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tively and non-invasively measure these differences may 
prove clinically useful in distinguishing the operant physiol-
ogy in patients presenting with acute dyspnea. 
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 Introduction 

 Dyspnea is a common symptom and is one of the top 
reasons why patients visit a hospital emergency depart-
ment (ED) in the United States. More than 4 million pa-
tients present to EDs with dyspnea each year  [1, 2] . The 
most common causes of dyspnea are acute and chronic 
cardiac and respiratory illnesses. Obstructive airway dis-
ease (OAD) is also widely prevalent; in the United States, 
asthma affects more than 22 million persons, and an es-
timated 10.2 million (5.9% of the adult population) are 
reported to have chronic obstructive pulmonary disease 
 [3, 4] . For the patient with acute dyspnea, differentiation 
between OAD and other pathologies (non-OAD) is es-
sential for proper management. Symptoms of OAD and 
non-OAD overlap; diagnostic difficulty has been report-
ed, particularly in the pre-hospital setting  [5, 6] . The ca-
pacity to rapidly triage patients has a beneficial impact 
upon outcome in the ED  [7, 8] , and there is no single test 
which can be used to diagnose and distinguish the cause 
of dyspnea  [2–4] . A rapid non-invasive strategy which 
would help in diagnosis might be of clinical value. 
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 Abstract 

  Background:  Dyspnea is prevalent and has a broad differen-
tial diagnosis. Difficulty in determining the correct etiology 
can delay proper treatment. Non-invasively obtained acous-
tic signals may offer benefit in identifying patients with dys-
pnea due to obstructive airway disease (OAD).  Objectives:  
The aim of this pilot study was to determine whether pa-
tients with acute dyspnea due to OAD had distinguishing 
features when studied with a computerized acoustic-based 
imaging technique.  Methods:  Respiratory sounds from pa-
tients with dyspnea due to OAD (n = 32) and those with dys-
pnea not due to OAD (n = 39) were studied and compared 
with normal controls (n = 16).  Results:  In patients without 
OAD and in controls, the ratios of peak inspiratory to peak 
expiratory vibration energy values (peak I/E vibration ratio) 
were remarkably similar, 6.3  8  5.1 and 5.6  8  4, respectively. 
For the OAD patients, the peak I/E vibration ratio was sig-
nificantly lower at 1.3  8  0.04 (p  !  0.01). In the patients with-
out OAD and the controls, the ratios of inspiratory time to 
expiratory time (I/E time ratio) were again similar, 1.0  8  0.1 
and 0.99  8  0.11, respectively. For the OAD patients, the I/E 
time ratio was significantly lower at 0.72  8  0.19 (p  !  0.01). 
 Conclusions:  This modality was useful in identifying pa-
tients whose dyspnea was due to OAD. The ability to objec-
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  Respiratory sounds are generally considered to pro-
vide clinically relevant information about patients with 
and without OAD  [9–12] . However, the detection and 
analysis of lung sounds with a stethoscope has limita-
tions. It is based upon the subjective analysis of lung 
sounds and is not generally recorded or subjected to rig-
orous quantitative analysis  [13, 14] . Over the years, there 
have been various attempts to acquire, computerize and 
refine acoustic data to better detect and monitor pulmo-
nary abnormalities  [15] . The application of computer 
technology has provided new insights into acoustic mech-
anisms and new measurements of clinical relevance  [15, 
16] . Breath sounds contain more information about anat-
omy and physiology than a stethoscope alone can collect 
and analyze  [15–17] .

  This was a pilot study whose aim was to investigate the 
feasibility and applicability of a new technology using re-
spiratory sound (vibration) measurements in patients 
presenting to the ED with acute dyspnea, and to deter-
mine how the images and numerical data in patients with 
OAD differed from data from patients without OAD.

  Methods 

 Study Design and Subjects 
 The study protocol was approved by the institutional review 

board, and informed consent was obtained from all patients and 
healthy volunteers. Consecutive patients, 18–85 years of age, who 
presented to the ED with acute dyspnea were enrolled. The study 
group consisted of patients who were admitted due to this chief 
complaint. Based on discharge diagnosis, patients were then di-
vided into 2 groups: (1) the OAD group, patients whose dyspnea 
was ultimately determined to have been due to asthma and/or 
chronic OAD, and (2) patients for whom the cause of dyspnea was 
ultimately determined to be other than OAD (non-OAD). The 
designations OAD and non-OAD were made by the attending 
physician in each case based upon history, physical examination, 
radiology, laboratory values and physiologic testing. Patients ul-
timately diagnosed with multifactorial dyspnea including both 
OAD and other non-OAD conditions were excluded from the 
analysis. Patients with hemodynamic instability or those who 
were deemed unable to be seated without assistance were also ex-
cluded. Healthy subjects with no known cardiopulmonary dis-
ease and normal chest radiographs (as per official report) were 
enrolled as a control group.

