
Open Access Maced J Med Sci. 2022 Nov 05; 10(B):2405-2410. 2405

Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia
Open Access Macedonian Journal of Medical Sciences. 2022 Nov 05; 10(B):2405-2410.
https://doi.org/10.3889/oamjms.2022.10975
eISSN: 1857-9655
Category: B - Clinical Sciences
Section: Intensive Care

Diagnostic Accuracy of Lung Ultrasound in Patients with 
Community-Acquired Pneumonia: A Single Center Observational 
Study

Marwa Elsayed1* , Moataz Ahmed Hesham2, Khaled Mahmoud Kamel3 , Yasser Sadek Nassar1

1Department of Critical Care, Cairo University, Giza, Egypt; 2 Cairo University Student Hospital, Giza, Egypt; 3Department of 
Pulmonology Medicine, Cairo University, Giza, Egypt

Abstract
BACKGROUND: Pneumonia is a prevailing and severe infectious disease that can lead to increased fatality.

AIM: We conducted this study to assess the role of lung ultrasound (LUS) in the diagnosis of community-acquired 
pneumonia (CAP) in comparison to CXR and CT Chest.

METHODS: An observational study on 120 patients with suspected CAP was done in the ICU of the Critical care 
department at Cairo University Hospital. Clinical and laboratory data were recorded on admission including different 
scoring systems (SOFA, APACHE II, confusion, uremia, respiratory rate and blood pressure 65, and pulmonary 
severity index). All patients, within 6 h of admission, were investigated by a LUS, CXR, and CT Chest. All imaging 
techniques were repeated after 48 h if the initial CT chest was negative.

RESULTS: The study population had a mean age of 70.6 ± 6.9-years-old, most of them were male (75.8%). Using 
CT chest as a reference imaging tool to confirm the diagnosis of pneumonia, LUS showed 94.1% sensitivity, 97.1% 
specificity, positive predictive value (PPV) 98.8%, negative predictive value (NPV) 87.2%, accuracy 95.0%, and area 
under a curve (AUC) 0.92. LUS was found to be a highly significant imaging tool in predicting diagnosis of pneumonia 
(p < 0.001). Chest X-ray had 69.4% sensitivity, 94.3% specificity, PPV 96.7%, NPV 55.9%, 76.6% accuracy, and 
AUC 0.6 in the detection of pneumonia. CXR was found to be an insignificant Imaging tool in predicting diagnosis of 
pneumonia (P = 0.19).

CONCLUSION: LUS is a very promising, sensitive, and feasible imaging tool in the diagnosis of CAP in comparison 
with CT chest.
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Introduction

Pneumonia has an increased medical and 
economic burden with a considerable impact on mortality 
and morbidity worldwide. It had a constant incidence 
over the last few decades affecting 3–5 persons/1000/
year, more among the young and elderly [1].

Pneumonia is commonly classified according 
to the site of occurrence:
•	 Community-acquired pneumonia (CAP) is 

an acute infection of the lung parenchyma 
acquired out of the medical facility.

•	 Nosocomial pneumonia is an acute infection 
of the lung parenchyma acquired in-hospital 
settings and includes both ventilator-
associated pneumonia (VAP) and hospital-
acquired pneumonia.
The diagnosis of CAP is based on the detection 

of an infiltrate on the chest radiogram in a patient with 
clinically-compatible symptoms (pyrexia, dyspnea, 
cough, and expectoration) [2]. CXR is the most 

common imaging approach [3]. The chest CT scan is 
considered the gold-standard imaging approach for 
pneumonia [4].

The use of lung ultrasound (LUS) was limited 
to the diagnosis of pleural effusions, pleural tapping, 
and biopsy [5]. The use of LUS has gained popularity 
in critical care settings and emergency rooms in the 
last decade and has become increasingly utilized as a 
diagnostic tool for CAP [6].

Alveolar consolidation is the diagnostic feature 
of pneumonia. The definition of consolidation is an 
isoechoic tissue-like structure, which is caused by the 
loss of lung aeration. Power Doppler is sometimes 
used to differentiate tissue-like structures (e.g., echoic 
pleural effusion) from consolidation. The shred sign is a 
characteristic of consolidation [7].

Therefore, the utilization of LUS can lower the 
frequency of chest X-rays and CT scans and lowers the 
patient’s radiation exposure. It can be repeated easily 
at the bedside and gives more accurate diagnostic data 
than CXR in the critically-ill and emergency patients 
with lung consolidation.

