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Longitudinal Changes in Patient-Ventilator Asynchronies and
Respiratory System Mechanics Before and After Tracheostomy. A Pilot
Study
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Leonardo Sarlabous, Neus Lopez, Jaume Montanya, Montserrat Rué, Robert M Kacmarek,?

Umberto Lucangelo, Rafael Fernandez, Paolo Pelosi, and Lluis Blanch,
for the Asynchronies in the Intensive Care Unit (ASYNICU) Group

BACKGROUND: This was a pilot study to analyze the effects of tracheostomy on patient-venti-
lator asynchronies and respiratory system mechanics. Data were extracted from an ongoing pro-
spective, real-world database that stores continuous output from ventilators and bedside
monitors. Twenty adult subjects were on mechanical ventilation and were tracheostomized dur-
ing an ICU stay: 55% were admitted to the ICU for respiratory failure and 35% for neurologic
conditions; the median duration of mechanical ventilation before tracheostomy was 12 d; and
the median duration of mechanical ventilation was 16 d. METHODS: We compared patient-ven-
tilator asynchronies (the overall asynchrony index and the rates of specific asynchronies) and re-
spiratory system mechanics (respiratory-system compliance and airway resistance) during the 24
h before tracheostomy versus the 24 h after tracheostomy. We analyzed possible differences in
these variables among the subjects who underwent surgical versus percutaneous tracheostomy.
To compare longitudinal changes in the variables, we used linear mixed-effects models for
repeated measures along time in different observation periods. A total of 920 h of mechanical
ventilation were analyzed. RESULTS: Respiratory mechanics and asynchronies did not differ
significantly between the 24-h periods before and after tracheostomy: compliance of the respira-
tory system median (IQR) (47.9 [41.3 — 54.6] mL/cm H,O vs 47.6 [40.9 — 54.3] mL/cm H,O; P =
.94), airway resistance (9.3 [7.5 — 11.1] ecm H,O/L/s vs 7.0 [5.2 — 8.8] cm H,0/L/s; P = .07), asyn-
chrony index (2.0% [1.1 - 3.6%] vs 41% [2.3 - 7.6%]; P = .09), ineffective expiratory efforts
0.9% [0.4 — 1.8%] vs 2.2% [1.0 — 4.4%]; P = .08), double cycling (0.5% [0.3 — 1.0%] vs 0.9%
[0.5 — 1.9%]; P = .24), and percentage of air trapping (7.6% [4.2 — 13.8%] vs 10.6% [5.9 —
19.2%]; P = .43). No differences in respiratory mechanics or patient-ventilator asynchronies
were observed between percutaneous and surgical procedures. CONCLUSIONS: Tracheostomy
did not affect patient-ventilator asynchronies or respiratory mechanics within 24 h before and
after the procedure. [Respir Care 0;0(0):1—e. © 0 Daedalus Enterprises]

Introduction

Tracheostomy is performed in 10 to 15% of patients
on mechanical ventilation in the ICU, and its preva-
lence has increased over the past 20 years."> The main
indications for tracheostomy are prolonged mechani-
cal ventilation and difficult or prolonged weaning.***
The most common reasons for mechanical ventilation
in patients who have been tracheostomized are acute
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respiratory failure, coma, COPD, neuromuscular dis-
ease, and trauma.’ Despite various studies about tra-
cheostomy, the optimal timing and technique for the
procedure in specific patient categories have yet to be
established.”'? Patient-ventilator asynchronies have
been associated with muscle damage and increases in
the duration of mechanical ventilation, ICU and hospi-
tal length of stay, and hospital mortality, as well as the
need for tracheostomy.'*"!”

1

Copyright (C) 2021 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



RESPIRATORY CARE Paper in Press. Published on July 6, 2021 as DOI: 10.4187/respcare.08824

PATIENT-VENTILATOR ASYNCHRONY AND RESPIRATORY MECHANICS

However, it is unknown whether tracheostomy influences
patient-ventilator interactions and asynchronies.> The poten-
tial benefits of tracheostomy on respiratory system mechanics
are controversial. Some older studies found improvements in
the work of breathing (WOB), pressure-time product (PTP),
and auto-PEEP'®'°: however, other studies did not confirm
these findings.”® More recent studies measured respiratory
mechanics in the operating room for a short period of time
immediately after tracheostomy®' or WOB during spontane-
ous breathing under different scenarios but not in a before-

