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Abstract  
Background: Mechanical ventilation is a life-saving intervention in critical care but carries significant risks if mismanaged. 

Complex ventilator technology, alarm systems, and patient–ventilator interactions demand rigorous safety protocols and 

interprofessional collaboration. 

Aim: This study aims to outline evidence-based strategies for ventilator safety, emphasizing communication, competency, and 

standardized practices to reduce adverse events. 

Methods: A comprehensive review of ventilator management principles was conducted, integrating clinical guidelines, 

institutional protocols, and multidisciplinary approaches. Key domains analyzed include ventilator setup, alarm governance, 

bedside assessment, infection prevention, and competency frameworks. 

Results: Findings highlight that ventilator safety depends on systematic verification of settings, role clarity with respiratory 

therapy leadership, and disciplined alarm management. Interprofessional communication emerged as a cornerstone for 

preventing errors, ensuring synchronized care, and improving patient outcomes. Additional safety measures include routine 

pre-operational checks, airway position verification, sedation optimization, and infection control strategies such as head-of-

bed elevation and oral hygiene. Competency gaps among healthcare providers were identified, underscoring the need for 

simulation-based education and recurrent training. 

Conclusion: Safe ventilator management requires a high-reliability framework integrating structured protocols, continuous 

education, and collaborative practice. Standardization of alarm policies, documentation, and readiness for emergencies further 

strengthens patient safety. 

Keywords: Mechanical ventilation, ventilator safety, alarm management, interprofessional communication, competency-

based training, critical care. 
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Introduction 

Adjustments to mechanical ventilator parameters are 

frequently undertaken in clinical practice by 

healthcare professionals whose exposure to, and 

formal preparation in, the specific operational 

features of the ventilator model in use may be 

limited. Contemporary mechanical ventilators are 

highly sophisticated devices that integrate complex 

modes, monitoring capabilities, and alarm systems; 

consequently, they necessitate structured education 

and competency-based training to promote 

therapeutic effectiveness, patient safety, and 

avoidance of iatrogenic harm. When ventilator 

settings are modified inappropriately, when alarm 

thresholds are not reviewed and recalibrated 

following changes, or when parameters are altered 

without clear and authorized clinical orders, the risk 

of adverse events increases substantially. Likewise, 

inadequate documentation and insufficient 

communication of adjustments to the broader medical 

team can disrupt continuity of care, impede timely 

clinical decision-making, and ultimately compromise 

patient outcomes. This educational activity is 

designed to support health professionals in 

establishing and maintaining safe, standardized 

practices for the setup, installation, monitoring, and 

adjustment of mechanical ventilation. Emphasis is 

placed on ensuring that personnel involved in 

ventilator management possess verified proficiency, 

including an understanding of device-specific 

functions and the clinical rationale underpinning 

parameter selection. In addition, the activity 

underscores the importance of aligning ventilator 

changes with institutional policies, prescriber 
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directives, and evidence-informed protocols, thereby 

reducing variability and preventing preventable errors 

in ventilator management. Fundamentally, ventilator 

safety is strengthened through an interprofessional 

framework that prioritizes clear, timely, and 

consistent communication among all members of the 

healthcare team. Collaborative practice—

characterized by shared situational awareness, role 

clarity, and coordinated responses to clinical 

changes—supports the safest delivery of ventilatory 

care and is associated with improved patient 

outcomes [1]. 

Issues of Concern: 

 For patient safety, several core elements of 

mechanical ventilation practice are essential and 

should be consistently operationalized within routine 

critical care workflows [1][2][3]. Among these 

elements, effective communication is foundational, 

because ventilated patients are typically managed by 

an interprofessional team whose collective decisions 

directly influence clinical stability, complication risk, 

and the trajectory of recovery. This team frequently 

includes, but is not limited to, an intensivist, critical 

care nurse, respiratory therapist, primary care 

physician, pulmonologist, nutritionist, infectious 

disease consultant, and other specialists as indicated 

by the patient’s diagnosis and evolving needs. 

Because mechanical ventilation intersects with 

hemodynamics, sedation, nutrition, infection 

prevention, and rehabilitation planning, coordinated 

communication among all contributors is necessary 

to reduce fragmentation and ensure that care is 

aligned with shared clinical priorities [1][2][3]. In 

this context, ventilatory goals should be explicitly 

defined, documented, and disseminated to all relevant 

professionals. When targets for oxygenation, 

ventilation, lung-protective strategies, sedation depth, 

and readiness-to-wean criteria are clearly 

communicated, the team is better positioned to 

deliver coherent and predictable care. Conversely, 

when decisions occur in isolation, even well-

intentioned adjustments may introduce clinical 

instability. For example, initiating weaning processes, 

altering ventilator modes, or changing parameters 

empirically—without consultation and consensus—

can generate avoidable risk, particularly when those 

changes are not synchronized with respiratory 

therapy assessments, nursing observations, and 

physician oversight. Communication with the 

respiratory therapist is especially important given 

their device-specific expertise and their central role in 

monitoring patient–ventilator interaction, secretion 

management, and troubleshooting alarms and 

waveform abnormalities [1][2][3]. Coordinated 

decision-making ensures that modifications to 

ventilatory status are clinically justified, safely 

implemented, and promptly evaluated for 

effectiveness. 

 Moreover, ventilatory decisions cannot be 

separated from the broader therapeutic context in 

which mechanical ventilation is being used. In certain 

cases, ventilation is required not solely for primary 

respiratory failure, but as supportive care during other 

invasive therapies. A notable example is the patient 

receiving an intra-aortic balloon pump, a therapy that 

may necessitate continued ventilation until 

cardiovascular stabilization is achieved. Such 

interventions are often uncomfortable, and premature 

extubation in this setting can lead to significant 

distress. Agitation and increased patient movement 

may compromise the effectiveness and safety of the 

balloon pump, potentially destabilizing 

hemodynamics and increasing the risk of device-

related complications. Therefore, decisions about 

extubation readiness must incorporate 

cardiopulmonary status, sedation requirements, 

procedural considerations, and the anticipated 

tolerance of ongoing invasive support, rather than 

relying solely on respiratory parameters in isolation 

[1][2][3]. This reinforces the need for 

interprofessional dialogue that integrates expertise 

across disciplines. Communication also extends to 

the ethical and human dimensions of care. The 

presence of an endotracheal tube limits verbal 

expression, but it does not eliminate a patient’s ability 

to hear, comprehend, or experience emotional 

responses to the clinical environment. It is therefore 

essential that healthcare professionals maintain 

respectful, therapeutic communication at the bedside 

and avoid negative, dismissive, or harmful remarks 

about the patient. Patients may retain awareness 

despite sedation, and even partial consciousness can 

leave lasting psychological impressions. Supporting 

patient dignity requires assuming that the patient may 

be able to understand what is being said and ensuring 

that communication remains professional, 

compassionate, and oriented toward reassurance and 

collaboration [1][2][3]. 

