
ISSN 1806-3713© 2019 Sociedade Brasileira de Pneumologia e Tisiologia

ABSTRACT
Objective: To investigate the accuracy of chest auscultation in detecting abnormal 
respiratory mechanics. Methods: We evaluated 200 mechanically ventilated patients 
in the immediate postoperative period after cardiac surgery. We assessed respiratory 
system mechanics - static compliance of the respiratory system (Cst,rs) and respiratory 
system resistance (R,rs) - after which two independent examiners, blinded to the 
respiratory system mechanics data, performed chest auscultation. Results: Neither 
decreased/abolished breath sounds nor crackles were associated with decreased 
Cst,rs (≤ 60 mL/cmH2O), regardless of the examiner. The overall accuracy of chest 
auscultation was 34.0% and 42.0% for examiners A and B, respectively. The sensitivity 
and specificity of chest auscultation for detecting decreased/abolished breath sounds or 
crackles were 25.1% and 68.3%, respectively, for examiner A, versus 36.4% and 63.4%, 
respectively, for examiner B. Based on the judgments made by examiner A, there was 
a weak association between increased R,rs (≥ 15 cmH2O/L/s) and rhonchi or wheezing 
(ϕ = 0.31, p < 0.01). The overall accuracy for detecting rhonchi or wheezing was 89.5% 
and 85.0% for examiners A and B, respectively. The sensitivity and specificity for 
detecting rhonchi or wheezing were 30.0% and 96.1%, respectively, for examiner A, 
versus 10.0% and 93.3%, respectively, for examiner B. Conclusions: Chest auscultation 
does not appear to be an accurate diagnostic method for detecting abnormal respiratory 
mechanics in mechanically ventilated patients in the immediate postoperative period 
after cardiac surgery.

Keywords: Diagnostic tests, routine; Physical examination; Respiratory sounds; 
Respiratory mechanics; Data accuracy; Respiration, artificial.
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INTRODUCTION

Chest auscultation performed with a traditional 
(acoustic) stethoscope is a practical, inexpensive 
method of diagnosing and monitoring abnormalities 
of the respiratory system in clinical practice.(1-3) 
Although routinely used by health care professionals 
for the evaluation of patients with cardiopulmonary 
disorders, chest auscultation has some important 
limitations: it is a subjective tool; it requires good 
hearing acuity and a high level of experience on the 
part of the health care professional in order to detect 
adventitious sounds(4); the nomenclature for respiratory 
sounds is not standardized(5); acoustic stethoscopes 
are not ideal instruments to detect respiratory sounds 
because they can modify sounds within the spectrum of 
clinical interest(6); and there is significant interobserver 
variability.(7) Despite those limitations, chest auscultation 
is presently applied to assess the respiratory function 
of mechanically ventilated patients and the findings are 
therefore employed in the decision-making process for 
patient care. However, abnormal respiratory sounds 

might not reflect impaired respiratory function or 
abnormal respiratory mechanics, and abnormalities in 
respiratory mechanics do not necessarily translate into 
audible sounds. Therefore, chest auscultation might 
not provide accurate information about the mechanical 
properties of the respiratory system. 

We hypothesized that chest auscultation findings 
would not show an association with the mechanical 
properties of the respiratory system in mechanically 
ventilated patients. Therefore, the aim of this study was 
to investigate the accuracy of chest auscultation as a 
diagnostic method to detect abnormalities in respiratory 
mechanics in mechanically ventilated patients in the 
immediate postoperative period after cardiac surgery.

METHODS

This was a cross-sectional study conducted at the 
Cardiac Surgery ICU of the Instituto de Cardiologia 
do Distrito Federal, in the Federal District of Brasília, 
Brazil. The local research ethics committee approved the 
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study protocol, and all of the patients evaluated gave 
written informed consent prior to undergoing surgery.

From among consecutive adult patients undergoing 
cardiac surgery between January of 2013 and December 
2013, we recruited 200 to participate in this study. 
We applied the following inclusion criteria: undergoing 
cardiac surgery for definitive or palliative treatment 
of heart disease, with or without cardiopulmonary 
bypass; having a Ramsay sedation scale score of 6; 
requiring continuous mechanical ventilation (volume- or 
pressure-controlled modes); and not receiving any 
vasoactive medication at the time of data collection. 
Patients who declined to participate in the protocol 
were excluded, as were those who were sent to 
the ICU with an open chest and those in whom the 
ventilator weaning process had already begun. The 
study design is shown in Figure 1.

Protocol
After the first 20 min of the immediate postoperative 

period, beginning at the arrival of the patient in 
the ICU, we assessed the mechanical properties of 
the respiratory system, after which we performed 
chest auscultation. The mechanical properties of the 
respiratory system were evaluated by end-inspiratory 
occlusion,(8) with patients in the supine position and 
without triggering the mechanical ventilator (Evita 
2 or Evita 4; Dräger Medical, Lübeck, Germany). 

