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ventilation in seven anesthetized dogs. The sound intensity 
levels produced by different grades and degrees of obstruc-
tions were measured and compared with those in non-
obstructed tubes. During spontaneous breathing, significant 
decrease in sound intensity level was detected even with the 
lowest grades of obstruction (p = 0.003, 0.001, and 0.002, 
proximal, middle and distal obstructions, respectively). 
However, in mechanical ventilation, significant decrease in 
sound intensity was observed only in distal tubal obstruc-
tion (p = 0.037). The difference among levels of sound 
intensity produced by different obstruction locations of 
occlusion was not statistically significant (p ≥ 0.090). Data 
analysis revealed that sound intensity level decreased sig-
nificantly when the degree of obstruction increased. In 
addition, this change in sound level was not related to the 
location of obstruction. The decrease in sound intensity 
changes can be used to detect ETT obstruction. However, 
further studies are needed for clinical application.
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1 Introduction

Endotracheal intubation is considered as the gold standard 
of airway management in emergency medicine, critical care 
medicine and anesthesiology [1]. However, patients might 
experience endotracheal tube (ETT) obstruction, a life 
threatening complication, which has alerted physicians to 
finding a way to manage this problem.

Several factors are responsible for endotracheal tube 
obstruction, for instance patients biting the ETT tube, kink-
ing of ETT tube, accumulation of secretions and blood 
clots, airway tissues such as nasal turbinate, adenoids 
and foreign bodies [1–3]. Biofilm formation caused by 
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tracheobronchial secretions on the internal surface of ETT 
is another cause of occlusion, particularly in ventilator 
dependent patients, which is related to ventilator-associated 
pneumonia (VAP) [4] and atelectasis [5]. ETT obstruc-
tion brings about increased work of breathing [6], hypoxia, 
hypercapnia, respiratory acidosis [7] and failure to wean off 
mechanical ventilation [5, 8].

It is crucial to diagnose partial obstruction of ETT, since 
partial obstruction can be unrecognized, especially when 
pressure controlled mode of ventilation is used [5].This 
issue can cause one-way valve type ETT obstruction that 
might lead to cardiac arrest [9]. Accordingly, it is important 
to develop methods to identify and immediately manage 
obstruction at patients’ bedside, and to reduce morbidity 
and mortality.

The traditional method to detect ETT obstruction is 
based on symptoms such as increased end tidal carbon 
dioxide, increased peak airway pressure and patient-venti-
lator dyssynchrony, decreased compliance of the lungs [5, 
10, 11] and decreased expiratory tidal volume in pressure-
controlled ventilation mode [12]. However, these findings 
have various differential diagnoses in clinical conditions. 
An important limitation of the above-mentioned methods is 
that the obstruction is only detected when it has reached a 
considerable level [5, 13].

Other methods suggested for detection of partial 
obstructions are acoustic reflectometry, analysis of expira-
tory time constants and forced pressure oscillations. 
Acoustic reflectometry is used to differentiate between an 
endotracheal and an esophageal intubation, and can detect 
intraluminal volume loss [14]. However, this method 
requires that the tubes be disconnected from the ventilator 
for a short period [15]. Therefore, it should be evolved into 
a more user-friendly method [16]. Another good indicator 
of ETT obstruction is alteration in expiratory time constant 
and flow that detects partial obstruction earlier than peak 
inspiratory pressure but it is measured during controlled 
mechanical ventilation [12, 13, 17]. Changes in frequency 
of pressure oscillations has been tested in a physical model 
[18] but not used in clinical practice.

Analysis of the sound signals from expiration has been 
investigated by Park et  al. [19] using endotracheal tube 
method. Their study was performed on test lung (in vitro) 
and used extrinsic obstruction. A microphone was used to 
record sounds. They used different degrees of obstruction 
and compared the energy of sounds that were produced by 
the airflow. They concluded that the energy of the sound 
of endotracheal tube obstruction was positively corre-
lated with the internal diameter and negatively correlated 
with the degree of obstruction. Finally, they proposed that 
changes in the signals of sounds can be used to diagnose 
ETT obstruction and suggested further studies for clinical 
application of this method [19].

The above-mentioned study is the only one published 
that has analyzed changes in the characteristics of res-
piratory sounds in cases with ETT obstructions in the test 
lungs. The current study examines the issue in in-vivo 
condition for the first time. Considering the importance of 
early diagnosis of ETT obstruction, the aim of this study 
was to analyze the sound intensity level in animal models 
with different internal ETT obstructions. This study exam-
ined the hypothesis that if ETT obstruction increased, the 
sound intensity would decrease.

2  Methods

An animal model study was conducted to analyze the 
sound intensity level in ETT obstruction during spontane-
ous breathing and mechanical ventilation. This study was 
approved by the Ethics Committee for Animal Model Stud-
ies of Shiraz University of Medical Sciences (Registration 
Number: EC-P-93-6461).