 In parallel, clinicians should facilitate 

appropriate avenues for patient participation 

whenever feasible. Many mechanically ventilated 

individuals can communicate through nonverbal 

methods when provided with simple tools such as a 

pen and paper or other communication aids. 

Encouraging these methods can reduce anxiety, 

improve cooperation with care, and help clinicians 

identify pain, discomfort, dyspnea, or unmet needs 

that may otherwise go unnoticed. In this way, 

communication functions not only as an 

interprofessional safety mechanism but also as a 

patient-centered intervention that contributes to 

overall wellbeing and safer ventilation management 

[1][2][3]. Ultimately, sustained, open communication 

among physicians, nurses, and respiratory 

therapists—supported by shared goals, timely 

updates, and mutual accountability—represents a key 

safeguard in mechanical ventilation. When 
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communication is treated as a deliberate clinical 

practice rather than an informal expectation, 

ventilated patients are more likely to receive 

consistent, coordinated, and safe care across shifts, 

disciplines, and changing clinical circumstances 

[1][2][3]. When approaching a patient receiving 

mechanical ventilation, safety begins with a 

systematic bedside assessment that integrates the 

patient’s current physiologic status with the 

ventilator’s programmed parameters and the most 

recent clinical orders. On initial entry to the room, the 

clinician should promptly review vital signs, with 

particular attention to oxygenation and perfusion 

indicators, including pulse oximetry, heart rate, blood 

pressure, respiratory rate as displayed on the monitor 

and ventilator, and overall trends recorded since the 

previous shift. These measurements should be 

interpreted alongside the most recent arterial blood 

gas results, because gas exchange values provide 

essential confirmation of ventilatory adequacy and 

acid–base status, and may reveal early deterioration 

even before overt clinical signs emerge. In addition, 

chest auscultation remains an important bedside skill 

to identify interval changes such as new wheeze, 

diminished breath sounds, coarse crackles suggestive 

of secretion burden, or asymmetry that could indicate 

atelectasis, endobronchial obstruction, or 

pneumothorax. The clinician should also evaluate the 

patient’s comfort and synchrony with the ventilator, 

as distress, tachycardia, diaphoresis, use of accessory 

muscles, or agitation can be manifestations of pain, 

anxiety, inadequate sedation, dyspnea, or 

inappropriate ventilator settings. Hemodynamic 

stability is equally important, because positive 

pressure ventilation can influence venous return and 

cardiac output; therefore, changes in blood pressure 

or signs of poor perfusion should be considered in 

relation to ventilatory pressures, sedation depth, and 

overall clinical context. 

 After completing this immediate clinical 

assessment, the next critical step is verification of 

ventilator settings and displayed parameters, followed 

by reconciliation with the most recent authorized 

prescription for ventilation. The bedside clinician 

should examine the ventilator mode, fraction of 

inspired oxygen, positive end-expiratory pressure, set 

tidal volume or inspiratory pressure target (depending 

on the mode), respiratory rate, inspiratory time, flow 

pattern, and trigger sensitivity. In parallel, the 

clinician should review the measured values that 

reflect the patient’s response to delivered breaths, 

such as exhaled tidal volume, peak inspiratory 

pressure, plateau pressure where available, mean 

airway pressure, minute ventilation, and any evidence 

of auto-positive end-expiratory pressure. This process 

is not a superficial ―glance‖ at the screen; rather, it is 

a deliberate check that the machine is delivering what 

has been ordered and that the patient’s physiology is 

responding as expected. The most recent ventilator 

order should be reviewed in the medical record, and 

the clinician should confirm that the ordered settings 

match those actively programmed on the ventilator, 

recognizing that discrepancies—whether due to 

undocumented adjustments, shift-to-shift drift, or 

emergent changes—can meaningfully alter 

oxygenation, ventilation, and lung injury risk. This 

verification is a basic but high-impact safety behavior 

and serves as an early detection mechanism for 

inappropriate settings, missed changes, or incomplete 

communication among team members [4]. Within 

this framework, role clarity and governance of 

ventilator adjustments are central to safe practice. 

The professional most consistently trained, 

experienced, and operationally equipped to manage 

mechanical ventilators is the respiratory therapist, 

whose education and clinical exposure emphasize 

ventilator mechanics, mode selection, waveform 

interpretation, patient–ventilator interaction, and 

device troubleshooting. For this reason, ventilator 

management—particularly adjustments and 

documentation—should be led by respiratory therapy, 

supported by physician decision-making and nursing 

surveillance. To reduce the likelihood of error and 

variability, many institutions benefit from limiting the 

number of healthcare professionals permitted to 

directly modify ventilator settings. Restricting 

adjustment privileges is not intended to impede 

urgent care; rather, it is a patient-safety strategy that 

promotes standardized competence and ensures that 

changes are performed by those with demonstrable 

proficiency. When adjustments are necessary, they 

should be communicated promptly to the respiratory 

therapist so that the full ventilator safety profile—

including alarms and monitoring thresholds—can be 

reviewed and recalibrated in relation to the new 

settings. Any clinician who modifies ventilator 

parameters must be able to demonstrate competency 

equivalent to the respiratory therapist’s level of 

training, because the consequences of incorrect 

adjustments can be immediate and severe, including 

hypoxemia, hypercapnia, barotrauma, volutrauma, 

and hemodynamic compromise. 

 Alarm management is an additional pillar of 

ventilator safety, and it requires both technical 

knowledge and disciplined bedside behavior. 

Ventilators generate alarms to signal deviations from 

expected pressure, volume, flow, or rate, and they 

often incorporate alarm-hush functions intended to 

temporarily reduce noise while the problem is 

actively assessed. However, alarms should never be 

routinely ignored, silenced reflexively, or disabled 

without first identifying and addressing the 

underlying cause. The alarm is not merely an 

inconvenience; it may represent acute disconnection, 

obstruction, loss of oxygen supply, severe patient–

ventilator dyssynchrony, high airway pressures, 

apnea, or dangerously low tidal volumes. Responding 

appropriately requires clinicians to understand the 

hierarchy and meaning of alarm types, to rapidly 

evaluate the patient’s condition, and to confirm the 
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integrity of the airway and circuit. In many clinical 

settings, responsibility for developing ventilator and 

alarm policies is shared between respiratory therapy 

leadership and the unit’s medical leadership, 

reflecting the reality that alarm governance must 

integrate device expertise with clinical oversight. 

