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Introduction and aim: Studies regarding asynchrony in patiients in the cardiac postoperative period are still only a few. The
main objective of our  study was to compare asynchronies incidence and its index (AI) in 3 different modes of ventilation
(volume-controlled ventilation [VCV], pressure-controlled ventilation [PCV] and pressure-support ventilation [PSV]) after
ICU admission for postoperative care. 
Methods: A prospective parallel randomised trialin the setting of a non-profitable hospital in Brazil. The participants were
patients scheduled for cardiac surgery. Patients were randomly allocated to VCV or PCV modes of ventilation and later both
groups were transitioned to PSV mode. 
Results: All data were recorded for 5 minutes in each of the three different phases: T1) in assisted breath, T2) initial spon-
taneous breath and T3) final spontaneous breath, a marking point prior to extubation. Asynchronies were detected and count-
ed by visual inspection method by two independent investigators. Reliability, inter-rater agreement of asynchronies, asyn-
chronies incidence, total and specific asynchrony indexes (AIt and AIspecific) and odds of AI ≥10% weighted by total asyn-
chrony were analysed. A total of 17 patients randomly allocated to the VCV (n= 9) or PCV (n=8) group completed the study.
High inter-rated agreement for AIt (ICC 0.978; IC95%, 0,963-0.987) and good reliability  (r=0.945; p<0.001) were found.
Eighty-two % of patients presented asynchronies, although only 7% of their total breathing cycles were asynchronous. Early
cycling and double triggering had the highest rates of asynchrony with no difference between groups. The highest odds of AI
≥10% were observed in VCV regardless the phase: OR 2.79 (1.36-5.73) in T1 vs T2, p=0.005; OR 2.61 (1.27-5.37) in T1 vs
T3, p=0.009 and OR 4.99 (2.37-10.37) in T2 vs T3, p<0.001. 
Conclusions: There was a high incidence of breathing asynchrony in postoperative cardiac patients, especially when initially
ventilated in VCV. VCV group had a higher chance of AI ≥10% and this chance remained high in the following PSV phases.
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Introduction 
Patients in the postoperative period of cardiac surgery still are

under invasive mechanical ventilation usually due to remaining
sedative effect, but expected to be extubated in a few hours for a
shorter ICU stay and better outcomes [1,2]. Skills in mechanical
ventilation and respiratory monitoring should be harnessed in
order to reduce patient-related risks associated with cardiac sur-
gery such as delirium [3-5], acute respiratory distress syndrome
(ARDS) with consequent comorbidities [6-8]; ventilator-related
risks, such as prolonged dependence, pneumonia, and asynchrony,
and as well as to reverse postoperative complications, namely,
atelectasis, pneumonia and respiratory failure [9].

Ventilator-associated events and respiratory complications are
negative outcomes with potential for morbidity and mortality [9-
11], patient-ventilator asynchrony being one of them [12]. Patient-
ventilator asynchrony is the imbalance between the patient’s ven-
tilatory demand and the offer of assistance by the ventilator
[13,14], that without the possible resolution can also contribute to
lung injury [15], weaning delay, higher rate of tracheostomy and
longer hospital stay [12,16,17].

Regarding studies with asynchrony in patients in the cardiac
postoperative period, only two were identified in the literature. The
first evaluated the occurrence of self-triggering asynchrony in
adults ventilated to the mode (SIMV) synchronized intermittent
mandatory ventilation [18], while the second described a pediatric
case report of difficult ventilatory weaning with gastric distention
due to asynchrony [19]. Thus, it is noted that the occurrence of
asynchrony may be related to adverse clinical consequences and
that it needs important attention in clinical practice.

Asynchronies have been reported to occur in 25% to 100% of
patients regardless of the mode of mechanical ventilation [12,20-
22]. Studies concerning the behavior of asynchrony, frequencies
and associated outcomes are important to distinguish whether there
is a difference in the patterns of asynchrony depending on the
patient’s clinical profile, its degree of incidence and what risks
they may represent. The purpose of this study is to explore the
presence of asynchrony in post-operative cardiac patients and what
impact on outcomes can be observed. 

The literature on patient-ventilator asynchrony in patients in
the immediate cardiac postoperative period and its clinical impacts
is still limited. Understanding the behavior of these events in the
population addressed in this study is important for clinical impli-
cations regarding the proper management to ensure greater safety
in patient care and, thus, minimize clinical deteriorations related to
assistance with invasive mechanical ventilation. Thus, our study
proposed:
- to evaluate the reliability of the visual inspection method for

detecting asynchrony by flow curves, airway pressure and vol-
ume;

- to calculate the incidence of patient-ventilator asynchrony and
compare the rate of asynchrony in assist-controlled volume or
pressure modes and in support pressure mode.

