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BACKGROUND: Expiratory rib cage compression (ERCC) has been empirically used by physio-
therapists with the rationale of improving expiratory flows and therefore the airway clearance in
mechanically ventilated patients. This study evaluates the acute mechanical effects and sputum
clearance of an ERCC protocol in ventilated patients with pulmonary infection. METHODS: In a
randomized crossover study, sputum production and respiratory mechanics were evaluated in 20
mechanically ventilated subjects submitted to 2 interventions. ERCC intervention consisted of a
series of manual bilateral ERCCs, followed by a hyperinflation maneuver. Control intervention
(CTRL) followed the same sequence, but instead of the compressive maneuver, the subjects were
kept on normal ventilation. Static (C4) and effective (C;) compliance and total (R,,) and initial
(Riniy) resistance of the respiratory system were measured pre-ERCC (baseline), post-ERCC or
CTRL (POST1), and post-hyperinflation (POST 2). Peak expiratory flow (PEF) and the flow at 30%
of the expiratory tidal volume (flow 30% V;) were measured during the maneuver. RESULTS:
ERCC cleared 34.4% more secretionsthan CTRL (1[0.5-1.95] vs 2 [1-3.25], P < .01). Respiratory
mechanics showed no differences between control and experimental intervention in POST1 for Cg,
Ceits Rigrr @and R;ir. In POST2, ERCC promoted an increase in Cq (38.7 £ 10.3vs 422 = 12 mL/
cm H,0, P = .03) and in C (32.6 = 9.1vs 34.8 = 9.4 mL/cm H,0, P = .04). During ERCC, PEF
increased by 16.2 L/min (P < .001), and flow 30% V increased by 25.3 L/min (P < .001) compared
with CTRL. Six subjects (30%) presented expiratory flow limitation (EFL) during ERCC. The
effect size was small for secretion volume (0.2), C4 (0.15), and C; (0.12) and negligible for R,
(0.04) and R;,;; (0.04). CONCLUSIONS: Although ERCC increases expiratory flow, it has no
clinically relevant effects from improving the sputum production and respiratory mechanics in
hyper secretive mechanically ventilated patients. The maneuver can cause EFL in some patients.
(ClinicalTrials.gov registration NCT01525121). Key words. Physical therapy modalities; intensive
care; respiratory therapy; mucociliary clearance; pneumonia. [Respir Care 2014;59(5):678—685. © 2014
Daedalus Enterprises]

Introduction

Although anumber of studies have focused on the effect
of mechanical ventilation on the pulmonary parenchyma,
more attention should be given to mucus clearance since
its mechanisms in ventilated patients are still poorly un-
derstood. Furthermore, the advances in the understanding
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of simple interventions such as chest physiotherapy may
contribute to reducing mucus retention and respiratory in-
fections.t Chest physiotherapy is an essentia component
of the multidisciplinary approach in critical care settings.
In this context, a number of devices and manual tech-
niques have been used to remove pulmonary secretions
and re-expand collapsed areas.2 Thoracic manipulative
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techniques include expiratory rib cage compression
(ERCC) or “sgueezing.”2 This technique aims to increase
expiratory flow and stretch intercostal muscles by means
of a manual thoracic compression applied during exhala-
tion, followed by a rapid release at the onset of inspira-
tion.# The rationale of this technique is based on its com-
pressive effect on the airways, increasing the air-flow
velocity, which increases mucus transport.> As the appli-
cation of mechanical forces on thethorax reducesthetrans-
pulmonary pressure, rib cage compression is likely to pro-
mote pulmonary and airway collapse, diminishing
respiratory compliance and/or causing expiratory flow lim-
itation (EFL).67 Previous animal studies showed no ben-
eficial effects of ERCC on respiratory mechanics and gas
exchange.81© Moreover, Unoki et al® postulated that the
airway and alveolar collapse may be exacerbated, which
agrees with the results of Marti et a,*° who found a re-
duction in static compliance after applying the maneuver
in an anima model. These authors also found an increase
in mucus clearance with “hard expiratory rib cage com-
pression” (brief and strong bilateral compressions); how-
ever, this was not observed in critical care patients, as
reported by Unoki et a.# Although there is no clear evi-
dence for the physiological or airway clearance benefits of
ERCC in humans, Berti et al*! found a positive effect on
the duration of mechanical ventilation, as well as on the
ICU discharge rate and Murray score when using ERCC
along with manual hyperinflation. It is difficult to deter-
mine whether these beneficial clinical outcomes were due
to ERCC, manual hyperinflation, or both, particularly be-
cause Genc et al'2 observed no improvements in static
compliance, gas exchange, and secretion clearance when
ERCC was used with manual hyperinflation in 22 mechan-
ically ventilated patients. It is likely that these conflicting
results are due to the design differences between the stud-
ies, along with some potential confounding factors that
were not considered. The present study was conducted to
examine the acute mechanical effects and sputum clear-
ance of an ERCC protocol in ventilated patients with pul-
monary infection. We hypothesized that, although ERCC
can promote EFL and lung collapse in some circumstances,
this technique improves the airway clearance in hyperse-
cretive mechanically ventilated patients.
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Current knowledge

