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BACKGROUND: Clinicians often use numerous bedside assessments for secretion retention in
participants who are receiving invasive mechanical ventilation. This study aimed to evaluate inter-
rater agreement between clinicians when using standard clinical assessments of secretion retention
and whether differences in clinician experience influenced inter-rater agreement. METHODS:
Seventy-one mechanically ventilated participants were assessed by a research clinician and by one
of 13 ICU clinicians. Each clinician conducted a standardized assessment of lung auscultation,
palpation for chest-wall (rhonchal) fremitus, and ventilator inspiratory/expiratory flow-time wave-
forms for the sawtooth pattern. RESULTS: On the presence of breath sounds, agreement ranged
from absolute to moderate in the upper zones and the lower zones, respectively. Kappa values for
abnormal and adventitious lung sounds achieved moderate agreement in the upper zones, less than
chance agreement to substantial agreement in the middle zones, and moderate agreement to almost
perfect agreement in the lower zones. Moderate to almost perfect agreement was established for pal-
pable fremitus in the upper zones, moderate to substantial agreement in the middle zones, and less than
chance to moderate agreement in the lower zones. Inter-rater agreement on the presence of expiratory
sawtooth pattern identification showed moderate agreement. The level of percentage agreement between
the research and ICU clinicians for each respiratory assessment studied did not relate directly to level
of clinical experience. CONCLUSIONS: Inter-rater agreement for all assessments showed variability
between lung regions but maintained reasonable percentage agreement in mechanically ventilated par-
ticipants. The level of percentage agreement achieved between clinicians did not directly relate to clinical
experience for all respiratory assessments. Therefore, these respiratory assessments should not neces-
sarily be viewed in isolation but interpreted within the context of a full clinical assessment. Key words:
auscultation; palpation; ventilators; mechanical; observer variation; respiratory sounds; critical care; hu-
mans. [Respir Care 2016;61(10):1374–1383. © 2016 Daedalus Enterprises]

Introduction

A bedside respiratory assessment of patients receiving
mechanical ventilation in the ICU is considered a funda-
mental part of clinical practice.1 Respiratory complica-

tions frequently occur in patients who are mechanically
ventilated due to the presence of artificial airways2,3 and
sedation,4 inadequate airway humidification,5,6 impaired
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mucociliary clearance,7 diminished cough,8 and variable
airway pressures.9 All these factors have the potential to
cause respiratory impairment8,10 and exacerbate pre-mor-
bid respiratory injury or disease.10 Imaging techniques such
as radiography or computed tomography are considered
more accurate modalities than most bedside assessments
(such as auscultation) at providing information on pulmo-
nary dysfunction11 but lack the ability to provide temporal
changes in pulmonary status, especially at the point of a
clinical intervention or deterioration.12 This therefore war-
rants the need for other timely bedside assessment to sup-
port accurate monitoring and diagnoses of respiratory dys-
function and, in turn, supports clinical decision making in
real time.13,14

Bedside respiratory assessments are most commonly per-
formed by doctors, nursing staff,15 physical therapists,13

and respiratory therapists16 to differentiate between a range
of pulmonary disorders, including pulmonary edema, con-
solidation, atelectasis, interstitial lung disease, bronchos-
pasm, and retained secretions.1 One of the most common
bedside respiratory assessments performed in clinical prac-
tice is lung auscultation,1,17 which is considered an integral
part of the clinical reasoning process for qualified and
training health-care professionals.1,18 This is because aus-
cultation is a cost-effective, easily applied respiratory tool
that can be used to assess changes in lung sounds that may
be associated with certain respiratory pathologies or dys-
function.19 Auscultation works on the concept that sound
vibration is created and amplified by turbulent air flow in
the major airways.20,21 This sound energy is then transmit-
ted to the stethoscope via the chest wall but is filtered and
altered by structures and fluid within the thorax and fur-
ther altered by lung disorders.1 Breath sounds, both in the
absence and presence of lung disorders, have been shown
(via respiratory acoustic analysis) to have specific sound
signatures that reflect the underlying dysfunction.1,22 How-
ever, the ability to recognize, differentiate between, and
associate these acoustic signatures with specific lung dis-
orders via auscultation relies heavily on the experience of
the clinician, the acuity of the clinician’s hearing, and his
or her personal interpretation of what is heard.21 Further-
more, differences in nomenclature used for the lung sounds
heard have led to discrepancies between clinicians and
their clinical interpretations of auscultation.1,22 As such,
the literature surrounding lung auscultation suggests that
inter-rater agreement for this assessment modality is poor
to moderate, irrespective of the level of clinical experi-
ence.23 However, the inter-rater agreement of auscultation
in patients who are ventilator-dependent has not been es-
tablished, despite its frequency of use in the ICU popula-
tion. Moreover, it is not known whether the level of clin-
ical experience affects inter-rater agreement in this ICU
population.