Since 2002
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The BLUE protocol is a rapid protocol (<3 min), 
which provides the diagnosis of acute respiratory 
failure. It includes a venous analysis done in appropriate 
cases. Pulmonary embolism pulmonary edema, 
pneumonia, asthma, chronic obstructive pulmonary 
disease, and pneumothorax yield specific profiles. The 
FALLS protocol adapts the BLUE protocol to acute 
circulatory failure [8]. LUS provided a high accuracy 
in diagnosing different causes of acute respiratory 
distressed patients. The BLUE protocol avoided the 
need for urgent transfer of unstable patients for CT 
scanning [9].

Methods

An observational study on patients with 
suspected CAP admitted to the ICU of the Critical care 
department at Kasr El Ainy University Hospital was 
done. The study took place from November 2020 to 
June 2021 (Figure 1).

Inclusion criteria

The following criteria were included in the 
study:
•	 Adult patients with suspected pneumonia on 

clinical background were admitted to our ICU
•	 Confusion, uremia, respiratory rate, and blood 

pressure-65 score equal to 3 or more.

Exclusion criteria

The following criteria were excluded from the 
study:
•	 Pregnancy
•	 Nosocomial pneumonia
•	 Hemodynamically unstable patient
•	 Multiple organ failure and terminal malignancy.

After the selection of the patients according 
to inclusion and exclusion criteria, all patients were 
subjected to the following
•	 Obtaining an informed, written consent to 

participate in the study from the patient on his 
legal representation

•	 History and clinical examination
•	 Calculation of CURB 65, pulmonary severity 

index (PSI), SOFA, and APACHE II scoring 
systems

•	 Laboratory investigations: Including CBC, 
C-reactive protein (CRP), procalcitonin (PCT), 
and ABG. Furthermore, sputum culture was 
sent whenever possible either expectorated 
or taken through an endotracheal tube with a 
protected and aseptic technique
All patients within 6 h of admission performed 

a LUS, CXR, and CT chest. If initial CT within 6 h was 
negative, a follow-up CT scan after 48 h was done, 
together with LUS and CXR.

LUS technique

•	 LUS was done according to BLUE Protocol 
[10]. Specifically, the blue points were used to 
detect signs of pneumonia [11] (Figure 2).

Statistical analysis

Data were checked, coded, and analyzed 
using SPSS version 23 for data processing. Data were 
expressed as number and percentage for qualitative 
variables and mean ± standard deviation for quantitative-
one. The receiver-operating characteristics curves 
for LUS and CXR were compared for CT chest, and 
sensitivity, specificity, negative predictive value (NPV), 
positive predictive value (PPV), and area under a 
curve (AUC) were calculated. p < 0.5 was considered 
significant.

Results

Regarding demographics, our study showed 
that the mean age of the studied group was 70.6 ± 6.9, 
most of them (75.8%) were males. For comorbidities, 
the most common comorbidities among the studied 
group were diabetes mellitus, hypertension, and 
asthma.

Our study showed a mean serum CRP 
160.2 ± 34.9 and serum PCT was 2.87 ± 0.34. The 
mean APACHE was 14.14 ± 7.9, mean SOFA score 
was 3.84 ± 1.4, mean PSI score was 157.9 ± 36.9, and 
mean CURB score was 3.99 ± 0.15 (Table 1).

On admission, LUS was able to detect 75 cases 
(96.1%) out of 78 positive cases, after 48 h LUS was 
able to detect five cases (71.4%) out of seven cases. 
Lung US was able to detect 80 positive cases (94.1%) 
out of 85 CT chest confirmed pneumonia cases while 
LUS failed to detect 5 cases confirmed pneumonia by 
CT Chest (Table 2).

LUS was able to exclude pneumonia in 34 out 
of 35 negative cases that were confirmed negative by 
CT Chest, while LUS failed to exclude one case. There 
was no statistically significant difference between 
LUS and CT chest, as regarding the ability to detect 
pneumonia (p = 0.11) with a high degree of agreement 
between them (Kappa agreement 0.913).

As a remarkable observation, LUS detected 
one case early on admission to be pneumonia while it 
was not detected by CT scan on admission; however, it 
was confirmed pneumonia by CT scan later after 48 h.
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On the admission, CXR was able to detect 
59 cases (75.6%) out of 78 positive cases, after 48 h 
LUS was able to detect 1 case (14.2%) out of seven 
cases. Chest X-ray was able to detect 59 positive cases 
(69.4%) out of 85 CT chest confirmed pneumonia 
cases while chest X-ray failed to detect 26 cases 
confirmed pneumonia by CT chest on admission and 
after 48 h.

