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Abstract 

 

Background: 

The clinical diagnosis of pneumonia is usually based on crackles at auscultation but it is not yet 

clear what kind of crackles are the characteristic features of pneumonia in children. Lung sound 

monitoring can be used as a “longtime stethoscope”. Therefore, it was the aim of this pilot 

study to use a lung sound monitor system to detect crackles and to differentiate between fine 

and coarse crackles in children with acute pneumonia. The change of crackles during the course 

of the disease shall be investigated in a follow-up study. 

 

Patients and methods: 

Crackles were recorded overnight from 22.00 to 06.00 h in 30 children with radiographically 

confirmed pneumonia. The data of a total of 28.800 recorded 30-second-epochs were 

audiovisually analyzed for fine and coarse crackles. 

 

Results: 

Fine crackles and coarse crackles were recognized in every patient with pneumonia but the 

number of epochs with and without crackles varied widely among the different patients: Fine 

crackles were detected in 40 % (mean, SD 22), coarse crackles in 76 % (SD 20). The predominant 

localization of crackles as recorded during overnight monitoring was in accordance with the 

radiographic infiltrates and the classical auscultation in most patients. The distribution of 

crackles was fairly equal throughout the night. However, there were time periods without any 

crackle in the single patients so that the diagnosis of pneumonia might be missed at sporadic 

auscultation. 

 

Conclusion: 

Nocturnal monitoring can be beneficial to reliably detect fine and coarse crackles in children 

with pneumonia.  

 

Funding 

There was no funding for the study.  



Introduction 

Pneumonia accounts for 16% of all deaths of children under 5 years old, killing 920.136 children 

in 2015 (1). Pneumonia is caused by different infectious agents. The most common bacteria are 

Streptococcus pneumoniae and Haemophilus influenzae, the most common virus is Respiratory 

syncytial virus (2). Pneumocystis jiroveci has to be considered in children infected with HIV (3). 

Although children are usually not that severely affected SARS-CoV-2 associated pneumonia has 

recently become a worldwide and still ongoing problem (4,5). 

Symptoms in children under 5 years of age are not specific and can consist of cough, fever, 

dyspnea and lower chest wall indrawing during inspiration (1). In addition, the diagnosis of 

pneumonia is based on the results of clinical examination, blood tests and chest radiograph. 

Due to the inconsistent features the diagnosis of pneumonia and the start of appropriate 

treatment can easily be missed especially in young children. 

Specialized monitoring systems can record lung sounds over a certain time and can therefore 

be considered as a “longtime stethoscope” (6). The recorded data can be evaluated with a lung 

sound analyzing software. The authors have already proven the usefulness of lung sound 

monitoring in children with obstructive lung disease (7). To use such systems in children with 

pneumonia it is necessary to reliably recognize and characterize crackles in acute pneumonia 

and during the course of the disease. 

Computerized respiratory sound analysis (CORSA) guideline defined fine crackles as a two-cycle 

duration <10 ms and coarse crackles as a two cycle duration >10 ms (8). Fine crackles indicate 

pulmonary edema, pulmonary fibrosis, and pneumonia; they are predominantly inspiratory and 

described as above (9). Coarse crackles are usually heard at the beginning of expiration and are 

characteristic of bronchiectasis (9). 

Fine crackles might be detected on auscultation in infected areas due to the sudden opening of 

very small airways during inspiration (10). In pediatric patients crackles are considered to be 

fine at the acute stage of pneumonia and become more variable and coarser when the 

pneumonia is resolving. In infants and toddlers coarse crackles might be the only phenomena 

based on fluid retention in slightly larger airways. In adults a computerized sound analysis 

revealed that the crackles in acute pneumonia appear to be coarse and get slightly shorter 

during recovery (11). According to the controversial data is not yet clear what kind of crackles 

are the characteristic features of acute or resolving pneumonia in children.  

It was the aim of this pilot study to record lung sounds in children with acute pneumonia 

overnight and to analyze the recordings for both, fine and coarse crackles. Then, in a follow-up 

study, the next task shall be to investigate the change of crackles during the further course of 

the disease.  



