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1   |   INTRODUCTION

Tuberculosis (TB) is one of the leading causes of death 
due to infectious diseases, and it is a global health threat. 
TB incidence has undergone a rapid increase in the last 
decade, attributable to the increase in risk factors such as 
HIV co-infections, drug resistance, and emigrations from 
areas where the disease is endemic. Today, TB is the major 
infectious causes of death in the world, with 1.6 million 
deaths in 2017.1 Here, we present the case of a young po-
liceman referred to our hospital for dyspnea and respi-
ratory failure. Utilization of an ultrasound allowed for 

establishment of a fast and specific diagnostic program, 
and to perform a diagnostic thoracentesis. Subsequently, 
we performed a narrative review on the role of ultrasound 
in diagnosing lung tuberculosis.

2   |   CASE PRESENTATION

A 36-year-old Caucasian policeman was referred to 
our Emergency Department for dyspnea. He reported 
persistent cough and fever with night sweats for about 
2 weeks, for which antibiotic therapy with Levofloxacin 
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Abstract
We present a case in which lung ultrasound (LUS) was relevant to reach an 
early diagnosis of lung tuberculosis and to manage the patient in the right set-
ting. Moreover, ultrasound allowed to detect and treat massive pleural effusion 
through an ultrasound-guided thoracentesis.
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750 mg daily for 5 days was prescribed without clinical 
benefit. His past medical history was not suggestive for 
any disease.

Blood pressure (BP) and cardiac rhythm were normal 
(BP: 130/75 mmHg; heart rate: 91 bpm, sinus rhythm), but 
the arterial blood gas analysis revealed a respiratory fail-
ure (peripheral oxygen saturation: 87% on room air; pO2: 
53  mmHg; pCO2: 41  mmHg). The physical examination 
showed a hypo-expansion of the left hemithorax, reduced 
tactile fremitus, and medium-basal hypophonesis with 
abolished vesicular murmur.

Blood laboratory tests showed a blood glucose level 
of 60 mg/dl (normal value 74–106), a C-reactive protein 
of 15.10  mg/dl (n.v. 0.00–0.50), and the following blood 
count: white blood cells 10,760/µl (n.v. 4000–11,000), red 
blood cells 4,850,000/µl (n.v. 4,500,000–5,300,000), hemo-
globin 14.2  g/dl (n.v. 13–16.0), neutrophils 7810/µl (n.v. 
2100–7100), lymphocytes 1800/µl (n.v. 1100–3000), mono-
cytes 1080/µl (n.v. 200–960), eosinophils 50/µl (n.v. 0–
500), and basophils 20/µl (n.v. 0−200).

Urea, creatinine, sodium, potassium, calcium, trans-
aminases, gamma-glutamyl transpeptidase, amylase, 
lipase, lactate dehydrogenase, total and fractionated bili-
rubin, and procalcitonin were normal.

Chest X-ray was required, and we performed a bed-
side lung ultrasound (LUS) to complete the physical 
examination.

LUS showed a massive finely corpuscular anechoic 
pleural effusion with thin branches of fibrin on the left, 
with a consolidated lung parenchyma collapsing to the 
hilum as for complete atelectasis; in the context of the 
consolidated lung parenchyma, multiple round hypo-
anechoic formations were seen, with finely irregular 
margins, not assuming colordoppler signal: cavitations? 
Abscesses? (Figures 1 and 2).

Therefore, chest X-ray confirmed the pleural effusion 
associated with consensual parenchymal hypoventilation 
and showed a widespread non-specific thickening of the 
bronchial walls. No pleural effusion on the right or no 
signs of pneumothorax were observed. The cardiac shape 
was within limits. Surprisingly, the radiographic images 
did not show the anechoic roundish formations identified 
by US.

Therapy with oxygen supplementation was set, and the 
patient was admitted to the infectious diseases ward and 
isolated according to the US findings.

In the ward, an ultrasound-guided diagnostic-
evacuative thoracentesis was performed with drainage of 
yellow citrine liquid. Chest computed tomography (CT) 
was performed to better characterize the images observed 
with US and not confirmed by chest X-ray showing an ex-
cavated formation with fluid-air levels in the apical seg-
ment of the left lower lobe of about 6 × 3.5 cm (Figure 3). 

This formation was surrounded by an area of slightly 
increased density of the pulmonary parenchyma, with 
ground-glass appearance.