Drs Lena and Lucangelo are affiliated with the Department of
Perioperative Medicine, Intensive Care and Emergency, Cattinara Hospital,
Trieste University, Trieste, Italy. Drs Aquino-Esperanza, Lopez-Aguilar,
Magrans, de Haro, Sarlabous, Lopez, and Blanch are affiliated with the
Critical Care Center, Hospital Universitari Parc Tauli, Institut
d’Investigaci6 i Innovacié Parc Tauli I3PT. Sabadell, Spain. Drs Aquino-
Esperanza, Lopez-Aguilar, Magrans, de Haro, Fernandez, and Blanch are
affiliated with the CIBERES, Instituto de Salud Carlos III, Madrid, Spain.
Dr Aquino-Esperanza is affiliated with the Facultat de Medicina, Universitat
de Barcelona, Barcelona, Spain. Dr de Haro is affiliated with the Universitat
Auténoma de Barcelona, Barcelona, Spain. Dr Sarlabous is affiliated with
the CIBERBBN, Instituto de Salud Carlos III, Madrid, Spain. Dr Montanya
is affiliated with Better Care, Barcelona, Spain. Dr Rué is affiliated with the
Department of Basic Medical Sciences, Universitat de Lleida-IRB Lleida.
Lleida, Spain and also with the Health Services Research Network in
Chronic Diseases (REDISSEC), Madrid, Spain. Dr Kacmarek was affili-
ated with the Department of Respiratory Care, Department of
Anesthesiology, Massachusetts General Hospital, Harvard Medical
School, Boston, Massachusetts. Dr Fernandez is affiliated with the
Intensive Care Unit, Fundacié Althaia, Universitat Internacional de
Catalunya, Manresa, Spain. Dr Pelosi is affiliated with the Department
of Surgical Sciences and Integrated Diagnostics, University of Genoa,
Genoa, Italy. Dr Pelosi is affiliated with the Anesthesia and Intensive
Care, San Martino Policlinico Hospital, IRCCS for Oncology and
Neurosciences, Genoa, Italy.

Drs Blanch, Montanya, and Lucangelo are the inventors of a US patent
owned by the Corporacié Sanitaria Parc Tauli: “Method and system for
managing related patient parameters provided by a monitoring device,”
US Patent No. 12/538,940. Drs Blanch, Montanya, and Lucangelo own
stock options in Better Care S.L., a research and development spinoff of
Corporaci6 Sanitaria Parc Tauli (Spain). The remaining authors have no
conflicts of interest to disclose.

Drs Lena and Aquino-Esperanza contributed equally to this work.

Additional investigators from the Asynchronies in the Intensive Care
Unit (ASYNICU) Group are listed in the acknowledgments.

tDeceased.

Supplementary material related to this paper is available at http://www.
rcjournal.com.

Correspondence: José Aquino-Esperanza MD, Critical Care Center, Parc
Tauli Hospital Universitari, Institut d’Investigacié i Innovacié Parc Tauli
I3PT, Centro de Investigaciones Biomedicas en Red Enfermedades
Respiratorias, Instituto de Salid Carlos III, Facultat de Medicina,
Universitat de Barcelona, Parc Tauli, 1, 08208 Sabadell, Spain. E-mail:
jaquino@tauli.cat.

DOI: 10.4187/respcare.08824

QUICK LOOK

Current knowledge

The potential benefits of tracheostomy on respiratory
system mechanics are controversial, and there are no
current data that explored the role of the procedure on
patient-ventilator interactions in a before-and-after
protocol.

What this paper contributes to our knowledge

In this pilot study of subjects who were critically ill
and on mechanical ventilation, tracheostomy did not
affect patient-ventilator asynchronies or respiratory
system mechanics 24 h after the procedure.

and-after protocol.”> We aimed to assess and compare
longitudinal changes in patient-ventilator asynchronies and
respiratory system mechanics after tracheostomy in record-
ings of the 24-h periods before and after the procedure in sub-
jects on mechanical ventilation connected to a system that
allows the continuous monitoring of respiratory mechanics
and the identification of various asynchronies.