Chest X-ray was able to exclude 33 out of 
35 negative cases that were excluded by CT chest 
while chest X-ray failed to exclude one case. There 
was a high statistically significant difference between 
chest X-ray and CT chest as regarding the diagnosis 
of pneumonia (p < 0.001) with a moderate degree of 
agreement between them (Kappa agreement 0.624).

Discussion

LUS is a practical, portable, easy to learn, and 
non-ionizing radiation technique. The use of LUS has long 
been limited to the diagnosis of pleural effusions, plural 
tapping, and biopsy-guided procedures; however, it has 
been shown to be highly effective in diagnosing pulmonary 
diseases such as pneumonia and pneumothorax.

We conducted an observational study on 
120 patients admitted to ICU with the suspected 
diagnosis of CAP. For them, the CT chest was done for 
confirmation of the diagnosis and both LUS and CXR 
were done for comparison.

Regarding the accuracy of LUS for the diagnosis 
of pneumonia, we demonstrated that LUS is a reliable 

Figure 1: Flow chart of study methods
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non-invasive technique for the detection of pneumonia 
cases with a high 94.1% sensitivity, 97.1% specificity, and 
95% accuracy. On the contrary, we demonstrated that 
CXR is an unreliable technique; with a very low 69.4% 
sensitivity, 94.3% specificity, and 76.6% accuracy in the 
detection of Pneumonia (Tables 3-8 and figures 3-4).

In agreement with our study, Reissig et al. 
showed that in 229 patients with CAP, LUS revealed 
93.4% sensitivity and 97.7% specificity. The study 

demonstrated that CAP may be diagnosed and followed 
up with LUS and that the CT chest is necessary in cases 
with negative ultrasound results [12].

Similarly, Nafae et al. studied 80 cases with 
confirmed pneumonia by CT chest. LUS was positive 
in 78 cases, while CXR was positive in 62 cases only. 
LUS revealed 97.5% sensitivity, 75% specificity, and 
93% accuracy, while CXR revealed 77.5% sensitivity, 
60% specificity, and 74% accuracy [13].

Figure 4: ROC curve for chest X-ray to predict community-acquired 
pneumonia

Figure 3: Receiver-operating characteristics curve for lung ultrasound 
to predict community-acquired pneumonia

Figure 2: The BLUE protocol of lung ultrasound [10]
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Bourcier et al. study revealed a significantly 
higher sensitivity of LUS for the diagnosis of acute 
pneumonia compared to chest radiography (95% vs. 
60%). Moreover, when cases were compared to CT 
chest LUS showed a very high 100% accuracy while 
CXR had a very low 52% accuracy [14].
Table 2: Detection of pneumonia by CT chest, CXR and LUS 
among the studied group
Variables The studied group (n = 120) On Admission

No. (%) No. (%)
Pneumonia by CT Chest

Positive 85 (70.8%) 78 (65%)
Negative 35 (29.2%) 42 (35%)

Pneumonia by CXR
Positive 61 (50.8%) 61 (50.83%)
Negative 59 (49.2%) 59 (49.1%)

Pneumonia by Lung US
Positive 81 (67.5%) 76 (63.33%)
Negative 39 (32.5%) 44 (36.66%)

LUS: Lung ultrasound.

Nazerian et al. concluded that LUS is a reliable 
method for the diagnosis of pulmonary consolidations 
when compared to chest CT in patients with respiratory 
complaints of unexplained origin. LUS had 82.8% 
sensitivity and 95.5% specificity [15].

Berlet et al. demonstrated that LUS is a useful 
tool in the diagnostic workup of critically ill patients with 
suspected VAP. LUS was able to detect 100% of cases 
with confirmed positive sputum cultures [16].
Table 5: Comparing the ability of LUS in detection of pneumonia 
using CT chest as a gold standard among the studied group
Variables CT chest for pneumonia Mc Nemar test p-value

Yes (85) No (35)
LUS for pneumonia

Yes (81) 80 1 1.5 0.11
No (39) 5 34

Kappa agreement = 0.913.

Sezgin et al. studied 125 patients with 
suspected pneumonia, 61 cases were diagnosed 
pneumonia according to CT chest as the gold standard. 
LUS was able to detect 48 out of 61 cases and one 
case was detected with pneumonia despite the negative 
CT chest. There was no follow-up imaging to confirm 
which modality was more accurate. LUS showed 98% 
sensitivity, 91% specificity, and 96.7% accuracy, while 
CXR showed 89.8% sensitivity, 83.3% specificity, and 
88.5% accuracy [17].
Table 6: Comparing the ability of CXR in detection of pneumonia 
using CT chest as a gold standard among the studied group
Variables CT chest for pneumonia Mc Nemar test p-value

Yes (85) No (35)
CXR for pneumonia

Yes (61) 59 2 18.89 <0.001
No (59) 26 33

Kappa agreement = 0.624.