Another subpleural area of parenchymal consolida-
tion with pseudonodular morphology was present in the 
apicodorsal segment of the left upper lobe and appeared 
as excavated and communicating with the adjacent bron-
chus. A parenchymal consolidation area with apprecia-
ble subpleural morphology was present in the apical 
segment of the right upper lobe, showing a maximum 
axial diameter of about 2.2 cm and appeared excavated. 
Atelectasis striae in the lower segment of the lingula and 
in the basal pyramid of the left lower lobe were present. 
The findings described were compatible with TB disease 
with cavitations. A fibrobronchoscopy was performed 
showing marked inflammation of the mucous mem-
brane of the left bronchial hemisystem, where whitish 
secretions were detected.

The analysis of pleural fluid and bronchoalveolar la-
vage fluid, and microbiological examination on sputum 
were positive for alcohol-acid resistant elements, con-
firming the diagnosis of pleuro-pulmonary TB. First-line 
specific antibiotic therapy was established, and the pa-
tient was discharged on the seventh day in good clini-
cal condition with indication for outpatient follow-up. 
The final diagnosis was pleuro-pulmonary cavitary 
tuberculosis.

F I G U R E  1   Bedside thoracic US of the left hemithorax showing 
massive pleural effusion, complete lung atelectasis, and cavitations 
in the context of the consolidated parenchyma
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3   |   DISCUSSION AND 
LITERATURE REVIEW

In past years, LUS has shown increased utilization in 
the diagnostic field alongside traditional diagnostic tests. 
Although the presence of an air interface below the pleura 
prevents the visualization of the lung in depth, the evalu-
ation of sonographic artifacts allows for evaluation of 
several pathological conditions and it is a useful tool to 
address a more focused and rapid diagnosis.

To our knowledge, there are few data about US find-
ings in lung TB2 focusing on the following fields of inter-
est: detection of pleural effusion, assessment of residual 
pleural thickening, the execution of trans-thoracic nee-
dle biopsy, assessment of mediastinal lymphadenop-
athies, and detection of pulmonary involvement in 
miliary TB.3

Sonographic pattern of pulmonary TB can be visu-
alized as consolidations, subpleural nodules, pleural 
thickenings, fibrosis, pleural effusion, and pneumotho-
rax together with miliary pattern.2,4,5 The miliary pattern 
has been described by Hunter et al.6 as characterized by 
bilateral vertical artifacts (B-lines and/or “comet-tail ar-
tifacts”) in multiple lung areas. This pattern may be also 
characterized by sub-pleural granular changes, which 
may be more characteristic of miliary TB6 versus other 
presentations. However, these findings are not so spe-
cific, since similar bilateral vertical artifacts have been 
described in patients with Pneumocystis jirovecii or 
cytomegaly virus pneumonia and sub-pleural US alter-
ations can be found in other pulmonary conditions such 
as metastatic thyroid cancer.6

Agostinis et al.2  classified the sonographic findings 
in patients with lung TB into two categories: lung (sub-
pleural nodule, pleural effusion, miliary pattern, and 
cavitations) and extra-lung (pericardial effusion, sple-
nomegaly, abdomen lymph nodes, hepatomegaly, and 
ascites).2 The hypoechoic subpleural nodules (SUNs) 
were the most frequently identified in sixty adults 
with diagnosis of lung TB in a rural African setting.2 
Consolidations were detected in about half of the pa-
tients and are indistinguishable from bacterial pneu-
monia; cavitations were observed in three patients and 
described as anechoic or hypoechoic areas within solid 
lung consolidation.2 SUNs were not identified in sub-
jects without TB, suggesting an important role in diag-
nosis of lung TB.2

The accuracy of LUS in the diagnosis of pulmonary 
TB in adults has been investigated in a recent study.4 
Montuori et al.4 demonstrated that the combination of 
apical consolidations and SUNs found in the same pa-
tients has a specificity of 96% and a sensibility of 31%, 
when at least one of these signs is identified, the sensitiv-
ity and the specificity are of 86% and 63%,4 respectively. 
According to Agostinis et al.,2 cavitations were found to 
be the least common sign and not sensitive enough also 
in this study, probably due to the presence of air in cav-
itations or due to the fact that a high number of lesions 
do not reach the pleura.4

In our case, the identification of the non-vascularized 
hypo-anechoic roundish lesions compatible with cav-
itations was fundamental in the diagnostic suspicion 
of cavitary TB and for the early isolation of our patient 

F I G U R E  2   Bedside thoracic US of the left hemithorax showing 
cavitations in collapsed left lung

F I G U R E  3   Chest CT after thoracentesis confirming the 
presence of excavated formation with fluid-air levels in the left lung
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T A B L E  1   List and review of previously published works on the application of thoracic ultrasound in patients affected by TB

Article Patients US method Findings

Agostinis P et al. 
Trop Doct. 20172

60 adult patients diagnosed with 
lung TB

TUS The most frequent finding was a SUN, which was mostly 
multiple and also found in radiologically normal areas. 
Other findings were lung consolidations, cavitations, 
miliary patterns made of miniature SUNs, and pleural 
and pericardial effusions. Chest US is a complementary 
tool in evaluating patients with suspected lung TB in 
resource-limited settings where the disease has high 
prevalence.

