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Dear Participants of the 3ih ILSA meeting,
It is my distinct pleasure to welcome you to Mayo Clinic in Rochester, Minnesota.
For more than a century, people from all walks of life have found answers at
Mayo Clinic, the first and largest integrated , not-for-profit group practice in the
world. Doctors from every medical specialty work together to care for more than a
million people each year, joined by common systems and a philosophy of "the
needs of the patient come first."
From its humble beginnings in the cornfields of southeastern Minnesota, Mayo
Clinic has opened its doors to visiting physicians and scientists from around the
globe. It is in this collaborative spirit that I extend a warm welcome to the
members of the International Lung Sounds Association.
Regards ,
Jukka Rasanen

Drs. Charles H. Mayo, William W. Mayo and William J. Mayo
Founders, Mayo Clinic

From the Organizers .....
Welcome to Rochester!
Thank you for participating in the 3yth Annual Conference of the International
Lung Sounds Association held in the Downtown Campus of Mayo Clinic
Rochester. The presentations will be held at the Charter House Auditorium within
walking distance of any downtown hotel. Please see attached map for location.
The Rochester International Airport has shuttle service to the downtown area.
The drive is approximately 20 min . Please sign up for transport at the baggage
claim area of the airport.
On Thursday, October 41h , all conference participants are invited for a cocktail
hour followed by dinner at the home of Jukka and Gina Rasanen, 6011
Countryview Court NW in Rochester. Transportation will be provided and can be
accessed at the Eastern entrance to the Kahler Grand Hotel , as marked on the
map.
For questions or assistance please call (+1 .507) 269 .5787
We are looking forward to a great meeting!
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Acoustic biomarkers of Chronic Obstructive Lung Disease
2

2

Andrey Vyshedskiy\ Andy Eaton , Brian Leaker , and Raymond Murphl
1

Brigham and Women's

I

2

Faulkner Hospitals, Boston, MA, USA; Queen Ann Street Medical Center, London, UK

Objectives: The goal of this study was to determine lung sounds-derived biomarkers that distinguished Chronic
Obstructive Pulmonary Disease (COPD) patients from age-matched controls and to see ifthese biomarkers were helpful
in detecting early effects of smoking.
Methods: We used a multichannel lung sound analyzer (Stethographics Model STG-1602) that provides acoustic data
from multiple sites on the chest wall to derive over 100 acoustic biomarker candidates . Sixteen biomarkers based on
timing, frequency, amplitude, and adventitious sounds were statistically different between COPD (90 patients) and
. control (90) patients recruited in Boston, MA (test set). These biomarkers are :
Inspiratory crackle rate
Expiratory crackle rate
Inspiratory wheeze and rhonchi rate
Expiratory wheeze and rhonchi rate
Ratio of the duration of inspiration to th e duration of expiration
Ratio of peak inspiratory amplitude to peak expiratory amplitude
Ratio of low frequency energy to high frequency energy {R4)
Average lead of chest channels compared to the trachea

1
2
3
4
5
6
7
8

9

10
11
12
13
14
15
16

Average lag of chest channels compared to the trachea
Inter-channel asynchrony at the beginning of inspiration
Inter-channel asynchrony at the end of inspiration
Lead time-integrated amplitude
Lag time-integrated amplitude
Dynamic range
Amplitude of inspiratory chest sounds
Slope of the chest versu s tracheal sound

After examining the frequency distribution of the test set the scoring system was developed . Each ofthe 16 parameters
was evaluated and a score was assigned based on the value of the individual parameter. The total Acoustic COPD Score
was calculated as the sum of the individual score for each parameter. The Acoustic COPD Score was then evaluated in
four groups of patients recruited in London, UK (control set):
COPD (60 patients, GOLD Stages 1-2), who are current smokers with at least a 10 pack-year smoking history;
Current smokers (60 patients) with at least a 10 pack-year smoking history ·and age-matched to the COPD cases;
. Ex-smokers (60 patients) with at least a 10 pack-year smoking history who have not smoked for at least one year and
ge-matched to the COPD cases;
. Never-smokers (60 patients) who were age -matched to the COPD cases.