Because alarm mismanagement can contribute to 

preventable harm, including morbidity and mortality, 

institutional procedures should define how alarms are 

set, who is permitted to modify them, and how alarm-

related events are reviewed to improve practice. A 

comprehensive alarm policy should address several 

operational domains. It should specify how to 

perform alarm functionality checks and how to 

interpret the results, ensuring that staff can 

distinguish between true device malfunction and 

patient-related triggers. It should include competency 

assessments that evaluate staff responses to common 

alarm scenarios, so that actions are standardized and 

time-critical responses become reliable under 

pressure. It should also outline how to extract alarm 

data from the ventilator, because alarm histories and 

trends can assist in clinical decision-making, 

auditing, and quality improvement. In addition, 

policies should define the appropriate process for 

modifying alarm thresholds, including manufacturer-

specific requirements and limitations that may vary 

by ventilator brand or model. Clear reporting 

pathways are also necessary so that recurrent alarm 

issues—whether due to settings, workflow, 

equipment, or patient factors—can be escalated and 

addressed through structured improvement efforts. 

Finally, staff education should include familiarity 

with the distinct sounds associated with different 

alarm severities, because rapid recognition of alarm 

priority can accelerate correct intervention. 

 An effective alarm strategy must also 

balance two complementary purposes of alarms: they 

are protective, in that they provide a safety boundary 

against dangerous physiology or device failure, and 

they are informative, in that they communicate that a 

measured variable is trending outside expected limits 

and warrants clinical assessment. For this reason, 

setting alarm limits for pressure, volume, and rate is 

as important as selecting the ventilator’s baseline 

settings, because the alarms define the allowable 

envelope of variation before the system signals 

danger. Many healthcare institutions therefore specify 

alarm thresholds as a percentage above or below the 

prescribed ventilator settings, recognizing that 

arbitrary changes can inadvertently widen the safety 

margin and delay recognition of deterioration. Such 

policies reinforce that alarm limits should not be 

altered casually or for convenience, and that any 

modifications require appropriate competence and 

clinical justification [5]. At the same time, alarm 

systems should be designed to minimize nuisance 

alarms, because excessive nonactionable alarms 

contribute to desensitization and delayed response. 

Achieving this balance requires continuous 

collaboration among clinicians, respiratory therapists, 

and unit leadership so that alarm settings remain 

clinically meaningful, aligned with patient condition, 

and supportive of a safe care environment. Taken 

together, careful verification of patient status and 

ventilator settings, clearly defined ventilator 

management roles with respiratory therapy 

leadership, and rigorous alarm governance form a 

coherent safety approach. These practices reduce 

discrepancies between orders and device 

programming, limit unnecessary variability in 

ventilator adjustments, and ensure that alarm systems 

remain reliable signals rather than background noise. 

When consistently applied, they strengthen 

situational awareness, improve team coordination, 

and provide an essential safeguard for patients whose 

stability depends on mechanical ventilation [4][5]. 

Bag Valve and Mask and Ventilator Settings 

 A fundamental requirement in the safe 

management of mechanically ventilated patients is 

the immediate availability of a functional bag-valve-

mask device at the bedside. In practice, this means 

that every patient receiving ventilatory support 

should have a bag-valve apparatus and an 

appropriately sized mask positioned in a 

standardized, easily accessible location—commonly 

mounted on the wall or stored in a dedicated bedside 

compartment—so that it can be retrieved without 

delay during an emergent deterioration. The clinical 

rationale is straightforward: mechanical ventilation, 

although highly reliable when functioning 

appropriately, is inherently dependent on a complex 

system of power supply, gas delivery, airway 

integrity, and patient–ventilator interaction. Any 

disruption in this system can rapidly compromise 

oxygenation and ventilation, and in such time-

sensitive circumstances, the ability to transition 

immediately to manual ventilation becomes a critical 

safeguard. Because bedside emergency equipment is 

only as effective as its readiness, the bag-valve-mask 

device must be inspected routinely and 

systematically. Daily checks are required to ensure 

that the components are intact, that the bag re-

expands appropriately, that the one-way valves 

function correctly, that the oxygen tubing and 

reservoir bag are present and connect securely, and 

that a reliable oxygen source can be attached. This 

routine verification is not a perfunctory task; rather, it 

is a high-stakes safety behavior that anticipates 

predictable crises and reduces the likelihood of 

preventable harm. In emergencies such as ventilator 

malfunction, alarm states indicating severe 

compromise, or sudden changes in airway patency, 

manual ventilation may be the only immediate means 

of sustaining life while definitive corrective steps are 

taken [4][5][6]. 

 Clinical scenarios that necessitate prompt 

bag-valve-mask ventilation are numerous and well 
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recognized in critical care. A ventilator alarm that 

signals a potentially dangerous deviation—

particularly alarms suggesting circuit disconnect, 

high airway pressures, apnea, or inadequate tidal 

volume—requires immediate patient assessment. If 

the patient cannot be effectively ventilated through 

the ventilator while the underlying cause is identified 

and corrected, clinicians must be prepared to provide 

manual breaths to ensure ongoing oxygen delivery. 

Similarly, if a patient self-extubates, the 

consequences can be profound, ranging from acute 

hypoxemia to airway compromise and hemodynamic 

collapse, depending on the patient’s underlying 

condition. Manual ventilation provides a bridge to re-

establishment of a secure airway, whether through 

reintubation or alternative airway interventions. 

Furthermore, when patient–ventilator dyssynchrony 

becomes sufficiently severe that effective ventilation 

and oxygenation are no longer reliably achieved, 

temporary disconnection from the ventilator and 

manual ventilation can stabilize the patient while the 

team addresses causative factors such as 

inappropriate trigger sensitivity, flow mismatch, 

inadequate analgesia or sedation, bronchospasm, 

secretions, or mechanical obstruction. Endotracheal 

tube displacement or partial dislodgement similarly 

creates an unstable airway situation in which manual 

ventilation, coupled with rapid airway evaluation, 

may be essential until the airway is definitively 

secured. For these reasons, competence in bag-valve-

mask ventilation is not optional for clinicians caring 

for ventilated patients; it is an essential skill that must 

be practiced, maintained, and applied confidently 

when required, because emergent circumstances 

rarely allow time for skill acquisition at the bedside 

[4][5][6]. 