Di Gennaro F et al. 
Int J Environ 
Res Public 
Health 20183

Review article TUS Five main fields of chest US application in TB were 
identified: (1) Detection, characterization, and 
quantification of TB; (2) detection of residual pleural 
thickening after evacuation; (3) chest ultrasound-
guided needle biopsy; (4) identification of pathologic 
mediastinal lymph nodes in children; and (5) 
identification of parenchymal ultrasound patterns. 
Effusion was also detected, in early stages, with signs of 
organization in 24% of patients. CUS was able to identify 
mediastinal lymph nodes in as many as 67% of patients 
with negative chest radiography.

Montuori M et al. 
Eur J Intern Med 
20194

Patients admitted with clinical 
suspicion of PTB. PTB was 
confirmed in 51 out of 102 
patients.

TUS Multiple consolidations, apical consolidations, superior 
quadrant consolidations, and subpleural nodules were 
significantly associated with PTB diagnosis. Apical 
consolidation and subpleural nodules retained a 
significant association in a multivariate model, with an 
overall accuracy of 0.799.

Hunter L et al. 
Infection 20168

10 patients with miliary TB TUS B-lines and comet-tail artifacts disseminated throughout 
multiple lung areas and a pattern of sub-pleural 
granularity are seen in lung ultrasound of patients with 
pulmonary miliary TB diagnosed by chest radiography.

Jones PW, et al. 
CHEST 20039

605 patients referred to 
interventional radiology 
for a diagnostic and/or 
therapeutic ultrasound-guided 
thoracentesis between August 
1997 and September 2000

TUS The complication rate with ultrasound-guided thoracentesis 
is lower than that reported for non–image-guided 
thoracentesis.

Feller-Kopman D. 
CHEST 200610

Review article TUS Ultrasonography is a portable and easily learned procedure 
that enhances the physical examination, and can 
provide real-time evaluation of the pleural space. It is 
becoming the standard of care for procedural guidance 
since its use has been associated with a reduction of 
complications due to thoracentesis.

Mercaldi CJ and 
Lanes SF. 
CHEST 201311

61,261 patients who had a 
thoracentesis, including 26,838 
(44%) who had US guidance.

TUS US-guided thoracentesis is associated with decreased risk of 
pneumothorax.

Chen HJ et al. J 
Ultrasound Med. 
200612

73 patients with lung cancer-
related pleural effusions and 
93 with tuberculous pleural 
effusions

TUS A complex septated pattern in the sonographic appearance 
is a useful predictor of tuberculosis in lymphocyte-rich 
exudative pleural effusions.

Hew M. and Tay T. 
Eur Respir Rev 
201613

Review article TUS For bedside US of the pleura, there is evidence supporting 
diagnostic accuracy efficacy, and efficacy in guiding 
pleural interventions. Chest US for the lung parenchyma 
has an impact on diagnostic accuracy and decision-
making for patients presenting with acute respiratory 
failure or breathlessness.
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in order to avoid the spreading of the infection in the 
crowded environment of the Emergency Room. It must 
be considered that our patient had not apparent risk 
factors for TB in relation to the clinical context (pa-
tient medical history and lifestyle, HIV-negative test), 
and that the chest X-ray did not show the cavitations 
identified by US, so that the patient would have been 
hospitalized in a medical setting without the necessary 
isolation measures. Even if chest CT and microbiolog-
ical and laboratory tests were fundamental in the dif-
ferent diagnosis between cavitations and lung abscesses, 
the findings provided by bedside LUS were relevant to 
confirm our diagnostic suspicion. This diagnosis sub-
sequently allowed establishing an effective therapeutic 
approach, as has been already described in critical care.7 
In our case, we did not identify SUNs and apical consol-
idations because the lung parenchyma was completely 
collapsed due to the massive pleural effusion. However, 
the chest CT performed after evacuation of pleural fluid 
documented parenchymal consolidations at the level of 
the apical segments of the left upper and lower lobes, 
and of the right upper lobe, which are typical lung fields 
where consolidations can be found in post-primary 
tuberculosis.8

