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Objectives: Double cycling generates larger than expected tidal
volumes that contribute to lung injury. We analyzed the incidence,
mechanisms, and physiologic implications of double cycling dur-
ing volume- and pressure-targeted mechanical ventilation in criti-
cally ill patients.

Design: Prospective, observational study.

Setting: Three general ICUs in Spain.

Patients: Sixty-seven continuously monitored adult patients
undergoing volume control-continuous mandatory ventilation with
constant flow, volume control-continuous mandatory ventilation
with decelerated flow, or pressure control-continuous mandatory
mechanical ventilation for longer than 24 hours.

Interventions: None.

Measurements and Main Results: We analyzed 9,251 hours of
mechanical ventilation corresponding to 9,694,573 breaths.
Double cycling occurred in 0.6%. All patients had double cycling;
however, the distribution of double cycling varied over time. The
mean percentage (95% CI) of double cycling was higher in pres-
sure control-continuous mandatory ventilation 0.54 (0.34-0.87)
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than in volume control-continuous mandatory ventilation with
constant flow 0.27 (0.19-0.38) or volume control-continuous
mandatory ventilation with decelerated flow 0.11 (0.06-0.20).
Tidal volume in double-cycled breaths was higher in volume
control-continuous mandatory ventilation with constant flow and
volume control-continuous mandatory ventilation with deceler-
ated flow than in pressure control-continuous mandatory venti-
lation. Double-cycled breaths were patient triggered in 65.4%
and reverse triggered (diaphragmatic contraction stimulated by a
previous passive ventilator breath) in 34.6% of cases; the differ-
ence was largest in volume control-continuous mandatory ventila-
tion with decelerated flow (80.7% patient triggered and 19.3%
reverse triggered). Peak pressure of the second stacked breath
was highest in volume control-continuous mandatory ventilation
with constant flow regardless of trigger type. Various physiologic
factors, none mutually exclusive, were associated with double
cycling.

Conclusions: Double cycling is uncommon but occurs in all
patients. Periods without double cycling alternate with peri-
ods with clusters of double cycling. The volume of the stacked
breaths can double the set tidal volume in volume control-contin-
uous mandatory ventilation with constant flow. Gas delivery must
be tailored to neuroventilatory demand because interdependent
ventilator setting—related physiologic factors can contribute to
double cycling. One third of double-cycled breaths were reverse
triggered, suggesting that repeated respiratory muscle activa-
tion after time-initiated ventilator breaths occurs more often than
expected. (Crit Care Med 2018; 46:1385-1392)

Key Words: asynchronies; breath stacking; lung injury; reverse
triggering; tidal volume

oordinating patient-ventilator interaction is a major

clinical challenge during invasive mechanical ventila-

tion (MV). Asynchronies occur when the ventilator’s
breath delivery does not match the patient’s neural ven-
tilatory pattern or is inadequate to meet the patient’s flow
demand (1-3).

Recent studies highlight the importance of the asynchrony
double cycling (DC), also named double triggering or breath
stacking. DC consists of a sustained inspiratory effort that per-
sists beyond the ventilator’s inspiratory time (Ti), triggering a
second ventilator breath, which may or may not be followed by
a short expiration, where all or part of the volume of the first
breath is added to the second breath. The resulting larger than
expected tidal volume (VT) could cause ventilator-induced
lung injury (4-10). Whether the incidence and effects of DC
differ between pressure-targeted and volume-targeted modes
is unknown.

Another recently described phenomenon, reverse trigger-
ing, occurs when a periodic diaphragmatic contraction stimu-
lated by a previous passive ventilator breath is strong enough
to originate a DC (11, 12).

To assess the relevance of DC in MV patients, we aimed
to determine 1) the incidence of DC in volume-targeted and

pressure-targeted modes; 2) the effects of DC on delivered VT
and airway pressure in each mode; 3) the distribution of DC
over time; 4) the proportion of DC due to reverse triggering;
and 5) physiologic factors associated with DC in each mode.