 Alongside preparedness for manual 

ventilation, safe care also demands a disciplined and 

systematic approach to reviewing ventilator settings 

and patient response. Although contemporary 

ventilators incorporate advanced modes and 

sophisticated monitoring capabilities, their design 

and user interface vary across manufacturers and 

models. This variability can create risk if clinicians 

rely solely on familiarity with one device type or 

assume that interface cues and setting conventions 

are uniform. Consequently, while clinicians may not 

need mastery of every proprietary feature, they must 

be able to interpret core parameters, understand their 

physiologic implications, and conduct a standardized 

bedside assessment that aligns machine-delivered 

support with patient needs. A structured sequence is 

especially valuable because it reduces omission 

errors, strengthens situational awareness, and 

promotes consistent interprofessional communication 

about respiratory status. A practical starting point is 

the respiratory rate. The ventilator typically displays 

the set rate and the total measured rate, enabling 

clinicians to identify whether the patient is fully 

supported by mandatory breaths or contributing 

spontaneous efforts beyond the programmed settings. 

However, reliance on the monitor alone is 

insufficient. Manual confirmation—by observing 

chest rise, respiratory effort, and synchrony—helps 

determine whether the patient’s actual breathing 

pattern corresponds to the ventilator’s displayed 

values and whether distress or increased work of 

breathing is present. A total respiratory rate exceeding 

the set rate can indicate pain, anxiety, fever, 

metabolic acidosis, hypoxemia, inadequate support, 

or dyssynchrony, and it warrants prompt evaluation. 

In this way, respiratory rate functions not only as a 

numeric setting but also as a clinical signal of patient 

comfort and ventilatory adequacy. Oxygenation 

support is commonly assessed next through the 

fraction of inspired oxygen. In many freshly 

intubated patients, the fraction of inspired oxygen is 

initially set at 100% to ensure rapid stabilization, 

recognizing that this is often a temporary measure 

rather than an intended long-term strategy. 

Subsequent titration is guided by arterial oxygen 

tension on arterial blood gas analysis and by 

continuous pulse oximetry trends, with the goal of 

maintaining adequate oxygenation while minimizing 

unnecessary oxygen exposure. The clinical reasoning 

reflects the principle that oxygen is a drug with dose-

related risks; therefore, once stability is achieved, 

fraction of inspired oxygen should be weaned to the 

lowest level that maintains appropriate oxygenation 

targets, in accordance with the patient’s disease 

process and institutional protocols [4][5][6]. 

 Tidal volume is another central parameter 

that requires careful interpretation, as it represents the 

volume of gas delivered with each breath and directly 

influences alveolar ventilation as well as the risk of 

ventilator-induced lung injury. In patients with 

relatively healthy lungs, traditional tidal volume 

ranges have often approximated 6–8 mL per kilogram 

of ideal body weight. In contrast, in conditions 

characterized by reduced compliance and diffuse 

inflammatory injury—such as acute respiratory 

distress syndrome or acute lung injury—lower tidal 

volume strategies in the range of 4–6 mL per 

kilogram of ideal body weight are used as a 

protective approach intended to reduce volutrauma 

and barotrauma. Importantly, tidal volume selection 

is based on ideal body weight rather than actual 

weight, because lung size correlates more closely 

with height than with total body mass. This principle 

explains why two patients of the same height may 

receive similar tidal volumes despite markedly 

different actual weights, including situations in which 

a patient with severe obesity receives the same set 

tidal volume as a non-obese patient of identical 

stature. Understanding this distinction is essential to 

prevent inadvertent overdistension and to maintain 

lung-protective ventilation where appropriate. 

Assessment of airway pressures provides additional, 

highly informative data regarding respiratory 

mechanics and potential complications. Peak 
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inspiratory pressure represents the maximal pressure 

required to deliver a breath during inspiration and is 

influenced by airway resistance as well as lung and 

chest wall compliance. In many clinical contexts, 

peak inspiratory pressure is commonly maintained 

below approximately 40 cmH2O, though 

interpretation should always incorporate the patient’s 

overall physiology and ventilator mode. Elevation in 

peak inspiratory pressure often reflects increased 

resistance in the conducting airways or within the 

ventilator circuit. Clinically, high peak pressure may 

result from a kinked endotracheal tube, obstruction 

from biting, secretions or a mucus plug, 

bronchospasm, or acute changes such as 

pneumothorax. Because ventilators typically alarm 

when peak pressure exceeds set thresholds, the alarm 

should prompt immediate bedside assessment rather 

than be treated as a nuisance. The clinician must 

rapidly differentiate between resistance-related 

problems, which primarily elevate peak pressure, and 

compliance-related problems, which may elevate 

both peak and plateau pressures [4][5][6]. 

 Plateau pressure is a more direct marker of 

alveolar distending pressure and is measured during 

an inspiratory hold when airflow is transiently 

paused, thereby reducing the contribution of airway 

resistance and approximating pressure within the 

alveoli. Maintaining plateau pressure below 

approximately 30 cmH2O is widely regarded as an 

important component of lung-protective ventilation. 

When plateau pressures rise, the implication is 

typically reduced compliance—whether due to 

pulmonary pathology such as acute respiratory 

distress syndrome, restrictive lung disease processes, 

atelectasis, or extrapulmonary factors such as 

increased chest wall load in severe obesity. Elevated 

plateau pressure is clinically significant because it 

indicates increased stress on alveolar structures and 

higher risk of ventilator-associated injury, thereby 

requiring reassessment of tidal volume targets, 

positive end-expiratory pressure, patient positioning, 

recruitment strategies, and overall ventilatory 

approach. Positive end-expiratory pressure also 

demands careful consideration because it exerts 

profound effects on oxygenation and 

cardiopulmonary interactions. Positive end-expiratory 

pressure refers to the maintained pressure in the 

airway at the end of expiration and is used to prevent 

alveolar collapse, improve functional residual 

capacity, and enhance oxygenation. In many cases, a 

modest level of positive end-expiratory pressure—

often in the range of 5 to 8 cmH2O—is applied as a 

baseline measure to support oxygenation and reduce 

the fraction of inspired oxygen required to achieve 

acceptable saturation. In more severe hypoxemic 

respiratory failure, particularly in acute respiratory 

distress syndrome, higher levels of positive end-

expiratory pressure may be required, commonly 

around 10 cmH2O or more, depending on the 

patient’s recruitability, hemodynamics, and response 

to therapy. However, increasing positive end-

expiratory pressure also increases intrathoracic 

pressure and may reduce venous return, with 

potential consequences for cardiac output and blood 

pressure; therefore, it must be titrated with ongoing 

evaluation of hemodynamic tolerance [4][5][6]. 