In addition to auscultation, tactile respiratory assess-
ments are often used to assess for pulmonary dysfunc-
tion.24,25 Tactile (vocal) fremitus assessments utilize chest
wall palpation to detect the changes in the intensity of
vibrations created with specific spoken words to indicate
toward certain lung pathologies. Research surrounding
inter-rater agreement has shown variability, with some stud-
ies showing poor inter-rater agreement26 and others show-
ing excellent inter-rater agreement.25 However, this tech-
nique is not possible during mechanical ventilation due to
the presence of an artificial airway preventing phonation.
A type of fremitus that is possible to assess for during
mechanical ventilation is rhonchal fremitus. This type of
fremitus (also known as palpable fremitus24 in clinical
practice) is commonly related by clinicians to the presence
of retained airway secretions. It is often used as an adjunct
to a respiratory assessment to support the need for or the
effectiveness of a therapeutic intervention for the removal
of retained airway secretions. In fact, palpable fremitus
was considered a key indicator for warranting chest phys-
iotherapy for excessive secretions by an expert Delphi
panel in a study by Hanekom et al.24 As with auscultation,
the level of inter-rater agreement for palpable fremitus
and the extent to which clinical experience influences
inter-rater agreement is unknown for patients who are
dependent on mechanical ventilation.

QUICK LOOK

Current knowledge

Clinicians often use auscultation, ventilator flow wave-
form analysis, and chest wall palpation as part of re-
spiratory assessments in the ICU. Inter-rater agreement
for lung auscultation in spontaneously breathing pa-
tients is poor to moderate, irrespective of clinical
experience. Ventilator flow waveform analysis for the
presence of a sawtooth pattern has shown excellent
inter-rater agreement. Palpable chest wall fremitus has
been considered a key indicator for warranting inter-
vention for excessive secretion retention.

What this paper contributes to our knowledge

Inter-rater agreement for auscultation, palpable chest
wall fremitus, and flow waveform sawtooth patterns
showed variability between lung regions but maintained
reasonable percentage agreement in mechanically ven-
tilated subjects. The level of percentage agreement be-
tween clinicians did not directly relate to clinical expe-
rience for all respiratory assessments. Therefore, these
respiratory assessments should not necessarily be viewed
in isolation but interpreted within the context of a full
clinical assessment.
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With advances in mechanical ventilation has come real-
time graphical representation of airway characteristics.27

As with lung sounds, ventilator waveforms also have spe-
cific signature patterns that represent certain lung disor-
ders, such as obstructive lung disease and retained airway
secretions.27 Studies by Jubran and Tobin28 and Guglielmi-
notti et al29 found that a sawtooth pattern on a flow-volume
loop had a high likelihood ratio of retained secretions in
ventilator-dependent subjects. They also found excellent
inter-rater agreement when assessing for the sawtooth pat-
tern. The use of flow-time waveform to detect the saw-
tooth pattern on expiration has also been explored.30

Because the presence of a sawtooth pattern on the ven-
tilation waveform is currently considered the most valid
indicator of retained secretions (coupled with auscultation
of harsh breath sound over the trachea),31 it is important to
ensure that inter-rater agreement is consistent between a
range of clinicians of varying abilities. This would assist in
accurate clinical decision making when considering ther-
apeutic intervention for retained secretions.

The primary aim of this study was to evaluate the inter-
rater agreement between a single research clinician and an
ICU clinician for 3 standard clinical assessments, namely
lung auscultation, chest-wall palpation for palpable frem-
itus, and expiratory flow-time waveform analysis for the
sawtooth pattern, in participants who are mechanically ven-
tilated and at risk of secretion retention. A secondary aim
was to explore whether the level of clinical experience was
a factor in inter-rater agreement.