Expiratory rib cage compression (ERCC) has been
empirically used by respiratory therapists and physio-
therapistsin an attempt to enhance expiratory flows and
facilitate airway clearance in mechanically ventilated
patients.

What this paper contributes to our knowledge

ERCC increases expiratory flow but has no clinically
relevant effects in improving the sputum production
and respiratory mechanics in mechanically ventilated
patients with retained secretions. ERCC can cause ex-
piratory flow limitation in some patients.

Methods
Study Design

This was a randomized crossover study. Participants
were recruited from patients admitted to an 11-bed ICU at
atertiary referral hospital. Allocation was concealed from
theenrollinginvestigators, and randomi zation used 2 blocks
of 10. The study coordinator prepared sealed opaque en-
velopes containing a preassigned treatment order gener-
ated by computer, which were opened sequentially by the
physiotherapist on the day of intervention. According to
the random order, the participants received manual ERCC
and the control intervention (CTRL) on the same day, with
a 5-h washout period between them. Both interventions
were followed by a hyperinflation maneuver using pres-
sure support ventilation. The study protocol is depicted in
Figure 1.

Participants

All subjects were receiving mechanical ventilation, pre-
senting medical diagnoses of pulmonary infection and hy-
persecretion (defined as the need for suctioning < 2-h
intervals). Pulmonary infection was defined as a score of
= 6, as determined by the Clinical Pulmonary Infection
Score (CPIS).13 CPIS was calculated after individual scor-
ing for each of the following parameters; (1) temperature:
36.5-38.4°C = 0 points, 38.5-38.9°C = 1 poaint, = 36°C
or = 39°C = 2 points; (2) white blood cells (X 10%/L)
4,0-11.0 = 0 points, 11-17 = 1 point, > 17 = 2 points;
(3) secretions: none to minimal = 0 points, moderate = 1
point, large = 2 points; (4) P,o/Fio,; > 240 = 0 points,
= 240 = 2 points; (5) chest radiograph infiltrates: clear = 0
points, patchy = 1 point, localized = 2 points. Exclusion
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Fig. 1. Design and flow of participants through the trial. ERCC = expiratory rib cage compression.

criteriaincluded individuals with hemodynamic instability
(defined by heart rate > 130 beats/min and/or mean arte-
ria pressure < 60 mm Hg), use of vasopressor drugs,
absence of respiratory drive, acute bronchospasm, ARDS,
immediate postoperative neurosurgery, untreated pneumo-
thorax, and lung hemorrhage. The research protocol was
approved by theinstitution’s ethics committee, and written
informed consent was obtained from the subjects’ next of
kin before the study began.

I ntervention

The subjects were kept in a 30° semifowlers, supine
position. Ventilatory mode was changed to volume-con-
trolled mode, with a tidal volume (V;) of 8 mL/kg, an
inspiratory flow of 60 L/min (square wave), and PEEP of
5 cm HO (Fo, remained unchanged). A first tracheal
suctioning was done, and the mucus was discarded. A
series of 5 min of bilateral ERCCs then ensued. Aiming to
minimize intertherapist variability, the technique was ap-
plied by the same registered and trained physiotherapist.
His hands were positioned on the lower ribs, and force was
applied every 2 breaths only during the expiration, syn-
chronizing the maneuver rate with the breathing frequency
of the subject. The subjects then underwent a new suc-
tioning procedure, followed by a hyperinflation maneuver
consisting of a 10-min period under pressure support ven-
tilation of 35 cm H,0O. Control intervention followed the
same sequence, but instead of the compressive maneuver,
the subjects were kept on normal ventilation with the pa-
rameters described above.