Study subjects 

Children admitted the University hospital in Marburg with respiratory symptoms and suspected 

pneumonia were eligible to take part in the study. Inclusion criteria were clinical symptoms and 

infiltrates on the chest radiograph compatible with pneumonia. The declaration of Helsinki was 

always followed. The participants and their parents were informed verbally and in writing about 

the study. Informed written consent was obtained from all participants. The participants were 

free to withdraw from the study at any time. Approval from the local ethics committee was 

obtained before the start of the study (Philipps-University Marburg study approval and 

addendum Az.: 222/12). 

 

Study design 

When the diagnosis of pneumonia had been established the lung sounds were recorded on the 

following night from 22.00 to 06.00 h. Every single 30-second-epoch per night was audiovisually 

analyzed for the presence or absence of fine and coarse crackles by an experienced investigator 

in every single patient. The data were checked again by a second experienced investigator. 

Inconclusive data were discussed and finally decided. Cough and wheezing episodes were 

automatically identified by the lung sound analyzing software. 

 

Methods 

Lung sound monitoring system 

We used the LEOSound monitor (Löwenstein Medical GmbH & Co. KG, Bad  Ems, Germany) to 

record lung sounds. The LEOSound was originally developed to record lung sounds over a 

certain time period up to a maximum of 24 hours and to analyze cough and wheezing events 

automatically. 

Three bioacustic sensors (microphones) will be fixed with adhesive pads dorsally over the right 

and the left lung and laterally over the trachea. The recording box can be fixed to the patient 

with a chest belt or lying in bed besides the patient.  

In addition, an ambient microphone is integrated in the LEOSound device. Thus, it is possible to 

differentiate lung sounds from speech and other ambient sounds. To analyze the data the 

recording box will be connected with a computer using the lung sound analyzing software (Leo-

Sound-Analyzer 2.0 Patch 6, Löwenstein Medical GmbH & Co. KG, Bad  Ems, Germany). 

 

 



Detection of fine and coarse crackles 

An audiovisual assessment of the recorded lung sounds was performed in every single 30-

second-epoch of the thirty patients. The American Thoracic Society defined coarse crackles as 

loud with a low pitch, a two-cycle duration of about 10 ms and an initial deflection width of 

about 1,5 ms while fine crackles are less loud with a higher pitch, a shorter two-cycle duration 

(<5ms) and a shorter initial deflection width (about 0,7 ms) (12). According to these criteria we 

determined fine crackles as sharp interrupted high frequent breath sounds on the audiogram 

and as equivalent sharp peaks on the spectrogram. In contrast, coarse crackles were louder, 

had a lower frequency and longer duration although we did not accurately measure the two-

cycle duration or the initial deflection width. If the acoustic and visual analysis revealed 

controversial results the decision was made in favor of the acoustic recordings. If one or more 

fine or coarse crackles were detected during a 30-second time period, this epoch was 

considered to be positive for the equivalent crackle irrespective of the number recorded during 

this time period.  

 

Analysis 

Statistical analysis was performed with GraphPad Prism version 6.0.7 for Windows, GraphPad 

Software, San Diego, California USA, www.graphpad.com. 

 

Results 

30 children, 8 males and 22 females, were included in the study. The median age was 3,79 years 

(IQR 4,46, data not normally distributed). The patients had already symptoms for a median of 

5,8 days (IQR 5,0) before admission.  

Clinical data on admission to the hospital were the following: Mean temperature 37,9 °C (SD 

1,2), mean breath rate 36,8/min (SD 13,8), mean SpO2 95,4 % (SD 3,1), median CrP level 41,5 

mgl (IQR 90,1, data not normally distributed), median leucocyte count 13,8 G/l (IQR 10,2). 

According to the inclusion criteria all patients had infiltrates on the chest radiograph. 

Noninvasive microbiological testing consisting of throat swabs and blood serology was positive 

in 10 of the 30 patients. The most frequently detected pathogen was Mycoplasma pneumoniae 

in 6 patients. One patient was positive for Respiratory syncytial virus and another for Bocavirus. 

Two patients were positive for multiple pathogens, one for Haemophilus influenzae and 

Staphylococcus aureus and another for Adenovirus, Rhinovirus and Bocavirus. Twenty nine 

patients were considered to have primary bacterial or secondary bacterial pneumonia and were 

treated with antibiotics including Macrolides, Cephalosporins  and Tetracycline. Only one 

patient was considered to suffer solely from viral pneumonia and did not receive antibiotic 

treatment. Thirteen patients received supplemental oxygen during hospitalization. The median 

http://www.graphpad.com/


hospitalization time was 4 days (IQR 1, data not normally distributed). On discharge from 

hospital antibiotic treatment was continued for a total treatment period of 7-10 days. 