Methods

Participants

This study was approved by the Research and Devel-
opment Department at St Thomas’ Hospital, London, and
ethical approval was obtained from the South East London
Ethics Committee.

All mechanically ventilated patients were prospectively
screened for study eligibility and enrollment during their
admission to a 30-bed ICU between October 2011 and
May 2012. Study inclusion criteria were participants �18 y
old; invasively mechanically ventilated via endotracheal
tube or tracheostomy; and clinical indication for chest phys-
iotherapy, based on local ICU physiotherapy treatment
guidelines for retained secretions (ie, loss of lung volumes,
gas exchange mismatch, and/or respiratory pump failure).
Exclusion criteria were patients with active pulmonary tu-
berculosis, active H1N1 influenza A, or active pulmonary
bleeding and those who were unable to be disconnected
from mechanical ventilation (PEEP �10 cm H2O, FIO2

�0.6 or participants receiving high-frequency oscillatory
ventilation). These exclusion criteria were such due to risk
associated with ventilator disconnection to clear conden-

sate from the circuit or while establishing participants on
a standard ventilator for the study (because a number of
different ventilators were in use in the ICU). Informed
consent was gained from the participants’ next of kin to
enroll in the study as per the request of the ethics com-
mittee. Participants were only studied on one occasion.

Study Design

For each of the 71 participants enrolled in this prospec-
tive observational study, an independent and simultaneous
assessment was carried out by 2 observers: the research
clinician (band 7 clinician), who remained constant, and
one of 13 different ICU physiotherapy clinicians (four
band 5, five band 6, two band 7, one band 8a, and one
band 8c), who varied between participants and in terms
of clinical experience (Table 1). Band 5 clinicians were
junior staff members with non-specialist respiratory skills,
band 6 therapists were clinicians at the beginning of spe-
cializing in respiratory care, and bands 7–8c had increas-
ing clinical respiratory care experience, with band 8c be-
ing considered the most expert band of clinicians. Before
assessment, condensate from the ventilator circuit was sys-
tematically removed, oral suctioning was performed, and
airway sub-glottic ports were aspirated.

The research clinician and the ICU clinician then con-
ducted their standardized assessment, which included lung
auscultation, bilateral chest palpation for palpable chest
wall fremitus, and visual inspection of ventilator expira-
tory flow-time waveforms for the sawtooth pattern. Of
note, no discussion or communication between the 2 cli-
nicians was permitted.

Lung Auscultation

Lung auscultation was undertaken using a dual-limb
stethoscope (Classic II SE Teaching Stethoscope, 3M Lit-
tmann, St. Paul, Minnesota). Six standard antero-lateral
lung areas (right and left upper, middle, and lower zones)
were assessed with the subject in a supine, head-up 30°
position. The ICU and research clinicians documented their
auscultation findings separately on standardized data sheets,
using standardized terminology for each lung area (Table 2).

Table 1. Levels of Experience According to the National Health
Service Agenda for Change Pay Grades

Pay Grade Job Title

Band 5 Physiotherapist
Band 6 Specialist Physiotherapist
Band 7 Highly Specialist Physiotherapist
Band 8a Clinical Specialist Physiotherapist
Band 8c Consultant Physiotherapist
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They included information on the presence or absence of
breath sounds, type of additional abnormal (ie, bronchial
breathing), and adventitious lung sounds (ie, crackles,
wheezes, or pleural rub), including the phase of respiration
in which these sounds occurred (Table 2).

Chest Wall Palpation

Bilateral chest wall palpation of the 6 lung regions was
undertaken by the ICU and research clinicians to assess
the presence of palpable fremitus. Anatomical areas were
not marked out; hence, hand positioning was approximated,
as per clinical practice. The findings of the ICU and re-
search clinicians were recorded, again independently of
each other.