Outcome Measurements

Sputum Production. Secretion clearance was the pri-
mary outcome and wasmeasured as sputum volume (mL).14
Secretions were collected immediately after ERCC and
CTRL, using a sputum trap attached to the suction system.
Sterile saline (10 mL) was flushed through the suction
tubing into the trap to clear any secretions in the catheter.
The volume of sputum was recorded, subtracting the saline
volume from the total volume in the trap. The suctioning
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procedure was performed following the American Asso-
ciation for Respiratory Care recommendations: closed suc-
tion system, suction catheter with maximal internal-to-
external diameter ratio of 0.5, delivery of 100% oxygen
30 s immediately before and 1 min after the procedure,
duration of 15 s, and vacuum pressure of —150 mm Hg.15

Respiratory Mechanics. Respiratory mechanicswerere-
corded immediately pre-ERCC (PRE), post-ERCC or
CTRL (POST1), and post-hyperinflation (POST2). There
were no interval's between these protocol steps and record-
ing of respiratory mechanics.

For the measurements, the subjects were positioned su-
pine with the head of the bed at 30° with a hyperinflated
cuff and submitted to tracheal suctioning. After that, they
received 3 sighs with a 2-fold increase in V+ (volume
history).26 According to the end-inspiratory occlusion
method,1” peak pressure (P1), plateau pressure (P2), AP1
(P1 — inflection point pressure), inspiratory flow (flow),
and V; were used to calculate static (Cy) and effective
(Cqs) compliance of the respiratory system (Cq = V4/
[P2 — PEEP]; Cy = V4/[P1— PEEP]) and total (R,,) and
initiad (R resistance of the respiratory system
(Rt = [P1 — P2)/flow; R,y = APL/flow). If there was
total or partia superimposition in the expiratory flow-vol-
ume loop with and without a manual compression maneu-
ver, this was considered EFL.182° |n addition, peak expi-
ratory flow (PEF) and flow at 30% of the expiratory tidal
volume (flow 30% V; aiming to record the flow in inter-
mediate and/or peripheral airways) were also measured
during ERCC. In al steps (PRE, POST1, and POST?2), the
respiratory signals were collected from the ventilator dis-
play (Vela, Infrasonics, San Diego, Cdlifornia), and the
representative value for each respiratory mechanics vari-
able was computed as an average of 3 consistent measures.

Statistical Analysis
According to the data from Lemes et a,2° power calcu-
lation indicated that 10 participants would provide suffi-

cient power (80%) to detect a difference of 68% in sputum
volume, assuming an SD of 67% and significance of 0.05.
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Table 1. Basic Characteristics of 20 Mechanically Ventilated

Subjects With Pulmonary Infection

Age, mean =,y 65+ 13
Median 2

Interquartile range 61-77.5
Gender, n (%)

Male 9 (45)
Female 11 (55)
P.o,/Fio, mean = SD 322 + 74

APACHE Il at ICU admission, mean + SD 19+7
Underlying diseases, No. (%)
Ventilator-associated pneumonia 13 (65)
Community-acquired pneumonia 5 (25)
Aspirative pneumonia 2 (10)
Upper abdominal surgery 2 (13.4)
Congestive heart failure 2 (5)
Stroke 1(5
Septic shock 2 (10)
Neurosurgery 1(5)
Kidney failure 1(5
Pulmonary embolism 1(5
Ventilatory mode, No. (%)
VC-CMV 4 (20)
PC-CMV 4 (20)
PSVv 12 (60)
PEEP, cm H,O
Median 5
Interquartile range 58
Fio, mean = 0.35 = 0.13
Median 0.3
Interquartile range 0.3-0.38
Duration of ventilation, mean = SD d 112+ 45

APACHE Il = Acute Physiology and Chronic Health Evaluation |1
VC-CMV = volume controlled continuous mandatory ventilation
PC-CMV = pressure controlled continuous mandatory ventilation
PSV = pressure support ventilation

Datawere tested for normality and homogeneity of vari-
ances (Shapiro-Wilk test and Levene median test) and ex-
pressed as mean = SD (if normally distributed) or as
medians in combination with quartiles and percentiles (if
not normally distributed). According to data distribution,
the 2-way repeated measures analysis of variance and the
Tukey test were used to examine the between-interven-
tions differences in respiratory mechanics, and the Wil-
coxon test was used to compare the sputum production
between CTRL and ERCC. The significance level was set
at 0.05, and the SigmaStat 3.1 software (Systat Software,
San Jose, California) was used for all analyses. The clin-
ical effect of ERCC was assessed by the effect size sta
tistic, calculated as the mean change found in a variable
divided by the SD of that variable.2* We used the criteria
of Cohen22 to interpret the effect size, where avalue of 0.2
is considered a small effect, avalue of 0.5 is considered a
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moderate effect, and a value of 0.8 is considered a large
effect. These calculations used the POST2 data, consider-
ing CTRL and ERCC results.

