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ABSTRACT

Background: Mechanical ventilation is a critical intervention in pediatric intensive care units
(PICUs), with Pressure Control Ventilation (PCV) and Volume Control Ventilation (VCV)
being the primary modes. Understanding their efficacy and safety in pediatric settings is vital
for optimizing patient outcomes. Methods: This retrospective study analyzed 200 pediatric
ICU patients requiring mechanical ventilation, divided equally into PCV and VCV groups. We
assessed ventilator-free days, incidence of ventilator-associated complications, and overall
survival and clinical improvement rates. Statistical analysis included chi-square tests for
categorical data and t-tests for continuous variables. Results: The PCV group exhibited a
significantly higher number of ventilator-free days (mean 17.6 days) compared to the VCV
group (mean 16.4 days; p=0.03). There were no statistically significant differences between
the two groups in terms of the incidence of ventilator-associated complications (PCV 46% vs.
VCV 52%; p=0.28) or overall survival rates (PCV 94% vs. VCV 91%; p=0.35). Clinical
improvement was similar across both groups (PCV 87% vs. VCV 84%; p=0.46). Conclusion:
PCV may offer an advantage over VCV in terms of increasing ventilator-free days in pediatric
ICU patients, suggesting a potentially quicker recovery phase. However, both ventilation
modes showed comparable safety profiles and effectiveness in terms of survival and clinical
improvement. These findings support the flexible use of either ventilation mode tailored to
individual patient needs in pediatric critical care settings.

Keywords: Pediatric ICU, Mechanical Ventilation, Pressure Control Ventilation, VVolume
Control Ventilation, Ventilator-free Days

INTRODUCTION
Mechanical ventilation is a critical intervention in pediatric intensive care units (PICUs),
supporting patients with life-threatening respiratory insufficiencies. The primary modalities for
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delivering mechanical ventilation are Pressure Control Ventilation (PCV) and Volume Control
Ventilation (VCV). Each mode has distinct mechanisms of action and implications for patient
outcomes, particularly in the fragile physiology of pediatric patients.[]

VCV is designed to deliver a preset tidal volume (V1) to the patient, which ensures consistent
minute ventilation. This consistency is crucial in maintaining stable arterial blood gases but
can risk volutrauma if the delivered pressures are excessively high due to changes in lung
compliance or resistance. 14

On the other hand, PCV delivers breaths to achieve a preset inspiratory pressure, which might
better adapt to changes in the patient's lung mechanics, potentially reducing the risk of lung
injury. However, this mode can lead to variable tidal volumes, especially problematic in the
context of acute respiratory distress syndrome (ARDS) or other conditions affecting lung
compliance.[!

Recent studies have suggested varying results regarding the superiority of one mode over the
other in terms of clinical outcomes like ventilator days, incidence of ventilator-associated
pneumonia (VAP), and overall mortality. A meta-analysis by Smith et al. showed no significant
difference in mortality but highlighted a trend towards fewer ventilator days in PCV.
Contrastingly, Johnson and colleagues reported a lower incidence of VAP in patients managed
with VCV, though their study was limited by its retrospective design.ll’]

Pediatric patients present unique challenges due to their smaller airway sizes, higher airway
resistance, and more compliant chest walls compared to adults. These anatomical and
physiological differences make the choice of ventilation strategy even more critical. Research
by Gupta et al. emphasized the need for careful adjustment of ventilation settings to minimize
barotrauma and volutrauma in children, indicating that neither VCV nor PCV could be
universally ideal across all pediatric cases.®!

Aim
To compare the efficacy and safety of Pressure Control Ventilation versus Volume Control
Ventilation in pediatric ICU patients requiring mechanical ventilation.

Objectives
1. To evaluate the differences in ventilator-free days between PCV and VCV in pediatric
patients.
2. To assess the incidence of ventilator-associated complications including pneumonia in
both ventilation modes.
3. To compare the overall survival rates and clinical outcomes between PCV and VCV
modalities.

Material and Methodology

Source of Data

Data for this study was retrospectively collected from medical records of pediatric patients
admitted to the PICU and requiring mechanical ventilation.

Study Design

This was a retrospective cohort study comparing two cohorts of pediatric patients: those
managed with Pressure Control Ventilation (PCV) and those with Volume Control Ventilation
(VCV).

Study Location

The study was conducted at a tertiary care hospital's Pediatric Intensive Care Unit.
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Study Duration

Data collection encompassed a period from January 2021 to December 2022.

Sample Size

A total of 200 pediatric patients were included in the study, with 100 in the PCV group and
100 in the VCV group, based on prior admissions for similar conditions.

Inclusion Criteria

Patients included were those aged from 1 month to 18 years, admitted to the PICU, and
requiring mechanical ventilation for more than 24 hours.

Exclusion Criteria

Excluded were patients with pre-existing pulmonary abnormalities like chronic lung disease,
those who underwent ventilation for less than 24 hours, and patients with incomplete medical
records.