MATERIALS AND METHODS

Patients and Software

The study was conducted between October 2011 and January
2013 in three general ICUs equipped with the Better Care plat-
form (Better Care SL; Barcelona, Spain) in patients ventilated
with Evita 4 (Driger, Liibeck, Germany), Puritan Bennet 840
(Covidien, Plymouth, MN), or Servo I (Maquet, Fairfield, NJ,
Sweden) ventilators. The institutional review board approved
the protocol and waived informed consent because the study
was noninterventional, posed no added risk to patients, and
did not interfere with usual care. The study prospectively
included intubated adult patients expected to undergo inva-
sive MV greater than 24 hours with volume control-continu-
ous mandatory ventilation with constant flow (VCV), volume
control-continuous mandatory ventilation with decelerated
flow (VCVDEF), or pressure control-continuous mandatory
ventilation (PCV) (13). Patients who were pregnant, had do-
not-resuscitate orders or chest tubes with suspected bron-
chopleural fistula, or were admitted for organ donation were
excluded.

The attending ICU team was aware of the study, and all
patients were managed under lung-protective MV strategies.
Ventilator mode and alarm settings were set by attending physi-
cians, as part of usual care. Recordings were initiated in the first
24 hours after intubation and were continued until extubation.
Better Care platform was used to capture digital outputs from
the ventilators (9, 14), detects the ventilator mode (13), deter-
mines whether the breath is patient triggered or ventilator deliv-
ered, and classifies double-cycled breaths as patient triggered or
reverse triggered (supplemental data 1, Supplemental Digital
Content 1, http://links.lww.com/CCM/D708; Supplemental
Table 1, Supplemental Digital Content 2, http://links.Iww.com/
CCM/D709; and Supplemental Fig. 1, Supplemental Digital
Content 3, http://links.lww.com/CCM/D710).

Detection of DC was based on mathematical calcula-
tions previously published (8-10, 15, 16). The system iden-
tifies DC when 1) expiratory time is 50% shorter than the
averaged Ti or 2) when two consecutive inspiratory cycles
(positive flow-zero flow-positive flow) are detected with no
expiration (negative flow) before the second Ti. We included
cycles in which the first cycle was triggered by the patient or
time cycled by the ventilator. Once Ti is validated, expira-
tory time is automatically calculated. Supplemental Figure
2 (Supplemental Digital Content 4, http://links.lww.com/
CCM/D711) shows representative waveforms (flow, airway
pressure, and volume) of double-cycled breaths (reverse or
patient triggered).

The system measures VT in conventional breaths and cal-
culates the accumulated volume due to absent or incomplete
exhalation between consecutive inspiratory cycles. Variables
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evaluated were as follows: ventilatory mode, type of trigger,
peak airway pressure (Ppeak), peak inspiratory flow, VT, respi-
ratory rate, Ti, total positive end-expiratory pressure (PEEP),
and number of double-cycled breaths. To perform all the
analyses, variables were structured and stored (PostgreSQL
Berkeley, CA; https://www.postgresql.org/) in two differ-
ent databases containing: 1) breath-by-breath measures and
2) averaged values per hour. Hours with missing data due
to interruptions in the recording related to clinical inter-
ventions, out-of-ICU transfers, technical incidents, or other
issues were excluded from the analysis. The frequency of DC
was computed as a percentage of the total number of breaths
each hour. The identification of clusters of DC is described in
supplemental data 2 (Supplemental Digital Content 5, http://
links.lww.com/CCM/D712).

Statistical Analysis

Patient’s characteristics are reported as median (25th—75th
percentiles) for continuous variables, unless otherwise speci-
fied. Our study was exploratory in nature, and no sample
size calculation was performed. Comparisons of VT and P,
recorded breath-by-breath among ventilatory modes and
in DC (reverse-triggered or patient-triggered breaths) are
depicted graphically with boxplots.

To assess the association between DC and ventilatory mode,
we used a generalized linear mixed-effects model with ran-
dom effects at the intercept for each patient to account for
the intrasubject variability of longitudinal data (17). This
model assumed a negative binomial distribution for the rate
of DC. To investigate physiologic variables thought to affect
DC, we used a multivariate approach, allowing variations of
slope (degree of change) for ventilatory modes (supplemen-
tal data 3, Supplemental Digital Content 6, http://links.lww.
com/CCM/D713; Supplemental Fig. 3, Supplemental Digital
Content 7, http://links.lww.com/CCM/D714).

We used R 3.3.1 (R Core Team, Vienna, Austria; URL: http://
www.R-project.org/) with the RPostgreSQL package (Berkeley,
CA; https://CRAN.R-project.org/package=RPostgreSQL) for
interfacing the database; p value less than 0.05 was considered
significant for all analyses.