Results

Data from the participants of the study are provided in
Table 1. The only center involved in this tria (Military
Police of Rio de Janeiro State Hospital) has a throughput
of 234 critical care patients per year, with 65% managed
with mechanical ventilation. All participants completed
the measurements, and their baseline respiratory mechan-
ics values were similar before CTRL and ERCC (Table 2).
One neurosurgical subject presented with a Glasgow coma
score of 9. Three subjects were not sedated, and the other
16 subjects were sedated with midazolam (0.02—-0.2 mg/
kg/h) and/or fentanyl (1.0—7.0 pg/kg/h). The infusions
were titrated with the aim of maintaining levels 2—4 in the
Ramsay Sedation Scale.2®> The same experienced physio-
therapist delivered control and experimental interventions
for al subjects, and the procedures were well tolerated
without unfavorable signs and symptoms (ateration in
blood pressure and/or heart rate > or < 20% of resting
values and desaturation of oxyhemoglobin > 10% of base-
line levels).24

The respiratory mechanics and expiratory flow profiles
in CTRL and ERCC are shown in Tables 2 and 3, respec-
tively. ERCC cleared 34.4% more secretions than CTRL
(P = .04) (Fig. 2 and Table 2). Respiratory mechanics
showed no differences between control and experimental
interventions in POST1 for C4 (P = .1), Cy: (P = .34),
Reo (P = .92), and R;; (P = .97). In POST2, ERCC
promoted an increase in Cyq (P = .025) and in Cg
(P = .044), but not in Ry, (P = .92) and R;,;; (P = .98).
The effect size was small for secretion volume (0.2), Cq
(0.15), and C4; (0.12) and negligible for R, (0.04) and
Rinit (0.04).

During ERCC, PEF increased by 16.2 L/min (P < .001),
and flow 30% V- increased by 25.3 L/min (P < .001)
compared with CTRL (Table 3). Six patients (30%) pre-
sented EFL during ERCC. In a post hoc analysis compar-
ing patients with EFL and non-EFL (NEFL), there was an
increasein PEF during ERCC in NEFL (P = .007), but not
in EFL (P = .193). The flow 30% V increased in EFL
(P = .043) and in NEFL (P = .001), but NEFL presented
higher values (P = .006). There were correlations between
Ry @nd flow 30% V1 during ERCC (r = —0.635, P = .003)
and between R;,; and flow 30% V. during ERCC (r
= —0.596, P = .006). There were no other associations
between expiratory flows during ERCC and respiratory
mechanics parameters.
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Table 2.  Secretion Clearance and Respiratory Mechanics
PRE POST1 POST2
CTRL ERCC CTRL ERCC CTRL ERCC
Secretion clearance (n = 20)
Sputum volume (mL)
Median 1.0 2.0*
Interquartile range 0.5-1.95 1.0-3.25
Respiratory mechanics (n = 20)
Cg mean * SD, mL/cm H,O 38892 402 =122 365+ 84 39.1+98 38.7 =103 422 = 12*
Cqs mean = SD, mL/cm H,0O 327=*8 33399 31377 324=*81 326091 34.8 = 9.4*
Rt mean = SD, cm H,O/L/s 164+ 54 171+ 4.6 17.6 £ 5.9 17+ 4.6 16.8 + 55 164 = 5.7
Rini: mean = SD, cm H,0/L/s 138+ 4.8 144+ 41 151+ 4.7 142+ 3.8 13.6 + 45 14+54

* Statigtically different from CTRL (P < .05)

PRE = baseline

POST1 = immediately after control intervention (CTRL) or expiratory rib cage compression (ERCC)
POST2 = immediately after a hyperinflation maneuver