The following ventilator settings were used for 
the assessment of respiratory system mechanics: 
volume controlled continuous mandatory ventilation; 
a constant inspiratory flow rate (60 L/min); a tidal 
volume of 8 mL/kg (of the ideal weight); a positive 
end-expiratory pressure (PEEP) of 8 cmH2O; an FiO2 
sufficient to maintain peripheral oxygen saturation 
above 95%; and an end-inspiratory pause of 3 s. 
To detect auto-PEEP, end-expiratory occlusion was 
performed.(9) Static compliance of the respiratory 
system (Cst,rs) was obtained by the following formula:

tidal volume ∕ elastic recoil pressure − [PEEP + 
auto-PEEP]

To obtain the respiratory system resistance (R,rs), 
we used this formula:

[peak inspiratory pressure − elastic recoil pressure] 
∕ flow rate

Reference values for Cst,rs and R,rs(10) were adopted, a 
Cst,rs < 60 mL/cmH2O being considered below normal and 
an R,rs ≥ 15 cmH2O/L/s being considered above normal. 

After the assessment of respiratory system 
mechanics had been completed, chest auscultation 
was performed by two highly experienced ICU health 
care professionals (a physician and a physiotherapist), 
both of whom were blinded to the mechanics data 
and were working independently. The auscultation 
was performed with patients in the same position 

R,rs ≤ 15 cmH2O/L/s

Cst,rs ≥ 60 mL/cmH2O

Normal

R,rs > 15 cmH2O/L/s

Cst,rs < 60 mL/cmH2O
Abnormal

R,rs ≤ 15 cmH2O/L/s

Cst,rs ≥ 60 mL/cmH2O
Normal

R,rs > 15 cmH2O/L/s

Cst,rs < 60 mL/cmH2O
Abnormal

True negatives False negatives False positives True positives

Assesment of respiratory
mechanics

Normal chest auscultation

Assesment of respiratory
mechanics

Abnormal chest auscultation

Chest auscultation (n = 200)

Patients undergoing cardiac surgery
assessed for eligibiliy (n = 232)

Excluded (n = 32)
- Ramsay < 6 (n = 5)
- Hemodynamic instability (n = 7)
- Open chest (n = 2)
- Spontaneous breathing (n = 5)
- No consent (n = 13)

Figure 1. Study design. Cst,rs: static compliance of the respiratory system; and R,rs: respiratory system resistance.
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and with the same ventilator settings used in the 
previous assessment of the mechanical properties of 
the respiratory system (without the end-inspiratory 
pause), and both professionals used the same 
stethoscope (Littmann Classic II; 3M, St. Paul, MN, 
USA). To ensure consistency between the examiners, 
the skin was marked, on both sides, at the following 
sites: on the upper chest in the second intercostal 
space, along the midclavicular line; on the lateral chest 
between the fourth and fifth intercostal spaces, along 
the midaxillary line; and on the lower chest between 
the seventh and eighth intercostal spaces, along the 
midaxillary line. (11) Abnormal chest auscultation findings 
were defined as any abnormal sound (decreased 
breath sounds, crackles, rhonchi, or wheezing) heard 
at one or more of the six sites marked. Because the 
waveform analysis of the mechanical ventilator could 
influence examiner impressions, thereby skewing the 
chest auscultation results, examiners were instructed 
not to look at the mechanical ventilator display 
while they performed chest auscultation. Normal or 
decreased breath sounds and crackles were considered 
to be related to the lung parenchyma or chest wall, 
whereas rhonchi and wheezing were considered 
airway-related sounds.

Statistical analysis
The sample size calculation was performed by using 

PASS software, version 11.0 (NCSS, LLC, Kaysville, 
UT, USA), with the following parameters: diagnostic 
test sensitivity of 80%; a diagnostic test specificity of 
90%; a 5% probability of a type I error; a diagnostic 
test power of 80%; and a 60% prevalence of abnormal 
respiratory system mechanics in the immediate 
postoperative period after cardiac surgery. Thus, the 
minimum sample size necessary was determined to 
be 178 subjects.

