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Impact of minimizing asynchronies in mechanical ventilation on
patient’s outcome in pediatric intensive care unit

Abstract:

Background: Patients-ventilator asynchrony defined as a mismatch between the patient’s
respiratory effort and the ventilator delivered breaths and it is common in clinical practice.
Patient ventilator interaction is a key element in optimizing MV. The change from inspiration
to expiration is a crucial point in the mechanically ventilated breaths and is termed cycling,
PV A may occur if the flow at which the ventilator cycles to exhalation does not coincide with
the termination of neural inspiration. Ideally, the ventilator terminates inspiratory flow in
synchrony with the patients neural timing, but frequently the ventilator terminates early or
late.

Aims: The aim of this study was to detect the prevalence of asynchrony during assisted MV,
IT and DT were the two main patterns of asynchrony.

Patients and Methods: This prospective study was carried out upon 60 patients from 2 to
180 months, 38 males and 22 females, with spontaneous triggering on MV, admitted to the
PICU, Tanta University Hospital.

Results: There were non-significant difference in nearly all data regarding MV mode.
Fortunately, ITI is increased with volume SIMV +PSV compared with pressure SIMV +PSV
and PRVC. ITI is a highly significant diagnostic for synchronization. Pressure regulated
volume control was better than pressure SIMV+PSV and both were better than volume SIMV
+PSV proved by less ITI and increase mortality with ITI >10%.

Conclusion: Pressure regulated volume control was better than pressure SIMV+PSV and
both were better than volume SIMV +PSV proved by less ITI and increase mortality with ITI
>10%. The patient-ventilator synchrony is crucial in determining the patient comfort, MV
duration, and survival ITI is diagnostic for synchronization. ITI, PIP/ITI on 1% day, and SpO.
on 3™ day were significant predictors for synchronization.
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Introduction:

In critically ill patients, mechanical ventilation (MV) aims to improve oxygenation and
decrease the work of breathing and load on the respiratory muscles to support patients until
their condition improves.

Optimal patient-ventilator interaction can help avoid excessive sedation, anxiety, discomfort,
episodes of fighting on the ventilator, diaphragmatic dysfunction and atrophy due to disuse,
potential cognitive alterations, prolonged mechanical ventilation, and additional lung or
respiratory muscle injury. @

Research has shown that patients ventilated for 24 hours who can trigger the ventilator have a
high incidence of asynchrony during assisted mechanical ventilation. ©

Asynchrony is common throughout MV, ® occurs in all MV modes, and might be associated
with a bad outcome, especially when they occur in clusters. ©

Patient-ventilator asynchrony (PVA) exists when the phases of breath delivered by the
ventilator do not match those of the patient. ® To meet the patient’s demands, the ventilator’s
inspiratory time and gas delivery must match the patient’s neural inspiratory time. ()
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Asynchronies occur with minimal differences between day and night, and the most prevalent
asynchrony overall and in every MV mode is ineffective inspiratory efforts, followed by
double triggering. ®

When the entire period of MV is taken into account, asynchronies are slightly more frequent
in pressure support ventilation (PSV) than in volume control-continuous mandatory
ventilation or pressure control-continuous mandatory ventilation. ©

Nevertheless, within each mode, the settings for peak airflow, airway pressure, minute
ventilation, rise time, and the criteria to terminate inspiration can strongly affect asynchrony
generation. 19

The efforts to minimize asynchrony are being observed and its beneficial outcome on patient
morbidity is expected to have a fruitful end.

Patients and Methods:

This prospective study was carried out upon 60 patients from 2 to 180 months, 38 males and
22 females, with spontaneous triggering on MV, admitted to the PICU, Tanta University
Hospital. This study was conducted between September 2020 and July 2022.

Ethical considerations

= The study was accepted by the Research Ethics Committee of Faculty of Medicine Tanta

University before starting the field work.

An informed consent was signed by all the patients.

Explanation of the study aim in a simple manner to be understood by the common people.

The patient had the right to get a copy from the informed consent.

No harmful maneuvers were performed or used.

All data were considered confidential and did not used outside this study without patient’s

approval.

= All patients were notified with the results of imaging.

= Patients had the right to withdraw from the study at any time without giving any reason
and were excluded from the study.

= The patient did not pay for any investigations in the research.

The studied patients were divided according to MV modes into three groups:
Group (1): Twenty patients on pressure SIMV+ PSV mode.

Group (I1): Ten patients on volume SIMV+ PSV mode.

Group (111): Thirty patients on PRVC mode.

Inclusion criteria:
All patients aged from 2 months to 15 years, on invasive MV with spontaneous triggering for
at least 7 days.

Exclusion criteria:

= Age more than 15 years old.
= Positive end-expiratory pressure >9 cm H20.

= Ventilation through a tracheostomy.

= Inability to initiate breaths including that due to neuromuscular-blocking agents
= Patient with neuromuscular disorders.

Methods:

All studied patients were subjected to:

(1) Detailed history taking:

= Demographic data: name, age, sex, SOCio-economic status.