Cg4 = static compliance of the respiratory system

Cqt = effective compliance of the respiratory system

Ryt = total resistance of the respiratory system

Rinit = initial resistance of the respiratory system

Table 3.  Expiratory Flow Profiles During Expiratory Rib Cage Compression in 20 Mechanically Ventilated Subjects With Pulmonary Infection
PRE PER
CTRL ERCC CTRL ERCC
PEF mean + SD, L/min 46.4 = 152 436 =175 46.2 =153 59.6 = 18.3*
Flow 30% V+ mean + SD, L/min 15+73 126 + 6.1 151+75 38 + 15.7*
Flow limitation, n (%) 6 (30)

* Statistically different from the control intervention (CTRL; P < .01)
PRE = baseline

PER = during CTRL or expiratory rib cage compression (ERCC)
PEF = peak expiratory flow

Flow 30% V1 = flow at 30% of the expiratory tidal volume

Discussion

Even with lack of evidence, ERCC has been empirically
used by physiotherapists for improving expiratory flows
and therefore airway clearance.® Our study showed that
ERCC improves expiratory flow but has little effect on
secretion removal and respiratory mechanics in mechani-
cally ventilated patients with pulmonary infection. These
results are in agreement with previous studies that found
no benefits with ERCC in anima models®1° and in me-
chanically ventilated patients.+12

Mucus Clearance
In this study, mucus clearance was computed as sputum
volume. Although measurement of the transport rate of

mucus in the airway using aradioactive tracer techniqueis
the most direct outcome parameter,s this method is diffi-
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cult to implement in critical care settings. Thus, quantifi-
cation of expectorated mucus has been used as an impor-
tant airway clearance marker in most physiotherapy studies
including mechanically ventilated patients.1220.25-28 For a
better mechanistic approach, our mucus clearance results
are discussed along with the following respiratory me-
chanics subitems.

Expiratory Flow Limitation

Air-flow transport depends mainly on the air-flow ve-
locity, which is determined by the airway diameter and the
intrapulmonary pressure created by the expiratory muscles
(or by any thoracic compressive maneuver).> During a
forced expiration or a compressive maneuver, the trans-
mural pressure might reduce the airway diameter, causing
a disproportion between the driving pressure and the ex-
piratory flow (ie, EFL). If the airway collapses, the down-
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Fig. 2. Sputum volume produced after control (CTRL) and expira-
tory rib cage compression (ERCC) interventions. The horizontal
line through each box denotes the median values, whereas the
upper and lower edges represent the 25th and 75th percentiles,
and the whiskers represent the 10th and 90th percentiles. Circles
encompass the range of data points. The asterisk indicates sig-
nificantly different from CTRL.

stream flow equals zero, and secretion removal is inter-
rupted.6.29

Because ERCC is mechanically similar to a forced ex-
piratory maneuver, it has the potential to cause EFL and
peripheral airway closure. In our study, perhaps because
all subjects were receiving mechanical ventilation with
PEEP 5 cm H,0, only 6 subjects (30%) presented EFL
during ERCC. It is likely that the protective mechanical
effect of PEEP during the maneuver prevented the EFL in
many subjects and contributed to the overal increase in
PEF and flow 30% V. As expected, this increase was
more pronounced in NEFL subjects, suggesting that higher
PEEP levels are necessary to stabilize the airway during
ERCC in some patients. In this way, to increase the expi-
ratory flow and prevent airway collapse during the ma-
neuver, the PEEP level should be increased to the point at
which there is no superposition between the baseline (cur-
rent ventilation) and ERCC flow-volume loops observed
on the ventilator display.

Asthe protective mechanical effect of PEEP is not pres-
ent in spontaneousventilated patients, itislikely that ERCC
causes EFL and airway closure more frequently, mainly in
patients with pulmonary obstructive diseases. However, it
isimpossible to predict in which patients ERCC will cause
a dynamic compressive effect, which in theory can help in
secretion removal, or airway collapse, which can interrupt
airway clearance. On the basis of this premise, to remove
peripheral secretions, the rationale of ERCC should in-
clude strategies aiming to avoid airway collapse, mainly in
patients with reduced airway stability and/or functional
residual capacity (eg, bed-ridden patients).
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Respiratory System and Airway Resistance

We found no changes in R, and R, in agreement
with previous work.102030.31 According to these studies,
transitory bronchial constriction, variable secretion distri-
bution patterns in patients' airways, mucociliary activity,
and individualized response to the applied intervention
could explain the unchanged respiratory resistance ob-
served after the use of airway clearance techniques. More-
over, because of the greatest contribution of the central
and intermediate airways to respiratory system resistance,
if the secretions displace from the periphery to more prox-
imal airways (but are not completely removed by suction-
ing), there will be an increase in these resistance param-
eters.3?