Methods
This parallel clinical trial was carried out in the post-surgical

cardiothoracic ICU of a hospital in Recife (Brazil), from March to
December 2017. The study received approval by the institutional
ethics committee (number 1.928.293) and registered at
ClinicalTrials.gov (NCT03141216). All volunteers signed a con-
sent form as a pre-requisite to be included in the study. 

Patients
Adult patients were included, aged 18 to 65 years, with BMI

between 18.5 and 29.9 kg/m² in order to avoid heterogeneous pul-
monary mechanics bias imposed by adiposity of patients above
that limit, and under mechanical ventilation in the immediate post-
operative care. They were also required to have had a cardiac sur-
gery with cardiopulmonary bypass, whose specific condition is
associated with the risk of deficit of gas diffusion through the alve-
olar-capillary barrier. Cardiopulmonary bypass may activate pro-
inflammatory cells in the body system after blood exposure to the
bio-incompatible surface of the artificial blood circulation [23].

Patients with a history of chronic lung disease, neuromuscular,
and/or thoracic deformity were excluded from the trial. Patients
were removed from analysis if their MV weaning period was
above 12 h, since there is evidence that intubation time exceeding
this threshold is associated with worse outcomes [24,25] such as
delirium, acute kidney injury [26-28], higher risk of mortality,
major complications and longer hospital stay [25], thereby affect-
ing an homogeneous sampling, or graphic signals of pressure, flow
and volume curves with changes in their quality by artifacts that
limited the detection power, which hinders the asynchrony detec-
tion by the visual inspection method. 

Protocol
The generation of the random envelope allocations was per-

formed by an independent third party. The patients were assigned
to either an initial ventilation at either VCV (volume-controlled
ventilation) or PCV (pressure-controlled ventilation). As their res-
piratory drive and level of consciousness improved, the patients of
both assisted breaths groups were transitioned to pressure support
(PSV) mode prior to extubation. The entire protocol is described in
the Supplementary Material. 

Outcomes measurement 
The following patient data were registered: sex, age,

EuroScore II, time of postoperative MV, type of cardiac surgery,
use of intra- and postoperative drugs, extracorporeal circulation
time, and comorbidities. 

All patients had 5 min of pressure, volume and flow wave-
forms recordings in 3 different phases, representing the T phases.
The asynchronies identified for analysis were defined accordingly
to the descriptions in Figure 1, based on the definitions set by Dres
et al. and Wit et al. [22,29].

As set forth by Thille et al. [20], asynchrony index greater than
or equal to 10% is a measure of severity (see eq. A1 in the
Supplementary material). This cutoff point is due to the greater
association with mortality risk. Thus, we pre-defined this cutoff
value for considering asynchrony level as severe. In addition, heart
rate (HR), blood pressure (BP), expiratory tidal volume (VTe), res-
piratory rate (RR), peripheral oxygen saturation (SpO2), pH, arte-
rial partial pressure of oxygen (PaO2), arterial partial pressure of
carbon dioxide (PaCO2), and PaO2/FiO2 ratio were measured.

Data analysis 
Waveforms data were extracted from the electrical impedance

tomography (EIT) and processed off-line in a specific software run
on Labview 9.1 platform (National Instruments, Austin, TX,
USA). A simultaneous analysis of the three pressure, volume and
flow waveforms was performed and repeated by two independent
evaluators, blinded to clinical data and interventions assigned to
each participant. Several analyses were possible by visual inspec-
tion method, see attached in the Supplementary Material.

The identification of asynchrony was made by two researchers
trained by extended education in study group of intensive care 
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topics in an educational institution. Some of the topics discussed
were modes of mechanical ventilation, analysis of ventilator
graphics and respiratory and hemodynamic monitoring in a critical
care unit. 

Sample size 
The dimensioning of the sample size was performed from a

pilot study with 9 patients (VCV=5; PCV=4), using GPower v. 3.0
software. For the calculation, α=0.05, β=0.80 were used, and the
means and standard deviations of the asynchrony index in the
assist-controlled ventilatory phase in VCV (17.20±5.35%) and
PCV (9.7±2.34%). As a result, with an effect size of 1.80, 6 partic-
ipants per group would be needed. As a precautionary measure, a
loss rate of 30% was added, thus, it was estimated that in view of

a small variability in the results, the sample would be composed of
at least 16 patients.

Statistical analysis
Some analyses were performed based on the number of indi-

viduals (nindividuals = 17) and others on the number of cases, which is
equivalent to the pool effect of individuals repeated in three venti-
latory phases (ncases = 51).