Flow-Time Ventilator Waveforms

Participants were established on an Avea ventilator
(CareFusion, San Diego, California). Flow-time waveforms
and ventilator parameters were recorded in real time for 30 s,
using a screen capture device (Epiphan Screen Capture Tools,
Epiphan Systems, Ottawa, Canada). The 30-s screen capture
recording of ventilator flow-time waveforms was visually
inspected for the sawtooth pattern by both the ICU and re-
search clinician. Once again, their assessment findings were
documented independently, maintaining blinding.

Statistical Analysis

All statistical analyses were conducted using Stata 12
(StataCorp, College Station, Texas) and Microsoft Office
Excel 2003 (Microsoft Corporation, Redmond, Washing-
ton). Descriptive statistics are presented as the mean
� SD. Data were assessed for normality using the Kol-
mogorov-Smirnov test. The dependent variable was tested
using Cohen’s kappa coefficient, as a measure of inter-
rater agreement, assuming equal weighting. The standard-

ized kappa agreement was rated as follows: �0 � less
than chance agreement; 0.01–0.20 � slight agreement;
0.21–0.40 � fair agreement; 0.41–0.60 � moderate agree-
ment; 0.61–0.80 � substantial agreement; 0.81–0.99 �
almost perfect agreement.32 Data analysis included com-
parisons of the research and ICU clinicians’ findings for
all regions of the lung assessed. The level of experience of
each clinician related to level of agreement was also ex-
plored. A value of P � .05 was considered significant for
all tests.

This study is part of a larger study exploring novel
markers of secretion retention, of which the 3 clinical
bedside assessments were used, in conjunction with other
novel markers and assessment devices. One such device
was vibration response imaging, an acoustic lung moni-
toring device which visually displays lung sound ampli-
tude. Based on a previous pilot trial,33 the power calcula-
tion for this study required a sample size of 71 subjects to
provide 90% power to detect a difference of 15 in the
sound amplitude (arbitrary units) of the vibration response
imaging acoustic lung sound imaging, using a 2-sided test
and a 5% significance level.

Results

Inter-Rater Agreement

Of the enrolled participants, the majority were intubated
males receiving Continuous Spontaneous Ventilation
(CPAP or CPAP/PSV), which were heated and humidi-
fied. Table 3 presents descriptive data of the included
participants.

Inter-rater agreement between the research and ICU cli-
nicians on the detection of the presence of breath sounds
(Table 4) reached absolute agreement in the upper zone
(no � value was calculated because both observers’ re-
sponses were constant), whereas substantial to almost per-
fect agreement in the middle zones (� � 0.66–1.0) was
found. However, the right and left lower zones both only
achieved moderate agreement (� � 0.45 and � � 0.42,
respectively) and therefore achieved the least percentage
agreement (Table 4) of all of the zones.

In the upper zones, inter-rater agreement for abnormal
and adventitious sounds (Table 5) were moderate (� � 0.47–
0.60) with only inspiratory crackles in the right upper zone
and expiratory crackles in the left upper zones achieving
substantial agreement (� � 0.61; � � 0.70, respectively).
The highest percentage agreement between clinicians oc-
curred with bronchial breathing and pleural rub, where
nearly perfect agreement on the absence of these abnormal
and adventitious sounds occurred (see Table 1 in the sup-
plementary materials at http://www.rcjournal.com). However,
akappaagreementonthepresenceof theseadventitioussounds
was unable to be calculated because at least one variable in

Table 2. Standardized Terminology for Breath Sounds, Abnormal
and Adventitious Lung Sounds Used by the Research and
ICU Clinician During Their Assessment of the 6 Lung
Zones

Breath sound
Present
Absent

Abnormal and adventitious lung sounds
Inspiratory wheeze (present/absent)
Expiratory wheeze (present/absent)
Inspiratory crackle (present/absent)
Expiratory crackle (present/absent)
Bronchial breathing (present/absent)
Pleural rub (present/absent)
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each 2-way table upon which measures of association are
computed was a constant.

Inter-rater agreement in the middle zones (see Table 5)
saw great variability in kappa values for specific abnormal
and adventitious sounds, ranging from less than chance
agreement (� � �0.01) to substantial agreement (� � 0.72)
on the left and less than chance agreement (� � �0.1) to
moderate agreement (� � 0.58) on the right.