We demonstrated a case diagnosed 
pneumonia on admission by LUS alone while it was 
excluded by CT chest and CXR. The case, after 48 h of 
following up, turned out to be positive by CT suggesting 
that LUS may be more sensitive in early detection of 
pneumonia than CT itself.
Table 7: Validity (AUC, sensitivity, and specificity) for Chest U/S 
to predict CAP

AUC p 95% CI Sensitivity Specificity PPV NPV Accuracy
Chest 
U/S

0.922 <0.001* 0.836–1.00 94.1% 97.1% 98.8% 87.2% 95%

AUC: Area under a curve, p value: Probability value, CI: Confidence intervals, NPV: Negative predictive 
value, PPV: Positive predictive value, CAP: Community-acquired pneumonia.

We recommend that LUS as a very promising, 
sensitive and feasible imaging tool in pneumonia 
diagnosis and follow-up that will make the assessment 
of pneumonia patients at intensive care units earlier 
and easier.

Table 3: Diagnosis of pneumonia among the studied group 
between CT chest as gold standard reference and LUS
On admission
Early positive CT

+ve LUS 75 (62.5%)
−ve LUS 3 (2.5%)

Early negative CT
−ve LUS 41 (34.17%)
+ve LUS 1 (0.83%)

48 h imaging to negative cases
Turning positive after negative CT

+ve LUS 5
−ve LUS 2

Persistent negative CT
−ve LUS 34
+ve by LUS 1

LUS: Lung ultrasound.

Table 4: Diagnosis of pneumonia among the studied group 
between CT chest as gold standard reference and CXR
On admission
Early positive CT

+ve CXR 59
−ve CXR 19

Early negative CT
−ve CXR 40
+ve CXR 2

48 h imaging to negative cases
Turning positive after Negative CT

+ve CXR 1
−ve CXR 6

Persistent negative CT
−ve CXR 34
+ve CXR 1

Table 1: Demographic, clinical and laboratory data of the 
studied group
Variable The studied group (n = 120)

Mean ± SD
Age (years) 70.6 ± 6.9
Gender, n (%)

Males 91 (75.8%)
Females 29 (24.2%)

Smoking
Non 30 (25.0%0)
Smokers 90 (75.0%0)

Comorbidities*
DM 82 (68.3%)
HTN 78 (65.0%)
COPD 55 (45.8%)
Asthmatic 78 (65.0%)
IHD 59 (49.2%)
HF 31 (25.8%)
CKD 58 (48.3%)

APACHE II 14.14 ± 7.9
SOFA 3.84 ± 1.4
PSI 157.9 ± 36.9
CURB 65 3.99 ± 0.15
Mechanical Ventilation 28 (23.3%)
Respiratory rate (breath/minute) 26.6 ± 4.1
Mean Arterial blood pressure 97 ± 17.5
TLC(*1000) 11.99 ± 5.69
Serum CRP 160.2 ± 34.9
Serum PCT 2.87 ± 0.34
*One patient may have multiple comorbidities. HF: Heart failure, TLC: Total leukocyte count, DM: Diabetes 
mellitus, SOFA: Sequential organ failure assessment, APACHI: Acute physiology and chronic health 
evaluation, PCT: Procalcitonin, HTN: Hypertension, CRP: C-reactive protein, COPD: Chronic obstructive 
pulmonary disease, CURB: Confusion, uremia, respiratory rate and blood pressure, CKD: Chronic kidney 
disease, PSI: Pulmonary severity index, IHD: Ischemic heart disease.
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Conclusion

Lung US is a reliable non-invasive technique for 
detection of CAP cases that showed 94.1% sensitivity, 
97.1% specificity, 98.8% PPV, 87.2% NPV, and 95.0% 
accuracy.

Chest X-ray had 69.4% sensitivity, 94.3% 
specificity, 96.7% PPV, 55.9% NPV, and 76.6% 
accuracy in detection of CAP.

Using CT chest as the gold standard imaging 
module, lung US was found to be a highly significant 
imaging tool in predicting the diagnosis of CAP (p < 0.001), 
while CXR was found to be an insignificant imaging tool 
in predicting the diagnosis of CAP (p = 0.19).
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