Quantitative variables were compared by the Man-Whitney
test and categorized by Pearson’s Chi-square test. The analysis of
ventilation and oxygenation monitoring parameters and the quan-
titative data were distributed by phases to each group. Based on the
number of individuals, the inter-group and inter-phase analysis
were performed using the Anova two-factor test.

Figure 1. Definition to identify patient-ventilator asynchrony types. 1) Ineffective effort during expiration - a drop in the pressure curve
during expiration and simultaneous increase in the expiratory branch of the flow curve (after 50% of the expiratory curve) insufficient
to start a new cycle. 2) Ineffective effort during inspiration - a drop in the inspiratory phase pressure curve simultaneously with a fall
in the flow curve also in the inspiratory phase. 3) Double triggering - two consecutive inspiratory efforts without adequate expiratory
time. 4) Auto-triggering - start of the flow and pressure waveforms not preceded by a drop at the beginning of the pressure waveform
indicating triggering induced by the patient. 5) Late cycling -peak at the end of the pressure waveform plateau (overshoot) before turn-
ing to exhalation. 6) Early cycling - a peak in the beginning of the expiratory branch of the flow waveform or occurring in less than
50% of the expiratory curve; 7) Reverse triggering - two consecutive breaths, the first one being ventilator-driven and the following
being patient-respondent to the first breath.
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The reliability of the visual inspection method and inter-rater
agreement were tested respectively by Spearman correlation and
intraclass correlation (ICC) of single measures with two-way
mixed model and absolute agreement set for the variables of the
total number of asynchrony and AIt. We determined an ICC higher
than 0.60 as acceptable [30].

The odds of 10% or higher were expressed as odds ratios (OR)
by Cochran-Mantel Haenzel test in different scenarios (see
Supplementary Material). All tests were two-tailed with p<0.05
considered significant and analyzed with SPSS software (ver. 20.0
for Windows, IBM Corp., USA).

Results 
Out of 160 patients enrolled and scheduled for cardiac surgery,

17 completed the study (9 in the VCV group and 8 in the PCV
group). Figure 2 depicts the participant flowchart.

Analysis of results on Nindividuals

Their mean age was 53±10.9 years (ranging from 21 to 65
years), with over weight (BMI 27.7±2.5 kg/m²) and 60% of them
were men. Most patients underwent myocardial revascularization
(58.8%), nine of whom were ventilated in VCV and eight, in PCV
modes. They presented respiratory and hemodynamic stability and
a low mortality risk by EuroScore II classification [31] (Table 1).

The dosages of neuromuscular blocking (NMB) drugs, opi-
oids, general and local anesthetics administered to patients during
the intraoperative period were similar for both groups. Opioids and
sedatives in the postoperative period were seldom administered
(Table 1).

The variables of expired tidal volume, respiratory rate, inspira-
tory time, pH, and partial pressure of carbon dioxide remained
within normal range, and oxygenation with PaO2/FiO2 ratio above
200. There were no statistical differences in the comparative analy-
sis between the VCV vs PCV groups for these variables. The inspi-
ratory times in phases T2 and T3 in spontaneous ventilation were

Figure 2. Participant flowchart.
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higher than during assist-controlled ventilation (both, p<0.0001),
but this did not influence the analysis of the group-phase interac-
tion (Table 2).

The results of the inter-rater reliability analysis for the total
number of asynchronies (r=0.948, p<0.001) and asynchrony index-
es (r=0.945; p<0.001) detected by the visual inspection method
between two independent evaluators presented a strong correla-
tion. The agreement was also shown to be high for the total number
of asynchronies 0.98 (95% CI 0.965-0.988) and asynchrony index
0.978 (CI 95% 0.963-0.987) between the values estimated by both
evaluators. Fourteen patients (82.3%) presented asynchrony at
some point in their assisted breathing phases. Every patient was
registered at three different phases; which resulted in 51 cases of
analysis. These cases made up 255 min of sampling recording, cor-
responding to 3,813 respiratory cycles, in which 267 (7%) were
deemed asynchronous. 

Analysis of results on Ncases

Out of 51 cases, twenty-three (45.1%) presented asynchrony at
some point, occurring in fourteen (51.9%) cases initially ventilated
in VCV and nine cases (37.5%) in PCV. The mean number of total
asynchronies was 9.04 (7.44%) asynchronous cycles and the AIt
was 12.22 (7.99%).

In comparison to PCV, VCV group scored higher indexes in all
phases, although not statistically significant. The pattern of AIt
between both groups shows large difference in assist-controlled
moment and that difference prospectively decreases until extuba-
tion, as seen in Figure 3. Out of the cases with asynchrony at some
point in their phases (n=23), 16 presented severe asynchrony (AIt
of 10% or higher) and 7 had AIt less than 10%. There were no sta-
tistical differences in EuroScore II (p=0.46), neither in the respira-
tory variables (Table 3). The asynchrony severity also showed no

Table 1. Characteristics of the patients at ICU admission. 