LUS has been increasingly used to safely perform 
bedside thoracentesis.7,9–11 In our case, the possibility of 
identifying the corpuscular nature of the pleural fluid has 
contributed to the diagnostic suspicion,5,12 and the US 
quantification of the fluid was fundamental to guide the 
therapeutic intervention.13

We did not perform a complete US evaluation of the 
abdomen since we focused on the immediate evaluation 
of the lung parenchyma to diagnose the possible life-
threatening condition given the Emergency setting and 
the need to evaluate the respiratory status of our patient 
who presented with a respiratory failure. However, the 
abdominal CT performed during hospitalization did not 
show lesions compatible with the dissemination of the 
disease.

Other possible applications of thoracic US in the 
diagnosis of TB are described in literature, especially 
in patients with suspected mediastinal TB (Table  1). 
Diagnosis of mediastinal TB is difficult due to non-
specific clinical features and lack of characteristic radio-
graphic features.14 In order to obtain histopathological 
confirmation, a CT-guided fine-needle aspiration biopsy 
(FNAB) or invasive procedures such as mediastinoscopy 
or open surgical biopsy are often required.14 US-guided 

Article Patients US method Findings

Gulati M et al. Int 
J Tuberc Lung 
Dis. 200014

26 patients with a proven diagnosis 
of mediastinal TB

TUS US-guided FNAB is a safe, effective technique in the 
diagnosis of mediastinal TB.

Yuan A et al. 
Thorax. 199315

13 patients TUS US can direct the needle to the most suitable part of a lesion 
to obtain the relevant specimens. The diagnostic yield is 
high, and the procedure is relatively safe. It is especially 
helpful in patients with negative results of sputum and 
bronchoscopic examinations.

Chan A et al. BMC 
Pulm Med 
201516

123 patients with computed 
tomographic evidence of PLLs 
who underwent radial EBUS-
guided bronchoscopy

EBUS EBUS-FNA is useful in investigating PLLs in a high TB 
incidence setting. Radial EBUS is a more rapid diagnosis 
technique for tuberculous lesions.

Thangakunam B 
et al. Indian J 
Tuberc 201717

138 patients who EBUS EBUS In high TB prevalence countries, EBUS-FNA diagnoses 
a higher number of granulomatous than malignant 
diseases.

Chalela R et al. 
Med Clin (Barc) 
201618

46 patients with mediastinal 
lymphadenopathy without 
pulmonary involvement

EBUS EBUS-TBNA is a safe and effective technique in the 
diagnosis of patients with suspected mediastinal TB.

Sharma M 
et al. Lung India 
201619

266 patients underwent 
endoscopic ultrasound-guided 
fine-needle aspiration, and 
134 cases were diagnosed as 
mediastinal tuberculosis

EUS EUS-FNA should be the investigation of choice for 
diagnosis of mediastinal tuberculosis.

Abbreviations: EBUS-FNA, endobronchial ultrasound‑guided fine-needle aspiration from bronchus; EBUS-TBNA, transbronchial needle aspiration guided by 
endoscopic ultrasonography; EUS-FNA, endoscopic ultrasound‑guided aspiration from esophagus; PLLs, peripheral lung lesions; SUN, subpleural nodule; TB, 
tuberculosis; TUS, thoracic ultrasound; US, ultrasound.

T A B L E  1   (Continued)
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FNAB has proven to be safe, and effective in the diagno-
sis of mediastinal TB,14 despite its limitations for cen-
trally located lesions due to the lack of a good acoustic 
window.15 More recently, some authors have investi-
gated the possibility of performing endobronchial ultra-
sound (EBUS).16,17 This may be useful in investigating 
peripheral lung lesions and in guiding transbronchial 
FNAB and endoscopic aspiration from esophagus in sus-
pected mediastinal TB.18,19

4   |   CONCLUSIONS

Bedside US is a safe, non-invasive, portable, versatile, 
easily repeatable, and cost-effective imaging modality.4,7 
Its use can lead to the identification of specific pleuro-
pulmonary pathological conditions by strengthening the 
clinical-diagnostic suspicion. While there are few data 
about LUS evaluation in tuberculosis, in our case it was 
fundamental in the diagnosis of the characteristic lung 
lesion through direct visualization of and early isolation 
of the patient; early suspicion allowed prompt diagnostic 
investigations and initiation of targeted therapy. Our case 
has also confirmed that LUS is important for the identifi-
cation, quantization, and characterization of pleural effu-
sion and for the execution of diagnostic and therapeutic 
ultrasound-guided thoracentesis.
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