Within the left lower zone, all kappa values for abnor-
mal and adventitious sounds (see Table 5) ranged from

substantial to almost perfect agreement (� � 0.63–1.0),
apart from inspiratory crackles (� � 0.59). The right lower
zone saw half of the abnormal and adventitious sounds
achieving fair to moderate agreement (� � 0.36–0.57)
and half reaching substantial agreement (� � 0.63–0.67).

As with auscultation, the inter-rater agreement on the
presence of palpable fremitus within the 6 lung regions
varied considerably (Table 6). Moderate agreement was
established for fremitus in the left upper zone (� � 0.53).
Almost perfect agreement (� � 0.84) was found in the
right upper zone. Middle zones showed substantial agree-
ment (� � 0.63–0.66). Lower zones presented with the
lowest level of inter-rater agreement, only achieving fair
agreement to moderate agreement (� � 0.36–0.41).

Inter-rater agreement on the presence of expiratory saw-
tooth pattern identification (Table 7) showed moderate
agreement (� � 0.59), with 80.3% agreement. Inspiratory
sawtooth patterns identified fair agreement (� � 0.30),
with 83.1% agreement.

Experience of Clinician

For auscultation, the experience of the ICU clinician did
not influence the extent to which he or she agreed on the
presence or absence of breath sounds with the research
clinician (Fig. 1). High levels of percentage agreement
between the research clinician and all bands of ICU clini-
cians in the upper and middle zones for the presence or
absence of breath sounds was seen. However, percentage
agreement between the research clinician and all levels of
experience of ICU clinicians showed discrepancies in the
lower zones (ranging from 80 to 100%); with lowest percent-
age agreements occurring in the band 6 group (see Fig. 1).

Generally, the percentage agreement between the re-
search clinician and all bands of ICU clinicians for abnor-
mal and adventitious sounds varied greatly (ranging from
70 to 100%), depending on the sound heard and the zone
of the lung (Fig. 2). The highest percentage agreements
tended to occur in the band 8 (most experienced) and band
6 groups, but only in relation to specific abnormal or adven-
titious sounds, because these groups also saw low levels of
percentage agreement for other sounds auscultated. The band
5 clinicians (least experienced) saw low percentage agree-
ments (�80%) most frequently, but again this was
zone, abnormal sound and adventitious sound specific (see
Fig. 2).

Percentage agreement for the sawtooth pattern on the
flow-time waveforms (Fig. 3) was highest in the band 7
group (100%) and lowest in the band 8 cohort (77%) for
expiratory flow. In contrast, for inspiratory flow, the great-
est percentage agreement occurred in the band 5 group
(100%) and the lowest in the band 6 group (73%). Indeed,

Table 3. Participant Characteristics, Airway Characteristics, and
Ventilator Setup Summary Data

Characteristics Values

Sex, n
Female 29
Male 42

Age, mean � SD y 61.5 � 16.8
BMI, mean � SD kg/m2 27.1 � 6.3
Airway type, n

ETT 53
Tracheostomy 18

Airway diameter, mean � SD mm 8.2 � 0.7
Ventilator modes, n

CPAP 15
CPAP/PSV 49
PC-IMV 4
PC-CMV 3

Humidification, n
HH 45
HME 26

BMI � body mass index
ETT � endotracheal tube
PSV � pressure support ventilation
HH � heated � humidified
HME � heat and moisture exchanger

Table 4. Levels of Agreement on Auscultation of Breath Sounds in
All Lung Zones

Breath Sounds

Agreement Between ICU and Research
Clinicians

% Kappa (95% CI) P

Upper zone
Left 100 NA NA
Right 100 NA NA

Middle zone
Left 100 1 (1.00–1.00) �.001
Right 98.6 0.66 (0.04–1.00) �.001

Lower zone
Left 90.1 0.42 (0.07–0.76) �.001
Right 88.7 0.45 (0.16–0.75) �.001

NA � not applicable; no value computed because one variable is a constant.
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there was not a consistent percentage agreement for any of
the 4 bands when assessing flow-time waveforms.

When assessing for palpable fremitus, the research and
ICU clinicians showed no consistent percentage agree-
ment in relation to a specific band; again, the percentage
agreement for each band varied greatly between lungs and
zones of assessment (Fig. 4).