 A related and potentially hazardous 

phenomenon is auto-positive end-expiratory pressure, 

which can occur in patients with obstructive airway 

disease such as acute exacerbations of asthma or 

chronic obstructive pulmonary disease. Auto-positive 

end-expiratory pressure develops when expiratory 

airflow is limited and expiration is incomplete before 

the next breath begins, leading to dynamic 

hyperinflation and progressive air trapping. The 

resulting elevated end-expiratory pressures can 

compromise ventilation, increase the work of 

breathing, and precipitate hemodynamic instability. 

Moreover, excessive pressures increase the risk of 

barotrauma and may contribute to pneumothorax. In 

the ventilated patient, the development of a tension 

pneumothorax represents a critical emergency, as it 

can rapidly cause hypotension through impaired 

venous return and can culminate in respiratory arrest 

if not promptly recognized and treated. For this 

reason, clinicians must maintain high vigilance for 

signs of tension pneumothorax in mechanically 

ventilated patients, particularly when there is sudden 

deterioration, rising airway pressures, worsening 

oxygenation, or abrupt cardiovascular collapse. 

Continuous clinical assessment, prompt interpretation 

of ventilator trends, and readiness to intervene are 

essential to prevent catastrophic outcomes [6]. 

Modes of Ventilation and Carbon Dioxide 

Detectors 

 The selection of an appropriate mode of 

mechanical ventilation is a clinically consequential 

decision that must be individualized according to the 

patient’s underlying pathophysiology, ventilatory and 

oxygenation requirements, neurological status, 

hemodynamic profile, anticipated disease trajectory, 

and tolerance of assisted breathing. Modern 

ventilators offer multiple modes designed to achieve 

specific physiologic aims, yet each mode carries 

distinct benefits, limitations, and potential hazards 

that may influence patient comfort, synchrony, gas 

exchange, and longer-term outcomes. Consequently, 

the safe use of mechanical ventilation requires not 

only familiarity with mode nomenclature but also a 

sophisticated understanding of how each strategy 

interacts with respiratory mechanics, patient effort, 

and the risk of ventilator-associated complications. In 

the acute setting, clinicians must balance the need for 

immediate stabilization with the imperative to 

minimize iatrogenic injury, preserve respiratory 

muscle function when feasible, and maintain an 

approach that can be progressively adapted as the 

patient improves or deteriorates. Assist-control 
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ventilation remains one of the most frequently 

employed initial strategies in critically ill patients 

because it ensures delivery of a predetermined breath 

while still permitting patient-initiated triggering. In 

this mode, the ventilator is configured to deliver 

breaths with a set tidal volume (or set inspiratory 

pressure in pressure-targeted variants) and a 

prescribed minimum respiratory rate. When the 

patient makes an inspiratory effort that meets the 

trigger threshold, the ventilator provides a full 

mechanical breath, thereby augmenting or replacing 

spontaneous effort. This arrangement can be 

advantageous for individuals who are unable to 

generate adequate spontaneous ventilation due to 

profound weakness, altered mental status, heavy 

sedation, or severe respiratory failure, as the 

ventilator guarantees a defined level of minute 

ventilation through preset parameters. Nevertheless, 

the fixed nature of tidal volume delivery and 

inspiratory flow characteristics can reduce comfort 

when patient demand fluctuates or when inspiratory 

timing does not align with the patient’s neural 

respiratory drive. Such mismatches are clinically 

significant because they can precipitate patient–

ventilator dyssynchrony, manifesting as discomfort, 

agitation, increased work of breathing, or 

maladaptive patterns such as double triggering and 

breath stacking. Breath stacking is particularly 

concerning because it can promote dynamic 

hyperinflation and the development of auto-positive 

end-expiratory pressure, which in turn may 

compromise oxygenation and ventilation, increase 

intrathoracic pressure, and destabilize 

hemodynamics. For these reasons, while assist-

control is frequently utilized during early 

resuscitation, in heavily sedated patients, and in acute 

respiratory distress syndrome, vigilant monitoring for 

dyssynchrony and auto-PEEP is essential to maintain 

safety and therapeutic effectiveness [7]. 

 Controlled mechanical ventilation represents 

a more restrictive approach in which the ventilator 

delivers a set tidal volume and respiratory rate 

without accommodating spontaneous respiratory 

efforts. Because the ventilator assumes full 

responsibility for the work of breathing, patients 

typically require deep sedation and, in many cases, 

neuromuscular blockade to prevent spontaneous 

effort that would conflict with the machine’s cycling. 

Although controlled ventilation can provide stable, 

predictable gas exchange in highly selected 

circumstances—particularly within the operating 

room environment—it carries substantial 

disadvantages in the critical care setting. A central 

limitation is that it eliminates physiologic 

spontaneous breathing, thereby preventing the patient 

from adjusting ventilation in response to changing 

carbon dioxide production and metabolic demands. 

Additionally, if spontaneous efforts occur without 

adequate suppression, significant dyssynchrony may 

result, potentially increasing airway pressures, 

worsening patient discomfort, and contributing to 

adverse events. Over longer periods, complete 

removal of respiratory muscle activity can lead to 

diaphragmatic disuse atrophy and generalized 

respiratory muscle weakness, complicating 

subsequent weaning and prolonging ventilator 

dependence. For these reasons, prolonged use of 

controlled ventilation outside the perioperative 

context is generally discouraged, and if utilized, it 

should be carefully justified and reassessed 

frequently to avoid preventable harm. Synchronized 

intermittent mandatory ventilation is structured to 

deliver a preset number of mandatory breaths timed 

to coincide with the patient’s inspiratory efforts while 

allowing spontaneous breathing between mandatory 

cycles. This mode is often conceptualized as a 

compromise between full support and partial support, 

as it provides a baseline ventilatory ―floor‖ while 

permitting the patient to contribute to ventilation and 

maintain some degree of respiratory muscle activity. 

From a physiologic perspective, preservation of 

spontaneous breathing may support venous return, 

potentially improving cardiac output in certain 

contexts, and may reduce the risk of respiratory 

muscle deconditioning compared with fully 

controlled strategies. However, the mode also carries 

meaningful disadvantages. When the mandatory 

breath rate or support level is insufficient for 

metabolic needs, patients may develop 

hypoventilation and respiratory acidosis, particularly 

if respiratory muscle strength is limited or fatigue 

develops. In addition, the work of breathing can 

become excessive if spontaneous breaths are not 

adequately supported, leading to distress and muscle 

exhaustion. Although synchronized intermittent 

mandatory ventilation has historically been used 

during weaning, clinical experience and comparative 

studies have suggested that it may be inferior to 

pressure support strategies for facilitating liberation 

from mechanical ventilation, in part because it can 

impose unpredictable work demands and promote 

fatigue in vulnerable patients [8]. Accordingly, its 

role in weaning must be considered carefully and in 

light of patient-specific tolerance and institutional 

protocols. 