Methods
Design and Setting

We compared patient-ventilator asynchronies and respi-
ratory system mechanics in the 24-h period before tracheos-
tomy versus in the 24-h period after the procedure. Data
were extracted from an ongoing, real-world database that
was prospectively constructed in 2 ICUs equipped with the
Better Care platform. The database contains observational
data on adult patients who were intubated and expected
to undergo invasive ventilation > 24 h with ventilators:
Evita 4 (Driger, Liibeck, Germany), Puritan Bennet 840
(Covidien, Dublin, Ireland), or Servo-i (Maquet, Solna,
Sweden). The Better Care platform integrates signals
from different ventilators and monitors, and applies algo-
rithms to detect several typologies of patient-ventilator
asynchronies.

The Comité d’Etica d’Investigacié ambmedicaments at
the Corporacié Sanitaria Parc Tauli and the clinical
research ethics committee of Fundaci6 Unié Catalana
d’Hospitals approved the database and the study protocol.
The need for informed consent was waived because the
current study was noninterventional, posed no added risk
to the subjects, did not interfere with usual care, and used
anonymized data. The guidelines followed in this study
were according to the applicable Spanish regulat-
ions (Biomedical Research Law 14/2007). This work
was funded by projects PI09/91074, PI13/02204, and
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PI16/01606; integrated in the Plan Nacional de R+D+I; and
co-funded by the ISCIII-Subdireccion General de Evaluacion
y el Fondo Europeo de Desarrollo Regional (FEDER), RTC-
2017-6193-1 (AEI/FEDER UE), CIBER Enfermedades
Respiratorias, and Fundaci6 Parc Tauli (Spain).

Participants

We studied 20 adult subjects who were tracheostomized
during their ICU stay for prolonged intubation or for airway
protection and who were expected to require mechan-
ical ventilation > 24 h after tracheostomy. We excluded
pregnant patients and those with do-not-resuscitate orders
or with chest tubes with suspected bronchopleural fistulas.
Demographics, clinical diagnosis, ventilator settings, endo-
tracheal tube characteristics, type of tracheostomy, and out-
come were retrieved from medical records. We also
retrieved the dose of sedatives (mg/kg) administered hourly
(expressed as midazolam dose-equivalents)® and sedation
levels with the Sedation-Agitation Scale.**

Measurements

The Better Care platform was used to capture the digital
output from bedside monitors and ventilators, and to
determine heart rate, Syo, and respiratory variables.'>?’
We analyzed breathing frequency, inspiratory time (Tj;),
total PEEP, end-expiratory flow, peak expiratory flow,
and the ratio of inspiratory time to duty cycle (T;/Ty)-
To automatically and continuously assess respiratory-
system compliance and airway resistance, impedance, and
elastance through different ventilator modes, we used
the least-squares fitting method breath by breath.%*’
Variables were averaged for each hour in the 24-h periods
before and after tracheostomy. The Better Care platform
analyzes respiratory signals breath by breath to identify
asynchronous cycles by classifying them into 4 categories
(ineffective expiratory effort, double cycling, short cycling,
or prolonged cycling) and computes a global asynchrony
index, expressed as a percentage, by dividing the number of
asynchrony events by the total respiratory cycles (ie, ventila-
tor cycles and wasted efforts) and multiplying by 100."* The
platform also estimates the percentage of air trapping. All
these data are stored in a PostgreSQL database for further
analyses. To avoid bias induced by airway manipulation and
neuromuscular blocking during manipulation, we excluded
from the analyses the time periods in which the airways
were manipulated as well as the hour immediately before
the procedure and the hour immediately after it.

Statistical Analysis

Subjects’ characteristics are summarized as medians
(25th—75th percentiles [interquartile range {IQR}) or
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percentages. Respiratory variables are summarized as
means (95% Cls). The Kolmogorov-Smirnov test for nor-
mality was applied to assess for normality. To accurately
describe the repeated measures over time by the period of
observations (ie, hours), we used linear mixed-effects mod-
els.”® The fixed-effects part of the model allowed separate
fits over time by period (ie, a period-by-hours interaction
term) for the population mean. The random-effects part
included an intercept for the subjects by the period to take
into account inter- and intrasubject variability. To investi-
gate the rate of patient-ventilator asynchronies, the model
assumed a negative binomial distribution because the
response variable (number of occurrences of asynchrony
events) was limited to non-negative values and was posi-
tively skewed, with most observations having values near
zero, and included an exposure term (the total number of re-
spiratory cycles per hour), which indicates the number of
times a particular event could have happened.