RESULTS
Table 1 reports demographic and clinical data of the 67 patients
studied. We analyzed 9,251 hours of MV data comprising 9,694,573
breaths; 59,265 (0.6%) breaths were double-cycled breaths
(Fig. 1). A single mode of ventilation was used in 43.3% of
patients; the single mode was VCV in 89.7% and PCV in 10.3%.
DC rates varied widely among patients and modes
(Supplemental Fig. 4A, Supplemental Digital Content 8,
http://links.lww.com/CCM/D715). All patients had DC but
the distribution of DC differed within patients. Some patients
had very few DC during the ventilatory period (Supplemental
Fig.4B, Supplemental Digital Content 8, http://links.lww.com/
CCM/D715), others had DC at the beginning or end of ven-
tilation (Supplemental Fig. 4, Cand D, Supplemental Digital

TABLE 1. Patients’ Demographic and
Clinical Data

Median
Variables and Clinical Out- (25th-75th
comes Percentiles)
Patients 67 - -
Age (yr) — - 65 (b5-77)
Sex (male) — 62.7 —
Reason for mechanical ven-
tilation
Acute respiratory failure 51 76.12 -
Cardiorespiratory arrest 10.45 -
Trauma 2.99 -
Bronchoaspiration 1 1.49 -
Pneumonia 8.96 -
Sepsis/septic shock 12 1791 -
Congestive heart failure 2.99 -
Acute respiratory distress 746 -
syndrome
Postsurgical 11.94 -
Other 11.94 -
Coma 11 16.42 -
Stroke 4 6 -
Intoxication 1 1.19 -
Traumatic brain injury 3 4.48 -
Metabolic 3 4.48 -
COPD 4 597 -
Asthma 1 1.49 -
COPD exacerbation 3 4.48 -
Neuromuscular disease 1 1.49 -
Acute Physiology and Chronic = = 16
Health Evaluation Il (10-23.5)
Sequential Organ Failure - - 7
Assessment score at (5-10.75)
admission
Length of mechanical ventila- - - 6
tion (d) (3-11.6)
ICU stay (d) - — 10
(6-18)
Hospital stay (d) - — 26.5
(156.5-68.0)
ICU mortality — 2388 =

COPD = chronic obstructive pulmonary disease.

Content 8, http://links.lww.com/CCM/D715), and others had
a high incidence of DC throughout the ventilatory period
(Supplemental Fig. 4E, Supplemental Digital Content 8§,
http://links.lww.com/CCM/D715).
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Figure 1. Flow chart representing the distribution of ventilatory modes and frequency of double cycling (DC).
PCV = pressure control-continuous mandatory ventilation, PT = patient triggered, RT =
VCV = volume control-continuous mandatory ventilation with constant flow, VCVDF = volume control-

continuous mandatory ventilation with decelerated flow.

The distribution of DC among ventilatory modes was
evaluated in the 8,732 hours corresponding to PCV (2,480 hr),
VCV (5,119hr), and VCVDF (1,133 hr) (Fig. 1). The mean per-
centage of DC per hour (95% CI) estimated with the statistical
model was 0.54 (0.34-0.87) for PCV, significantly higher than
0.27 (0.19-0.38) for VCV, and 0.11 (0.06-0.20) for VCVDF
(p <0.05and p < 0.001, respectively) (Fig. 2).

DC due to patient triggering was more common than DC
due to reverse triggering (65.4% vs 34.6%) (Fig. 1) overall and
in every mode (PCV, 68.1% vs 31.9%; VCV, 62.2% vs 37.8%;
VCVDE, 80.7% vs 19.3%, respectively).

Figure 3A shows VT in double-cycled and normal breaths.
In normal breaths, VT was similar in all three ventilatory
modes. In double-cycled breaths, the increase in VT was higher
in VCV and VCVDF than in PCV. In patient-triggered breaths,
VT was lower in PCV than in both volume-controlled modes.
In reverse-triggered breaths, VI was higher in VCV than in
PCV or VCVDF (Fig. 3B).

Peak pressure in normal breaths (Fig. 3, C and D) was
slightly lower in PCV than in VCV and VCVDE In patient-trig-
gered breaths, P, was higher in VCV than in PCV or VCVDE.
In reverse- trlggered breaths, P__ in volume-targeted modes
was higher than in PCV. To descrlbe whether the P, pattern
differed between first and second breaths, we evaluated the two

positively associated with DC
in PCV, but negatively associ-
ated in VCV. VT was positively
associated with DC in PCV
and VCVDE but negatively
associated in VCV. Levels of significance are reported in Table 2.
Supplemental Figure 5 (Supplemental Digital Content 10,
http://links.Iww.com/CCM/D717) shows boxplots for each
physiologic variable and ventilatory mode included in the
model.