Discussion

This study demonstrates that auscultation of breath
sounds in critically ill subjects receiving invasive mechan-

Table 7. Levels of Agreement on Inspiratory and Expiratory
Ventilator Flow-Time Sawtooth Patterns

Sawtooth Pattern

Agreement Between ICU and Research
Clinicians

% Kappa (95% CI) P

Inspiratory 83.1 0.30 (0.00–0.60) �.001
Expiratory 80.3 0.59 (0.41–0.77) �.001

Table 5. Levels of Agreement on Auscultation of Abnormal and Adventitious Sounds in All Lung Zones

Abnormal and
Adventitious Sound

Agreement Between ICU and Research Clinicians

Upper Zone Middle Zone Lower Zone

Kappa (95% CI) P Kappa (95% CI) P Kappa (95% CI) P

Inspiratory wheeze
Left 0.47 (0.22–0.73) �.001 0.72 (0.52–0.93) �.001 0.72 (0.46–0.98) �.001
Right 0.47 (0.18–0.74) �.001 0.45 (0.19–0.70) �.001 0.57 (0.32–0.82) �.001

Expiratory Wheeze
Left 0.51 (0.13–0.88) �.001 0.57 (0.20–0.95) �.001 0.70 (0.39–1.00) �.001
Right 0.51 (0.14–0.88) �.001 0.51 (0.14–0.88) �.001 0.64 (0.27–1.00) �.001

Inspiratory Crackles
Left 0.49 (0.19–0.79) �.001 0.60 (0.35–0.85) �.001 0.59 (0.39–0.79) �.001
Right 0.61 (0.35–0.87) �.001 0.30 (0.02–0.58) �.001 0.36 (0.1–0.61) .02

Expiratory Crackles
Left 0.70 (0.45–0.94) �.001 0.62 (0.34–0.90) �.001 0.63 (0.33–0.93) �.001
Right 0.60 (0.35–0.85) �.001 0.58 (0.32–0.83) �.001 0.63 (0.33–0.93) �.001

Bronchial breathing
Left NA NA �0.01 (�0.05 to 0.02) .90 1 (1.00–1.00) �.001
Right NA NA �0.01 (�0.05 to 0.02) .90 0.67 (0.31–0.97) �.001

Pleural rub
Left NA NA NA NA 1 (1.00–1.00) �.001
Right NA NA �0.01 (–0.05 to 0.02) .90 0.38 (�0.18 to 0.93) �.001

NA � not applicable; no value computed because one variable is a constant.

Table 6. Levels of Agreement on Palpable Fremitus in All Lung
Zones

Palpable Fremitus

Agreement Between ICU and Research
Clinicians

% Kappa (95% CI) P

Upper zone
Left 80.3 0.53 (0.31–0.74) �.001
Right 93.0 0.84 (0.71–0.98) �.001

Middle zone
Left 93.0 0.63 (0.33–0.93) �.001
Right 88.8 0.66 (0.45–0.88) �.001

Lower zone
Left 93.0 0.41 (�0.02 to 0.83) �.001
Right 91.6 0.36 (�0.03 to 0.75) �.001

Fig. 1. Percentage agreements between the research clinician and
ICU clinicians, of variable experience, on the presence or absence
of breath sounds during auscultation in all lung zones.
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ical ventilation exhibits good inter-rater agreement com-
pared with that of abnormal or adventitious sounds, al-
though inter-rater agreement worsens in the lower zones of
the lungs. We also found that inter-rater agreement during
palpation for chest-wall fremitus decreases from the upper
to lower zones assessed and that identification of a saw-
tooth pattern on the ventilator flow-time waveforms may
have moderate to fair agreement, particularly on in-
spiratory flow. Finally, although level of experience
was not a key focus of this study, we found high levels

of variability in percentage agreement between ICU and
research clinicians, irrespective of level of experience.