Negative binomial distributions have often been used in
regression models with count data.”* We did not estimate
the sample size needed to achieve a specific power. No gen-
eral and well-established sample size methodology exists
for mixed models in longitudinal studies with specific cor-
relations among observations from the same individual.
Simulation methods are recommended, but this approach is
beyond the scope of our study. In this observational study,
we analyzed all the data available from 20 subjects on me-
chanical ventilation. We used R 3.3.1 (R Core Team,
Vienna, Austria) for all statistical analyses, building the
mixed-effects models with the Ime4 package and summa-
rizing the mean (95% CI) hourly values by periods with the
Ismeans package.’® Two-tailed significance was set at
P < .05.

Results

The demographic and clinical characteristics of the 20
subjects with a tracheostomy included in the study (11
admitted for acute respiratory failure, 7 for neurologic con-
ditions, and 2 for trauma) are reported in Table 1. The me-
dian (IQR) APACHE II score on ICU admission was 16
(13.8 — 20.3). The median (IQR) duration of mechanical
ventilation before tracheostomy was 12 (9 — 15) d, and the
median (IQR) total duration of mechanical ventilation was
16 (9 — 27) d. Tracheostomy was done percutaneously in
60% and surgically in 40% of the subjects. The mean (95%
CI) endotracheal tube diameter was 7.7 (7.5 — 8.0) mm, and
mean (95% CI) tracheostomy cannula diameter was 8.4 (8
—9) mm (P < .05). The endotracheal tube diameters were
6.5,7,75,8, and 85 mm in 1, 2, 5, 10, and 2 subjects,
respectively. After the procedure, the tracheostomy cannula
diameters were 8 mm and 9 mm in 10 subjects each. There
were no significant differences in the use of ventilator
modes before and after tracheostomy; the most common
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Table 1.  Subjects’ Clinical Characteristics, Type of Tracheostomy
Performed, and Ventilatory Modes Used Before and After The
Procedure

Parameter Results
Characteristics
Subjects, N 20
Age, median (IQR) y 58 (44-75)
Men, n (%) 11 (55)
COPD, n (%) 2 (10)
Reason for admission, n (%)

Acute respiratory failure 11 (55)
Pneumonia 1(9.1)
ARDS 19.1)
Congestive heart failure 19.1)
Aspiration 19.1)
Sepsis 4 (36.4)
Other 3(27)

Neurologic 7(35)

Trauma 2 (10)

APACHE II score at admission, median (IQR) 16 (13.8-2.3)
SOFA score at admission, median (IQR) 7 (3.5-8.5)
Total ventilation duration, median (IQR) d 16 (9-27)
Ventilation duration before tracheostomy, median 12 (9-15)

(IQR) d

ICU stay, median (IQR) d 16 (18-35)
Hospital stay, median (IQR) d 47 (28-75)
Hospital mortality, n (%) 3(15)
Technical procedure, n (%)
Percutaneous 12 (60)
Surgical 8 (40)
Ventilatory mode, n (%)

Pressure support
24 h preprocedure 9 (45)

24 h postprocedure 8(4)

Volume-assist control
24 h preprocedure 10 (50)

24 h postprocedure 11 (55)

APRV
24 h preprocedure 1(5)

24 h postprocedure 1 (6)

IQR = interquartile range (25th — 75th percentiles)

APACHE = Acute Physiology and Chronic Health Evaluation
SOFA = Sequential organ failure assessment

APRV = airway pressure release ventilation

ventilator modes applied were volume assist-control venti-
lation (50% before vs 53% after tracheostomy), pressure-
support ventilation (44% before vs 41% after tracheos-
tomy), and airway pressure-release ventilation (6% before
vs 6% after tracheostomy). The median (IQR) length of
stay was 16 (18 —35) d in the ICU and 47 (28 - 75) d in the
hospital. Three subjects died during the hospital stay.