.
l
1·

esults : Acoustic COPD score was significantly greater for COPD, smokers, and ex-smokers groups compared to nevermakers (p<0.0001 for all pair-wise comparisons with never-smoker group) .
onclusions: This study showed that measurable
ifferences exist between the lung sound patterns of
OPD patients, smokers, ex-smokers and age-matched
ever-smokers . Lung sounds derived biomarkers are
elpful in diagnosing COPD and in detecting the early
ffects of smoking .

COPD score vs patient category (normalized by
the mean score of never-smokers group)
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Flow measurement at the mouth significantly changes lung sound amplitude
measurement
Andrey Vyshedski/ , Andy Eaton2, Brian Leaker
1

2

,

and Raymond Murph/
2

Brigham and Women 's I Faulkner Hospitals , Boston , MA , USA; 0ueen Ann Street Medical
Center, London , UK

Objectives

The goal of this study was to determine the effect of flow measurement at the mouth on the
measurement of lung sound amplitude in normal subjects .
Methods

We used a multichannel lung sound analyzer (Stethographics Model STG-1602) that provides
acoustic data from multiple sites on the chest wall to record lung sounds with and without a flow
measuring device (pneumotach) attached at the mouth . Patients were asked to breathe deeper
than normal for 20 seconds (with and then without the pneumotach). Sound loudness was
assessed by calculating root mean square (RMS) of the inspiratory sound at each chest site and
then averaging between the fourteen chest sites.
Results

Measuring flow at the mouth reduced chest acoustic RMS in 32 of 66 subjects (49%). The
reduction ranged from 2% to 60% (mean 27% ). In another 32 patients measuring flow at the
mouth increased chest acoustic RMS . The reduction ranged from 3% to 197% (mean 52% ). Only
in two subjects measuring flow at the mouth was not associated with a change in lung sound
amplitude.
Conclusions

Sound loudness (measured as RMS) is proportional to air flow . In a given patient doubling of the
airflow results in doubling of the RMS. In most subjects in this study measuring airflow at the
mouth resulted in a significant change in measured RMS . Therefore we conclude that the
pneumotach altered airflow . Furthermore the direction of change was unpredictable . In
approximately half of the subjects the mere fact of inserting a pneumotach into the mouth reduced
airflow and in the other half it increased airflow . Accordingly it is difficult to interpret the clinical or
physiologic significance of RMS measurements made when a pneumotach is in the mouth.
We ca,n only speculate why addition of a pneumotach changed airflow . A pneumotach increases
flow resistance . Since patients only control breathing effort, it is possible that patients who
attempt to conserve breathing effort end up with a reduction of airflow. On the other hand , patient
who attempt to conserve airflow , end up overcompensating and , as a result , actually increase
their airflow .
In any case , researchers thinking of adding a pneumotach to their protocol have to keep in mind
that addition of a pneumotach unpredictably changes the measured sound amplitude .

Lung sounds indices in the long-term management of bronchial asthma.

Yukio Nagasaka 1, Michiko Tsuchiya 1, Takuma Minami 1, Terufumi Shimoda 2, Shohei Yasuda3,
Katsumi Murakami , 4 Chizu Habukawa 5
I. Dept. of Pulmonary Medicine, Rakuwakai Otowa Hospital

2. Dept. of Clinical Research

National Fukuoka Medical Center 3. Dept. of Medicine, Horiguchi Seikeigeka Hospital
of Pediatrics, Kinki University Sakai Hospital

4. Dept.

5. Dept. of Pediatrics, National Minami Wakayama

Medical Center

Many studies of acutely induced airway narrowing showed that an increase of frequency or power
of breath sounds were more sensitive sound parameter than wheezes.