2.1  Study design and experimental procedure

Seven healthy crossbreed dogs weighing 33 ± 3  kg and 
aged 16 ± 2  months were used in the study. They were 
sedated with 0.15  mg/kg of Xylazine (Alfasan, Woerden, 
Netherlands) after venous access. Anesthesia was then 
induced using 1 mg/kg of Diazepam (CaspianTamin, Teh-
ran, Iran) and 5  mg/kg of Ketamine (Rotexmedica, Trit-
tau, Germany). These drugs were infused slowly to sup-
port spontaneous breathing. Vital signs (heart rate and 
 SpO2) were monitored by a veterinarian experienced with 
anesthesia in dogs. Propofol (Propofol-®Lipuro, B. Braun, 
Indonesia) was infused at a rate of 0.2 to 0.3  mg/kg/min 
for maintenance of anesthesia. All of the dogs who under-
went anesthesia were intubated with ETT of 8 mm internal 
diameter (ID) (Supa CO, Tehran, Iran). If apnea occurred 
after induction of anesthesia, positive pressure ventilation 
was started with 100% oxygen until spontaneous breathing 
resumed.

ETTs were connected to an L-shape connector and a 
small microphone (Lavalier type, Mipro Co, Act-8 series, 
Taiwan) was inserted to record the respiratory sound sig-
nals from air flow in ETT tube and lower and central 
airways (Fig.  1a). The microphone was located on the 
intended site for side-stream capnography probe insertion 
on the connector, so the microphone did not cause any 
obstruction. A recording software (GoldWave®, New-
foundland, Canada) recorded the sounds on a computer at 
16,000  Hz and 16 bit. The physical characteristics of the 
microphone were checked and approved by the laboratory 
of Physics at Shiraz University of Medical Sciences, Shi-
raz, Iran. An artificial internal obstruction was created by 
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stitching pieces of smaller tubes in the ETTs with 8 mm ID 
(Fig.  1b). These internal pieces were 2  cm in length and 
both ends were sealed up with stitches. Obstructions were 
fixed in three varying distances from microphone: 12  cm 
(proximal), 20 cm (middle), and 28 cm (distal).

Moreover, there were three different sizes of obstruc-
tion according to the percentage of obstruction, which was 
calculated by dividing the external area of the obstruction 
by the internal area of the ETT. The internal area of the 
ETT with 8 mm ID was 50.24 mm2 and the external area of 
obstructions were 28.26, 34.19, and 41.83 mm2, so the per-
centages of obstructions were calculated as 56.25, 68.06, 
and 83.26 %, respectively. These obstructions were classi-
fied as grade 0 (without obstruction), to grade III (the high-
est degree of obstruction). Therefore, different degrees and 
grades of obstructions produced different types of obstruc-
tion in the ETTs.

The environmental noises were eliminated by keeping 
the laboratory silent and switching off the alarms of moni-
tors, then the respiratory sounds were recorded at expira-
tory tidal volume of 180–200  cc. The respiratory sounds 
were recorded for three minutes from each type of tube 
(one without and nine with obstruction).

After recording the respiratory sounds from spontane-
ous breathing, a muscle relaxant (Atracurium 0.6 mg/kg, 
Aburaihan Co., Tehran, Iran) was infused and the dogs 
were ventilated mechanically. The ventilator (Draeger, 
Telford, USA) was set at a tidal volume of 6 cc/kg, vol-
ume controlled mode, peak pressure = 25 cm  H2O, respir-
atory rate = 15/min, PEEP = 0, and  O2 fraction of 100%. 

The respiratory sounds were recorded for three minutes 
during mechanical ventilation.

The measurements were transferred to the laboratory 
of physics to measure sound intensity level, by using 
Peak Level Meter (Version 1.82 for Windows by Paul 
Marshal).

The reference level of software was −14 dB; therefore, 
all intensity measurements were reported in dB. Sound 
intensity level (dB) is a logarithmic expression of the sound 
intensity that is directly related to sound energy.

Sound intensity levels were measured in more than 
five breathing cycles, without considering the respiratory 
or expiratory phase, then the minimum measurement was 
reported. In all seven cases, the sound signals recorded 
from unobstructed tubes (s0) was used as the reference 
level and other sound intensity levels were evaluated com-
pared to that. We measured sound intensity level instead of 
sound energy because sound intensity could be measured 
by using a software, but sound energy should be calculated 
[20].

2.2  Data analysis and statistical methods

SPSS version 19 was used for data entry and analysis. Kol-
mogorov–Smirnov test was used to evaluate the normality 
of distribution. Repeated measures ANOVA test was used 
to compare sound intensity levels in different sizes and 
locations of obstruction. A p-value of <0.05 was consid-
ered significant.