A total of 920 h of mechanical ventilation, 460 h before
tracheostomy and 460 h after, were analyzed. The overall
rate of asynchronies did not differ between the 24-h periods
before and after tracheostomy (asynchrony index: 2.0%

[1.1-3.6%] vs 4.1% [2.3 — 7.5%]; P = .09); likewise, the
rates of specific asynchronies did not differ between the
two periods (ineffective expiratory effort: 0.9% [0.5 —
1.8%] vs 2.2% [1.0 — 4.4%], P = .08; double cycling: 0.5%
[0.3 - 1.0%] vs 0.9% [0.5 — 1.9%], P = .24; and air trap-
ping: 7%*"* vs 10%,'* P = .43). The evolution of these
variables in the 24 h before and after the tracheostomy pro-
cedure is shown in Figure 1. The changes in respiratory var-
iables, sedatives administered, and asynchronies between
the 2 periods are summarized in Table 2. Overall, respira-
tory system mechanics, ventilator settings, use of sedatives,
and sedation level (Sedation-Agitation Scale) did not
change over time in the period studied (Fig. 2).

We also analyzed whether there were differences in
patient-ventilator asynchronies and in respiratory mechan-
ics in the 24 h after tracheostomy between the subgroups of
subjects who underwent surgical versus percutaneous pro-
cedures (see the supplementary materials at http://www.
rcjournal.com). Tidal volume and Sedation-Agitation Scale
scores after the procedure were lower in the surgical group,
but they were also significantly lower before the tracheos-
tomy; hence, these differences cannot be attributed to the
technique. We also analyzed possible differences in these
variables in relation to the reason for mechanical ventilation
by comparing the subjects ventilated for acute respiratory
failure (n = 11) versus those ventilated for neurologic con-
ditions (n = 7) (see the supplementary materials at http://
www.rcjournal.com). Overall, the subjects with acute respi-
ratory failure already had significantly higher asynchrony
index and rates of double cycling before tracheostomy, and
these differences remained after the procedure. Moreover,
after tracheostomy, ineffective expiratory effort, breathing
frequency, and peak inspiratory flow increased in the sub-
jects ventilated for acute respiratory failure but not in those
ventilated for neurologic conditions.

Discussion

In the current pilot study, tracheostomy did not affect the
rates of patient-ventilator asynchronies or the mechanical
properties of the respiratory system in the 24 h after the pro-
cedure, regardless of the technique performed. Unlike pre-
vious studies, we used Better Care platform software
validated to detect and quantify various patient-ventilator
asynchronies and respiratory system mechanics in continu-
ous recordings of ventilator waveforms from 24 h before
tracheostomy to 24 h after the procedure, which enabled us
to appreciate fluctuations in any parameter at any time dur-
ing the period analyzed.'®* To obtain dynamic and auto-
mated measurements of compliance of the respiratory
system and airway resistance during volume assist-control
and pressure-support ventilation, we used the least-squares
fitting method,?*?” which weights the compliance and re-
sistance of the respiratory system over the entire respiratory
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Fig. 1. Longitudinal changes in patient-ventilator asynchronies before and after tracheostomy. Spaghetti plots, showing longitudinal changes of
asynchronies over time before (red) and after tracheostomy (blue). Black lines show medians. Visualization of flow over time periods of the
asynchrony index (Al), ineffective expiratory efforts (IEE), percentage of air trapping, and double cycling (DC).

cycle and can be applied in patients who are receiving par-
tial or full ventilatory support without any constraints with
concern to the ventilatory pattern. Most studies about
changes in the mechanical properties of the respiratory sys-
tem after tracheostomy were done ~20 years ago and
included only surgical procedures, so our population likely
better reflects contemporary ICU practice.'s?!

The clinical indications for tracheostomy include
attempts to increase patient comfort and to facilitate wean-
ing.” Patient-ventilator asynchronies are associated with
increases in the duration of mechanical ventilation, in ICU
and hospital length of stays, and in the rate of tracheosto-
mies as well as with anxiety, discomfort, and negative out-
comes, so various studies in the past decade aimed to
optimize patient-ventilator interaction.'®'”*'* We found
that the rate of asynchronies did not change in the 24 h after
tracheostomy. There were no differences in double cycling,
ineffective expiratory effort, or asynchrony index;
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accordingly, the percentage of air trapping did not change.
One possible explanation is that the low rates of asynchro-
nies in the 24 h before tracheostomy (eg, the asynchrony
index was only 2.0%) reduced the likelihood of finding
effects. Moreover, because the respiratory system mechan-
ics and Sedation-Agitation Scale did not change, it would
seem logical that patient-ventilator asynchronies would
remain unchanged under similar conditions.

