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A Comprehensive Bench Assessment of Automatic Tube Compensation

in ICU Ventilators for Better Clinical Management

Louis-Marie Galerneau, Nicolas Terzi, Emanuele Turbil, Zakaria Riad, Carole Schwebel,
Martin Cour, Laurent Argaud, Claude Guérin, and Bruno Louis

BACKGROUND: Automatic tube compensation (ATC) unloads endotracheal tube (ETT) resist-
ance. We conducted a bench assessment of ATC functionality in ICU ventilators to improve clinical
management. METHODS: This study had 2 phases. First, we performed an international survey
on the use of ATC in clinical practice, hypothesizing a rate of ATC use of 25%. Second, we tested
7 modern ICU ventilators in a lung model mimicking a normal subject (Normal), a subject with
ARDS, and a subject with COPD. Inspiratory effort consisted of esophageal pressure over 30 con-
secutive breaths obtained in a real patient under weaning. A brand new 8-mm inner diameter ETT
was attached to the lung model, and ATC was set at 100% compensation for the ETT. The 30
breaths were first run with ATC off and no ETT (ie, reference period), and then with ATC on and
ETT (ie, active period). The primary end point was the difference in tidal volume (V1) between ref-
erence and active periods. We hypothesized that the Vi difference should be equal to 0 in an
ideally functioning ATC. V difference was compared across ventilators and respiratory mechanics
conditions using a linear mixed-effects model. RESULTS: The clinical use of ATC was 64%
according to 644 individuals who responded to the international survey. The V1 difference varied
significantly across ventilators in all respiratory mechanics configurations. The divergence between
Vr difference and 0 was small but significant: the extreme median (interquartile range) values
were —0.013 L (-0.019 to —0.002) in the COPD model and 0.056 L (0.051-0.06) in the Normal
model. Vy difference for all ventilators was 0.015 L (95% CI 0.013-0.018) in the ARDS model,
which was significantly different from 0.021 L (95% CI 0.018-0.024) in the Normal model (P <
.001) and 0.010 L (0.007-0.012) in the COPD model (P = .003). CONCLUSIONS: ATC is used
more frequently in clinical practice than expected. In addition, Vy delivery by ATC differed slightly
though significantly between ventilators. Key words: automatic tube compensation; airflow resistance;
weaning, endotracheal tube; mechanical ventilation. [Respir Care 0;0(0):1—e. © 0 Daedalus Enterprises]

Introduction

The aim of automatic tube compensation (ATC) is to
compensate for the pressure drop across the endotracheal
tube (ETT) or tracheostomy prosthesis and is an option
available in most ICU ventilators." The pressure drop
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across an ETT essentially depends on ETT (or tracheos-
tomy prosthesis) resistance, which in turn depends on both
ETT inner diameter (ID) and length: the smaller the former
or the longer the latter, the higher the resistance in the ETT
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(or tracheostomy prosthesis) and the greater the pressure
drop for a given air flow. With ATC on, the ventilator con-
tinuously provides pressure assistance during both insuffla-
tion and exsufflation by continuously computing tracheal
pressure in adding the pressure drop across the ETT from
the measured airway pressure (P,,).> In this way, ATC
works as a closed loop within the cycle, and the ventilator
therefore regulates the tracheal pressure.

We recently reported” that breathing power was signifi-
cantly higher with ATC than with low pressure support
ventilation mode, both including a low PEEP, indicating
that low pressure support ventilation provides pressure as-
sistance beyond the pressure drop across ETT compensa-
tion.* Nevertheless, our previous work® used one brand of
ventilator (Evita XL, Drédger, Germany) with all subjects,
and the results may be different from those obtained with
other ICU ventilators given that the algorithms governing
ATC may differ. To explore this question further, we first
performed an international survey to determine the rate of
use ATC in daily practice. Based on these results, we then
performed an in vitro study to explore the ATC function of
different ICU ventilators. We hypothesized that if ATC
works properly, the tidal volume (Vr) should be the same
whether ATC was off with no ETT or on with an ETT in
place. We tested this hypothesis on the bench with 7 currently
available ICU ventilators. Because ATC was under investiga-
tion, we refined the lung model by using an inspiratory effort
from an actual subject enrolled in our previous study.