Student’s t-tests for independent samples were used 
in order to determine whether Cst,rs and R,rs were 
abnormal depending on how they were classified by 
each examiner on the basis of the chest auscultation 
findings. Chi-square tests or Fisher’s exact tests were 
used in order to identify associations between chest 
auscultation variables and those related to respiratory 
mechanics. The accuracy of chest auscultation in 
representing alterations of the mechanical properties 
of the respiratory system was expressed as sensitivity, 
specificity, positive likelihood ratio, and negative 
likelihood ratio. Cohen’s kappa statistic (κ) was 
determined in order to assess the interobserver 
agreement in chest auscultation, and the phi coefficient 
(ϕ) was calculated in order to test the strength of 
the correlations between the auscultation findings 
and the respiratory mechanics. Continuous variables 
are expressed as mean ± standard deviation, and 
categorical variables are expressed as absolute and 
relative values unless otherwise stated. Statistical 
analyses were performed with the SPSS Statistics 
software package, version 17.0 (SPSS Inc., Chicago, 
IL, USA), and the significance level was set at 5%.

RESULTS

We evaluated 200 patients (116 men) in the 
immediate postoperative period after cardiac surgery. 
Among the patients evaluated, the mean age was 56.9 
± 11.7 years and the mean body mass index was 
26.8 ± 4.1 kg/m2. The cardiac surgery procedures and 
patient respiratory comorbidities are shown in Table 1. 

In the study sample, the mean Cst,rs was 50.1 ± 
18.3 mL/cmH2O, and 41 (20.5%) of the 200 patients 
had a Cst,rs value ≥ 60 mL/cmH2O. According to 
examiner A, 147 (73.5%) of the patients had normal 
sounds related to the lung parenchyma or chest 
wall and Cst,rs did not differ between the patients 
in whom such sounds were classified as normal and 
those in whom they were classified as abnormal 
(49.6 ± 18.3 mL/cmH2O vs. 50.9 ± 22.7 mL/cmH2O; 
p = 0.65). Examiner B categorized 127 (63.5%) of 
the patients as having normal sounds related to the 
lung parenchyma or chest wall and observed no 
significant difference in Cst,rs, regardless of whether 
those sounds were classified as normal or abnormal 
on chest auscultation (49.7 ± 18.8 mL/cmH2O vs. 
50.3 ± 17.5 mL/cmH2O; p = 0.82). The Cst,rs data 
related to examiner A and examiner B are shown in 
Figures 2A and 2B, respectively.

In the study sample, the mean R,rs was 9.3 ± 3.8 
cmH2O/L/s and the R,rs was increased in 20 (10.0%) 
of the 200 patients. Examiner A found that the R,rs 
was significantly lower in the patients with normal 
auscultation than in those in whom there was rhonchi 
or wheezing (9.1 ± 3.6 cmH2O/L/s vs. 12.5 ± 4.9 
cmH2O/L/s; p < 0.01). Examiner B categorized 187 
(93%) of the patients as presenting no airway-related 
sounds and observed no significant difference in R,rs, 
regardless of whether those sounds were classified 
as normal or abnormal on chest auscultation (9.3 ± 
3.8 cmH2O/L/s vs. 8.4 ± 3.7 cmH2O/L/s; p = 0.35). 
The R,rs data related to examiner A and examiner B 
are shown in Figures 2C and 2D, respectively.

Regarding Cst,rs, the false-positive rates were 31.7% 
and 36.5% for examiners A and B, respectively, 
compared with 74.8% and 63.5%, respectively, for 

Table 1. Cardiac surgery procedures and patient respiratory 
comorbidities.

Variable (N = 200)
Cardiac surgery procedures, n (%)

Myocardial revascularization 139 (69.5)
Heart valve replacement 50 (25.0)
Aortic repair 5 (2.5)
Atrial septal repair 3 (1.5)
Heart valve repair 2 (1.0)
Intracardiac tumor resection 1 (0.5)

Respiratory comorbidities, n (%)
None 141 (70.5)
Nicotine addiction 52 (26.0)
COPD 5 (2.5)
Tuberculosis sequelae 2 (1.0)
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the false-negative rates. decreased/abolished breath 
sounds nor crackles were associated with decreased 
Cst,rs, regardless of the examiner (Table 2). When 
diminished breath sounds and crackles were analyzed 
separately, decreased Cst,rs was not associated with 
either (p = 0.71 and p = 0.37, respectively, for 
examiner A; and p = 0.39 and p = 0.86, respectively, 
for examiner B).

For R,rs (Table 3), examiners A and B had false-
positive rates of 3.8% and 6.6%, respectively, and 
false-negative rates of 70% and 90%, respectively. 
As can be seen in Table 3, there was a weak positive 
association between rhonchi/wheezing, as reported 
by examiner A, and increased R,rs (ϕ = 0.31; p < 

0.01), although no such association was observed 
for examiner B (ϕ = 0.03; p = 0.63). In addition, 
airway-related sounds were not associated with the 
presence of auto-PEEP (p = 0.41 and p = 0.46 for 
examiners A and B, respectively).