We also found that in subjects with higher respiratory
and airway resistance (R, and R, i;, respectively), the com-
pressive maneuver was less effective in augmenting expi-
ratory flow. This suggeststhat for more severely obstructed
patients, a higher V1 may add some benefit to ERCC in
increasing expiratory flow.

Static and Effective Respiratory Compliance

Although C has been used by several authors to assess
the effect of airway clearance techniques in mechanically
ventilated patients,20.25-28 the only study evaluating ERCC
as an isolated technique in humans used C.4 The use of
this mechanical variable made the interpretation of respi-
ratory mechanics difficult because this parameter is influ-
enced not only by the elastic properties of the respiratory
system (which depend on the recruitment or de-recruit-
ment of lung periphery), but also by its resistive and in-
homogeneous components (which depend on other factors,
such as the patterns of secretion distribution in the air-
ways).r” Nevertheless, these authors also postulated that
ERCC can cause any degree of pulmonary collapse, which
isin agreement with the study of Marti et al,%° who found
areduction in Cy after ERCC in an animal model. In our
study, Cq, and C; did not change immediately after ERCC,
but presented a small increase after a hyperinflation ma-
neuver compared with CTRL. It is likely that ERCC pro-
moted some peripheral airway clearancein association with
a degree of pulmonary collapse (because of the compres-
sive effect), so these events counterbalanced each other,
resulting in an unchanged Cg in POST1. The subsequent
hyperinflation maneuver re-inflated the collapsed areas,”
and the C values then became higher in ERCC (POST2).
These positive effects in respiratory mechanics after only
a hyperinflation maneuver point to a new possible recom-
mendation when using ERCC, aiming to re-inflate any
collapsed pulmonary areas. However, this recommenda-
tion is applicable only if future studies show clinically
relevant benefits of ERCC in some context.
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Our results cannot be extrapolated to other clinical set-
tings because the patients were evaluated with a specific
ventilatory mode and parameters. Indeed, the physiologi-
cal and therapeutic consequences of chest physiotherapy
techniques are greatly influenced by the ventilatory set-
tings, as, for example, the role of PEEP in preventing
airway and lung collapse. Additionally, because there are
no favorable data on ERCC short-term effects in the cur-
rent literature, we cannot expect a positive impact of this
technique in clinically relevant outcomes, such as stay,
weaning outcome, mortality, and incidence of ventilator-
associated pneumonia. The only study on these outcomes
applied ERCC along with manual hyperinflation, making
it difficult to determine which of these two techniques was
responsible for the improvement in the stay and time-to-
weaning found by the authors.1t

Regarding the limitations of the study, arterial blood
gaseswere not recorded, and a blinded assessor could have
done al measurements. Despite these limitations, we be-
lieve that our results add an important contribution to the
field because we assessed the isolated clinical and physi-
ological effects of ERCC (not associated with any other
technique), which confirmed the negative results from pre-
vious animal and human studies. Moreover, in our study,
we took specia care to ensure that sputum production and
respiratory mechanics reflected the effects of ERCC on
lung periphery. In this way, before the interventions, all
subjects were suctioned to remove the secretions from
central airways, and measurements of respiratory mechan-
icsincluded Cg, arecognized marker of peripheral airway
clearance.33 We also suggested possible recommendations
for this technique, such as the use of a hyperinflation
maneuver after its application and flow-volume curve mon-
itoring during thoracic compression to avoid airway col-
lapse by setting an appropriate PEEP level.

Additional studies are necessary to evaluate the effects
of ERCC in spontaneous ventilation, in specific diseases
and respiratory mechanics conditions, and with different
ventilatory modes and parameters. It is likely that other
factors, such as compressive force magnitude, airway sta-
bility, and pulmonary volume at the onset of expiration,
influence the effectiveness of ERCC. Additionally, for a
better understanding of the underlying mechanisms of
ERCC, it is important to consider not only the PEF, but
also fluid mechanics principles, which determine mucus
transport by air-liquid interaction in central and peripheral
airways.

In conclusion, although ERCC increases expiratory flow,
it has no clinically relevant effects in improving the spu-
tum production and respiratory mechanics in hypersecre-
tive mechanically ventilated patients. The maneuver can
cause EFL in some patients.
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