 

Figure 1: Screenshot of the nocturnal lung sound recording 

Screenshot of the nocturnal lung sound recording of a 3,8-year-old boy with left sided 

paracardial infiltrates on the chest radiograph. Microbiological assessment revealed infection 

with Mycoplasma pneumonia. The leucocyte count was 10,4 G/l, the CrP level <5 mg/l. 

The graphical user interface consists of a context menu and operating elements in the upper 

part. The event charts below represent an overview of the breath rate in blue, cough events in 

green, wheezing in red, other sounds in orange and comments in black. Single recording 

periods can be selected and evaluated with the help of the scroll bar of the corresponding time 

period shown in grey below. The volume level of the outer microphone is shown in the next 

bar. The next three segment charts below display the recorded sound spectrum over a 30-

second time period separated for trachea, left lung and right lung followed by another segment 

chart for the recorded events below. 

The spectrogram at time epoch 210 (23.45.00 – 23.45.30 h) is showing fine crackles (high 

frequent sharp peaks) and coarse crackles (peaks of slightly lower frequency and slightly longer 

duration) on the chart of the left lung but not on the charts of the right lung or trachea. 

 

 

 

 



Nocturnal rates of crackles and other lung sounds 

We analyzed the recordings of the 30 patients epoch by epoch throughout the night from 22.00 

h to 06.00 h. Altogether, we audio visually analyzed 28.800 epochs of 30 seconds for fine and 

coarse crackles in this study. 

Fine and coarse crackles were detected in every single patient with pneumonia. However, the 

crackles were not evident during every single time epoch, and the number of epochs with and 

without crackles varied widely among the different patients. Audiovisual lung sound analysis 

revealed that fine crackles were detected in 40% (mean, SD 22) of the 960 epochs recorded 

during the night (Figure 2). Coarse crackles were detected in 76% (SD 20). Automated lung 

sound analysis revealed cough only in 1,5% (median, IQR 1,8, data not normally distributed) of 

the 960 epochs but wheezing in 23% (SD 18). 

 

Figure 2: Number of epochs with crackles over night 

The number of the 960 recorded epochs (30 secondes) per patient over night showing fine and 

coarse crackles (mean and single patients’ results (n = 30)). 

 

 

 

 

 

 



Time course of crackles overnight 

The time course of epochs with fine or coarse crackles, cough and wheezing was analyzed 

throughout the recording time over night. The number of epochs with or without fine or coarse 

crackles varied among the different patients. However, there was no preferential time of the 

night to detect the different crackles. The distribution of fine and coarse crackle epochs 

throughout the night was fairly equal and is shown in figure 3. There was no obvious indication 

that the number of epochs with fine or coarse crackles was related to the clinical condition. 

 

Figure 3: Distribution of fine and coarse crackle epochs overnight 

 

 

 

 



 

 

Localization of crackles 

The side of fine or coarse crackles was localized when the patients underwent a classical auscultation on 

admission to the hospital. We compared the side of the crackles with the changes on chest radiograph 

and with the number of crackle epochs on both sides of the lung during overnight monitoring. The 

detailed results are shown in table 1. 