Clusters of DC were identified and characterized (supple-
mental data 2, Supplemental Digital Content 5, http://links.
Iww.com/CCM/D712). When clusters were defined as greater
than or equal to 10% DC breaths within a 3-minute period,
a 59.7% of the total number of patients exhibited clusters,
with a median of six cluster events per patient, a power of
41 DC breaths per cluster, median duration of 15.5 minutes,
and an area under the curve of 20.3. See supplemental data 2
(Supplemental Digital Content 5, http://links.lww.com/CCM/
D712) for DC clusters characteristics with other definition.

reverse triggered,

DISCUSSION

To our knowledge, this is the first study presenting a rigor-
ous quantification of DC as result of continuous monitoring
of patients during volume- and pressure-targeted time-cycled
modes throughout the complete MV period. DC was infre-
quent, but occurred in all patients. Its distribution and clus-
tering over time varied widely among patients (Supplemental
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Figure 2. Mean percentages of double-cycle (DC) breaths estimated with
the generalized linear mixed-effects model by ventilatory modes. A higher
percentage of DC breaths/hr was found in pressure control-continuous
mandatory ventilation (PCV) than in volume control-continuous mandatory
ventilation with constant flow (VCV) or volume control-continuous manda-
tory ventilation with decelerated flow (VCVDF). Data are represented as
mean (95% CI). Statistical significance among means in each mode is
indicated in the figure.

Fig. 4, Supplemental Digital Content 8, http://links.lww.com/
CCM/D715; and supplemental data 2, Supplemental Digital
Content 5, http://links.Iww.com/CCM/D712), underlining the
importance of continuous real-time analysis of asynchrony
events, which normally go undetected.

The delivered volume accumulated during DC was very
high, sometimes even doubling the VT of normal breaths
in volume-targeted modes (Fig. 3; Supplemental Fig. 2,
Supplemental Digital Content 4, http://links.lww.com/CCM/
D711) as reported by others (4, 8). This might result in over-
inflation, which can lead to ventilator-induced lung injury.
Low VT, recommended for lung-protective ventilation (18),
results in more frequent DC (8) and flow asynchrony (2, 6).
In our study, DC was more frequent in PCV than in VCV and
VCVDF although the overall volume delivered during DC in
PCV was lower than in VCV or VCVDE However, this does
not mean that PCV is more lung protective. In pressure-pre-
set or pressure-targeted modes, the negative pleural pressure
during vigorous spontaneous diaphragmatic contractions is
added to the peak alveolar pressure, potentially establishing
harmful transpulmonary pressure swings (19-21). This phe-
nomenon also occurs in double-cycled breaths in VCV, where
P .. of the second breath is markedly elevated (Supplemental
Table 2, Supplemental Digital Content 9, http://links.lww.com/
CCM/D716). Yoshida et al (22, 23) recently showed that vigor-
ous spontaneous inspiratory efforts promote tidal recruitment
associated with pendelluft (lung volume redistribution) and
consequent regional lung overdistension.

In low VT ventilation, especially in healthy lungs, DC could
be due to natural sighs; whether this situation is harmful will

depend on the generated transpulmonary pressure and fre-
quency of DC. Recent evidence suggests that VT should also be
limited in patients without acute respiratory distress syndrome
(ARDS) (24); therefore, clinicians might believe that they are
delivering 6-8 mL/kg VT, but the patient is actually receiving
greater than 10 mL/kg VT, a setting that might affect outcome
even in non-ARDS patients. We also found that clusters of
DC were often present. Vaporidi et al (25) found that clusters
of ineffective efforts were often present in patients receiving
MYV, and unlike overall incidence, clusters were associated with
prolonged MV and increased mortality. Therefore, Vaporidi et
al (25) and study of ours show the variability of asynchrony
events during MV and suggest that clusters of DC could
increase the mechanical power (a measure that integrates dif-
ferent ventilator-related causes of lung injury) transferred
from the ventilator to lungs (7).