 Intermittent mandatory ventilation, as 

distinct from synchronized forms, delivers a fixed 

tidal volume at a predetermined rate regardless of 

patient effort, typically at the lowest settings required 

to maintain an acceptable arterial blood gas profile. 

By permitting the patient to breathe spontaneously 

without synchronization constraints, this mode may 

reduce the likelihood of barotrauma in some 

situations because the patient’s own efforts can 

supplement ventilation rather than requiring high 

mandatory settings. Nevertheless, it is not without 

risk. When spontaneous efforts coincide poorly with 

the ventilator’s mandatory cycles, breath stacking 

may occur, increasing delivered volumes and 

pressures beyond intended targets. If peak inspiratory 
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pressure limits are not appropriately set or if 

monitoring is inadequate, such stacking can increase 

the risk of barotrauma and hemodynamic 

compromise. Thus, while intermittent mandatory 

ventilation may allow partial patient participation in 

breathing, its safe implementation depends on careful 

attention to timing, pressure limits, and ongoing 

assessment of patient–ventilator interaction [9]. 

Pressure-supported ventilation is designed primarily 

to reduce the work of breathing during spontaneous 

respirations by delivering a predetermined level of 

inspiratory pressure assistance with each patient-

initiated breath. Unlike assist-control or synchronized 

intermittent mandatory ventilation, which may 

mandate a minimum breath frequency and deliver 

fixed volumes or mandatory breaths, pressure support 

provides assistance only when the patient triggers 

inspiration, and the magnitude of assistance is set as a 

pressure target. This approach can improve patient 

comfort, enhance oxygenation by augmenting tidal 

volumes for a given effort, and mitigate barotrauma 

risk by avoiding compulsory delivery of large fixed 

volumes in the setting of changing compliance. 

Pressure support has been particularly useful in 

patients who possess intact lung mechanics but 

reduced neuromuscular capacity, as it can 

compensate for weakness while allowing the patient 

to control respiratory timing and pattern. It is also 

widely employed during the weaning process because 

it enables progressive reduction of assistance while 

monitoring the patient’s ability to sustain adequate 

ventilation independently. However, pressure support 

does not guarantee a minimum tidal volume or 

minute ventilation. As a result, if lung mechanics 

worsen, secretions increase, sedation deepens, or 

fatigue develops, tidal volumes may fall and carbon 

dioxide retention can occur. This vulnerability is 

clinically important because it requires close 

monitoring of respiratory rate, tidal volume, gas 

exchange, and signs of fatigue to ensure that partial 

support does not become inadvertent under-support. 

In this sense, pressure support can be highly 

beneficial but only when paired with vigilant 

surveillance and timely adjustment [10]. 

 Continuous positive airway pressure is often 

discussed alongside ventilator modes, yet 

conceptually it is more accurately described as a 

supportive pressure strategy applied to a 

spontaneously breathing patient rather than a true 

ventilatory mode that delivers breaths. With 

continuous positive airway pressure, a constant 

baseline pressure is maintained throughout the 

respiratory cycle to splint open airways, prevent 

alveolar collapse, and enhance oxygenation. The 

patient must initiate and sustain breathing 

independently, and both respiratory rate and tidal 

volume are determined by the patient’s inspiratory 

effort rather than being delivered or mandated by the 

ventilator. Because the work of breathing is not 

directly offloaded—apart from any reduction in the 

effort required to reopen collapsed alveoli—patients 

may fatigue if their respiratory reserve is limited. 

Therefore, individuals receiving continuous positive 

airway pressure must be monitored carefully for 

tachypnea, declining tidal volumes, increasing carbon 

dioxide levels, altered mental status, or other 

indicators of impending ventilatory failure [11]. 

When used appropriately, continuous positive airway 

pressure can serve as an assessment tool for readiness 

to maintain spontaneous breathing, but it requires 

careful patient selection and attentive monitoring. In 

parallel with ventilator mode selection, continuous 

monitoring of ventilation through carbon dioxide 

detection technologies has become a standard 

component of intensive care practice. Carbon dioxide 

monitoring provides real-time or near-real-time 

information about exhaled carbon dioxide, thereby 

offering an important window into airway integrity, 

ventilatory adequacy, and cardiopulmonary 

physiology. Multiple device types exist. Colorimetric 

carbon dioxide detectors represent a basic, portable 

technology that indicates carbon dioxide presence 

through a visible color change when exhaled gas 

contains CO₂. These devices are frequently used in 

emergency contexts because they are compact and 

rapidly confirm whether an endotracheal tube is 

positioned in the trachea rather than the esophagus, 

although they do not provide continuous quantitative 

values. More advanced monitoring includes 

capnography, which displays a waveform of exhaled 

carbon dioxide over time, and capnometry, which 

presents a numerical end-tidal CO₂ value. In clinical 

practice, these terms are sometimes used 

interchangeably; however, the waveform provided by 

capnography offers interpretive advantages because it 

allows clinicians to assess not only the amount of 

exhaled CO₂ but also the pattern of exhalation, which 

can reflect airway obstruction, ventilatory mechanics, 

and changes in pulmonary perfusion. 

 These monitoring modalities are routinely 

employed for several critical purposes: verification of 

endotracheal tube placement, ongoing assessment of 

patients receiving mechanical ventilation, and 

monitoring of ventilatory status during procedural 

sedation in the absence of intubation. In the intensive 

care unit, continuous waveform capnography or end-

tidal CO₂ monitoring can provide early warning of 

circuit disconnection, airway dislodgement, or 

accidental extubation, because abrupt loss of the 

waveform or a sudden decline in measured CO₂ may 

signal that exhaled gas is no longer being detected. 