Table 1: Localization of crackles 

Patient Classical 
auscultation 

Radiological 
changes 

Total crackle  
epochs 
left                 right 

Fine crackle 
epochs 
left           right         

Coarse crackle 
epochs 
left           right        

1 Left Left 1505 1404 550 515 955 889 
2 No crackles Left + right 1453 1407 631 527 822 880 
3 Right Right 939 1007 315 345 624 662 
4 n.d.* Right 417 582 119 180 298 402 
5 No crackles Right 723 674 271 205 452 469 
6 Left Left > right 1075 735 467 240 608 495 
7 No crackles Right 840 655 318 258 522 397 
8 Left Right > left 255 785 127 300 128 485 
9 No crackles Left + right 1238 1246 527 491 711 755 
10 Left Left > right 1171 799 581 291 590 508 
11 n.d.* Right 991 874 283 270 708 604 
12 Left Left 1554 1205 699 392 855 813 
13 No crackles Right 871 1114 333 280 538 834 
14 Left Left > right 929 951 187 297 742 654 
15 Left + right Left 1006 1065 197 144 809 921 
16 No crackles Left > right 1017 777 318 106 699 671 
17 Left + right Left + right 1073 1096 185 165 888 931 
18 Left + right Left + right 106 1314 46 432 60 882 
19 Right Right 628 893 182 261 446 632 
20 Left + right Right 1159 1052 396 244 763 808 
21 Right Right 827 1019 221 313 606 706 
22 Right Left + right 669 764 123 174 546 590 
23 Right > left Left + right 1146 1318 283 479 863 839 
24 Right > left Right 764 84 75 10 689 74 
25 Left + right Right 831 372 197 29 634 343 
26 No crackles Left 575 466 75 36 500 430 
27 No crackles Left + right 184 35 18 2 166 33 
28 Right Right 422 403 77 84 345 319 
29 Left Left 281 226 42 20 239 206 
30 Left + right right 1041 1134 219 369 822 765 

Mean   856,3 848,5 268,7 248,6 587,6 599,9 
SD   379,4 375,4 185,9 154,5 237,0 248,3 

         n.d.* = localization not documented 



In 20 of the 30 patients the results of classical auscultation, radiographic changes and the number of 

total crackle epochs were matching with regard of the side localization (67%). The localization of 

radiographic changes was in accordance with the predominant number of total crackle epochs in 21 of 

the 30 patients (70%), with fine crackle epochs in 22 patients (73%) and with coarse crackle epochs in 23 

patients (77%). In 8 patients the classical auscultation on admission had not revealed any crackles (27%) 

while fine and coarse crackles were demonstrated in all 30 patients during overnight monitoring. 

However, when crackles were described and localized on admission the side coincided with the 

radiographic changes in 19 of the 20 patients (95%). The localization of crackles by classical auscultation 

was in accordance with the predominant number of total crackle epochs in 16 of the 20 patients (80%), 

with fine crackle epochs in 16 patients (80%) and with coarse crackle epochs in 17 patients (85%).  

 

Discussion 

Children suffering from pneumonia might be presented with atypical and misleading symptoms 

(1). Nowadays, Covid-19 is threatening the world but again children seem to react differently 

and show milder cases of pneumonia with better prognosis than adults (4,5). Still, severe 

pneumonia might occur, and an early and reliable diagnosis is essential to make the right 

diagnosis and prevent permanent lung damage or even death by appropriate treatment 

(13,14). Auscultation of the lung is an important part of the respiratory examination and is 

helpful in diagnosing various respiratory disorders (15). 

In this pilot study we obtained nocturnal lung sound recordings of high quality in 30 patients 

with pneumonia due to other pathogens than SARS coronavirus-2. We analyzed the recordings 

for the presence and distribution of crackles and were able to prove that both, fine and coarse 

crackles, were detected in every single patient admitted with acute pneumonia. On some 

occasions we found an overlap between fine and coarse crackles. So called medium crackles 

have already been described and are thought to be caused by air bubbling through mucus in 

small airways (16). Assuming that the type of crackles is related to the size of the airways (17) 

then fine crackles are produced within the small airways and coarse crackles arise from larger 

bronchi (16). 

Nowadays, it is not clear what kind of crackles are the characteristic features for acute and 

resolving pneumonia in children. In clinical practice auscultation reveals fine crackles at least in 

older children and adults with acute pneumonia (9) while coarse crackles might be the only 

abnormality in infants and toddlers (18). In a computerized sound analysis, the crackles in adult 

patients with acute pneumonia appeared to be mid-inspiratory and fairly coarse with a two 

cycle duration of 9 to 11 ms. During recovery the crackles were getting slightly shorter, the two 

cycle duration showed a greater variation of 6 to 11 ms, and there was a shift towards the end 

of inspiration (11). It was concluded that the crackles in pneumonia resemble those of patients 

with bronchiectasis in the acute stage and those of patients with fibrosing alveolitis during 

recovery (19). 



It was the aim of this pilot study not only to detect crackles in children with acute pneumonia 

but also to differentiate between fine and coarse crackles. We have demonstrated that fine 

crackles were present in 40% of the epochs but were not detectable in 60% of the night. Coarse 

crackles were recorded in 76%, almost twice as many as fine crackles. The number of epochs 

with and without fine or coarse crackles varied widely among the different patients. In the 

patient shown in figure 1 fine crackles were recorded in 73% and coarse crackles in 99% of the 

recorded time epochs. In contrast, in another patient (figure not shown) fine crackles were 

detected only in 2% and coarse crackles in 18% of the epochs. This patient had been started on 

antibiotic treatment already before admission and pneumonia was probably resolving at the 

time of admission.  