                                                                 General (n=17)                     VCV (n=9)                         PCV (n=8)                            p

Sex (male, n/%)                                                                 10 (58.8)                                        6 (66.7)                                          4 (50)                                       0.49ª
Age (years)                                                                        52.9 (10.9)                                       52 (5.9)                                       54 (15.14)                                   0.21b

Body mass index (kg/m²)                                                27.7 (2.5)                                      27.1 (2.5)                                     28.39 (2.6)                                   0.25b

EuroScore II (n/%)                                                                                                                                                                                                                                   
0-2 points (low risk)                                                     6 (35.3)                                         3 (33.3)                                         3 (37.5)                                      0.87ª
3-5 points (medium risk)                                             8 (47.1)                                         4 (44.4)                                          4 (50)                                           
≥6 points (high risk)                                                     3 (17.6)                                         2 (22.2)                                         1 (12.5)                                          

Glasgow Coma Score (points)                                       8.5 (0.5)                                        8.2 (0.4)                                       8.75 (0.5)                                    0.07b

Mean arterial pressure (mmHg)                                 80.1 (13.5)                                    78.9 (14.3)                                   81.38 (13.4)                                  0.77b

Heart rate (bpm)                                                             91.4 (17.4)                                    93.7 (15.1)                                   88.88 (20.5)                                  0.34b

SaO2 (%)                                                                             98.8 (1.7)                                      99.3 (1.3)                                     98.75 (2.8)                                   0.91b

Drainage (ml) pleural                                                    12.5 (28.9)                                     6.3 (17.7)                                    18.75 (37.2)                                  0.49b

Mediastinal                                                                        73.1 (76.1)                                    59.4 (46.7)                                    87.5 (99.1)                                   0.79b

Surgery type (n/%)                                                                                                                                                                                                                                    
Coronary artery bypass grafting                                 10 (58.8)                                        5 (55.6)                                         5(62.5)                                      0.28ª
Heart valve replacement                                               7 (41.2)                                         4 (44.4)                                         3(37.5)                                          

Surgery duration (min)                                                199.4 (81.44)                                226.88 (69.3)                                171.88 (87.6)                                 0.27b

CPB duration (min)                                                         81.7 (31.0)                                    89.3 (29.8)                                     75 (32.5)                                    0.11b

Use of drugs (yes, n/%)                                                                                                                                                                                                                           
Intraop NMBs                                                                 13 (76.5)                                        5 (55.6)                                         8 (100)                                       0.20
Intraop opioids                                                               16 (94.1)                                        8 (88.9)                                         8 (100)                                       1.00
Intraop general anesthesia                                          15 (88.2)                                        8 (88.9)                                         7 (87.5)                                      1.00
Intraop local anesthesia                                                7 (41.2)                                         4 (44.4)                                         3 (37.5)                                      1.00
Intraop sedatives                                                           11 (64.7)                                        5 (55.6)                                          6 (75)                                        1.00
Postop opioids                                                                16 (94.1)                                        2 (22.2)                                          2 (25)                                        1.00
Postop sedatives                                                              1 (5.9)                                          1 (11.1)                                           0 (0)                                         1.00

Dosage of drugs (mg/ml)                                                                                                                                                                                                                        
Intraop NMBs                                                              24.69 (13.09)                                 29.2 (13.16)                                 21.88 (13.08)                                  0.23
Intraop opioids                                                             20.5 (19.38)                                 18.36 (18.48)                                22.38 (21.22)                                  0.66
Intraop general anesthesia                                      23.47 (16.33)                                19.64 (11.25)                                27.86 (20.79)                                  0.59
Intraop local anesthesia                                                7 (9.41)                                         9 (9.74)                                         5 (9.26)                                      0.46
Intraop sedatives                                                             5 (0.0)                                           5 (0.0)                                           5 (0.0)                                       1.00
Mechanical ventilation time (h)                               5.88 (2.15)                                    5.89 (2.47)                                    5.88 (1.89)                                   0.69b
Inspiratory time (s)                                                       1.0 (0.7)                                       0.98 (0.1)                                     1.01 (0.07)                                    0.47

Comorbidities (n/%)                                                                                                                                                                                                                                 
None                                                                                  5 (29.4)                                          2(22.2)                                         3 (37.5)                                      0.62ª
One to three                                                                12 (70.6)                                        7 (77.8)                                         5 (62.5)                                          
(DM. HBP. Dyslipidemia)                                                      