Methods

The survey, created with the free Survey Monkey tool,
was endorsed by the Acute Respiratory Failure section and
the Clinical Trials group of the European Society of
Intensive Care Medicine (ESICM). It was sent out via email
on June 27, 2019, from the desk of the administrative person
in charge of the worldwide ESICM membership. The
closed-ended questions included respondent’s country, years
of experience in the ICU, type of ICU, type of hospital, type
of ventilator, ATC use (never, always, or in some patients),
reasons for using ATC or not, and ventilatory mode in which
ATC is used (see the supplementary materials at http://www.
rcjournal.com). The database was frozen on August 1, 2019,
after 2 reminders. The results were retrieved as an anony-
mized spreadsheet. The in vitro bench study was performed
in a dedicated room in the medical ICU of Grenoble-Alpes
University Hospital in Grenoble, France.
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QUICK LOOK

Current knowledge

Automatic tube compensation (ATC) unloads endotra-
cheal tube resistance, reduces the work of breathing,
and may facilitate weaning from invasive mechanical
ventilation in patients in the ICU. The rate of use of
ATC is not clear, and the performance of ATC delivery
across ICU ventilators is poorly investigated.

What this paper contributes to our knowledge

A survey of ICU physicians revealed that about two
thirds of them used ATC in clinical practice. In a bench
study, we observed that the difference in tidal volume
delivered with and without ATC was small, but across
7 ICU ventilators it was significantly different. When
the use of an endotracheal tube was modeled, the vari-
ability in tidal volume delivery increased.

Set up

The following components were used (see the supple-
mentary materials at http://www.rcjournal.com). An
ASL 5000 lung model (Ingmar Medical, Pittsburgh,
Pennsylvania) was used to mimic representative ICU
patients.>® Representative respiratory mechanics of ICU
patients were obtained from a recent study performed by
Arnal et al” for normal subjects (Normal) and for subjects
with ARDS or COPD. We set linear compliance and re-
sistance as equal during inspiration and expiration. At
the patient effort step of the ASL 5000 script, we used
the analog output of the esophageal pressure tracing in a
representative subject included in the previously men-
tioned study comparing pressure support ventilation to
ATC? (see the supplementary materials at http://www.
rcjournal.com). The same subject’s effort was used in all
combinations throughout the study.

Seven ICU ventilators equipped with the ATC mode
were tested. Two were those used in the medical ICU
in Grenoble-Alpes University Hospital (Evita XL and Evita
V500 ventilators, Draeger, Liibeck, Germany), and the
others were provided by the French representatives of the
manufacturers (PB980 ventilator by Med-tronic, Dublin,
Ireland; C6 and S1 ventilators by Nihon Kohden Europe,
Roshbach, Germany; Elisa 800 ventilator by Lowenstein
Medical, Bad Ems, Germany; and Carescape860 ventila-
tor by GE Health Care, Chicago Illinois).

We used ETTs of 7.0 and 8.0 mm ID (Hi Contour
oral/nasal cuffed ETT, Shiley, Covidien, Mansfield,
Massachusetts) and of 9.0 mm ID (Supersafetyclear,
Riisch, Riischelit, Teleflex Medical, Athlone, Ireland).
Airflow was measured with a linear pneumotachograph (3700
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series, Hans Rudolph, Shawnee, Kansas) and P,, was meas-
ured at the ETT proximal tip (see the supplementary materials
at http://www.rcjournal.com). P,,, was connected to a pressure
transducer (Gabarith PMSET 1DT-XX, Becton Dickinson,
Singapore). Analog signals of flow and P,, were sent to a
datalogger (Biopac MP150, Biopac, Goleta, California)
(Figure 1). We used wireless double-limb ventilator circuit
with a 22-mm ID and length of 1.6 m (Intersurgical,
Berkshire, United Kingdom).

Protocol

Before the experiment, each ventilator was fully checked
according to the procedure described in the user manual, and
the P,, transducer and pneumotachograph were calibrated
using a manometer (717 1G, Fluke Biomedical, Everett,
Washington) and a precision rotameter (Houdec Glass,
Martin Medical, Lyon, France), respectively, at room temper-
ature. Room temperature and humidity the day of the experi-
ment were recorded. For each ventilator, the following steps
were taken. First, the ventilator was set on pressure support
ventilation mode with the following settings: pressure support
ventilation level 0 cm H,O, PEEP 4 cm H,0, Fio, 0.21, fast-
est pressurization rate, inspiratory trigger at the lowest with-
out auto-triggering, expiratory trigger 25% of maximum
inspiratory flow, flow-by, and maximum inspiratory time set
at default (see the supplementary materials at http://www.
rcjournal.com). The ventilator was then connected to the
ASL lung model with no ETT and ATC off. The 3 respiratory
mechanics conditions (Normal, ARDS, and COPD) were
then tested to define each condition’s reference values.
Second, the ATC option was switched on and information
about the ID of the ETT and amount of compensation pro-
vided were recorded. At this step, we used an §-mm ID
ETT (ETTS8) and 100% compensation. The ventilator was
connected to an ETTS8 and the 3 respiratory mechanics
were run, which defined the active condition for each respi-
ratory mechanics with an ETTS8. Third, leaving the ATC
settings unchanged, the ventilators were run again across a
7-mm ID ETT (ETT7), and then once more with a 9-mm
ID ETT (ETT9) for each respiratory mechanics. This third
step was performed to test to what extent the ATC option
was able to adjust in case of inadequate or mistaken ATC
settings.