The statistical model determined that numerous physiologic
factors, selected for clinical suspicion, were associated with DC.
This model is robust since it took into account interpatient
variability, and that there were different ventilatory modes
and covariates, allowing us to investigate their simultaneous
effects on DC. In this context, each variable is influenced by
the other variables, making interpretation more complex, and
each coefficient represents the additive effect on the response
of its corresponding variable while holding all other variables
fixed (26). Patient’s inspiratory demands may vary throughout
MYV without the critical care team being aware of it. This may
explain DC occurring throughout the MV period and under-
lines the need to tailor ventilator settings to the patient’s needs
at all times.

Longer Ti and higher inspiratory peak flow were associated
with less DC in all modes, probably suggesting better match-
ing among neural Ti, ventilator Ti, and inspiratory demand.
Likewise, we found more asynchronies at higher ventilator
respiratory rates, attributable to shorter ventilator Tis. Setting
a shorter Ti to improve patient comfort can produce mismatch
between neural time and ventilator time and thus increase
the probability of DC. However, Pohlman et al (8) found that
respiratory rate did not affect DC. Duty cycles are crucial in
generating double-cycled breaths. Thus, increasing respiratory
rates at similar duty cycles decreases Ti, which may favor DC,
whereas promoting longer Tis at higher rates may decrease
DC. In fact, clinical strategies against DC are switching from
VCV to pressure-support ventilation or increasing Ti or peak
airflow (5, 27) to prolong ventilator assist during diaphragm
activation (28) and decrease flow asynchrony (29). However,
this approach might result in undesirably high volumes.
Furthermore, when assistance is relatively high and mechanical
inflation extends well into neural expiration, other asynchro-
nies (e.g., ineffective efforts) may develop (5, 30, 31).

Unlike Thille et al (10) who observed more DC at higher
PEEP or Robinson et al (32) who found PEEP had no effect on
DC, we found that higher PEEP was associated with less DC
in PCV and VCVDE At higher PEEP levels, a decrease in the
inspiratory effort can occur at higher lung volumes, explain-
ing the decrease in the incidence of DC. Consistent with
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Figure 3. Descriptive notched boxplots for tidal volume (VT) (top) and peak pressure (Ppeak) (bottom) in each ven-
tilatory mode. A and C, Breaths without double cycling (DC; white) versus DC breaths (gray). B and D: Reverse-
triggered (RT) (light gray) versus patient-triggered (PT) (dark gray) DC breaths. Dots represent means, and box
plots indicate medians and 25th—75th percentiles. Note that outliers have been omitted for visualization purposes.
PCV = pressure control-continuous mandatory ventilation, VCV = volume control-continuous mandatory ventilation
with constant flow, VCVDF = volume control-continuous mandatory ventilation with decelerated flow.

Pohlman et al (8), we found
low VT favors DC in VCV. In
PCV, the positive association
between VT and DC may be
related to ventilator settings
other than VT. Finally, the fact
that low P in VCV favored
DC may reflect the presence
of unmet ventilatory demand
and flow asynchrony. The
opposite occurs in PCV, where
more DC occurred at high lev-
els of P . Since patients in all
modes were ventilated at low
VT, the fast decay in airflow
during PCV may reflect unmet
inspiratory demand and flow
asynchrony.

Therefore, several physi-
ologic factors, none of which
are mutually exclusive, may
account for DC. At the bedside
careful adjustment of ventila-
tor settings specific for each
patient’s diagnosis and neuro-
respiratory physiology; specific
measures that can be useful for
managing DC include increas-
ing ventilator Ti, use of pres-
sure-support ventilation or
proportional assist modes, and
considering paralyzing/sedat-
ing agents if VT is markedly
elevated (1, 2, 4, 8).

TABLE 2. Mean Effects® for the Factors Influencing Double Cycling: Multivariate Analysis
for Variables Clinically Suspected to Impact the Development of Double Cycling

Pressure Control-Continuous
Mandatory Ventilation

Ventilatory Modes

Volume Control-Continuous
Mandatory Ventilation With
Constant Flow

Volume Control-Continuous
Mandatory Ventilation With
Decelerated Flow

Inspiratory time

Peak flow

Peak airway pressure

Positive end-expiratory pressure
Respiratory rate

Tidal volume

-2.32 (-2.94 to —1.69)°

-0.10 (-0.11 to -0.08)°
0.08 (0.06-0.10)°

-0.05 (-=0.10 to —0.00)¢
0.08 (0.04-0.11)°
0.01 (0.01-0.01)°

-0.58 (=1.11 to —0.05)°
-0.01 (-0.03 to -0.00)°
-0.06 (-0.08 to —0.05)
0.03 (-0.01 to 0.07)
0.03 (0.02-0.05)°
-0.00 (-0.01 to -0.00)°

=271 (-4.29 to -1.13)°
-0.01 (-0.04 to 0.03)
-0.01 (-0.05 to 0.03)
-0.25 (-0.34 to -0.16)°
0.07 (0.01-0.12)¢
0.01 (0.01-0.02)

2Mean effects are in the logarithmic scale and expressed as mean (95% ClI). The negative sign indicates an inverse association between the factor and double

cycling (dependent variable).