When performed by examiner A, chest auscultation 
had a sensitivity and specificity of 25.1% and 68.3%, 
respectively, for the detection of abnormal sounds 
related to the lung parenchyma or chest wall and of 
30.0% and 96.1%, respectively, for the detection of 
abnormal airway-related sounds. When performed 
by examiner B, chest auscultation had a sensitivity 
and specificity of 36.4% and 63.4%, respectively, for 
the detection of abnormal sounds related to the lung 

Figure 2. A and B: static compliance of the respiratory system (Cst,rs); C and D: respiratory system resistance (R,rs). 
Open circles represent individual values of Cst,rs and R,rs; open diamonds represent individual values of Cst,rs and R,rs 
when examiners classified chest auscultation as normal; open triangles represent individual values of Cst,rs and R,rs 
when examiners classified chest auscultation as abnormal; dotted horizontal lines mark the cut-off values for Cst,rs (≥ 
60 mL/cmH2O) and R,rs (≤ 15 cmH2O/L/s); and solid horizontal lines are the mean Cst,rs and R,rs values for each chest 
auscultation classification.

Table 2. Association between sounds related to the lung parenchyma or chest wall and static compliance of the 
respiratory system.

Variable Cst,rs (mL/cmH2O) p ϕ ϕ p
< 60 ≥ 60

(n) (n)
Decreased breath sounds, abolished breath sounds, 
or crackles

Examiner A
Yes 40 13 0.39 0.03 0.66
No 119 28

Examiner B
Yes 58 15 0.99 0 0.99
No 101 26

Cst,rs: static compliance of the respiratory system; and ϕ: phi coefficient.
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parenchyma or chest wall, compared with 10.0% and 
93.3%, respectively, for the detection of abnormal 
airway-related sounds. Other values related to the 
accuracy of chest auscultation in detecting abnormal 
respiratory mechanics are shown in Table 4.

In 177 patients, the two examiners agreed that 
there were no airway-related sounds, whereas they 
agreed that there were airway-related sounds in 4 
patients. However, examiner A categorized 9 patients 
as presenting airway-related sounds, whereas examiner 
B categorized those same patients as not presenting 
such sounds. Similarly, examiner A categorized 10 
patients as not presenting airway-related sounds, 
whereas examiner B categorized those same patients 
as presenting such sounds. For airway-related 
sounds, there was fair agreement between the two 
examiners (κ = 0.245; 95% CI: 0.040 to 0.512; p 
< 0.01). For sounds related to the lung parenchyma 
or chest wall, the two examiners agreed regarding 
the detection of normal sounds in 94 patients and 
regarding the detection of abnormal sounds in 20 
patients. However, in 33 patients, the sounds related 
to the lung parenchyma or chest wall were classified 
as abnormal by examiner A and normal by examiner 
B. In another 53 patients, such sounds were classified 
as normal by examiner A and abnormal by examiner 
B. For sounds related to the lung parenchyma or 
chest wall, there was no agreement between the two 

examiners (κ = 0.015; 95% CI: −0.123 to 0.164; 
p = 0.82).

DISCUSSION

Here, we have provided data on the utility of chest 
auscultation for detecting mechanical abnormalities 
of the respiratory system in mechanically ventilated 
patients in the immediate postoperative period after 
cardiac surgery. We showed that neither the presence 
nor the absence of abnormal respiratory sounds 
was associated with mechanical abnormalities of 
the respiratory system, and that chest auscultation 
failed to accurately identify patients with abnormal 
respiratory mechanics. 

Less than one third of the patients evaluated in the 
present study had lung disease or were addicted to 
nicotine prior to undergoing surgery. Such patients 
could present some degree of abnormality in respiratory 
mechanics. In fact, in the immediate postoperative 
period, Cst,rs was decreased in 79.5% of those patients 
and R,rs was increased in 10.0%. 

Mechanical abnormalities of the respiratory system 
are well established in patients undergoing cardiac 
surgery.(12,13) A reduction in Cst,rs can be attributed 
to surgery-related events affecting the elastic 
recoil pressure of the respiratory system, such 
as cardiopulmonary bypass and an inflammatory 
reaction to extracorporeal circulation(14); the effects 

Table 3. Association between airway-related sounds and respiratory system resistance.
Variable R,rs (cmH2O/L/s) p ϕ ϕ p

≥ 15 < 15
(n) (n)

Rhonchi or wheezing Examiner A
Yes 6 7 < 0.01a 0.31 < 0.01
No 14 173

Examiner B
Yes 2 12 0.63a 0.03 0.57
No 18 168

R,rs: respiratory system resistance; and ϕ: phi coefficient. aFisher’s exact test.

Table 4. Accuracy, sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio for chest auscultation in 
detecting abnormal respiratory mechanics.

