ROC curve 
of 0.918 (95% confidence interval, 0.859–0.978) for identifying 
clinical HF using BNP. Furthermore, a BNP value of 243.7  pg/ml 
had a sensitivity of 90.7% and specificity of 81.4% for clinical HF. 
When the cut-off value of BNP was set at 100 pg/ml (institutional 

upper limit) or 243.7 pg/ml (expected cut-off by ROC analysis), the 
sensitivity of CTS was calculated as 92.5% and 72.3%, respectively. 
Overall, our results implied that CTS scanning could be an effective 
predictor of higher BNP.

3.4  |  The false-positive and false negatives in CTS

False-positive patients included CTS-positive non-HF (n  =  10), 
pneumonia (n = 7), interstitial pneumonitis (n = 1), hypoalbuminemia 
(n = 1), and asthma (n = 1). Since bilateral pneumonia and interstitial 
pneumonitis could affect the precise diagnosis for pulmonary ultra-
sound, some previous reports excluded these cases.6

Moreover, we analyzed patients with false-positive and false-
negative allocations in this study, and the 12 false-negative patients 
were described as “CTS-negative HF” patients. Interestingly, most of 
the CTS-negative HF patients had peripheral edema, which showed 
a sensitivity of 73.8% and a specificity of 66.0% for clinical HF in the 
entire analysis. However, when CTS was evaluated with peripheral 
edema, the sensitivity for HF was calculated at 96.0% (40/42 clini-
cal HF patients, Figure 2A). Next, we compared the systolic blood 
pressure at diagnosis and the E/e’ between the CTS-negative and 
CTS-positive HF patients (Figure  2D); no significant differences 
were observed.

4  |  DISCUSSION

We investigated the diagnostic value of CTS performed by non-
experts for the management of clinical HF. The key findings 
were followings; (1) Non-experts, such as clinical residents, can 
effectively evaluate CTS immediately. (2) CTS could detect the 
patients with significantly higher BNP. (3) As most of the CTS-
negative HF patients accompanied peripheral edema, CTS with 
peripheral edema evaluation detected non-HF patients with a high 
probability.

The clinical utility of CTS has been reported by several studies. 
A review of the literature6–14 implied that our study had relatively 
low sensitivity for CTS (Table  2). This may be because previous 
studies were mainly performed by experts in emergency medical 

Total n = 95 HF (+) n = 42 HF (−) n = 53

Mean Age, year (range) 82 (25–103) 83 (48–101) 75 (25–103)

Sex, males/females 56/39 23/19 33/20

Median BMI (range) 20.5 (12–29) 20.8 (12.8–28.9) 20.2 (12.35–28.7)

Lower extremity edema, Y/N 44/51 11/31 18/35

Median BNP (pg/ml), (IQR) 270.5, (104–788) 115.35, (47–250) 739.2, (328–1327)

No. of chest X ray 64 39 51

Congestion sign based on 
chest X ray

35 32 3

CTS (positives/ negatives) 40/55 30/12 10/43

TA B L E  1  Patients' characteristics
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centers. Moreover, these studies excluded patients with other diag-
noses,7,9,10,12–14 which might have not secluded selection bias com-
pletely. Besides, bilateral pneumonia and interstitial pneumonitis 
could affect the precise diagnosis.6 In contrast, our study recruited 
all patients with dyspnea during the study period, thus reflecting real 
clinical settings.

Our results showed that CTS positivity has good utility for 
identifying patients with high BNP levels. In CTS-negative HF, we 
considered that factors like HF with preserved ejection fraction 
or difficulty in depiction due to obesity might be related to CTS 
negativity. However, we did not find any significant differences in 
the E/e’ and BMI between CTS-negative HF and CTS-positive HF. 
In contrast, peripheral edema was observed in most CTS-negative 
patients. Combinatory evaluation of peripheral edema and CTS 
can aid in the differential diagnosis of HF with high accuracy. The 

efficacy of the CTS with physical examination has not been previ-
ously documented. These measures do not require blood tests or 
X-ray examinations, underlining the usefulness of the CTS in sit-
uations where laboratory and/or radiography studies are difficult 
to undertake.

Despite these findings, our study had several limitations. First, 
we could not completely exclude “cognitive bias,” since the same 
investigator evaluated both imaging and physical assessments. For 
a more objective evaluation, we retrospectively validated these 
physical assessments using the nurse records, which were evalu-
ated independently. Second, our study did not assess the accuracy 
between the investigators. Third, our study did not evaluate all 
items for the HF criteria, such as the Framingham criteria. This was 
because the circulation time, change in vital capacity, and precise 
central venous pressure were not routinely evaluated in clinical 

F I G U R E  2  The utility of CTS for the diagnosis of congestive heart failure (HF). The summary of the current study is shown, with columns 
corresponding to the recruited patients (A). The box plot displays the differences in the brain natriuretic peptide (BNP) value between CTS-
positive and CTS-negative patients (B). ROC analysis of BNP is used to predict the diagnosis of HF (C). The box plots display the differences 
in systolic BP and E/e’ between CTS-positive HF and CTS-negative HF patients (D)
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practice. Alternatively, we focused on patients with HF who re-
quired intervention by cardiologists. Nevertheless, our study was 
novel, as it was able to report the clinical utility of CTS in real-
world settings.

In summary, our data clarified the utility of the CTS, even when 
the ultrasonography is performed by junior residents. Through our 
reslts, it is suggested that CTS is a simple and effective tool for use 
by non-specialists, including junior residents.
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