Statistical Analysis

We used the gross national income per capita (in USD)
provided by the World Bank in 2016 to transform the
respondent’s country into a geo-economic variable with 3
levels: Europe-High, non-Europe-High and Middle country.®
The ATC variable was recorded as yes or no by merging the
levels always in some patients into a single modality. The
primary end point was the rate of ATC use. The hypothesis of
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the survey was that < 25% of the respondents would report
using ATC. Variables were expressed as counts and percent
per group. Groups were compared with the chi-square test. A
logistic regression analysis was performed to explore the con-
tributing factors to ATC use. In this analysis, the following
covariates were studied: geo-economic region, type of hospital
and of ICU, years in ICU, and type of ventilator.

The primary end point was inspiratory Vr difference
between the reference condition (ie, no ATC and no ETT) and
the active condition (ie, ATC on with an ETT8). We defined
paired breaths in each reference and active condition, and we
ordered them by using their rank in the script. This means that
the first of the 30 breaths was always the same in each condi-
tion. We then measured the difference in every paired Vr
between the reference condition and the active condition and
corrected for body temperature pressure saturated conditions.
The null hypothesis was that the V1 difference was 0, and the
alternate hypothesis that Vr difference was different from 0.
A positive difference meant that the ATC mode undercom-
pensated for the given pressure drop across the ETT, and a
negative difference meant that the ATC mode overcompen-
sated for the given pressure drop across the ETT. Inspiration
was defined from the flow signal at zero crossing. The second-
ary endpoints were the Vr difference for ETT7 and ETT9,
inspiratory and expiratory times, PEEP, and triggering pres-
sure and time. Triggering pressure was the maximum negative
P, after onset of inspiratory effort from PEEP, and triggering
time was the time delay for P,,, to recover baseline PEEP after
the beginning of effort.

For the primary end point, we assessed the effect on V dif-
ference of ventilator and respiratory mechanics conditions by
using a linear mixed-effects model.” Between ventilators,
comparisons with post hoc pairwise comparisons were done
with the Durbin test. For the secondary end points, V differ-
ences for the ETT7 and ETT9 were analyzed as above for the
ETTS. The other secondary end points related to the basic
ventilator functioning measured during the active (ATC) pe-
riod were compared across ventilators with using Kruskal-
Wallis tests for each ETT in each respiratory mechanic condi-
tion, with pairwise comparisons between ventilators per-
formed with the Dunn test adjusted for the Bonferroni
correction. Variables are expressed as median (interquartile
range) unless otherwise stated. A P value < .05 was taken as
the level for statistical significance. All statistical analyses
were performed with RStudio 1.153 (RStudio, Boston
Massachusetts) and R 3.5.2 (The R Foundation for Statistical
Computing, Vienna, Austria).

Results
Survey

We received 644 responses from 72 countries. There
were no duplicate entries, but 6 of the 644 surveys were
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Fig. 1. Diagram of the experimental set up. P,,, = airway pressure.

not completed. Of the 638 viable surveys retained, 409
respondents used ATC always or in some patients (ie, 64%
ATC rate of use). This rate did not differ between the geo-
economical regions, ICUs, hospitals, or years in the ICU.
For those respondents who did not use ATC, the reasons
were ATC mode not available in ICU ventilators (41.9%),
ATC mode not helpful (36.7%), ATC not known (18.8%),
and ATC provides too much pressure assistance (5.7%).
For those respondents who used ATC, the reasons were
helpful in weaning (68.2%), set by default (30.5%), and
physiological benefit (1.2%). ATC was used during sponta-
neous breathing trials (30.4%), with any assisted mode
(27.9%), and with specific modes (11.7%). No risk factors
were found to be associated with ATC use in the logistic
regression model (data not shown).