Examiner Accuracy Sensitivity Specificity LR+ LR−
Variable (%) % (95% CI) % (95% CI) Ratio (95% CI) Ratio (95% CI)

A
Decreased breath 
sounds, abolished 
breath sounds, or 
crackles

34.0 25.2 (21.5-28.3) 68.3 (54.1-80.6) 0.8 (0.4-1.4) 1.1 (0.9-1.4)

Rhonchi or wheezing 89.5 30.0 (13.9-46.7) 96.1 (94.3-98) 7.7 (2.4-22.8) 0.7 (0.5-0.9)
B

Decreased breath 
sounds, abolished 
breath sounds, or 
crackles

42.0 10.0 (1.8-28.6) 93.3 (92.4-95.4) 0.9 (0.6-1.7) 1.0 (0.7-1.3)

Rhonchi or wheezing 85.0 79.5 (71.2-86.2) 20.5 (15.7-24.7) 1.5 (0.2-6.2) 0.9 (0.7-1.0)
LR+: positive likelihood ratio; and LR−: negative likelihood ratio.
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of muscle paralysis and anesthesia(15); sternotomy, 
small airway closure, and lung volume reduction(16); 
and the effects of pulmonary circulation on lung 
parenchyma stability. (17) The increase in R,rs may 
be due to several factors, such as secretion or fluid 
accumulation in the airway, airway edema, and time 
constant inequalities.(18)

The main finding of the present study was that chest 
auscultation has low accuracy in detecting abnormal 
respiratory mechanics in mechanically ventilated 
patients in the immediate postoperative period after 
cardiac surgery. Although examiner A had 89.5% 
accuracy in detecting increased R,rs, the mean R,rs 
among the patients in whom examiner A classified 
the airway-related sounds as abnormal was 12.5 ± 
4.9 cmH2O/L/s (below the cutoff value for increased 
R,rs), which could therefore be a false-positive result. 

The lack of an association between respiratory 
mechanics and chest auscultation could be attributed 
to technical and physiological factors. From a technical 
point of view, the respiratory sound spectrum can be 
modulated along its path from the sound source to 
the auditory cortex of the health care professional. 
That phenomenon is related to the unsuitability of 
acoustic stethoscopes as instruments for detecting 
respiratory sounds, because they can amplify and 
attenuate sound transmission within the spectrum of 
interest,(6) as well as to the fact that the chest wall 
can reduce the amplitude of sound transmission.
(19) From a physiological perspective, respiratory 
sounds are generated in the large airways and in 
the tissues of the lung parenchyma/chest wall, 
being dependent on the airflow pattern, large airway 
patency, lung tissue stiffness/stability, permeability 
of the small airways, and the propensity of the 
airways to collapse.(20) Although the mechanisms 
of airway-related sound generation have yet to be 
fully elucidated, they clearly involve the movement 
of secretions, vibration of the airway walls,(21) and 
airflow limitation.(22,23) During the assessment of 
respiratory mechanics and the chest auscultation 
protocols, we administered air at a high flow rate (60 
L/min), which could have favored the generation of 
sounds in the large airways. It can be argued that 
chest auscultation is still useful for detecting certain 
mechanical abnormalities of the respiratory system, 
such as airflow limitation. Kress et. al.(24) found that 
inspection/palpation and auscultation of the chest 
had a sensitivity, specificity, positive predictive value, 
and negative predictive value of 51%, 95%, 96%, 
and 46%, respectively, for detecting intrinsic PEEP 
(i.e., auto-PEEP) in mechanically ventilated patients. 
The difference between the findings of those authors 
and our findings, regarding the sensitivity of chest 
auscultation in detecting abnormal airway mechanics on 
the basis of airway-related sounds, could be explained 
by a number of factors: differences in the ventilator 
modes and settings employed; different levels of 
PEEP administered; and the fact that those authors 

instructed examiners to listen for specific sounds 
related to airflow limitation, whereas we did not.

Crackles are likely generated by sudden opening 
and closing of airways.(25) Therefore, the examiners 
heard crackles whenever critical airway opening and 
closing pressures were reached. In cases of unstable 
lung parenchyma with time constant inequalities, some 
airways can be completely or partially open while 
others remain closed. If critical opening and closing 
pressures are not reached, there will be increases 
in peak inspiratory pressure and in the dissipation 
of pressure against the viscoelastic components of 
the respiratory system, whereas Cst,rs will probably 
decrease. In that situation, neither inspiratory nor 
expiratory crackles will be heard because the closed 
airways will remain closed and air will flow only through 
the open airways. In addition, whenever the critical 
opening pressure of a closed airway is reached, the 
pressure propagates deeper into the respiratory tree 
and the subsequent airway will open if its critical 
opening pressure is reached. This phenomenon leads 
to an avalanche of airway openings involving a large 
number of alveolar units. Because that process will 
increase the lung volume, the pressure will decrease. (26) 
Consequently, there will be tidal recruitment, which 
can lead to overestimation of the Cst,rs. That might 
explain, at least in part, the lack of an association 
between crackles and low Cst,rs in the present study. 
We should also consider that by applying a PEEP of 
8 cmH2O, we could have, at least to some degree, 
increased Cst,rs and stabilized the lung parenchyma in 
some patients. Nevertheless, given that the PEEP was 
not titrated but was applied as a protocol, mechanical 
abnormalities in the lung periphery were still present 
in the majority of the patients evaluated.