Statistically significant associations between the explanatory variable and the response are indicated as follows:

5p < 0.001; °p < 0.05.



Patient-ventilator interaction induces continuous cross-
talk among respiratory muscles, lung, and brain (33, 34). Our
work is the first examining separately reverse-triggered and
patient-triggered DC breaths during the whole period of MV.
We found that one third of DC breaths originated from respira-
tory muscle contractions triggered by the ventilator or reverse-
triggered breaths. Such a high proportion of DC originated by
reverse triggering has never been reported. Reverse-triggered
efforts may generate higher plateau pressure in VCV and large
VT in VCV and PCV; although DC is reduced by deep seda-
tion, potentially deleterious V'Ts may still be delivered (35). This
phenomenon was reported several years ago (36, 37) and was
recently described as entrainment; it usually occurs in heavily
sedated patients, mostly with ARDS, and often goes unnoticed
(11, 38—40). However, the incidence of reverse triggering in the
general population of ICU patients was unknown. In our series,
the proportions of DC and type of breath initiation (patient or
reverse triggered) were not different in the five ARDS patients
compared with the other patients studied (Supplemental Table
3, Supplemental Digital Content 11, http://links.Iww.com/
CCM/D718). In addition, the number of hours patients in each
mode were under pharmacologic-controlled ventilation was not
available, and the differences in the frequency of DC between
PCV and VCV may be a result of when and the amount of time
each approach was used in given patients. Just considering the
percentage of the breaths that were reversed triggered in VCV
(37.8%) versus those in PCV (21.9%) and VCVDF (19.3%),
one would assume that patients spent a greater percentage of
the time were under controlled ventilation during VCV.

Our study focused on the incidence and physiologic mech-
anisms associated with DC. However, some reverse-triggered
breaths may have resulted in ineffective triggering of the venti-
lator, so DC did not occur (12), thus underestimating the real
incidence of reverse triggering. Prospective studies are needed
to investigate respiratory entrainment in different forms of
respiratory failure, at different levels of consciousness, and
under different sedation and pain control regimens.

Our study has some limitations. The algorithm-based
approach might underestimate the frequency of DC compared
with gold-standard approaches based on monitoring esopha-
geal pressure or electrical activity of the diaphragm. The study
analyzed the frequency, physiologic implications, and factors
favoring DC; however, the design was based on breath analysis,
regardless of the heterogeneity of the patients’ clinical charac-
teristics (e.g., severity of illness, reason for intubation, and oth-
ers). We did not measure plateau airway pressures (unreliable
in the context of active patient inspiration); thus, our assump-
tions on the effects of high transpulmonary swings inducing
lung injury might not be accurate. We used only three types of
ventilators for this study, and we cannot assume that other ven-
tilators would produce similar patient-ventilator interactions
using the same modes. Similarly, we analyzed breaths only in
VCV, PCV, and VCVDF modes, so we cannot infer the incidence
of DC in other modes such as adaptive pressure control modes
or in the frequently used pressure-support mode. Reverse trig-
gering was assessed only in DC breaths, precluding conclusions

about the overall incidence of reverse triggering during MV.
Finally, the design of our study does not allow us to assess the
effect of different sedation levels on DC or the effects of DC on
long-term cognitive dysfunction in critical care survivors (41).
In conclusion, DC is much less frequent than physicians
might think, even when VT is set low and DC might appear
in clusters. The total volume of the two stacked breaths can
double the set VT in VCV and VCVDE. Since various interde-
pendent physiologic factors related to patients’ clinical con-
ditions and ventilator settings can cause DC, it is crucial to
tailor gas delivery to patients’ neuroventilatory demand. When
DC is present, reverse triggering occurs more frequently than
previously thought. One third of double-cycled breaths were
ventilator-triggered diaphragmatic contractions, and this phe-
nomenon seems common in all ICU patients receiving MV.
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