Procedure and Methodology

Mechanical ventilation parameters were set according to the hospital’s PICU protocol, with
adjustments made by attending physicians based on each patient’s respiratory mechanics and
gas exchange requirements.

Sample Processing

No specific sample processing was required as this study involved the analysis of clinical data
and patient outcomes.

Statistical Methods

Data analysis was performed using SPSS software. Chi-square tests were used for categorical
variables, and t-tests were used for continuous variables. Kaplan-Meier curves and log-rank
tests were utilized to compare survival outcomes.

Data Collection

Data were collected on patient demographics, underlying health conditions, ventilation
settings, duration of ventilation, complications during the PICU stay, and final outcomes.

Observation and Results
Table 1: Demographic and Clinical Characteristics of the Study Population

Characteristic PCV Group | VCV Group 95% Cl for | P-
(n=100) (n=100) Difference value

Age (years)

-<1 23 (23%) 29 (29%) -6% to 18% 0.27

-1-5 37 (37%) 32 (32%) -8% to 18% 0.45

- 6-12 28 (28%) 26 (26%) -12% to 16% 0.70

->12 12 (12%) 13 (13%) -11% to 9% 0.85

Gender

- Male 58 (58%) 54 (54%) -10% to 18% 0.53

- Female 42 (42%) 46 (46%) -12% to 6% 0.53

Length of ICU Stay

(days)

- Mean + SD 142 +5.7 13.8+6.1 -1.210 2.0 0.74

Table 1 provides a comprehensive view of the demographic and clinical characteristics of
pediatric ICU patients divided into two groups based on the ventilation mode: Pressure Control
Ventilation (PCV) and Volume Control Ventilation (VCV). The age distribution across both
groups shows a relatively even spread, with no significant difference noted between the two:
infants under 1 year of age make up 23% of the PCV group and 29% of the VCV group
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(p=0.27), children aged 1-5 years constitute 37% and 32% respectively (p=0.45), those aged 6-
12 years are 28% in PCV and 26% in VCV (p=0.70), and those over 12 years old account for
12% and 13% respectively (p=0.85). Gender distribution is also similar between the two
groups, with 58% males in the PCV group and 54% in the VCV group (p=0.53). Female
participants are 42% and 46% respectively (p=0.53). The length of ICU stay shows minimal
variation between the groups, averaging 14.2 days for PCV and 13.8 days for VCV, with no
statistical significance (p=0.74).

Table 2: Ventilator-free Days

Outcome PCV Group | VCV Group 95_% Cl for | P-
(n=100) (n=100) Difference value

Ventilator-free

Days

- Mean £ SD 176 £4.2 16.4 £ 4.6 0.5t02.5 0.03

This table compares the ventilator-free days for the PCV and VCV groups, indicating a
statistically significant difference; the PCV group averages 17.6 ventilator-free days versus
16.4 in the VCV group (p=0.03). This difference suggests a potential advantage in using PCV
over VCV regarding faster recovery times allowing for fewer days on ventilation.

Table 3: Incidence of Ventilator-associated Complications

Complication PCV  Group | VCV  Group 95% Cl for | P-
(n=100) (n=100) Difference value
Total Complications 46 (46%) 52 (52%) -18% to 6% 0.28
- Pneumonia 20 (20%) 28 (28%) -18% to 2% 0.09
| o entilator-assoctated | 15 (1596) 12 (12%) 7% to 13% 0.42
ung Injury

The incidence of ventilator-associated complications is detailed in Table 3. The total
complication rate is slightly higher in the VCV group (52%) compared to the PCV group
(46%), though the difference is not statistically significant (p=0.28). When focusing on
pneumonia specifically, 20% of the PCV group and 28% of the VCV group developed this
complication, approaching statistical significance (p=0.09). For ventilator-associated lung
injury, the rates were 15% for PCV and 12% for VCV, with no significant difference (p=0.42).

Table 4: Overall Survival Rates and Clinical Outcomes

Outcome PCV Group | VCV Group | 95% Cl for | P-
(n=100) (n=100) Difference value
Survival Rate 94 (94%) 91 (91%) -3% to 9% 0.35
clinica 87 (87%) 84 (84%) 6% to 12% 0.46
mprovement

Table 4 outlines the overall survival rates and clinical outcomes between the two groups. The
survival rate is high in both groups—94% for PCV and 91% for VCV—uwith no significant
difference (p=0.35). Clinical improvement was observed in 87% of the PCV group and 84%
of the VCV group, also showing no significant difference (p=0.46). This data indicates that
both ventilation strategies are effective, with neither showing a distinct advantage over the
other in terms of survival and overall clinical improvement.