In the present study, we found fair interobserver 
agreement in the evaluation of airway-related sounds 
and no interobserver agreement regarding sounds 
related to the lung parenchyma or chest wall. These 
results are in accordance with those reported in 
infants and adults during spontaneous breathing. (27,28) 
In another study of individuals evaluated during 
spontaneous breathing, Sapiteri et al.(29) demonstrated 
moderate interobserver agreement for wheezing, 
reduced breath sounds, and crackles, although the 
authors did not provide the 95% confidence interval 
values for the kappa statistics.

Many factors can influence the characteristics of 
breath sounds in mechanically ventilated patients 
(e.g., auscultation sites, subject positioning, body 
size, airflow waveform, and breathing pattern), 
thus modifying examiner perception of respiratory 
sounds. Because the two examiners in the present 
study performed chest auscultation under essentially 
the same conditions (same auscultation sites, same 
stethoscope, and same ventilator settings) and in rapid 
succession, we believe that the lack of agreement is 
inherent to the chest auscultation technique itself; 
low-to-moderate agreement in chest auscultation 
occurs even among the most experienced examiners.(30)

J Bras Pneumol. 2019;45(5):e201800326/8
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This study has some limitations. First, we evaluated 
patients only in the immediate postoperative period 
after cardiac surgery. Therefore, it would be interesting 
to assess the accuracy of chest auscultation in a 
population of individuals showing different degrees of 
mechanical abnormalities of the respiratory system. In 
addition, we did not analyze the subgroup of patients 
with respiratory disease prior to surgery separately, 
because they represented only a small proportion of 
our study sample. Furthermore, it is well known that 
the mechanical properties of the respiratory system, 
including the lungs and chest wall, are modified 
by the inspiratory flow rate, inspiratory time, and 
inspiratory volume.(31) Therefore, one could argue that 
such variables play a major role in determining the 
site at which respiratory sounds would be produced 
and therefore which type of sounds (airway-related 
sounds or sounds related to the lung parenchyma 
or chest wall) would be the predominant sounds 
that examiners hear. Because we did not modify the 
inspiratory time or the flow rate in order to evaluate 

chest auscultation accuracy under different inspiratory 
and expiratory conditions, as well as because chest 
auscultation can be partially modified by the manner 
in which mechanical ventilators are adjusted to deliver 
inspiratory volume, there is a need for further studies 
aimed at investigating the accuracy of chest auscultation 
in detecting abnormal respiratory mechanics with 
varying tidal volumes. 

In summary, we found a dissociation between abnormal 
respiratory mechanics and respiratory sounds assessed 
with acoustic stethoscopes. Chest auscultation does not 
seem to be an accurate method for detecting abnormal 
respiratory mechanics in mechanically ventilated patients 
in the immediate postoperative period after cardiac 
surgery. Therefore, respiratory mechanics should be 
continuously monitoring at the bedside in mechanically 
ventilated patients. Although chest auscultation is still 
a mandatory component of a physical examination, 
breath sounds should be interpreted in conjunction with 
other respiratory parameters, such as the mechanical 
properties of the respiratory system.

REFERENCES

1.	 Bohadana A, Izbicki G, Kraman SS. Fundamentals of lung 
auscultation. N Engl J Med. 2014;370(8):744-51. https://doi.
org/10.1056/NEJMra1302901

2.	 Sarkar M, Madabhavi I, Niranjan N, Dogra M. Auscultation of the 
respiratory system. Ann Thorac Med. 2015;10(3):158-68. https://
doi.org/10.4103/1817-1737.160831

3.	 Xavier GN, Duarte AC, Melo-Silva CA, dos Santos CE, Amado VM. 
Accuracy of pulmonary auscultation to detect abnormal respiratory 
mechanics: a cross-sectional diagnostic study. Med Hypotheses. 
2014;83(6):733-4. https://doi.org/10.1016/j.mehy.2014.09.029