Bench Study

The mean * SD inspiratory time of the subject’s inspira-
tory effort profile from 30 consecutive breaths was 0.94 *
0.23 s, and the mean expiratory time was 1.18 *= 0.2.5 s.
The mean esophageal pressure swings were —13.5 = 1.3
cm H,O (coefficient of variation 10%) with a minimum
value of 11.15 and a maximum value of —16.8 cm H,O.
The rank of breath (ie, from 1 to 30) had no significant
effect on Vr difference throughout the experiment (P =
98).

4

Data logger BIOPAC

S
~—
\. =
0O OOIooDo ooano
/ lung model
—
D00000000000000000000

Endotracheal
tube

Endotracheal tube cuff

V1 Differences With Different ETTs

As shown in Figure 2, there were significant differen-
ces in V across the ICU ventilators for ETT8 (primary
end point). For the sake of clarity, Figure 2 only shows
the differences that were statistically significant between
ventilators.

When the ventilators were connected to ETT7, the ATC
was still adjusted to provide 100% compensation for ETTS.
We therefore expected a lower Vr in the active condition,
and consequently a larger difference in V1 than when the
ventilators were connected to ETT8. This was found to be
true, particularly for the Carescape860, Evita XL, and Evita
V500 ventilators (Fig. 3). For the sake of clarity, Figure 3
only shows the differences that were statistically significant
between ventilators.

When the ventilators were connected to ETT9, the ATC
was still adjusted to provide 100% compensation for ETTS.
We therefore expected a higher Vr in the active condition,
and consequently a smaller difference in Vr, including
negative values or more negative values, than when the
ventilators were connected to ETT 8. This was found
to be true overall (Fig. 4), with the exception of the
Carescape860 in the COPD configuration, where V- dif-
ference was positive. For the sake of clarity, Figure 4
only shows the differences that were statistically signifi-
cant between ventilators.
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Fig. 2. Box and whiskers plots of change in tidal volume between reference (V1 without ATC and no ETT) and active condition (V1 with ATC and
an ETT with an 8-mm ID) for Normal (red), ARDS (green), and COPD (black) respiratory mechanics across 7 ICU ventilators. All pairwise differen-
ces are not significant (P >.05) except for *vs Carescape860, **vs S1, tvs V500, tvs Elisa 800, and $vs Evita XL. V1 = tidal volume; ATC = auto-
matic tube compression; ETT =endotracheal tube; ID = inner diameter.
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Fig. 3. Box and whiskers plots of change in tidal volume between reference (V1 without ATC and no ETT) and active condition (V1 with ATC and
an ETT with an 7-mm ID) for Normal (red), ARDS (green), and COPD (black) respiratory mechanics across 7 ICU ventilators. All pairwise differen-
ces are not significant (P >.05) except for: *vs Carescape860, **vs S1, Tvs V500, tvs Elisa 800, $vs Evita XL, and $$vs PB98O0. V = tidal vol-
ume; ATC = automatic tube compression; ETT =endotracheal tube; ID = inner diameter.
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Fig. 4. Box and whiskers plots of change in tidal volume between reference (V1 without ATC and no ETT) and active condition (V1 with ATC and
an ETT with an 9-mm ID) for Normal (red), ARDS (green), and COPD (black) respiratory mechanics across 7 ICU ventilators. All pairwise differen-
ces are significant (P >.05) except for: *vs Carescape860, **vs S1, tvs V500, tvs Elisa 800, and $vs Evita XL. V = tidal volume; ATC = auto-

matic tube compression; ETT =endotracheal tube; ID = inner diameter.

Vr Differences for Different Diseases

With ETT8, among the 21 pairwise differences between
ventilators tested in each respiratory mechanic condition,
16 were significant for Normal subjects, 11 were significant
for ARDS, and 11 were significant for COPD. Vr differ-
ence was not statistically significantly different from O for
the Carescape860 in Normal subjects, the Carescape860
and Evita V500 in ARDS, and the Evita XL in COPD, but
it was for all other ventilators. Even though Vr difference
significantly departed from 0, the divergence was overall
small; the extreme median (interquartile range [IQR]) V dif-
ferences ranged from —0.013 L (—0.019 to —0.002) with
Carescape860 in COPD to 0.056 L (0.051-0.060) with PB980
in Normal subjects. When the ventilators were pooled, the
estimated Vr difference was 0.015 L (95% CI 0.013-0.018)
in ARDS, which was significantly different from 0.021 L
(0.018-0.024) the Normal condition (P < .001) and 0.010 L
(0.007-0.012) in the COPD condition (P = .003).