= Cause of PICU admission and MV.
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= Length of PICU stay.

= Duration and mode of MV.

(2) Thorough clinical examination:

= Anthropometric measurements.

= Vital signs (blood pressure, heart rate, respiratory rate, temperature).

(3 Neurological examination:

= Conscious level (all patients was on midazolam (Dormicum ®) sedative from 0.5-2
mic/kg/ hr intravenous infusion.

(4) Routine investigation:

Statistical analysis:

Statistical analysis was done by SPSS v27 (IBM®©, Chicago, IL, USA). Shapiro-Wilks test
and histograms were used to evaluate the normality of the distribution of data. Quantitative
parametric data were presented as mean and standard deviation (SD) and were analysed by
unpaired student t-test (%12

Quantitative non-parametric data were presented as the median and interquartile range (IQR)
and were analyzed by Mann Whitney-test 9.

Qualitative variables were presented as frequency and percentage (%) and were analyzed
utilizing the Chi-square test or Fisher's exact test when appropriate . Repeated measures
ANOVA was performed to compare the three measures within the same group ¢,

two-tailed P value < 0.05 was considered statistically significant.

Results:

Table (1): shows that regarding PIP: There was highly significant increase in group |
compared with group Il and 1l on the 1% 2" and 3™ days. Otherwise there was non-
significant difference between studied groups.

Table (1): Comparison among the studied groups regarding peak inspiratory pressure (cm
H-0)

Group | P- | Group Il V- Group 11
SIMV+PSV | SIMV+PSV PRVC Test p
(n=20) (n=10) (n=230)
Mean+SD | 16.65+3.17 | 13.8+3.61 | 14.25+2.59 pl | 0.034*
1%t day F=49.036 | 0.006* | p2 | 0.002*
Range 11-22 10-21 10-18 03 0.876
ond Mean+SD | 16.85+2.46 | 14 +0.82 13.6 +0.68 pl | <0.001*
PIP F=15.454 | <0.001* | p2 | <0.001*
day Range 14-21 13-15 13-15 03 0.184
3rd Mean+SD | 18.5+2.06 | 155+1.51 | 14.95+1.76 pl | <0.001*
F=16.630 | <0.001* | p2 | <0.001*
day Range 15-21 13-17 13-18 P3| 0469

Cm H0: centimeter water, PIP: Peak inspiratory pressure, PRVC: Pressure-regulated volume control, P-SIMV:
Pressure-Synchronized intermittent mandatory ventilation, PSV: pressure support ventilation, V-SIMV: Volume-
Synchronized intermittent mandatory ventilation.

* significant as p <0.05, P1: p between group I and group 11, P2: p between group | and group 11, P3: p between
group Il and group 11, F; one-way ANOVA

Table (2): show that regarding PEEP: There was a highly significant increase in group Il
compared with group | on 1% day. There was significant increase in group Il compared with
group I11 on 1% day. Otherwise there was a non-significant difference between studied groups.
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Table 2: Comparison among the studied groups regarding positive end-expiratory pressure

(cm H20)
Group | Group Il
p_sIMY | v-simy + | SR T ey o
+PSV PSV (n = 30) 5
(n=20) (n=10) -
Ist Mean+SD|542+051 | 75+£373 |525+1.1 pl 0.001*
F=7.694 | 0.001* p2 0.971
day | Range 5.00-7 4-9 4-6 03 0.031*
PEEP |2 |Mean+SD| 5.64+1.43|6.89 *2.65 |6.69 + 3.45 _
day Range 4-8 4-7 4-7 F=2132 0.128
3rd Mean +SD| 5.62 £ 1.46 | 6.57 £ 2.83 |7.03 + 4.06 _
day Range 4-9 5-9 5-10 F=1690 0.194

Cm H,0: centimeter water, PEEP: Positive end-expiratory pressure, PRVC: Pressure-regulated volume control,
P-SIMV: Pressure-Synchronized intermittent mandatory ventilation, PSV: pressure support ventilation, V-
SIMV: Volume-Synchronized intermittent mandatory ventilation.

F: one-way ANOVA, * significant as p <0.05, P1: p between group | and group II, P2: p between group | and
group 11, P3: p between group Il and group I11.

Table (3): shows that regarding respiratory rate: There was a highly significant increase in
group | compared with group Il on 1% day. Otherwise there was non-significant difference

among the studied groups.

Table 3: comparison among the studied groups regarding respiratory rate (Cycle/Minute)

Group |
Group Il — | Group Il —
pressure | g\ \nvyepsy | pRvC | Testof p
SIMV (n = 10) (n = 30) significance
(n=20) B B
Mean + 23.94 + 18.11 + 0.66 17.63 £ p1 0.023*
1 SD 6.16 0.44 _ *
day F=5.451 0.007 P2 0.090
Range 15-35 17 -19 17-18 P3 0.992
Mean * 17.81 +
nd
RR dza sD 21.16 +5.7 | 17.63+0.4 039 F=2149 0.126
Y Range 14- 30 17-18 17-18
Mean + 20.15+
rd
dsa sD 745 15.32+2.99| 16.5+3.0 F=2034 0.140
Y Range 10-30 12-18 12-18
PRVC: Pressure-regulated volume control, P-SIMV: Pressure-Synchronized intermittent mandatory ventilation,

PSV: pressure support ventilation, RR: respiratory rate, V-SIMV: Volume-Synchronized intermittent mandatory

ventilation.