4.	 Oliveira A, Marques A. Respiratory sounds in healthy people: a 
systematic review. Respir Med. 2014;108(4):550-70. https://doi.
org/10.1016/j.rmed.2014.01.004

5.	 Staszko KF, Lincho C, Engelke Vda C, Fiori NS, Silva KC, Nunes 
EI, et al. Pulmonary auscultation terminology employed in Brazilian 
medical journals between January of 1980 and December of 2003. 
J Bras Pneumol. 2006;32(5):400-4. https://doi.org/10.1590/S1806-
37132006000500005

6.	 Abella M, Formolo J, Penney D. Comparison of the acoustic 
properties of six popular stethoscopes. J Acoust Soc Am. 
1992;9(14 Pt 1):2224-8. https://doi.org/10.1121/1.403655

7.	 Murphy R, Vyshedskiy A, Power-Charnitsky VA, Bana DS, Marinelli 
PM, Wong-Tse A, et al. Automated lung sound analysis in patients 
with pneumonia. Respir Care. 2004;49(12):1490-7.

8.	 Bates J, Rossi A, Milic-Emili J. Analysis of the behavior of the 
respiratory system with constant inspiratory flow. J Appl Physiol 
(1985). 1985;58(6):1840-8.

9.	 Rossi A, Polese G, Brandi G, Conti G. Intrinsic positive end-
expiratory pressure (PEEPi). Intensive Care Med. 1995;21(6):522-
36. https://doi.org/10.1007/BF01706208

10.	MacIntyre NR, Cook DJ, Ely EW Jr, Epstein SK, Fink JB, Heffner 
JE, et al. Evidence-based guidelines for weaning and discontinuing 
ventilatory support: a collective task force facilitated by the 
American College of Chest Physicians; the American Association 
for Respiratory Care; and the American College of Critical Care 
Medicine. Chest. 2001;120(6 Suppl):375S-95S.

11.	Marques A, Bruton A, Barney A. The reliability of lung crackle 
characteristics in cystic fibrosis and bronchiectasis patients in 
a clinical setting. Physiol Meas. 2009;30(9):903-12. https://doi.
org/10.1088/0967-3334/30/9/003

12.	Polese G, Lubli P, Mazzucco A, Luzzani A, Rossi A. Effects of 
open heart surgery on respiratory mechanics. Intensive Care Med. 
1999;25(10):1092-6. https://doi.org/10.1007/s001340051017

13.	Ranieri VM, Vitale N, Grasso S, Puntillo F, Mascia L, Paparella 
D, et al. Time-course of impairment of respiratory mechanics 
after cardiac surgery and cardiopulmonary bypass. Crit Care 
Med. 1999;27(8):1454-60. https://doi.org/10.1097/00003246-
199908000-00008

14.	Hall RI, Smith MS, Rocker G. The systemic inflammatory response 
to cardiopulmonary bypass: pathophysiological, therapeutic, and 
pharmacological considerations. Anesth Analg. 1997;85(4):766-82. 
https://doi.org/10.1213/00000539-199710000-00011

15.	Warner DO. Anaesthesia and chest wall function. Ann Acad Med 
Singapore. 1994;23(4):566-71.

16.	Weissman C. Pulmonary complications after cardiac surgery. 
Semin Cardiothorac Vasc Anesth. 2004;8(3):185-211. https://doi.
org/10.1177/108925320400800303

17.	Silva CA, Carvalho RS, Cagido VR, Zin WA, Tavares P, DeCampos 
KN. Influence of lung mechanical properties and alveolar 
architecture on the pathogenesis of ischemia-reperfusion injury. 
Interact Cardiovasc Thorac Surg. 2010;11(1):46-51. https://doi.
org/10.1510/icvts.2009.222018

18.	Tavolaro KC, Guizilini S, Bolzan DW, Dauar RB, Buffolo E, Succi 
JE, et al. Pleural opening impairs respiratory system compliance 
and resistance in off-pump coronary artery bypass grafting. J 
Cardiovasc Surg (Torino). 2010;51(6):935-9.

19.	Vovk IV, Grinchenko VT, Oleinik V. Modeling the acoustic 
properties of the chest and measuring breath sounds. Acoust 
Phys. 1995;41(5):667-676.

20.	Pasterkamp H, Kraman SS, Wodicka GR. Respiratory sounds. 
Advances beyond the stethoscope. Am J Respir Crit Care 
Med. 1997;156(3 Pt 1):974-87. https://doi.org/10.1164/
ajrccm.156.3.9701115

21.	Grotberg JB, Davis SH. Fluid-dynamic flapping of a collapsible 
channel: sound generation and flow limitation. J Biomech. 
1980;13(3):219-30. https://doi.org/10.1016/0021-9290(80)90365-6

22.	Gavriely N, Grotberg JB. Flow limitation and wheezes in a 
constant flow and volume lung preparation. J Appl Physiol (1985). 
1988;64(1):17-20.