Thus, changes of lung sounds

are expected to be good indicator of airway narrowing or control of asthma.

We evaluated if

differences in breath sounds may reflect the control status of asthmatic children.
Eighty asthmatic children (aged I 0.3 ± 3.0 years) underwent breath sound analysis when they had
no overt asthmatic symptoms, including wheezing and asthmatic fit.

Asthma control was assessed

by Asthma Control Test™ and divided into well controlled (scores were perfect) (n= J9) and not well
control led (scores were not perfect) (n=6 I) .

Breath sounds were recorded using two sensors, located

on right anterior chest and trachea.

Then chest wall sound transmission index (CWI) and tracheal

sound index (TRI) were calculated.

A new parameter, breath sound index (BSI) was calculated from

a 2-dimensional diagram of CWI and TRI.

As acoustic transfer characteristics of chest and tracheal

sound correlated well with the body size (Habukawa, Jpn J Clin Physiol 20 I I), we standardized the
data according to this estimation.
There was a significant difference of CWI and TR I between well-controlled and not
well-controlled groups (p < 0.00 I).

BSI had better discrimination accuracy between the two groups

(p < 0.00 I) than CWI or TRI alone.

Sensitivity and specificity of BSI on asthma contro l were

83 .6% and 84.2%, respectively.
Although our results are still preliminary, it will be possible to evaluate asthma control by a new
index calculated from breath sound analysis.
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Diagnosis of obstructive sleep apnea based on spectral features of tracheal breath sounds
during wakefulness

Davood Karimi and Zahra Moussavi
Biomedical Engineering Program, University of Manitoba, Winnipeg, MB RJT 5V6, Canada
Rationale- Obstructive sleep apnea (OSA) is mass ively underdiagnosed mainly due to the time
consuming and high-cost nature of the current assessments. This study aimed at developing a
new technique for OSA diagnosis based on short recordings of tracheal breath sounds during
wakefulness.
Methods - Tracheal breath sounds were recorded from 90 individuals during nose and mouth
breathing at their tidal flow rate in supine and upright postures. The apnea-hypopnea index
(AHI) of the subjects was detem1ined through the full-night polysomnography. Several spectral
features were computed from the power spectrum density of the sound signals. These features
were computed from different frequency bands: 150-450 Hz, 450-600 Hz, and 600-1200 Hz and
150-1200 Hz. The differences of these features between supine and upright breathing and
between nose and mouth breath ing were also calculated. Data from 60% of the non-OSA
(AHI <5) and severe OSA subjects (AHI> 30) were used to select the most significant features
that were statistically different between these two groups; data from the rest of the subjects were
used to evaluate the classification accuracy. Then, an exhaustive algorithm was used to select the
best combination of 3 characteristic features for diagnostic classification. The classification
method employed in this study was an ad hoc method based on voting from the individual 3
features.
Results - The best features included spectral centroid over both low ( 150-450 Hz) and high (6001200Hz) frequency bands, and signal ' s average power over 600-1200 Hz. These features,
extracted from different breath ing maneuvers and differences between the maneuvers, fom1ed
the best feature set. Having investigated many feature sets, overall, we found that that the
spectral features of breath sounds are correlated with AHI, and maybe used for OSA diagnosis.
The detailed classification results of the best 3 feature set for the population of this study are
shown in Table 1. If the goal is defined as diagnosing anybody with AHl> 15, then the proposed
method's sensitivity and specificity are 84% and 86%, respectively (Table l).
Conclusions - The results indicate that power spectral features of breath sounds collected during
wakefu lness have the potential to be used for OSA diagnosis. The accuracy of the method
decreases when classifying into fo ur classes with no gap between the AHI values, as expected . It
is likely that the classification error can be reduced by matching for anthropometric parameters
such as age, BMI, and gender.
TABLE 1. Classification Results
5<AHI <15
15 <AHI <30
IT rue/Assigned
I AHI<5 I
I
I AHI>30