Comparing subgroups of the subjects also provided inter-
esting information. We found no differences in patient-ven-
tilator asynchronies or respiratory system mechanics after
the procedure between the subjects who underwent percuta-
neous versus surgical tracheostomy. Analysis of these
results suggested that less-invasive methods led to similar
outcomes and reinforced previous findings** supported in
current recent guidelines.*>-*” With regard to the reason for
mechanical ventilation, the rate of double cycling and the
asynchrony index before tracheostomy was significantly
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Table 2.  Lung Mechanics and Asynchronies Before and After Tracheostomy

Tracheostomy
Parameter P
24 h Preprocedure 24 h Postprocedure

Tidal volume, mL/kg PBW 6.4 (5.7-7.1) 6.4 (5.7-7.2) 93
Breathing frequency, breaths/min 22.1(2.4-23.8) 22.5(20.8-24.3) 1
Spo,, % 96.8 (95.6-98.0) 96.8 (95.6-98.0) 93
Heart rate, beats/min 85.6 (77.7-93.5) 85.5(77.6-93.4) .98
Compliance, mL/cm H,O 479 (41.3-54.6) 47.6 (4.9-54.3) 94
Resistance, cm H,O/L/s 9.3 (7.5-11.1) 7.0 (5.2-8.8) .07
Peak expiratory flow, L/min —46.1 (—53.7 to —38.5) —50.0 (—57.6 to —42.4) 46
End-expiratory flow, L/min —2.9(—4.0to —1.8) —2.7(-3.9t0 —1.6) .82
Total PEEP, cm H,O 6.5 (5.6-7.3) 6.0 (5.2-6.9) 44
Ti/Tiot 0.36 (0.33-0.38) 0.35 (0.33-0.38) .79
Reactance, cm H,O/L/s —11.1(—13.0to —9.2) —1.3(—122to —8.4) 54
Impedance, cm H,O/L/s 15.2 (12.8-17.6) 12.9 (1.5-15.3) 17
Asynchrony index, % 2.0 (1.1-3.6) 4.1 (2.3-7.5) .09
Ineffective expiratory efforts, % 0.9 (0.4-1.8) 2.2(1.04.4) .08
Double cycling, % 0.5 (0.3-1.0) 0.9 (0.5-1.9) 24
Air trapping, % 7.6 (4.2-13.8) 10.6 (5.9-19.2) 43
Midazolam dose-equivalent, mg/kg 3.4 (0.3-6.6) 4.1 (0.9-7.2) 78
Sedation-Agitation Scale, points 3.4 (3.0-4.0) 3.4 (3.04.0) 97

Expressed as median (interquartile range [25" — 75" percentiles]).
Ti/To = inspiratory time to duty cycle

higher in the subjects ventilated for acute respiratory failure
than in those ventilated for neurologic conditions; after tra-
cheostomy, in addition to maintaining this difference, those
ventilated for respiratory failure also developed a higher
rate of ineffective expiratory efforts, with associated higher
breathing frequency and peak inspiratory flow 24 h after.

These results differed from previous findings that
showed potential benefits of tracheostomy to reduce inef-
fective expiratory efforts and likely attributed to individual
subject’s clinical conditions.'® In our study, the subjects in
the acute respiratory failure subgroup were ventilated
mainly for infections and/or inflammation and tracheos-
tomy performed on day 12, whereas in the previous study,
the subjects were ventilated mainly for diaphragmatic
dysfunction, COPD, and coma, and were tracheostomized
on day 31."® This suggested that our subjects were still
recovering from the initial insult at the time of tracheos-
tomy and that some degree of dynamic hyperinflation
developed during the 24 h after the procedure as a conse-
quence of a higher breathing frequency resulted in
a higher incidence of ineffective expiratory efforts.*®
Because tracheostomy did not change the respiratory
mechanics in the subjects ventilated for acute respiratory
failure who had asynchronies before tracheostomy, it is
not surprising that the procedure did not decrease the rate
of asynchronies and could even increase the rate of inef-
fective expiratory efforts.