Beyond these safety functions, waveform recognition 

can assist clinicians in identifying airway and circuit 

problems such as bronchospasm, kinking of the 

endotracheal tube, or mucus plugging, all of which 

can alter the contour of the capnogram. Carbon 

dioxide monitoring is also valuable during 

cardiopulmonary resuscitation, where end-tidal CO₂ 
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can provide an indirect indicator of pulmonary blood 

flow and compressions quality; changes in values 

may reflect improved perfusion or return of 

spontaneous circulation. Additionally, during apnea 

testing in the context of neurological assessment, 

detection of spontaneous breathing efforts can be 

facilitated through capnography, helping clinicians 

interpret ventilatory activity when visible effort may 

be subtle. In neurosurgical patients, continuous 

monitoring can offer protection against unexpected 

elevations in arterial carbon dioxide, which may have 

deleterious cerebral hemodynamic effects, and it may 

help detect unexplained shifts that warrant immediate 

investigation. Importantly, a sudden drop in end-tidal 

carbon dioxide can suggest an acute reduction in 

pulmonary blood flow and may raise concern for 

pulmonary embolism or other causes of abrupt 

perfusion compromise, emphasizing that 

capnography can reflect both ventilation and 

perfusion dynamics. Interpretation of end-tidal 

carbon dioxide values must remain clinically 

contextualized because elevations can arise from 

diverse mechanisms that extend beyond simple 

hypoventilation. Increased end-tidal carbon dioxide 

may be observed in cardiogenic shock and in states of 

reduced forward flow, where impaired perfusion and 

altered gas exchange dynamics influence measured 

values, and it may also occur during or after cardiac 

arrest depending on perfusion and resuscitation 

effectiveness. Certain ventilation–perfusion 

mismatches can shift end-tidal measurements, and the 

application of positive end-expiratory pressure may 

influence the relationship between alveolar 

ventilation, perfusion, and exhaled CO₂, thereby 

affecting the observed value. In addition, technical 

factors such as inaccurate calibration of the 

capnometer can produce erroneous readings, 

underscoring the importance of device checks and 

correlation with clinical assessment and arterial blood 

gas measurements when values appear inconsistent or 

unexpected [12]. Thus, carbon dioxide monitoring is 

best understood as a complementary tool that 

enhances vigilance, supports rapid detection of 

catastrophic airway events, and provides physiologic 

insight, but it must be interpreted alongside the 

patient’s overall status, ventilator settings, and 

corroborative diagnostics. 

 Overall, ventilator mode selection and 

carbon dioxide monitoring represent interdependent 

components of safe ventilatory management. 

Appropriate mode choice must align with patient 

physiology and clinical goals while minimizing 

dyssynchrony, lung injury risk, and respiratory 

muscle deconditioning. Simultaneously, continuous 

carbon dioxide detection strengthens surveillance of 

airway integrity and ventilation adequacy, enabling 

earlier recognition of deterioration and more timely 

corrective interventions. When these practices are 

applied within an interprofessional framework, they 

support safer mechanical ventilation and contribute to 

improved outcomes across the spectrum of critical 

illness [7][8][9][10][11][12]. 

Ventilator Initiation and Comprehensive Safety 

Management 

 The initiation and ongoing management of 

mechanical ventilation constitute a high-acuity, 

multidisciplinary clinical undertaking in which 

patient safety is strongly influenced by meticulous 

preparation, rigorous monitoring, standardized 

processes, and continuous interprofessional 

communication. At the point of ventilator initiation, 

manufacturers universally emphasize the importance 

of completing a pre-operational verification process 

before connecting the ventilator to a patient. This 

precheck is not a procedural formality; it functions as 

a structured safety barrier designed to confirm the 

integrity of the ventilator circuit and the reliability of 

essential components that sustain ventilation and 

oxygen delivery. In practical terms, the pre-

operational check evaluates the functionality of 

valves, sensors, alarms, and power systems, as well 

as the humidification apparatus and all tubing 

connections. Because humidifier and circuit assembly 

are common moments for inadvertent leaks, 

misconnections, and equipment incompatibilities, the 

precheck is typically performed during setup and 

again whenever the circuit is modified, exchanged, or 

reconfigured. Repeating the precheck after any circuit 

change is essential because even small alterations in 

tubing alignment, humidifier assembly, or connection 

security can meaningfully affect delivered pressures 

and volumes, resulting in inadequate ventilation, loss 

of positive end-expiratory pressure, or alarm failures. 

A further safety consideration at initiation relates to 

device default behavior. When powered on, some 

ventilator platforms revert to manufacturer-defined 

default parameters, whereas others return to the last 

settings used during prior operation. In either 

circumstance, reliance on default settings presents a 

risk because the parameters may be physiologically 

inappropriate for the patient in front of the clinician, 

particularly when disease severity, lung mechanics, 

and oxygenation needs differ substantially from those 

of the previous user. Thus, before ventilation begins, 

the clinician must intentionally program settings 

according to the patient’s current requirements rather 

than assuming that the displayed configuration is 

suitable. Many critical care environments address this 

vulnerability by implementing disease-specific 

protocols that prioritize lung-protective strategies and 

thereby reduce the likelihood of barotrauma and other 

forms of ventilator-associated injury. However, 

protocols do not replace individualized clinical 

reasoning; instead, they provide a structured starting 

point that must be adapted to the patient’s diagnosis, 

the indication for ventilatory support, and the 

anticipated clinical trajectory. Safe initiation therefore 

requires a concise but thorough integration of the 

patient’s medical history, the precipitating cause of 

respiratory failure or ventilatory insufficiency, the 
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anatomy and complexity of the airway, the level of 

consciousness and sedation requirements, and the 

near-term and longer-term therapeutic goals. These 

factors collectively inform the choice of ventilator 

mode, titration of pressures and volumes, 

oxygenation strategy, and alarm limits, establishing a 

foundation upon which subsequent adjustments can 

be made safely. 

 Once ventilation is established, airway 

clearance becomes a persistent priority because 

intubated patients cannot effectively expectorate 

secretions through normal coughing and swallowing 

mechanisms. Accumulating airway secretions may 

thicken, obstruct airflow, increase airway resistance, 

and contribute to atelectasis, gas exchange 

impairment, and respiratory distress. For this reason, 

suctioning is a common intervention in ventilated 

patients; however, safe suctioning should be guided 

by clinical need rather than performed on a fixed 

schedule. An indiscriminate routine can expose 

patients to unnecessary risk without clinical benefit. 

The decision to suction should be informed by direct 

observation of the patient, assessing ventilator 

waveforms and pressures, auscultation for coarse 

breath sounds, and evaluation for signs of secretion 

retention such as visible secretions in the airway, 

increasing peak pressures, or declining oxygenation. 