ªPearson’s chi-square; bMann-Whitney test; SaO2, arterial partial oxygen pressure; CPB, cardiopulmonary bypass; DM, diabetes melitus; HBP, high blood pressure; Intraop, intraoperative; postop, post-
operative; NMB, neuromuscular blocker. 
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significant associations with the type of mechanical ventilator used
(p=1.00) by a binomial test comparing the proportions of patients
ventilated in either one of the ventilators available. Out of the cases
with AIt of 10% or higher (n=16), thirteen occurred under the use
of Savina ventilator and three of them under Engstrom ventilator.
Out of the cases with AIt lower than 10% (n=7), six occurred under
the use of Savina ventilator and one under the Engstrom ventilator.
The odds of AIt of 10% or higher were higher in the VCV group
compared to the PCV [VCV 146 (75.6%) vs PCV 47 (24.4%), OR
3.46 (1.97-6.07); p<0.001]. (Figure 4). Regarding the assisted
breathing phases, group-independently, the AIt of 10% or higher
was more likely to occur during T1 than in T2 (T1: 86 (70.5%) vs
T1). T2: 36 (29.5%), OR 3.85 (1.9-7.79); p<0.001. Between the
two phases of spontaneous breathing (T2 and T3), the AIt presents
a higher chance of severity in phase T3 [T2: 36 (33.6%) vs T3: 71
(66.4%), OR 0.47 (0.24-0.91); p=0.025] (Figure 4). When analyz-
ing the severity of the AIt in both groups and in all phases, we
observed that the odds for an AIt of 10% or higher were higher in
patients initially ventilated at VCV within all phases [OR 2.79
(1.36-5.73) between T1 and T2; p=0.005, OR 2.61 (1.27-5.37)
between T1 and T3; p=0.009 and OR 4.99 (2.37-10.37) between
T2 and T3; p<0.001] (Figure 4). In relation to the AI by types of
asynchronies, double triggering and early cycling were the most
frequent and with greater magnitude in the groups, whereas auto-
triggering and late cycling were not detected. Both in inter-group
and in intra-phases analysis, there were no significant differences
for the specific AI (Table 4).

Discussion
The main findings in this study were: i) the visual inspection

method proved to be reliable for the detection of patient-ventilator
asynchrony with strong correlation and high inter-rater agreement;
ii) There was a high number of patients who presented asynchrony

Table 2. Monitoring parameters of ventilation and oxygenation.  

Initial mode          Ventilatory                           VCe/kg                       FR                      T insp           pH           PaCO2 (mmHg)     PaO2/FiO2

                              phases                                 (ml/Kg)                 (rpm)                     (s)               

VCV                                 T1 (n=9)                                          8.9 (2.5)                       17.8 (4.4)                    0.99 (0.07)     7.38 (0.1)                 38.9 (7.2)              356.5 (91.7)
                                        T2 (n=9)                                         10.2 (2.7)                      14.8 (2.7)                    1.29 (0.14)     7.36 (0.1)                 38.3 (3.0)              398.9 (87.9)
                                        T3 (n=9)                                            9 (3.3)                         15.7 (3.0)                    1.33 (0.17)     7.33 (0.6)                 39.0 (6.0)              381.6 (73.8)
PCV                                 T1 (n=8)                                          8.7 (1.3)                       16.9 (2.1)                    1.01 (0.07)     7.30 (0.1)                 40.6 (6.0)              375.6 (91.4)
                                        T2 (n=8)                                          8.7 (1.3)                       15.8 (2.5)                    1.14 (0.14)     7.33 (0.1)                 39.3 (3.7)              346.7 (45.3)
                                        T3 (n=8)                                            8.9 (2)                         16.8 (4.0)                     1.2 (0.13)      7.36 (0.1)                 36.8 (2.8)              360.2  (63.6)
p                                      Intergroupª  VCV x PCV                     0.85                                0.60                               0.47                 0.06                            0.6                            0.67
                                        Inter-phaseb
                                        T1 x T2                                                0.20                                0.09                             <0.001              0.88                           0.72                           0.95
                                        T1 x T3                                                0.57                                0.21                             <0.001              0.76                           0.38                           0.66
                                        T2 x T3                                                0.48                                0.64                               0.26                 0.89                           0.62                           0.62
                                        Interactionb group-phase                0.89                                0.45                               0.13                 0.09                           0.66                           0.38
aStudent t-test; btwo-factor ANOVA test; Paw, airway pressure; Ppeak, peak pressure; Vte/kg, tidal volume/predicted body weight; PaCO2, arterial partial pressure of carbon dioxide; PaO2, arterial partial
oxygen pressure; FiO2, inspired oxygen fraction. 