* significant as p <0.05, P1: p between group | and group |1, P2: p between group | and group Ill, P3: p between
group Il and group 11, F: one-way ANOVA.

ITI is a highly significant diagnostic for synchronization with P value <0.001 and 0.927 AUC
(95% CI: 0.611 -0.765). Sensitivity was 88.89% (95% CI), specificity 98.04% (95% CI)

(table 4).
Table 4: Validity of ITI for Diagnosis of Synchronization
Sensitivity Specificity PPV NPV
Cut off (95% Cl) (95% Cl) (95% ClI) (95% Cl) P AUC
88.89% 98.04% 88.9% 98.0% .
ITI>10 | (518-99.7) | (89.6-100.0) | (53.1-98.3) | (88.7-99.7) | <0001 0.927

ITI: ineffective triggering index.

* Significant as

p-value <0.05
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In regression analysis, ITI, PIP/ITI on 1st day and SpO2 on 3™ day were significant predictors

for synchronization (Table 5).

Table 5: Logistic Regression of Different Variables for Prediction of Synchronization

Coefficient St. Error P
Age (years) 0.004 0.008 0.573
Sex -0.022 0.081 0.786
Duration of ventilation -0.003 0.002 0.229
ITI 0.049 0.010 <0.001*
PIP 0.010 0.012 0.435
PIP/ITI at 1% day -0.034 0.015 0.035*
FiO;at 1% day 0.013 0.008 0.140
FiO, at 2" day -0.006 0.009 0.474
FiO2/ITI at 1% day 0.010 0.008 0.248
SpO; at 3" day -0.101 0.040 0.014*
PS at 3" day -0.015 0.030 0.607
RR/ITI at 1 day -0.004 0.008 0.558

FiO,: fraction of inspired O, ITI: ineffective triggering index, PIP: peak inspiratory pressure, PS: pressure
support, RR: respiratory rate, SpO». 0xygen saturation.
* Significant as P value<0.05.

Discussion:

The present study showed that there was a significant increase of PIP with ITI > 10%
compared with ITI < 10% on the 1% and 2" days. There was a highly significant increase in
PIP in P-SIMV group compared with V-SIMV group and PRVC on the 1%, 2" and 3" days.

In accordance to the present study, thrill et al., @ found that patients with high incidence of
DT, ITI had higher values of PIP, this may be due to the associated increased severity of lung
injury.

However, De wit et al., @® found that no correlation between PIP and asynchrony. This may
be explained by the small sample size (pilot study).

The present study showed that there was highly significant increase of PEEP with ITI > 10%
compared with 1Tl <10% on 2™ and 3" day and There was significant increase in V-
SIMV+PSV group compared with P-SIMV+PSV group and PRVC group on 1% day.

In accordance to the present study, Nava et al., ” found that lower level PEEP in patients
with COPD and high levels of intrinsic PEEP reduce the frequency of asynchrony.

This may be explained by that lower PEEP improve synchrony by reducing dynamic
hyperinflation and improve the quality of sleep in chronically ventilated patients. "
However, Chao et al., @ and Varon et al., @® found that applying 5 cm H20 of external PEEP
had no influence on ITI.

This may be explained by their patient’s diagnosis (intrinsic PEEP in COPD). 49

The present study showed that there was significant increase of RR with ITI >10% compared
with ITI < 10% in 1% and 2™ day and There was a highly significant increase in T, with ITI
>10% compared to ITI <10% on 2" and 3" day.

In accordance to the present study, Purro et al., @® found that high RR occur with increased
IT.

This may be explained by that the increase in frequency was proportional to the decrease in
ventilator inspiratory time, IT occurs when the patient’s demand is high, and T, on the
ventilator is too short. 29

However, Tassaux et al., @Y found that ITI was less frequent with high RR in patients with
COPD.

This may be explained by the high flow often used for lowering intrinsic PEEP by achieving a
shorter T, and thus allowing more time for exhalation. In patients with COPD changing the

5
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cycle criteria to a higher percentage of peak inspiratory flow (high frequency) decreased ITI
and improve PVI. @V

The present study showed that there was a significant increase in MV duration with ITI >
10% compared with ITI < 10%.

In accordance with the present study, Chao et al., @ Thille et al., ¥ and De wit et al., “® found
that patients with an asynchrony index >10% had a longer duration of MV.

This may be explained by those patients with an ITI >10% were more likely to require more
than a week of MV due to inappropriate ventilator setting or greater disease severity. 2
However, Nava et al., ®® found that no correlation between high-level asynchrony and the
duration of MV. This may be explained by their usage of ventilator settings leading to a
reduced frequency of wasted efforts.
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