In our study, agreement during auscultation of breath
sounds varied from absolute in the upper zones of the
lungs to moderate in the lower zones. Moreover, inter-
rater agreement differed considerably between all abnor-
mal and adventitious sounds, irrespective of zone. Despite
some studies showing excellent inter-rater agreement when
detecting breath sounds on auscultation (95.80% agree-
ment; � � 0.89),25 inter-rater agreement has tended to be
reported as poor.23 Regarding abnormal and adventitious
sounds, similar results of our study were reported by Kal-
antri et al,25 who reported less than chance agreement
(� � �0.2; CI �0.57 to 0.78) on auscultating pleural rub

Fig. 2. Percentage agreements between the research clinician and ICU clinicians, of variable experience, on the presence or absence of
abnormal and adventitious sounds during auscultation in all lung zones. Br � bronchial breath sounds, Icr � inspiratory crackles, Iwh �
inspiratory wheeze, Ecr � expiratory crackles, Ewh � expiratory wheeze, Pr � pleural rub.

Fig. 3. Percentage agreements between the research clinician and
ICU clinicians, of variable experience, on the presence or absence
of ventilator flow-time sawtooth pattern during inspiration and
expiration.

Fig. 4. Percentage agreements between the research clinician and
ICU clinicians, of variable experience, on the presence or absence
of palpable fremitus in all lung zones.
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but a 94.27% agreement between clinicians. To some ex-
tent, our results were to be expected, due to natural vari-
ance in lung sound amplitude across different lung re-
gions,22 which may be further altered by lung disease (eg,
emphysema)34 or ventilator settings (eg, increase in
PEEP).35 Moreover, auscultation relies on the clinician’s
acuity of hearing21; therefore, variances in inter-rater agree-
ment regarding the presence of breath sounds in the lower
regions of the lungs may occur if its presence is subtle.
Another explanation for this variability is the therapist’s
interpretation of the nomenclature surrounding the abnor-
mal and adventitious sounds, which may have inaccura-
cies.1 Additionally, despite high percentage levels of agree-
ment with some adventitious sounds being coupled with
lower kappa values, the kappa values should be deemed
representative of inter-rater agreement because this con-
siders the influence of chance, whereas percentage agree-
ment does not.36 However, because kappa values are in-
fluenced by the prevalence of the factor being investigated,
infrequent occurrences of clinical factors (eg, bronchial
breathing) may generate low kappa values but not nec-
essarily be representative of low overall agreement.37

Despite scant evidence for its clinical benefit, palpable
chest-wall fremitus is commonly used by practitioners38

and has been established as a key clinical indicator of
retained secretions throughout management of pulmonary
dysfunction in adults receiving mechanical ventilation.24

Overall, we found moderate therapist agreement on de-
tecting palpable fremitus, but this was inconsistent among
different regions of the lungs. In fact, the upper zones of
the lungs exhibit moderate to almost perfect agreement,
whereas less than chance to moderate agreement was found
in the basal zones. In previous studies, tactile (vocal) frem-
itus when conducting a pulmonary assessment showed both
poor (� � 0.25)26 and excellent (� � 0.86)25 inter-rater
agreement. Although these studies looked at vocal rather
than a secretion-related resonance, they corroborate that
tactile assessments may vary in their accuracy between
clinicians. A reasonable explanation for these results is
that chest-wall resonance may be transmitted wider than
its origin (ie, area of retained secretions), and tactile feed-
back may transcend the boundaries of the assessed lung
zones. Therefore, as stated in previous studies,6,21 palpable
chest-wall fremitus should be always accompanied by other
signs of retained secretions to increase the robustness of
clinical decisions.

Several studies7,8 in intubated subjects have associated
the presence of a sawtooth pattern on a ventilator flow-
volume loop with retained airway secretions, with excel-
lent inter-rater agreement between clinicians. Conversely,
in our study, identification of a sawtooth pattern on expi-
ratory and inspiratory flow-time waveforms demonstrated
moderate and fair agreement, respectively. Jubran and To-
bin28 recorded ventilator flow-volume loops via an exter-

nal recording device connected to the endotracheal tube
during spontaneous breathing off of mechanical ventila-
tion. Therefore, waveforms may not have been subjected
to the same airway variability during mechanical ventila-
tion as in the current study (ie, flows and airway pressures)
or to residual condensate in the ventilator tubing, which
has the potential to add ambiguity to sawtooth interpreta-
tion. In addition, the authors used flow-volume loops,
whereas the current study analyzed flow-time waveforms,
which have been theorized to be less sensitive at detecting
sawtooth patterns.30 However, flow-time waveforms are
more commonly used in clinical practice than flow-vol-
ume loops30; thus, their use may make our results more
applicable to current ICU practice. Finally, a recent study
by Sole et al30 clearly distinguished between oscillation of
a sawtooth pattern due to secretions, and a wavy flow-time
waveform due to condensate. Therefore, it is possible that
clinicians in our study may have misinterpreted wavy wave-
forms as a sawtooth pattern. These contradictory results
highlight the need for standardization of ventilator wave-
form analysis through education, particularly because the
sawtooth pattern is currently considered one of the 2 best
objective markers indicating the presence of retained airway
secretions in patients who are mechanically ventilated.28-31