In eight patients no crackles were detected during classical auscultation at admission to the 

hospital. All these patients had fever during hospitalization and received intravenous antibiotic 

treatment. According to the inclusion criteria all patients showed infiltrates on the chest 

radiograph. The CrP level was increased between 21,3 and 278 mg/l in seven of the eight 

patients. The eighth patient had a normal CrP level of 1,8 mg/l but an increased leucocyte count 

of 15.0 G/l.  

Single crackles have also been detected in the breath sounds of normal subjects (20). 

Therefore, it is not yet clear how many crackle epochs are required to make a clear diagnosis of 

acute pneumonia but normal cut off ranges might be established in the future. In this pilot 

study we have proven that both, fine and coarse crackles, can reliably been detected in children 

suffering from acute pneumonia. We believe that fine crackles are the characteristic features of 

acute pneumonia in children associated with the sudden opening of abnormally closed small 

airways during inspiration while coarse crackles indicate the start of resolving pneumonia when 

secretions congest the slightly larger airways. In this case there should be a shift from mainly 

fine crackles at acute pneumonia towards mainly coarse crackles during resolving pneumonia. 

Such further change of crackles during the course of the disease shall be investigated in a 

follow-up study.  

The predominant localization of crackles as recorded during overnight monitoring was in 

accordance with the radiographic infiltrates and the classical auscultation in most patients. 

However, even in patients with radiographic infiltrates solely on one side there were some 

crackles on the other side, too. This might be explained if the sound of crackles can be 

transferred from one lung to the other. Another explanation might be that a pneumonia is not 

completely localized to a single region while other lung areas are also infected to some extent. 

We rather believe that the latter is more likely especially in children. Furthermore we have not 

recorded the sleeping position in this study which might also have an influence on the presence 

of crackles. Especially a lateral position leads to a different compression of both lungs and 

might have an effect on the opening of inflamed airways and the secretions leading to a 

different crackle pattern. These considerations might explain the discrepancy in the localization 



of crackles between overnight monitoring and radiographic changes or classical auscultation in 

few patients.  

Although the distribution of crackles was fairly equal throughout the night there were time 

periods without any crackle in every single patient. According to these results it might be 

possible to miss the characteristic crackles and the diagnosis of pneumonia if chest auscultation 

occurs only sporadically. Especially in patients with atypical symptoms or long time 

hospitalization lung sound monitoring might be helpful to detect or confirm a diagnosis of 

pneumonia. However, such system needs quick and automated analysis before it is suitable for 

clinical application. Algorithms for automated analysis of cough and wheezing are already 

established and a high sensitivity and specificity has been proven (7). Such automated analysis 

to detect crackles and to distinguish between fine and coarse crackles is not yet available for a 

routine use in the lung sound monitoring system we are presenting in this study. For further 

clinical practice it will be essential to implement such algorithms and to demonstrate a high 

reliability of the results. Once established another task will be to investigate the longitudinal 

course of fine and coarse crackles over consecutive nights and assess if changes of these lung 

sound recordings come along with clinical changes in the patients. Such association might even 

help to recognize improvement or deterioration of pneumonia at an early time when the 

clinical response is not yet apparent. 

The application of artificial intelligence has already produced encouraging results in the 

diagnosis of obstructive lung diseases (21). An electronic stethoscope with artificial intelligence 

algorithms was also tested to detect wheezes, rhonchi, fine and coarse crackles in 50 pediatric 

patients (22). The study showed that the automatic sound analysis system was more efficient in 

detecting all four types of auscultation sounds compared with the results obtained by a group 

of doctors. Electronic stethoscopes can capture and store lungs sounds in a digital form and 

generate spectrograms from the recordings. It has also been shown that the use of 

spectrograms can improve the classification of wheezes and crackles in an educational setting 

(23). On the other hand the automatic classification of adventitious respiratory sounds is still an 

ongoing problem (24). Currently there are no public databases available to evaluate and 

compare new algorithms but the creation and public release of such database will be useful to 

solve the respiratory sound classification problem (25).  
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