With concern to the effects of tracheostomy on respiratory
system mechanics, a previous study found that surgical

tracheostomy decreased auto-PEEP, which led to reductions
in the WOB and occlusion pressure, with a reduction in inef-
fective expiratory efforts.'® Similarly, another study found
that airway resistance decreased and elastance increased im-
mediately after surgical tracheostomy in the operating room,
but they did not examine the evolution of respiratory
mechanics thereafter.?' In contrast, one study found that tra-
cheostomy decreased peak inspiratory pressure but did not
affect WOB, airway resistance, or PTP in a cohort mainly
composed of subjects with bronchiectasis or COPD.*
Similarly, other investigators reported no differences in tidal
volume, breathing frequency, or auto-PEEP in the 12 h after
tracheostomy; whereas they found that WOB decreased but
only when expressed as J/min.'” The different results
obtained in these studies are probably at least partly due to
differences in the time points when the variables were
measured.

We found that the mechanical properties of the respira-
tory system remained unchanged 24 h after the procedure,
irrespective of the technique used, even though the diame-
ter of the tracheostomy cannula was larger than that of the
endotracheal tube. These findings differed from those of
other studies, in which WOB and PTP changed after a tra-
cheostomy, possibly because we found no differences in
variables, such as auto-PEEP, tidal volume, compliance of
the respiratory system, and airway resistance, which are
directly related to WOB and PTP.'®2! It is also possible
that these differences could be due to the time when the
measurements were taken. Our study reported the results
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Fig. 2. Longitudinal changes in respiratory mechanics before and after tracheostomy. Spaghetti plots, showing longitudinal changes of me-
chanical properties of the respiratory system over time before (red) and after tracheostomy (blue). Black lines show medians. A: Visualization of
flow over time periods of dynamic resistance, compliance of the respiratory system, elastance, and impedance of the respiratory system. B:
Visualization over time of end-expiratory flow (EEF), peak-expiratory flow (PEF), total PEEP, and breathing frequency.
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24 h after the procedure, which provided a longer period of
time for stabilization than previous studies in which the
measurements were done at 6 h'® or 12 h.'" Moreover,
unlike in other studies, our population comprised mainly
subjects with acute respiratory failure of inflammatory or
infectious origin and neurologic patients, which more accu-
rately reflected the case mix in mixed ICUs nowadays. It
should be emphasized that possible confounding effects of
midazolam-dose equivalent and Sedation-Agitation Scale
were negligible, given that they also remained invariable
during the period studied.

Our study had some limitations. First, our cohort (20 sub-
jects) was small, although continuous monitoring of various
physiologic parameters over 48 h enabled us to analyze 920
h of patient-ventilator interactions. Second, the fact that the
incidence of asynchronies was low before the tracheostomy
and remained low after the procedure made it difficult to
find significant differences. Third, we did not measure
esophageal pressure, so we could not estimate WOB and
the PTP; nevertheless, it is not unreasonable to assume that
WOB and PTP should not vary when breathing frequency,
tidal volume, and total PEEP remain constant, and when
mechanical properties of the respiratory system are similar.
Fourth, we did not evaluate the effects of tracheostomy in
the subjects ventilated with proportional modes; thus, our
findings should not be generalized to those modes. Fifth,
tracheostomy could theoretically reduce the WOB and
patient-ventilator asynchronies by reducing the inspiratory
and expiratory resistive loads and improving expiratory
flow?; nevertheless, although the increment of the inner di-
ameter of the endotracheal tube increased (from 7.7 to 8.4
mm), this enlargement may be insufficient to observe a
clinically relevant effect; hence, we could not exclude the
hypothesis that a greater increase could favor patient-venti-
lator asynchronies.

Furthermore, our reported asynchrony index before the
procedure was low (median [IQR] 2% [1.1 — 3.6%], which
makes any significant change difficult to notice with the
given studied population. Sixth, the accuracy of dynamic
measurements obtained by using least-squares fitting can be
limited in patients with severe flow limitation and in those
who actively and vigorously use their respiratory muscles;
however, this circumstance was not clinically observed and
our population included only 2 subjects with COPD and
these subjects did not have severe flow limitation. Moreover,
we found no negative values of airway resistance that would
suggest low pressure support level associated with sponta-
neous breathing activity,”® which further supported the
use of least-squares fitting in our population.

Conclusions

In our pilot study of subjects who were critically ill and on
mechanical ventilation, tracheostomy did not affect patient-

ventilator asynchronies or respiratory system mechanics in
the 24 h after the procedure. This hypothesis should be tested
in a larger population study.

Data Availability

The datasets generated and analyzed in the current study
are available from the corresponding author on reasonable
request.
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