In the part of the experiment using an ETT7, among the
21 pairwise differences between ventilators tested in each
respiratory mechanic condition, 12 were significant for
Normal subjects, 4 for subjects with ARDS, and 12 for sub-
jects with COPD. This step tended to reduce the between-
ventilator difference for Normal subjects and especially for
subjects with ARDS. The Vg difference was not

6

significantly different from O for the Carescape860 in sub-
jects with COPD, but it was for all the others. The ventila-
tors worked consistently as they undercompensate Vry
delivery as expected.

In the part of experiment using an ETT9, among the 21
pairwise differences between ventilators tested in each re-
spiratory mechanics condition, 12 were significant for
Normal subjects, 12 for subjects with ARDS, and 12 for
subjects with COPD. V difference was not statistically
significantly different from O for the Carescape860 and
Elisa 800 in Normal subjects, for all but PB980 in subjects
with ARDS, and for the Elisa 800, Evita XL, S1, and Evita
V500 in COPD. This finding suggests that the ventilators
worked better in this mistaken setting (ie, for an ETT9)
than in the proper one. The fourth figure in the online sup-
plementary material shows Figures 2-4 with the same
scale for Vr difference (see the supplementary materials
at http://www.rcjournal.com). This highlights the effect
of increased ETT resistance with the decreasing ID.
Furthermore, the variability of the response of ATC in
terms of Vr difference can clearly be seen.

Variables Related to Ventilator Functioning

Variables related to ventilator functioning were signifi-
cantly different for all of the ventilators for Normal subjects
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T1,AQ:H and for subjects with ARDS or COPD with ETTS8 (Table 1,

T2-3

Table 2, Table 3), as well as for ETT7 and ETT9 (data not
shown).

Discussion

There are 4 main findings of this study. First, almost
two thirds of the survey respondents reported using ATC
in clinical practice, suggesting there is a real need to
assess the physiological effects of ATC to improve clini-
cal management. Second, there was a significant differ-
ence between ventilators in terms of expected Vr delivery
when ATC is properly set according to ETT size. Third,
the median differences were < 0.1 L with each ventilator
in each respiratory mechanical condition. Finally, inap-
propriate ETT size setting at the ventilator resulted in the
expected direction of the V1 change, namely V- underde-
livery when ETT use was simulated.

The substantial use of ATC reported in the survey was
greater than that hypothesized. Nevertheless, this finding
should be interpreted with caution because the survey was
more likely to be returned by users of ATC than by non-
users. Furthermore, this potential selection bias could mean
that respondents were more accustomed to using ATC than
those who did not respond; however, 36% of the respond-
ents did mention that they were not ATC users). Although
we were unable to measure this bias, it would appear that
ATC use is quite common, making the present results rele-
vant for ATC use.

Methodological Considerations

Before discussing the results from the bench study, some
methodological considerations should be acknowledged.
First, we used an inspiratory effort signal recorded in a real
patient during weaning from mechanical ventilation. This
option is made available in the ASL 5000 script (step 3:
choose a patient effort model), but to our knowledge using
a real subject’s effort in the lung model has not been
reported to date. On one hand, including this step mimics
real-life clinical practice. On the other hand, because there
is no previous comparison of a strategy using the common
schematic inspiratory effort built into the ASL 5000 script
with a strategy using a subject’s effort, it is unknown
whether this would influence the results. For this study, we
ran the same subject’s effort for each condition tested with
every ventilator. Second, our aim was to assess the accu-
racy of ventilator functioning during ATC. Basically, the
output of respiratory assistance generates Vr at a certain
frequency. We applied a breathing frequency of 27
breaths/min, which is the frequency provided by the clinical
scenario on which we modeled inspiratory effort. The Vr is
the result of the combination of the subject’s inspiratory
effort and the amount of breathing assistance. In our
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Table 1.
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10.4187/respcare.07608

DPyg, cm H,O

DTlrigv S

0.417 (0.342-0.807)
0.980 (0.901-1.011)

1.020 (0.917-1.064)

S

is

1.277 (1.234-1.366)

1.320 (1.275-1.395)  1.288 (1.249-1.346)  1.288 (1.239-1.375)

1.337 (1.279-1.371)

e S

Data are presented as median (interquartile range). P values were determined with the Kruskal-Wallis rank sum test.

maximum negative airway pressure after onset of inspiratory effort
DTy, = time to airway pressure recover PEEP after onset of inspiratory effort