23.	Gavriely N, Shee TR, Cugell DW, Grotberg JB. Flutter in flow-
limited collapsible tubes: a mechanism for generation of wheezes. 
J Appl Physiol (1985). 1989;66(5):2251-61.

24.	Kress JP, O’Connor MF, Schmidt GA. Clinical examination reliably 
detects intrinsic positive end-expiratory pressure in critically ill, 
mechanically ventilated patients. Am J Respir Crit Care Med. 
1999;159(1):290-4. https://doi.org/10.1164/ajrccm.159.1.9805011

J Bras Pneumol. 2019;45(5):e20180032 7/8

https://doi.org/10.1056/NEJMra1302901
https://doi.org/10.1056/NEJMra1302901
https://doi.org/10.4103/1817-1737.160831
https://doi.org/10.4103/1817-1737.160831
https://doi.org/10.1016/j.mehy.2014.09.029
https://doi.org/10.1016/j.rmed.2014.01.004
https://doi.org/10.1016/j.rmed.2014.01.004
https://doi.org/10.1590/S1806-37132006000500005
https://doi.org/10.1590/S1806-37132006000500005
https://doi.org/10.1121/1.403655
https://doi.org/10.1007/BF01706208
https://doi.org/10.1088/0967-3334/30/9/003
https://doi.org/10.1088/0967-3334/30/9/003
https://doi.org/10.1007/s001340051017
https://doi.org/10.1097/00003246-199908000-00008
https://doi.org/10.1097/00003246-199908000-00008
https://doi.org/10.1213/00000539-199710000-00011
https://doi.org/10.1177/108925320400800303
https://doi.org/10.1177/108925320400800303
https://doi.org/10.1510/icvts.2009.222018
https://doi.org/10.1510/icvts.2009.222018
https://doi.org/10.1164/ajrccm.156.3.9701115
https://doi.org/10.1164/ajrccm.156.3.9701115
https://doi.org/10.1016/0021-9290(80)90365-6
https://doi.org/10.1164/ajrccm.159.1.9805011


Accuracy of chest auscultation in detecting abnormal respiratory mechanics 
in the immediate postoperative period after cardiac surgery

25.	Vyshedskiy A, Alhashem RM, Paciej R, Ebril M, Rudman I, Fredberg 
JJ, et al. Mechanism of inspiratory and expiratory crackles. Chest. 
2009;135(1):156-164. https://doi.org/10.1378/chest.07-1562

26.	Alencar AM, Arold SP, Buldyrev SV, Majumdar A, Stamenović 
D, Stanley HE, et al. Physiology: Dynamic instabilities in the 
inflating lung. Nature. 2002;417(6891):809-11. https://doi.
org/10.1038/417809b

27.	Brooks D, Thomas J. Interrater reliability of auscultation of breath 
sounds among physical therapists. Phys Ther. 1995;75(12):1082-8. 
https://doi.org/10.1093/ptj/75.12.1082

28.	Elphick HE, Lancaster GA, Solis A, Majumdar A, Gupta R, Smyth 
RL. Validity and reliability of acoustic analysis of respiratory 
sounds in infants. Arch Dis Child. 2004;89(11):1059-63. https://doi.

org/10.1136/adc.2003.046458
29.	Spiteri MA, Cook DG, Clarke SW. Reliability of eliciting physical 

signs in examination of the chest. Lancet. 1988;1(8590):873-5. 
https://doi.org/10.1016/S0140-6736(88)91613-3

30.	Melbye H, Garcia-Marcos L, Brand P, Everard M, Priftis K, 
Pasterkamp H. Wheezes, crackles and rhonchi: simplifying 
description of lung sounds increases the agreement on their 
classification: a study of 12 physicians’ classification of lung sounds 
from video recordings. BMJ Open Respir Res. 2016;28(3):e000136. 
https://doi.org/10.1136/bmjresp-2016-000136

31.	Kochi T, Okubo S, Zin WA, Milic-Emili J. Flow and volume 
dependence of pulmonary mechanics in anesthetized cats. J Appl 
Physiol (1985). 1988;64(1):441-50.

J Bras Pneumol. 2019;45(5):e201800328/8

https://doi.org/10.1378/chest.07-1562
https://doi.org/10.1038/417809b
https://doi.org/10.1038/417809b
https://doi.org/10.1093/ptj/75.12.1082
https://doi.org/10.1136/adc.2003.046458
https://doi.org/10.1136/adc.2003.046458
https://doi.org/10.1016/S0140-6736(88)91613-3
https://doi.org/10.1136/bmjresp-2016-000136