We also found that the level of training of the research
and ICU clinician did not influence the consistency of
percentage agreement for all assessment techniques. This
is in accordance with a study by Brooks and Thomas23 in
which inter-rater agreement varied depending on the breath
sound heard but was not affected by level of clinical ex-
perience. Mangione and Nieman39 reported inaccuracies in
pulmonary auscultation skills between pulmonary fellows,
family practitioners, internal medicine residents, and med-
ical students when assessing 10 common pulmonary events.
However, they suggested that experience did not influence
the ability of a clinician to correctly identify a pulmonary
event via auscultation and that education would be the key
to improving a clinician’s auscultation skills.39

Our study may have a number of drawbacks that merit
discussion. First, the nomenclature of the abnormal and
adventitious sounds was not explicitly outlined for the
researcher or the clinician before the study; nor was the
definition of a sawtooth pattern or of palpable fremitus.
Moreover, the abnormal and adventitious sounds were
grossly grouped by location, type of sound, and phase of
breath. Probably, these groupings did not allow the clini-
cian to discretely differentiate between the nature of each
sound heard (eg, between coarse and fine crackles) or
consider the temporal variance of the sound during each
phase of breathing, resulting in some variance in the inter-
rater agreement. Second, clinicians did not auscultate and
palpate the posterior regions of the participant’s chest wall
because of the difficulty in standardizing patient positions
and assessment of the posterior regions. Thus, the inter-
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rater agreement of auscultation and palpation reported in
this study cannot be extrapolated to assessments of the
posterior chest wall. In clinical practice, clinicians would
be expected to auscultate and palpate all regions as a com-
prehensive respiratory assessment, but our study still high-
lights the extensive variability in the inter-rater agreement
of all the respiratory assessments. Finally, the clinician’s
understanding of techniques and assessments used in the
study may have varied, since their training was not stan-
dardized and occurred at different periods of time, was
delivered by a number of different ICU practitioners, and
varied in depth of explanation. This suggests that the re-
liability of auscultation, palpation, and flow-time sawtooth
pattern identification is not inherent within the assessment
but lies within the level of education, skill, and understand-
ing of the practitioner conducting the assessment.

Conclusion

Inter-rater agreement during auscultation for the pres-
ence of breath sounds and chest wall palpation for fremitus
was almost perfect for the upper regions of the lungs,
mainly substantial in the middle zones, and moderate in
the lower zones. Percentage agreement between the ICU
and research clinicians was high for breath sounds through-
out all lung zones, as was percentage agreement for pal-
pable fremitus. Inter-rater agreement for all abnormal and
adventitious breath sounds varied greatly throughout the
upper, middle, and lower zones, particularly where more
adventitious sounds were present. Despite these variances,
the percentage agreement between the ICU and research
clinicians remained reasonably high. Inter-rater agreement
was moderate during ventilator waveform analysis for the
presence of a sawtooth pattern. Overall, the experience of
clinicians did not influence the level of percentage agree-
ment achieved for all respiratory assessments studied. In-
terpretations of the bedside respiratory assessments ex-
plored in this study have the potential to vary between
clinicians, irrespective of experience, and between the lung
zones assessed. Therefore, these respiratory assessments
should not necessarily be viewed in isolation but should be
interpreted within the context of a full clinical assessment.
Further studies are warranted to assess inter-rater agree-
ment between clinicians for bedside respiratory assess-
ments, in particular exploring the influence of standard-
ized education and training regimes. Furthermore, future
research should look at the diagnostic accuracy and intra-
rater reliability of bedside respiratory assessments in pa-
tients who are mechanically ventilated.
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