Fig. 1  a A microphone was located on an ETT via an L-shape connector and the respiratory sound signals were recorded by a computer. b A 
schematic cross-sectional view of obstructed ETT tube: internal obstruction produced by placing a piece of smaller tube in the large one
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3  Results

Sound intensity levels from spontaneous breathing 
decreased significantly when there was an obstruction, even 
at the lowest grade (p = 0.003, 0.001, and 0.002 for proxi-
mal, mid, and distal obstruction, respectively). As Fig.  2 
demonstrates, an increase in the degree of obstruction leads 
to a decrease in sound intensity which was statistically 
significant in proximal (p = 0.003) and mid (p = 0.001) 
obstructions, but not statistically significant in the distal 
obstruction (p = 0.720). When compared pairwise, a sig-
nificant difference in sound intensity existed between sound 
intensity of ETT without obstruction (s0) with grade 1 and 
grade 3 in proximal obstructions, s0 with grade 1, grade 2, 

and grade 3 in mid obstructions, and s0 with grade 1 and 
grade 3 in the distal obstructions.

Sound intensity level from mechanical ventilation, 
reduced when the ETT had grade 1 of obstruction. How-
ever, the data was statistically significant with distal 
obstruction (p = 0.580, 0.519, and 0.037 for proximal, 
mid, and distal obstructions, respectively). As the degree 
of obstruction increased, a decrease in sound intensity 
level was observed that was statistically significant in the 
distal obstructions (p = 0.016). When compared pairwise, 
no significant difference in sound intensity level was seen 
between measured values of sound intensity level (Fig. 2).

As Fig.  3 shows, the reduction in sound intensity lev-
els recorded from different locations of obstruction were 
not statistically significant (p-value > 0.090), neither from 
spontaneous breathing nor from mechanical ventilation.

4  Discussion

ETT obstruction has serious consequences such as hypoxia, 
hypercapnia, respiratory acidosis, delayed weaning from 
ventilator and VAP. Partial occlusion is common, but can 
be underestimated [13].Therefore, early diagnosis is of 
great importance. Different methods have been used or 
tested to detect this problem; however, none of them is 
accepted as a routine and practical method for detection of 
ETT obstruction. Hence, this study was designed to find a 
diagnostic method to detect ETT obstructions before they 
lead to unintended consequences.

Although the previous in  vitro study on test lungs has 
shown that there is a negative correlation between sound 
energy and degree of ETT obstruction [19], the current 
study compared sound intensity levels from various degrees 
and grades of internal obstruction in living animals for the 
first time. In previous study by Park et al. [19], an extrinsic 
and approximate semi-quantitative obstructive method was 
used, but in this study internal obstructions with exact per-
centages of obstruction were produced.

Results of this study revealed that recorded sound sig-
nals from spontaneous breathing decreased in intensity 
in the early stages of ETT obstruction, supporting the 
hypothesis that reduced sound intensity level could be 
an early sign of ETT obstruction. In spontaneous breath-
ing, sound intensity level significantly decreased when 
there was an increased degree of obstruction, while in 
mechanical ventilation there was no significant decrease 
in sound intensity level. It is probable that, the sound pro-
duced by the ventilator was also recorded along with the 
respiratory sounds by the sound recorder and that might 
have compromised the results. Furthermore, our study 
showed that change in sound intensity is not related to the 

Fig. 2  Sound intensity from spontaneous breathing and mechani-
cal ventilation in different grades of ETT obstruction. Values are 
mean ± SE
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location of obstruction and the difference in sound level 
produced by different locations of obstruction were not 
statistically significant.

Previous study showed that the sound energy produced 
by obstruction depended on the location of the obstruction 
in ETT, and the sound energy decreased as the distance of 
the obstruction increased from the recording device [19]. 
In the current study, changes in intensity of sounds pro-
duced by different obstruction locations were not statisti-
cally significant. On the other hand, this study revealed that 
the main change in sound level was from the ETT with the 
smallest degree of obstruction (grade 1: 56.25%).

This method is accessible, feasible, and can be easily 
used at bedside with no need to disconnect the patient from 
the ventilator.

In this study, we tried to measure changes in the sound 
intensity level similar to real clinical conditions with accu-
rate internal reduction in ETT area. However, there are a 
number of limitations. First, Intensive care units and opera-
tion rooms are filled with undesirable sounds produced by 
different working machines and alarms. This condition cre-
ates the need for a noise filtering system. Second, patients 
might have different pulmonary diseases that might affect 
respiratory sound characteristics. Variable factors such as 
different compliance, different respiratory force and tidal 
volume of patients may affect air flow and consequently 
sound intensity. Respiratory tidal volume changes in dif-
ferent physiologic and pathologic conditions. Even in one 
person it might be different from time to time and it affects 
respiratory sound. Third, the real ETT obstructions are vis-
cous, might be asymmetrical and occupy the entire length 
of the tube, so they may incorporate other sound charac-
teristics, while the type of obstruction created in this study 
was dry, solid and symmetrical.

One of the ethical and technical limitations in animal 
model studies is the limited number of samples that can be 
used. This may affect the results. Data of this experimental 
study needs to be supported by further studies with larger 
sample sizes and similar to real clinical conditions [21].

In conclusion, sound intensity changes can be used to 
detect ETT obstruction, but further studies are mandatory 
for clinical application of this method.
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