Table 3. Comparison of severity scores and respiratory variables between AI cut-off points.

Variables                              AIt <10% (n=7)                                         AIt ≥10% (n=16)                                                     p

EuroScore II                                            1.5 (2.12)                                                                       2.71 (1.8)                                                                            0.46
Vt (ml/PBW)                                            10.52 (3.27)                                                                    9.25 (2.12)                                                                           0.29
RR (ipm)                                                 16.57 (2.15)                                                                   15.06 (2.11)                                                                          0.20
Tins (s)                                                    1.13 (0.17)                                                                      1.18 (0.2)                                                                            0.63
pH                                                              7.34 (0.04)                                                                     7.37 (0.07)                                                                           0.34
PaCO2 (mmHg)b                                    39.4 (4.44)                                                                     41.16 (5.9)                                                                           0.48
PaO2/FiO2b                                             357.28 (48.3)                                                                 371.16 (86.3)                                                                         0.46

bMann-Whitney test.

Figure 3. AItotal index over the three ventilatory time-points
between VCV and PCV groups.
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with the ventilator at some point during the immediate postopera-
tive period, although compared to the total number of ventilatory
cycles their percentage of asynchronous cycles was low; iii) The
presence of asynchrony and AIt ≥10% was not influenced by clin-
ical severity and did not lead to alterations in oxygenation and ven-
tilation, and there were no cases of weaning failure; iv) The chance
of AIt ≥10% was higher in VCV ventilation than in PCV, and it
maintains in the following PSV phases; and v) double triggering
and early cycling were the most common and with the highest
indexes with short-term mechanical ventilation.

Offline asynchrony detection method application
The most advanced asynchrony detection methods include

automatic detection software [13,29-31] and semi-invasive meth-
ods [14,32-36], which allow more accurate monitoring of the inter-
action between mechanical ventilators and patients by capturing
signals of diaphragmatic activity during the inspiratory effort.
Even so, the advanced methods have their limitations for use in
clinical practice.

Software limitations are usually research-purpose-only appli-
cation and also dependent on determined mechanical ventilators
models. Meanwhile, the semi-invasive methods require profes-
sional expertise for adequate catheter positioning in order to ensure
accurate functioning and reliability on the graphics capture.
Another problem is the high-price of both set of methods, which
makes them unfeasible for daily clinical practice [20,29,31]. 

Table 4. Specific asynchrony indexes by modes and phases.

Initial mode    Phase                                          AIt                            IIE                                 DT                           EC                            IEE

VCV                                  T1 (n= 5)                                  17.20 (5.35)                              -                                      10.75 (5.37)                             6                                         2
                                         T2 (n= 3)                                    14.7 (4.8)                                3                                         4 (1.41)                        2.67 (1.15)                        1.5 (0.71)
                                         T3 (n=6)                                    14.39 (8.5)                        1.25 (0.5)                              8.83 (12.35)                      3.75 (3.1)                                 -
PCV                                  T1 (n= 4)                                   9.75 (2.34)                               1                                        4.5 (4.95)                        2.5 (0.71)                                 6
                                         T2 (n= 3)                                  10.86 (7.36)                              -                                        2.3 (1.53)                         2 (1.41)                                 10
                                         T3 (n= 2)                                  12.16 (5.13)                              1                                        3.5 (0.71)                                -                                    4 (1.4)
p                                       Inter-group VCV x PCV                  0.37                                   0.67                                          0.46                                  0.53                                   0.06
                                         Inter-phases                                       
                                         T1 x T2                                            0.96                                   1.00                                          0.56                                  0.33                                   0.15
                                         T1 x T3                                            0.22                                      -                                             0.68                                  0.70                                   0.50
                                         T2 x T3                                            0.26                                      -                                             0.97                                  0.29                                   0.10
                                         Interaction group-phase              0.64                                   0.87                                          0.74                                  0.24                                   0.24

AItotal, total asynchrony index; IIE, ineffective inspiratory effort; DT, double-triggering; EC, early cycling; IEE, ineffective expiratory effort; RT, reverse triggering; ANOVA two-way. 

Figure 4. Total asynchronies and Odds ratio weighed by AI with their respective confidence intervals. Situation analysis: 1, VCV x PCV
modes; 2, T1 x T2 phases; 3, T1 x T3 phases; 4, T2 x T3 phases; 5, VCV x PCV in T1-T2 strata; 6, VCV x PCV in T1-T3 strata; 7, VCV
x PCV in T2-T3 strata.
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The method of visual inspection is acceptable for asynchrony
diagnosis and thus helps to take the measures of correcting it. The
results of Thille et al. [20] on evaluating this method by two asses-
sors showed good reproducibility due to the strong and significant
correlation (n=62, ρ=0.94, p<0.01) and high agreement (κ value
0.96, p<0.01) in long-term patients under mechanical ventilation.
These results were similar to ours. 