I
I

I

6
8
I

I

0

IAH1 <5
I5<AH1 < 15

I
I

27

10

I
I

II5 <AHI <30
IAHI>30

I
I

4
0

1
3

I
I

2
2

I

6

I

3

I

0

I
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EVOLUTION OF CRACKLES IN A PATIENT WITH IDIOPATHIC PULMONARY FIBROSIS ON
PIRFENIDONE THERAPY
S.Ishikawa(1),s. Izumi(2),S.Kudoh(3),A.Vyshedskiy(4),R,L.Murphy(5),P.Lacamera(6)and
A. Ernst(?)
(1,6,7) Pulmonary & critical care, Steward St Elizabeth's Medical center, Boston,
MA, U.S.A
•
(2)
Dept. of Resp. Med., National center for Global Health, Tokyo, Japan
(3)
Fukujuji Hospital, Tokyo, Japan
(4,5)
Brigham & women's! Faulkner Hospital, Boston, MA, u.s.A.
sadaishi@massmed.org
we have been following a patient, diagnosed as idiopathic pulmonary
fibrosis(IPF) by lung biopsy for 2 years. on the first consultation(01-04,2010),
this 68 year old Japanese male engineer, with a history of heavy smoking, was
evaluated because of "crackles" heard on routine physical. He claimed he was able to
climb 4 flights without coughing.
on auscultation,dry crackles were heard on right base. Peak flow,500L/min,
FEV1 2.56, FVC 3.04L. Lung sounds recordin9s were made with Murphy's STG16, which
showed crackles on both bases, but of low 1ntensity. Therefore, close observation
was decided.
Six months later(06-29-2010) he returned, claiming shortness of breath on
stairclimbing. He had bilateral crackles, 1/3rd up on left, and 1/5th up on ri9ht.
Lung sounds recordings showed an increase of crackles, intensity and distribut1on.
FEVl decreased to 2.15, FVC 2.84L.
Transbronchial lung biopsy of right middle lobe showed sug9estive lesion of IPF.
Steroid therapy was started. Because of further deteriorat1on on steroid therapy,
Pirfenidone was prescribed( 11-25-2010). He returned to Boston a month
later(12-24-2010). Lung sounds recording showed high intensity of crackles on both
lower zones.
on Pirfenidone therapy for over a year, he returned to Boston for 4th
visit(01-16-2011). At that point he was able to climb stairs without difficulty. on
examination, chest was remarkably clear,crackles were heard only at the left base,
and right side was clear. Lung sounds recording confirmed presence of inspiratory
and expiratory crackles of lower intensity on left, right side was clear. FEV1
improved to 2.84, with FVC 3.08L.
Evolution of crackles coincided improved vital capacity as well as his
physical capacity. It is worth considering beneficial effect of Pirfenidone for IPF,
although this is only one case. Lung sounds recording was a valuable guide for this
patient's clinical course.

Characteristics of breathe sounds when asthmatic patients have wheezes or rumbling rhonchi.

Michiko Tsuchiya 1,

Yuk io Nagasaka 1,

Katsumi Murakami , 3

Chizu Habukawa

Takumi Minami 1,
4

I. Dept. of Pulmonary Medicine, Rakuwakai Otowa Hospital

Nationa l Fukuoka Medical Center

Terufumi Shimoda 2,

2. Dept. of Clinical Research,

3. Dept. of Pediatrics, Kinki University Sakai Hospital ,

4.

Dept. of Pediatrics, National Minami Wakayama Medical Center

Bronchial breath sounds are signs of airway inflammation in stable asthmatic patients (ILSA
2006), and we described breath sounds num ericall y by their power and frequency (I LSA 20 I I).

In

this st udy, we meas ured power and frequency of breath sounds when wheezes or rumblin g rhonchi
were heard.
Sixty eight cases of mild to moderate (Step2 & 3) adu lt asthmatics were studies whe n they had no
acute symptoms.

Patients breathe rather freely while recorded lung sounds.