T; = inspiratory length
T. = expiratory length

DPyiy
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experiment, the breathing assistance was the ATC mode,
the goal of which is essentially to compensate for a pressure
drop across a brand new ETT (or tracheostomy prosthesis).
Therefore, it makes sense to speculate that, if ATC works
properly, the resulting V1 should be the same without ATC
and ETT as with ATC and ETT. This was our hypothesis
when designing the study, and it seems robust. Any depar-
ture from a zero difference (ie, the ideal) between these 2
conditions indicates that ATC does not work perfectly, ei-
ther by overcompensating and hence overassisting the
patient (ie, negative difference) or by undercompensating
and hence underassisting (ie, positive difference).

Previous Bench Studies of ATC

The novelty of our study is that it compares ATC across
the various ICU ventilators commonly available in Europe.
Previous comparisons of ATC were based on older version
of ICU ventilators. The performance of ATC of the Evita 4,
Evita 2, and NPB840 was significantly lower than that of
the original prototype to compensate for the additional
work of breathing due to ETT.'° This was explained by dif-
ferent algorithms used to compensate for pressure drop
across the ETT. A linear and quadratic term was used in the
original prototype (Pressure drop = K; Flow + K, Flow?),
whereas a quadratic term only (Pressure drop = K Flow?)
was used in the Evita 2 and Evita 4. Fujino et al'' reported
that the bench performance of the NPB840 was insufficient
to compensate for the additional work of breathing due to
ETT. In comparison with the study by Maeda et al,'* which
was conducted with the oldest ventilators (ie, NPB840 and
Evita 4), we noted a better triggering time/triggering pres-
sure product for PB980, Evita XL, and V500, implying an
improved triggering system in the newer ventilators. This
point is important for the ATC procedure."* Theoretically,
at any time during the respiratory cycle in ATC mode, the
ventilator should evaluate the flow, compute the pressure
drop across ETT due to this flow, and then pressurize the
entry of the ETT at this computed pressure. Obviously this
pressurization is ineffective between ¢ = 0 and ¢ = trigger-
ing time. An ideal ATC mode requires a good triggering
time. With a very long triggering time (Table 1, Table 2,
Table 3), it is hardly surprising that the PB980 and the Elisa
800 undercompensated for the pressure drop across the
ETT (Fig. 2). In terms of Vrp difference, the effect of any
error in ATC compensation also depends on the respiratory
mechanics condition. The relation between airway pressure
(P), flow (V) and Vrt is given by the classic equation of
motion: P = (Rgrr +R)V + & where Rgrr is the resist-
ance of the ETT, and R and C are the resistance and the
compliance of the respiratory system, respectively. When R
is big or when C is small, the contribution of Rz to P is
negligible, V is little affected by the presence of the ETT,
and the Vp difference should be small with or without

RESPIRATORY CARE @ ® ® VOL ® NO @

effective ATC compensation. This may explain why the V
difference seems closer to zero in Normal subjects than in
subjects with COPD or ARDS. It is, however, worth men-
tioning that even though the differences in Vt across the
ventilators are statistically significant, they are usually
small and may not be clinically relevant.

Limitations and Strengths

The first limitation of this study is, of course, its bench
nature. The study is also limited by the fact that we did not
set a pressure support level > 0 cm H,O. However, this
reflects what happens during spontaneous breathing trials.
Another limitation is that we used brand new ETTs. Oto et
al'* reported that when ATC is applied to used ETTs, in
which the pressure drop across the ETT was 10-25% higher
than in a new ETT of the same ID, the compensation for
the resistive load by ATC was lower. Our results support
this with the data obtained when a 7-mm ID was used with
an expected compensation set to an ETT of 8-mm ID. The
strength of this study is that we used the effort of a real sub-
ject under weaning, which may partly address the gap
between bench and clinical domains. Furthermore, this is
the first bench study to assess ATC mode in a large range
of modern ICU ventilators.

Clinical Implications

The results of the survey suggest that ATC use is rela-
tively common in clinical ICU practice. Our analysis
informs the clinician about the performance of current day
ventilators, should they need to perform ATC. These results
may also help remind clinicians about the differences
among ventilators, even with the same mode or function.
The assistance that a patient receives from ATC varies with
different respiratory mechanics.

Conclusions

This bench study suggests that Vr delivery with ATC is
slightly but significantly different between ventilators. In
addition, ATC appears to be used more frequently than
expected in clinical practice.
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