According to Kottner et al., despite varying according to aim,
diagnoses and estimated margin of error for decision-making, val-
ues of at least 0.60 for intra-class coefficient are an acceptable
level of reliability for a method of evaluation [30]. Thus, we con-
sider that the method of visual inspection adopted for this study is
reliable for the detection of asynchrony. However, we recognize
that the analysis may be underestimated in relation to semi-inva-
sive methods [37].

Asynchronies incidence and impact in clinical outcomes 
In our findings around 80% of the patients presented some type

of asynchrony, and this was similar to other studies, although their
patients were non-surgical. Kuo et al. [37] reported an incidence of
asynchrony of 87% and Fabry et al. [38] detected 81%, both with
the majority of patients having COPD. De Wit et al. [39] detected
85% in patients with ARF mainly due to pneumonia [38-40]. In
these studies, they appeared as factors associated with the inci-
dence of asynchrony to the hyperinflated lung condition of some
patients and deep sedation. Our incidence rate was lower compared
to other studies such as Chao et al. [41], who detected 10.9% in
chronically ill patients in prolonged mechanical ventilation wean-
ing, Robinson et al. It is noteworthy that, although the incidence
was high, it had a small magnitude with only 7% of asynchronous
cycles, and no repercussions were observed for oxygenation and
ventilation. Some studies report associations of asynchronous
cycles with the worst prognosis in clinical outcomes, such as
longer mechanical ventilation [34], higher incidence of tracheosto-
my [35], longer ICU stay, and hospital mortality [44-47]. Others
suggested associations between the high prevalence of asynchrony
and changes in physiological variables, such as ventilation and
oxygenation, described in the literature as influencing the severity
of the asynchrony index. The study by Thille et al. [20] analyzed
62 patients with no specific profile with duration of mechanical
ventilation of around 10 days, who were able to trigger assisted
breaths or to maintain themselves in the spontaneous breaths. The
ventilation variables (tidal volume, respiratory rate and PaCO2)
and oxygenation (PaO2 / FIO2) among patients with or without crit-
ical asynchrony index did not differ. The same result was observed
by Rolland-Debord et al. [47], who assessed tidal volume by pre-
dicted body weight, respiratory rate, PaCO2, and oxygenation
index in a study of 103 patients intubated for different etiologies of
acute respiratory failure with mean time of invasive mechanical
ventilation between 10 and 12 days [35,37,44].  

Asynchrony index – severity indicator
The frequency of asynchrony is measured by the asynchrony

index obtained by the ratio between cycles with asynchrony and the
total of all cycles. From Thille’s study [20], 10% or more was
marked as a cutoff point because it was associated with worse clini-
cal outcomes. This reference parameter was adopted in the other
studies on patient-ventilator asynchrony [40,44-50].The fact that the
highest incidence of total AI of 10% or higher occurs in VCV venti-
lation may be related to the characteristic of the mode that promotes
constant volume delivery, in contrast to the physiological process, in
which the inspired volume varies with every breath. Many asyn-
chronies probably occurred when the volume delivered was not ade-
quate for the need in certain cycles, whereas in PCV these moments
were less frequent because the volume varies accordingly to the res-
piratory mechanics [45,46]. Disregarding the initial ventilation

mode, the critical AI (AI ≥10) was higher during assist-controlled
cycles compared to cycles predominantly spontaneous, which was
also observed by Thille and Chanques [20,51]. However, their
patients had a time of mechanical ventilation longer than 20 h. It is
believed that asynchrony influencing factors in patients under short-
term mechanical ventilation, such as surgical ones, differ from those
in mechanical ventilation for clinical diseases reasons. There was a
higher frequency of critical AI during the pre-extubation period (T3)
than in the transition phase of A/C to PSV (T2). Patients submitted
to low parameters may not have their metabolic needs attended to
during this phase of assessing their readiness for extubation [47].
With underassistance of ventilation, patients are forced to increase
their respiratory work and lung volumes, consequently they present
a greater magnitude of asynchrony, among them double triggering
and associated stacking [48].  

Types of asynchronies detected
Studies have pointed out that ineffective effort during the expi-

ratory phase is usually associated to reasons such as abnormal res-
piratory mechanics, reduced respiratory drive induced by deep
sedation, and poor adjustment in ventilator parameters [38,49-53].
Its occurrence is common in clinical patients with respiratory mus-
cle strength deficit, which makes inspiratory triggering difficult
and thus prone to difficult weaning. After ineffective inspiratory
efforts, early cycling and double triggering are the most common
asynchronies, as reported by Thille et al. and de Wit et al. [20,39].
The harmony between ventilator and neural time adjustment is dif-
ficult since the patient’s neural time is not always constant with the
setting on the ventilator. Previous studies also point out that the
double-triggered cycles are directly proportional to the respiratory
drive [51,54,55].