We measured hi ghest frequency of inspiratory (HF I) and expiratory (HFE) lung sounds and
average sound power of low frequency range (LF: I 00 to 195 Hz) and compared power ratio of
expiratory and inspiratory breath sounds (E/1 LF) .
We determined the HF I and HFE as the point that intensity of lung so und was higher than -50
dBm , and lasting for more than 0.2 sec. .
spectrogram .

Wheezes were determined by auscu ltation and sound

Rumblin g rhonchi were determined by auscu ltatory finding.

Wheezes were observed in eight cases and rumblin g rhonchi were observed in ten cases.

Breath

sound of patients who wheezed showed higher H FE, H Fl and E/1 LF than those of without wheezes.
LSI and frequency was not different between patients with or without rumbling rhonchi.
Patients who wheezed had modest generalized airway narrowing beside critically narrow airways
that produce wheezes.

Presence or absence of rumbling rhonchi did not affect LSI or frequency ;

implying bronchial hyper-secretion did not co-exist with genera li zed airway narrowing.

We

conc lude that airway narrowing and bronchial hyper-secretion were independent phenomenon of
airway inflammation .

E/1 LF (mea n+/- SE)

HFE

HFI

HFE/HFI

Wheezes(-)

0.3 4 +/- 0.032

293 +/- 12.9

460 +/- 15

0.63 +/- 0.023

Wheezes(+)

0.43 +/- 0.077

404 +/- 41.8

515 +/-39.8

0.69 +/- 0.043

Rumble(-)

0.35 +/- 0.04 7

305 +/- 14.7

462 +/- 15 .9

0.64 +/- 0.024

Rumble(+)

0.33 +/- 0.089

312 +/-31 .8

485 +/- 30.5

0.62 +/- 0.039

Effect of respiratory flow measurement with a pneumotachograph
on tracheal breath sounds*
Davood Karimi and Zahra Moussav i
Abstract- Respiratory air flow and breath sounds are often
measured simultaneously in research studies on human
res piratory system . The goal of this stud y was to investigate the
effects
of
respiratory
flow
measurement
with
a
pneumotachograph on the spectral features of tracheal breath
sounds recorded simultaneously. Tracheal breath sounds were
recorded from eight male subjects in two experimental
sessions: with and without a pneumotachograph. The
recordings were performed for both tidal and deep breathing.
Power spectral density (PSD) of the each inspiration and
expiration phases of breath sound signals was estimated.
Several features were extracted from the estimated PSD and
the effect of the use of pneumotachograph on the value of these
features was examined using paired t-test. The results show
that the use of a pneumotachograph had no significant effect on
the spectral features of the breath sounds during deep
breathing but has significant effect durin g tidal breathing,
particularly in expiration phase.
I.

INTRODUCT IO

Breath sounds and respiratory fl ow are used extens ively
in stud y ing respiratory system fun ctio n and di sorders [ 1-3) .
Even tho ug h respiratory fl ow can be measured or estim ated
by indirect methods, fo r example by measuring chest o r
abdom ina l moveme nts (4) or by estim ating based on trac hea l
respi ratory sound s [5,6], direct measurement of respiratory
fl ow by means o f a pne um otac hograph is mo re re li able (4].
However, the re is a concern that the use of a
pne umo tac hograph may affect the subj ect' s breathing pattern .
For exampl e, a prev ious study has shown that th e use o f a
mas k and mouthpiece plus a nose-c lip or onl y a mas k
sig nificantl y in creases the tida l vo lum e [7].