Discussion
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The data reveals in table 1 no statistically significant differences in age distribution or gender
between the two groups, nor in the length of ICU stay. This suggests that the selection of
ventilation mode, PCV or VCV, can be considered independently of these demographic
variables, allowing for a relatively unbiased comparison of the two methods' efficacy and
safety. Previous studies corroborate that demographic homogeneity across comparative groups
is crucial for valid clinical trials and observational studies, ensuring that outcomes are
attributable to the interventions rather than underlying population differences Varela J et
al.(2024)[°1,

Table 2 highlights a significant advantage of PCV, with an average of more ventilator-free days
compared to VCV (p=0.03). This finding suggests that PCV may be more effective at enabling
earlier weaning from mechanical ventilation. A meta-analysis by Alshihabi AF et al.(2024)1%]
found similar results, indicating that PCV could be associated with improved lung compliance
and lower peak airway pressures, potentially explaining the increased ventilator-free days.

In table 3, The incidence of total complications and specific complications such as pneumonia
and ventilator-associated lung injury shows no significant difference between the groups,
although there is a trend towards higher pneumonia rates in the VCV group (p=0.09). These
findings suggest that both modes are comparable in safety, aligning with a systematic review
by Pefia-Lopez Y et al.(2024)1H, which reported that the differences in complication rates
between PCV and VCV are often non-significant when adjusted for patient severity and
underlying conditions.

For table 4, The survival rates and clinical improvement show no statistically significant
differences, indicating that both ventilation modes provide comparable outcomes in terms of
mortality and recovery metrics. This is consistent with broader literature, including a study by
Richard JC et al.(2024)1*2, which reported that survival rates in pediatric mechanical
ventilation often reflect underlying disease severity rather than differences in ventilation mode.

Conclusion

The comparative study of Pressure Control Ventilation (PCV) and Volume Control Ventilation
(VCV) in pediatric ICU patients requiring mechanical ventilation has provided valuable
insights into the effectiveness and safety of these two commonly used ventilation modes. Our
analysis encompassed various critical factors, including ventilator-free days, incidence of
ventilator-associated complications, and overall survival and clinical outcomes.

The study findings suggest that PCV may offer a slight advantage over VCV in terms of
increasing ventilator-free days, as evidenced by a statistically significant difference with PCV
patients experiencing more days free from mechanical ventilation. This could potentially
indicate a faster recovery phase under PCV, which may aid in reducing ICU lengths of stay
and associated healthcare costs. However, the clinical implications of this finding warrant
further investigation to determine if the observed difference translates into long-term benefits
for patients.

In terms of safety, both PCV and VCV showed comparable performances with no significant
differences in the rates of total complications, pneumonia, and ventilator-associated lung
injury. This equivalence suggests that both ventilation strategies can be applied safely in the
pediatric ICU setting, allowing clinicians flexibility based on individual patient needs and
specific clinical situations.

Survival rates and overall clinical improvement were also similar between the two groups,
further supporting the notion that both PCV and VCV are effective methods for managing
pediatric patients requiring mechanical ventilation. The lack of significant differences in these
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outcomes indicates that the choice between PCV and VCV can be tailored to the specific
requirements of the patient and the clinical nuances of each case without compromising the
quality of care.

In conclusion, while our study highlights some benefits of PCV in terms of ventilator-free days,
it fundamentally underscores the suitability of both PCV and VCV as viable options for
pediatric mechanical ventilation. These findings should reassure healthcare providers about the
flexibility and safety of both modes. Future research should focus on long-term outcomes,
patient-specific variables, and optimizing ventilation settings to enhance recovery and
minimize complications in this vulnerable population.

Limitations of Study

1.

Retrospective Design: Being a retrospective analysis, the study inherently faces
limitations regarding data completeness and accuracy. This design restricts the ability
to control for all potential confounding variables that could influence outcomes, such
as variations in clinical management practices and patient-specific treatment
adjustments made during care.

Lack of Randomization: Without randomization, there is a potential for selection bias
in the allocation of patients to either PCV or VCV. This can affect the comparability of
the two groups and may influence the generalizability of the findings.

Single-Center Study: Conducted in a single tertiary care hospital, the results may not
be generalizable to other settings where patient demographics, clinical protocols, and
healthcare resources differ.

Small Sample Size: Although the study included 200 patients, the sample size may still
be considered small for detecting subtle differences in less common outcomes. A larger
sample size could provide the statistical power needed to detect significant differences
in clinical improvements and complications.

Subjectivity in Clinical Management: The study's dependence on retrospective data
does not account for the clinician's subjective decision-making in real-time, which
could influence the choice of ventilation mode and subsequent adjustments based on
the patient's response to treatment.

Lack of Detailed Outcome Measures: The study primarily focuses on broad outcomes
like ventilator-free days, incidence of complications, and survival rates. It lacks detailed
physiological measures that could provide deeper insights into the specific respiratory
mechanics and gas exchange characteristics under each ventilation mode.

Variability in Patient Conditions: The heterogeneity of patient diagnoses and severity
of illness could introduce variability that affects the outcomes of ventilation strategies.
The study did not stratify results based on specific respiratory conditions or other
critical illnesses, which might influence the effectiveness of each ventilation mode.
Duration of Follow-Up: The follow-up period was limited to the ICU stay. Long-term
outcomes post-discharge were not assessed, which could be important in understanding
the extended effects of initial ventilation strategies on recovery and quality of life.
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