  Recording Procedure 
 Respiratory sound data were acquired on the day of presenta-

tion to the ED. All recordings were obtained with the subjects in 
a seated position. Respiratory sounds were captured using a vibra-
tion response imaging device (Deep Breeze TM , Or-Akiva, Israel). 
This is a non-invasive computerized acoustic-based imaging 
technique that displays the geographic distribution of vibration 
energy of respiratory sounds throughout the respiratory cycle  [16, 

17] . With this technique, 36 sensors (2 arrays, 1 array over each 
lung) are adhered to the patient’s back by a computer-controlled 
low vacuum and used to record respiratory vibrations. Subjects 
are instructed to take deep, comfortable breaths during 20 s of 
recording. The recorded signal is amplified and filtered to include 
frequencies between 150 and 250 Hz in order to minimize car-
diac and other non-respiratory vibration frequencies. High-en-
ergy artifacts from background noise due to patient movement 
against matrix framework are occasionally encountered and eas-
ily identified in the image. These images were excluded from anal-
ysis. 

  Data Analysis 
 Recorded lung sounds (measured as vibration energy) can be 

displayed in different formats. First, the input from the sensors 
can be displayed as a video made by serial 2-dimensional images 
( fig. 1 ). In this format, an image very similar to a ventilation scan 
is generated, with depiction of the relative spatial distribution of 
sound intensities. Increased sound intensity is represented as an 
increase in darkness. Each frame of the video represents 0.17 s 
worth of data. For each respiratory cycle, there are 2 vibration 
peaks, 1 during inspiration and 1 during expiration. The inspira-
tory peak will be referred to as the peak inspiratory vibration 
(PIV), and the expiratory peak will be referred to as the peak ex-
piratory vibration (PEV)  [16] . A graphed linear summation of to-
tal vibration energy is generated in addition to the 2-dimensional 
image ( fig. 1 , below 2-dimensional images) and was used to choose 
breath cycles. Numerical data of peak vibration energy during 
inspiration and exhalation were obtained using proprietary soft-
ware. The ratios of PIV/PEV (peak I/E vibration ratio) and the 
ratios of inspiration time to exhalation time (I/E time ratio) dur-
ing each respiratory cycle were calculated and then averaged for 
each patient.

  Three groups were analyzed and compared: OAD, non-OAD 
and normal controls. Three methods of analysis were used. The 
first was visual description of the videos. The second was analysis 
of the linear graphic material to determine inspiratory and respi-
ratory time. The third was the analysis of numerical vibration 
energy data, PIV and PEV. 

  Statistical Analysis 
 Wilcoxon signed rank tests for paired and unpaired data (SPSS 

11.5, SPSS Inc., Chicago, Ill., USA) were used to analyze the data. 
The mean  8  standard deviation is reported. p values  ! 0.05 were 
considered statistically significant. 

  Results 

 Patients 
 A total of 71 patients and 16 healthy subjects were en-

rolled in the study. Of the patients, 32 had OAD and 39 
were classified as non-OAD. Eight patients were excluded 
from analysis due to diagnoses of both OAD and non-
OAD etiologies of dyspnea. Auscultation findings at the 
time of the recordings and the treating physician’s final 
diagnoses are listed ( table 1 ).
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  Dynamic and Static Image Features 
 Peak inspiratory images for each of the study groups 

are presented in  figure 1  (online supplement video 1, 
www.karger.com/doi/10.1159/000178023  ). The static and 
dynamic images had differences as described below. 

  In all subjects, the dynamic images ‘build and fade’ 
twice for every respiratory cycle, once for inspiration and 
again for exhalation. In the healthy control subjects, the 
maximal vibration intensity in inspiration is visually 
greater than that in exhalation. Sound patterns develop 
synchronously in both lungs. Right and left lungs viewed 
together have peripheral smooth, rounded and uninter-
rupted contours. Planar distribution, area, size and inten-
sity of the right and left lung images are similar. The 2-
dimensional sound images for the non-OAD patients 
were visually similar to those of the healthy controls. 

  In the subjects with OAD, the dynamic images showed 
asynchrony within each lung and between lungs; differ-
ent areas of each lung demonstrated peaks in sound en-
ergy at different times. Because of this asynchrony, the 
contours of the lung periphery on the 2-dimensional im-
ages are not smooth, but have a ‘bumpy-lumpy’ appear-
ance (‘disco’ lung).

Healthy Non-OAD OAD

  Fig. 1.  Representative vibration energy images.  a  Healthy volun-
teer. The images for the normal patients showed that right and left 
lungs viewed together have peripheral smooth, rounded and un-
interrupted contours. Planar distribution, area, size and intensity 
of the right and left lung images are similar and encompassed the 
entire imaging field.  b  Non-OAD patient (a representative patient 
with congestive heart failure). The image is also smooth and 

rounded, but for this patient, the image is smaller in size, likely 
due to pulmonary edema, particularly at the bases.  c  OAD patient. 
In this patient, with chronic obstructive pulmonary disease, dif-
ferent areas of each lung demonstrated peaks in sound energy at 
different times. Because of this asynchrony, the contours of the 
lung periphery on the 2-dimensional images are not smooth, but 
have a ‘bumpy-lumpy’ appearance. 