breathing. The order of these two tri als, i.e. tidal breathing
and deep breathing was cha nged ra ndomly fro m subj ect to
subj ect. For each of the two fl ow rates, the trial co ns isted of
fiv e complete breathing cyc les ( in spiratio n and expiration).
To have a co ntrolled fl ow rate, the subjects were instructed
for breathing by hand mo ving up and down with the sam e
speed thro ugh th e experim ent. This ensured that the durati on
of th e breath remained the same thro ugho ut the reco rding,
and th at during deep breathing not onl y the vo lum e but also
the fl ow rate in creased compared to tid al breathing. The
subj ects we re as ked to wear a nose clip during both
ex perim ents to ensure th at they breathed o nly thro ugh th e ir
mo uth. The sounds we re co llected by an EC M778 Sony
mi croph one e mbedded in a small c hamber a ll ow ing 2 mm
space betwee n the micro pho ne and the skin , placed over th e
suprasterna l notch of trac hea w ith a do ubl e s ided adh es ive
ta pe . T he s ig na l from the microph o ne was band-pass filtered
(0 .05-5 000 Hz), amplified, a nd recorded on a lapto p
co mputer at a sampling rate of I 0240 Hz.

B. Analysis
The inspiratory and expiratory ph ases of each breath
sound s igna l we re first separated . T hi s was do ne manua lly by
pl otting th e logarithm o f variance of the so und s ig na l, whic h
is a functi o n of fl ow rate (F ig ure I).

T he goa l of thi s study was to in vestigate w heth er the use
of a pneumotachogra ph to measure res pirato ry fl ow wo uld
affect the spectra l characteristics of th e breath sounds
measured s imultaneous ly o ver trac hea.
n me(s)

II.

M ETHODS
Inspirat ion

A.

eKplrati on

Data recording

Trac hea l breath sounds were reco rded fro m 8 subj ects (a ll
ma le, aged 23 to 34 years) in two ex pe rim e nta l sess ions:
I. breathing thro ug h a mo uth pi ece pne umotac hograph ,
2. mo uth breathing w ithout a pne um otac hograph
In each recording, the subj ect, w hil e s itting uprig ht,
breathed at their no rma l fl ow rate (tidal) as we ll as deep
*Resrach suppo ned by NSERC and TRLabs, W innipeg, Canada .
Z . Moussavi is w ith th e Electrica l and Co mputer Eng inee rin g
Depanment, Unive rs ity o f Manitoba, Winnipeg, MB , R3T-5V6 Canada, ph :
204-4 74-7023 ; fax : 204-26 1-4639 ; e-ma il : mo ussavi@ ee .umanito ba .ca.
D. Karimi is wi th the Electrical and Comp ute r Eng inee rin g De parlme nt,
Un ive rsity of Mani toba, Wi nnipeg, MB , R3T-5V6 Canada .
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nme(s)

Fig ure I. T he spectrogram of an exa mpl e breath so und (top) and th e
loga rithm of so und variance used to se parate the phases (bottom ).

To ensure th at the sound signal was stationary, only the
part of each in spirati on or expirati on phase for whi ch the
fl ow rate was at least 60% of the max imum fl ow for that
phase was se lected. Fo r each respiratory ph ase, the fo llowing
steps were perfo rm ed in seq uence to compute the des ired
feat ures:
I. In order to minimi ze the effect of pl ausibl e
di ffe rences in respiratory fl ow between the tri als, the signals
were norm ali zed by di viding each signal by its standard
dev iati on.
2. The power spectral density (PSD) of the signal was
estim ated in the frequency range of 150-1 200 Hz using th e
Welch meth od [8] with a Hammin g window of length 80 ms
and 50% overlap. The choice of th e window length was mad e
by tri al and error. Windows of length 80 ms prov ided a good
comprom ise between the smoothn ess of th e estim ated PSD
and its frequ ency reso lution.