Patients with normal lung mechanics, as expected in our sam-
ple with no history of lung disease, are more likely to develop
cycling asynchrony, mainly early cycling that can usually result in
double triggering. These patients who experience this asynchrony
suffer from greater energy expenditure because they have to
“fight” against an obligation imposed by the ventilator that does
not meet their need at the moment and may affect their clinical
prognosis [55]. The relationship between the two types of asyn-
chrony is intimate because it depends on the degree of inspiratory
muscle effort, so that when “weak” in response to the premature
opening of the ventilator exhalation valve in relation to neural
time, early cycling asynchrony occurs. However, the continuity of
the inspiratory effort after the opening of the exhalation valve can
again activate the triggering, and thus a second cycle is triggered
with a short expiratory period between both. As described in the
literature [56,57], inadequate tidal volume and inspiratory time are
common causes of asynchrony, especially when there is greater
autonomy of spontaneous effort. Inspiratory times were similar in
patients either ventilated in VCV or PCV modes and it increased
when ventilated in PSV mode. Unlike previous modes, inspiratory
efforts are greater in this mode that allows for greater patient
autonomy, so inspiratory time is no longer directly mechanically
controlled [58,59]. In the study, two mechanical ventilators from
different manufacturers were used, with operating characteristics
with small differences. We believe that this did not influence the
results since the asynchrony indices did not differ in the analysis
stratified by the manufacturer of the mechanical ventilator. 

Methodological limitations
Some limitations to be considered are that our results are based

on a selected population profile, less than 65 years of age, not
obese, with low risk for the severity score, who had undergone
elective surgeries, and had no history of pulmonary disease. We did
not evaluate respiratory function and muscular strength in the pre-
surgical period, which are factors associated to the presence of
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asynchrony. In future studies, it would be interesting to verify
whether the implications observed in this study apply to obese car-
diac post-operative patients, who were older, had been on mechan-
ical ventilation for a longer period, or had postoperative complica-
tions, since we noticed a larger number of these patients, who
ended up being excluded from our study because they were not
covered by our criteria. 

There is a high presence of asynchrony, and in most cases with
critical asynchrony index in surgical patients, although we cannot
extrapolate the results to more severe clinical conditions. The
method of visual inspection, although reliable and reproducible, is
done offline, allowing reanalysis, which in clinical practice is not
possible. This offline method is time-consuming, requiring expert-
ise not only to recognize and classify changes in curves but also to
handle the files to be analyzed later. 

Clinical implications
In view of this high presence of asynchrony and a significant

incidence of asynchrony index of 10% or greater, it is necessary to
reinforce that the ICU healthcare professionals involved in the
management of mechanical ventilation be better aware of monitor-
ing these events and minimizing them for improved clinical prog-
nosis. In these patients, PCV ventilation seems to be better because
it had a lower chance of a critical asynchrony index, besides the
additional advantage of preventing pulmonary complications due
to unregulated pressure. We concluded that there is a high inci-
dence of patients with asynchrony at some time during the short
period of mechanical ventilation in the postoperative period
although with a low incidence of asynchronous cycles, with
emphasis on early cycling and double firing. The VCV mode pre-
sented a higher chance of the occurrence of critical asynchrony
index remaining during the prospective phases towards weaning.

List of abbreviations
AIspecific              asynchrony index specific
AIt                          asynchrony index total 
CPB                       cardiopulmonary bypass
DC                         delayed cycling
DM                         diabetes mellitus
DT                          double triggering
EC                          early cycling
EIT                         electrical impedance tomography
FiO2                       inspired fraction of oxygen
HBP                       high blood pressure
HR                         heart rate
ICU                        intensive care unit
IEE                         expiratory ineffective effort
IIE                          inspiratory ineffective effort
NMB                      neuromuscular blocking
PaCO2                    arterial partial pressure of carbon dioxide
PaO2                       arterial partial pressure of oxygen
Paw                        airway pressure
PCV                       pressure-controlled ventilation
PEEP                      positive end-expiratory pressure
PSV                        pressure support ventilation
PVA                        patient-ventilator asynchrony
RR                          respiratory rate
RT                          reverse triggering
SaO2                       arterial partial pressure of oxygen
SpO2                       peripheral oxygen saturation
Tins                        inspiratory time
VCV                       volume-controlled ventilation
Vte                         expired tidal volume
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