Table 1. Subject characteristics

Characteristics Healthy 
(n = 16)

Non-OAD 
(n = 39)

OAD
(n = 32)

Demographic information
Age, years 49811 47815 49819
Gender

Male 15 21 16
Female 1 18 16

Auscultation results
Crackles 0 29 7
Wheezes 0 5 21

Final diagnosis
CHF 0 22 0
COPD 0 0 12
Asthma 0 0 20
Pneumonia 0 7 0
Pleural effusion 0 2 0
Upper tract infection 0 4 0
Pulmonary embolism 0 1 0
Esophageal reflux 0 1 0
Pneumothorax 0 1 0
Bronchitis 0 1 0

Values are the mean 8 standard deviation, or the number of 
patients. 

CHF = Congestive heart failure; COPD = chronic obstructive 
airway disease.
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  Analysis of Numerical Vibration Data 
 The PIV and PEV values were calculated for each 

group and expressed as peak I/E vibration ratio for each 
patient. In healthy volunteers and non-OAD patients, the 
peak I/E vibration ratios were similar, 6.3  8  5.1 and 6.7 
 8  5.8, respectively (p  1  0.05). In marked contrast, the 
peak I/E vibration ratio was 1.2  8  1.4 in patients with 
OAD. This differed significantly from the other 2 groups 
(p  !  0.01) ( fig. 2 ).

  The I/E time ratio during each respiratory cycle was 
calculated. In healthy volunteers and non-OAD patients, 
the I/E time ratios were similar, 1.0  8  0.1 and 1.0  8  0.2, 
respectively (p  1  0.05). In marked contrast, the I/E time 
ratio was 0.7  8  0.2 in OAD patients. This differed signif-
icantly from both of the other groups (p  !  0.01) ( fig. 3 ).

  Discussion 

 This pilot study of patients presenting to the ED with 
acute dyspnea demonstrates the potential capacity to use 
this technology to differentiate patients with OAD from 
those without OAD at the time of presentation to the 
ED. 

  Three main findings differentiate OAD from other 
conditions. The first is the heterogeneity of sound dis-
tribution in OAD, which is visually evident on both the 
dynamic and the static images (online suppl. video 1, 
www.karger.com/doi/10.1159/000178023  ). The second is 
the distribution of vibration energy between inspiration 
and exhalation, with a significantly greater vibration en-
ergy during exhalation in the patients with OAD. The 
third is the presence of a significantly longer exhalation 
phase in OAD, leading to a change in the I/E time ra-
tio. 

  Each of the above differences has a clear physiologic 
basis and could be evaluated with different modalities. 
The first, inhomogeneity of air flow, has been studied by 
documenting the anatomic results of the inhomogeneity 
 [18–21] . CT and PET scanning have been used to demon-
strate inhomogeneity, with a mosaic pattern considered 
to represent differences in regional ventilation due to re-
gional differences in degree of air flow obstruction  [18–
20] . One group of authors described the use of multiple 
sequential chest roentgenograms which are then ana-
lyzed mathematically, with changes in pixel density rep-
resenting changes in ventilation  [21] . The dynamic vibra-
tion energy images obtained from this study demonstrate 
the same physiologic processes through an analysis of 
sound vibration energy, a direct correlate of the ventila-
tion itself, instead of through an analysis of the anatomic 
results of variations in ventilation. The second finding, a 
greater sound intensity during exhalation in OAD is not 
a surprising finding; its auscultatory correlate is the 
wheezing often present in asthma or chronic obstructive 
pulmonary disease  [22] . The greater sound intensity dur-
ing expiration in OAD patients may also be due to great-
er turbulence and vibrating secretions. The third finding, 
the change in inspiratory and expiratory phases, reflects 
the prolongation of exhalation due to air flow obstruc-
tion. 

  The elegance of this breath sound analysis technique 
lies in its simplicity, portability and repeatability. There 
is, in addition, no radiation exposure. The capacity to 
capture sounds simultaneously throughout both lungs 
and to record them for computer analysis goes far beyond 
the capacities of a stethoscope. The instruments are more 
portable than most pulmonary function machines, and 
the efforts required for data collection are much less de-
manding than those for pulmonary function testing. 
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  Fig. 2.  I/E peak vibration ratio in OAD and non-OAD.    Fig. 3.  I/E time ratio in non-OAD and OAD exacerbation. 
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  This acoustic-based sound analysis technique is a rel-
atively unique imaging modality. Most imaging modali-
ties document anatomy, whereas vibration imaging doc-
uments the geometric distribution of physiologic mea-
surements. In this study of patients presenting to the ED 
with acute dyspnea, we have shown that the use of this 
imaging technique can help to identify those patients 
who have OAD and in so doing separate them both from 
other patients and from healthy controls. Although these 
results are not surprising from knowledge of pathophys-
iology, the ability to have a noninvasive and objective as-
sessment of these differences may prove to be clinically 

useful in determining underlying physiology in patients 
presenting to the ED with acute dyspnea. Further studies 
targeting the effect of the use of this sound analysis tech-
nique information on management decisions are need-
ed. 
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