3. From the estim ated PSD, th e fo ll ow ing feat ures were
com puted.

breath cyc les. After computin g the features for each
in spiration and expiration ph ases, th ey were averaged among
di ffere nt breaths to obtain one feature value for inspirati on
and one for expirati on.
Therefore, a total of 136 fea tures were computed for each
subj ect, 78 from th e recording with pn eum otachograph and
78 from the reco rding without pneum otachograph . Paired ttest was used to co mpare these 78 pairs of features to
examine if the use of pn eum otachograph had a significant
effect on the value of each fea ture. Outliers, defin ed as
fea ture va lues th at were more than two standard dev iati ons
fro m th e mean va lue were di scarded before performing the ttest. The null hypothes is for the paired t-test was that th e
va lue of the feature was equal between th e two recordings.
Ill. R ES ULTS
Figures 2 to 5 show th e estim ated PSD for di fferent
ex perim ental conditi ons. The pl ots shown in these fi gures are
averages of the estim ated PSD for all eight subj ects.

Signal's power over fo ur frequ ency band s

- With
Pneumotachograph
Without Pneumotachograph

Spectral centroid - Eq. I ; it identifi es the location of
major peaks.
L f.P(f)b.f
L P(f)b.f

(I)

In equation ( I ) and the fo llow ing equati ons, P(f ) is
th e estim ated PSD and f is th e frequency.
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Frequency (Hz)

Spectral bandwidth - Eq. 2 ; it gives a meas ure of th e
spread of freq uency components of the signal aroun d
th e spectral centroid
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L P(f)b.f

(2)

Figure 2. Estimated PSD for inspiration phase of tida l breathin g.
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0)

Spectral fl atn ess - Eq. 3; it quantifi es how tone-like a
signal is, as opposed to be ing no ise-like.
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Crest facto r - Eq. 4 ; it is anoth er measure of tonali ty
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In thi s equ ati on, fu and [ 1 re prese nt the upper and
lower Iim its of the g iven freq uency band.
Spectral fl atness and crest facto r were computed only for
the entire frequency band of 150-1 200 Hz. Signal's power,
spectral centro id , and spectra l bandw idth were computed for
the band of 150-1 200 Hz as wel l as fo r three su b-bands: 150450 Hz, 450-600 Hz, and 600- 1200 Hz. The choice of subband s was prim arily based on a visual in specti on of th e
diffe rence between the PSDs. In additi on, the relati ve signal
powe r for each of th ese three sub-band s was co mputed by
di viding the signal power in th at sub-band by th e signal
power in the band of 150- 1200 Hz. As menti oned befo re,
each breath sound signal conta in ed three to fi ve complete
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Fi gure 4. Estimated PSD for inspiration phase of deep breathing.

t 200

10

2

-With
Pneumotachograph
Without Pneumotachog111 h

1o;'oo
~-:-::
200
~-c3:-!o-o:--400
:7:-----:s~----=
oo a~--=
oo 7oo
!-:----=:aoo
=--:-::~-:-:!==-~o::-~
1200
Frequency (Hz)

Fi gure 5. Estimated PSD for expiration phase of deep breathing.

Paired Student's t-test showed that, at 95% confidence
level, a total of II features were statistically different
between the two recordings. Interestingly , all of these
features belonged to tidal breathing. Moreover, and equally
interesting, I 0 of these features belonged to the expiration
phase. The following is the list of these II features:
From expiration phase of tidal breathing:
I. Spectral bandwidth of 150-450 Hz band
2. Spectral bandwidth of 150-1200 Hz band
3. Spectral centroid of 450-600 Hz band
4. Spectral centroid of 450-1200 Hz band
5. Signal power in 150-450 Hz band
6. Signal power in 150-1200 Hz band
7. Relative signal power in 150-450 Hz band
8. Relative signal power in 450-600 Hz band
9. Relative si gnal power in 600-1200 Hz band
I 0. Spectral flatness of 150-1200 Hz band
From inspiration phase oftidal breathing:
I I.

Spectral centroid in 450-600 Hz band

IV . DI SCUSS ION
The results of the analysis clearly show that the use of
pneumotachograph did not have a significant effect on the
PSD of breath sound signals during deep breathing. However,
the pneumotachog raph did have a significant effect on the
PSD of the breath sounds in tidal breathing. These results can
al so be seen vi sually in the PSD plots shown in Figures 2 to
5.
It may be poss ible to justify these observations based on
the phys ics of breathing. Practically , the pneumotachograph
acts as an additional resistance in the upper airway . When the
respiratory air flow is high , the pressure drop in the upper
airway and trachea is much higher and the effect of the
pneumotachograph becomes less pronounced in comparison .
However, in tidal breathing, the pressure drop across the
upper airway and trachea is lower and the effect of the
resistance created by the pneumotachog raph becomes more
sig nificant. Therefore, there is no surpri se that the results
show a significant effect for the use of a pneumotachograph
during tidal breathing but not during deep breathing.
The results also showed that the effect of
pneumotachograph was much more pronounced in the
expiration phase of tidal breathing. This is an expected result
because inspiration is the active phase of breathing, whereas
expiration is the passive phase. During inspiration , the

diaphragm and intercostal muscles contract and pressure
builds up in the pleural cavity , making it an active phase.
Expiration , however, is the release of the pressure that has
been built up in the pleural cavity and is associated with the
relaxation of the diaphragm and intercostal muscles.
Therefore, using the same logic as in above paragraph , it is
fair to expect that the pneumotachograph will have a more
pronounced effect on expiration than on inspiration .
Overall , the results suggest that in studies that require
s imultaneous measurement of respiratory flow and breathing
sounds, measurements should be carried out at deep
respiratory flow rate. At tidal respiratory flow , breathing
sounds are influenced by the pneumotachograph. This is
particularly more significant for the expiration phase.
Therefore, if measurements are carried out at tidal breathing,
inspiration phases of the breathing sounds are less affected
and it is preferred to use them for analysis. It should be noted
that the results of this study are based on data from eight
subjects, all male, with little variability in age. This may limit
generalizati on of the results of this study to a more diverse
populati o n.
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CARDIAC RESPONCE TO RESPIRATION
sadamu Ishikawa(1),Andrey Vyshedskiy(2),Raymond L.H Murphy(3) and Armin Ernst(4)
(1,4) Pulmonary & critical care, steward St Elizabeth's Medical center, Dept. of •
Medicine, Tufts university school of Medicine, Boston, MA, USA
(2,3) Brigham & womens'/ Faulkner Hospital, Boston, MA, USA
sadaishi@massmed.org
It has been said that the heart beat becomes slower on inspiration. when one
takes a deeper breath, more negative pressure within the chest is generated which
leads to more blood returning to the left ventricle, hence a delay of the next heart
beat. we used a 2 channel ECG/ Lung sound to simultaneouly record ECG and Tracheal
sounds. ECG('QRS') was used to identify heart beat and lung sound tracings was used
to monitor breathing.
All recordings were done at sitting position. Two ECG
el ectrodes were mounted on anterior chest at a the level of 3rd intracostal space on
both sides of sternum, and the 3rd electrode on the lower part of the left side of
the chest. Tracheal sounds were recorded while listning by stethoscope on the neck .
Af ter 2 or 3 regular breathings, the subject was instructed to take a deep breath
and hold for few seconds. Recordings of ECG and trachael sounds were made during
that period. In order to ensure reproducibility, the same maneuvor and recordings
were made 4 times on each subject at one sitting. Measurements of QRS interval of 2
beats during inspiration, and QRS interval of 2 beats just before inspiration were
made.
Thirty-three nonsmoking subjects showed lar~er 2 QRS intervals during
inspiration (47 msec.) comparing to shorter, 2 QRS 1ntervals ( 34 msec.), and the
ratio was 1.34. Four subjects had 3 visits of 4 recording sessions. The ratios were
averaged at 1.34, 1,43, 1.53,and 1.33.
six subjects who were known to have cOPD, there were no significant of 2 QRS
intervals during inspiration (37 msec.) and before the inspiration (36 msec), and
ratio was 1.03.
There was a clear evidence of slowing of heart beat during deep inspiration
in a healthy non-smoking subject which was not observed in a subject with COPD.
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