When the chest is clear and the patient is stable 

without evidence of secretion burden, suctioning may 

not be required. Conversely, when suctioning is 

indicated, it should be conducted with careful 

attention to physiologic vulnerability. Hyper-

oxygenation prior to suctioning is widely used to 

mitigate the predictable risk of transient hypoxemia, 

as suctioning can rapidly decrease alveolar oxygen 

content and interrupt effective ventilation. The 

suction pass should be brief, typically limited to 

approximately ten seconds, with continuous 

monitoring of pulse oximetry and overall tolerance. 

Clinicians must also be prepared for reflex-mediated 

cardiovascular responses during suctioning, including 

bradycardia due to vagal stimulation. In many 

instances, cessation of suctioning is sufficient for 

return to baseline heart rate; however, persistent 

clinically significant bradycardia may necessitate 

pharmacologic intervention such as atropine, 

depending on institutional policy and clinical 

judgment. Additional safety measures include 

avoiding the routine instillation of normal saline or 

other liquids into the endotracheal tube prior to 

suctioning, as such practices may disperse bacteria 

distally, provoke coughing and desaturation, and do 

not reliably improve secretion clearance. Moreover, 

suction pressure should be set to the lowest effective 

level to remove secretions, because excessive 

negative pressure can traumatize airway mucosa, 

increase bleeding risk, and contribute to 

inflammation that further complicates airway 

management. In this way, suctioning is best 

understood as a targeted intervention that should be 

performed skillfully, minimally, and responsively to 

physiologic feedback [7]. 

 Because airway position is central to the 

safety of mechanical ventilation, verification of 

endotracheal tube placement should occur during the 

initial survey of any intubated patient and thereafter 

as clinically indicated. Tube migration can occur 

through patient movement, repositioning, transport, 

inadequate fixation, or agitation, and it may result in 

clinically significant malposition. One common 

hazardous scenario is inadvertent advancement of the 

tube into the right mainstem bronchus, leading to 

unilateral ventilation, contralateral atelectasis, 

impaired oxygenation, and risk of barotrauma in the 

ventilated lung. Conversely, partial withdrawal can 

place the tube too high, increasing the risk of cuff 

leak, inadequate ventilation, accidental extubation, 

and aspiration. Bedside assessment begins with 

auscultation to confirm bilateral breath sounds and 

evaluation of chest rise symmetry; however, 

auscultation alone is insufficient to exclude 

malposition in all cases. Therefore, clinicians should 

also verify the documented depth marking at the 

incisors and compare it with expected ranges, 

recognizing that typical insertion depths are often 

approximately 22 to 24 cm in many male patients and 

20 to 22 cm in many female patients, while 

acknowledging that individual anatomy can produce 

meaningful variation. Definitive confirmation 

requires review of the most recent chest radiograph, 

which provides essential information not only on tube 

position relative to the carina—generally aiming for 

placement about three to four centimeters above it—

but also on complications such as pneumothorax or 

lung collapse that may accompany or result from 

airway and ventilation issues. The disciplined 

integration of bedside examination with radiographic 

verification reduces the likelihood of unrecognized 

malposition and supports safer ventilation. Because 

the endotracheal tube is intrinsically uncomfortable 

and can precipitate anxiety, pain, and agitation, 

sedation and analgesia are integral to humane and 

safe ventilator care. The clinical objective is not 

sedation for its own sake, but rather the maintenance 

of comfort, ventilator synchrony, and safety while 

avoiding excessive suppression that prolongs 

ventilation or contributes to delirium and weakness. 

Assessment should therefore include systematic 

evaluation for pain and anxiety, recognizing that 

agitation in an intubated patient is a high-risk state 

strongly associated with self-extubation and device 

disruption. Sedation depth can be quantified using 

validated instruments such as the Ramsay sedation 

scale and the Richmond Agitation–Sedation Scale, 

which help align bedside decisions with consistent 

targets and facilitate communication among 

clinicians. When a patient is not clinically ready for 

weaning and demonstrates agitation that threatens 
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airway security, appropriately titrated sedation is 

commonly necessary to reduce self-harm risk and 

preserve physiologic stability [13]. At the same time, 

sedation plans should remain goal-directed and 

reassessed as the patient’s condition evolves. 

 Infection prevention, particularly prevention 

of ventilator-associated pneumonia, is another 

dominant domain of ventilator safety. Ventilator-

associated pneumonia increases morbidity, 

contributes to longer intensive care stays, and can 

complicate the course of critical illness. Preventive 

strategies typically emphasize reduction of aspiration 

risk, minimization of sedation exposure where 

feasible, timely evaluation for extubation readiness, 

maintenance of oral hygiene, and supportive 

measures that preserve mobility, nutrition, and 

immune function. Elevating the head of the bed to 

approximately 30 to 45 degrees, in the absence of 

contraindications, reduces gastroesophageal reflux 

and microaspiration risk, thereby supporting 

pneumonia prevention. Daily assessment of readiness 

for extubation and structured breaks from sedation, 

often termed sedation vacations, can shorten 

ventilator duration when implemented safely and in 

appropriate patients, recognizing that readiness 

assessment must incorporate vital signs, arterial 

blood gas results, and hemodynamic stability. The 

principle underlying this practice is that reducing 

time on the ventilator decreases exposure to 

pneumonia risk. In addition, prophylaxis for stress-

related mucosal disease and for venous 

thromboembolism is commonly recommended for 

ventilated patients, using agents such as proton pump 

inhibitors or histamine-2 receptor blockers for ulcer 

prevention and anticoagulation and/or mechanical 

prophylaxis for deep vein thrombosis prevention. 

These measures reflect the broader reality that 

ventilated patients are vulnerable to multisystem 

complications, and prevention strategies must address 

more than respiratory outcomes alone. Oral hygiene 

is a specific preventive domain that warrants 

attention, even though the endotracheal tube can 

complicate access and limit the ability to provide 

meticulous posterior oropharyngeal cleaning. 

Nevertheless, regular brushing of teeth and rinsing of 

the mouth help reduce bacterial burden and support 

mucosal integrity. Chlorhexidine has been 

incorporated into care pathways for many years; 

however, evidence summarized in newer studies has 

indicated that chlorhexidine may not reduce the 

incidence of ventilator-associated pneumonia, the 

length of intensive care unit stay, or the duration of 

mechanical ventilation [14]. This evolving evidence 

base underscores the need for protocols to remain 

dynamic and aligned with contemporary research 

rather than relying solely on historical practice 

patterns. Alongside oral care, routine repositioning 

and passive range-of-motion exercises reduce the risk 

of contractures, pressure injuries, and muscle disuse, 

while upright positioning can enhance lung 

compliance and improve ventilation–perfusion 

matching. Nutritional support is similarly important, 

as adequate enteral feeding—when the 

gastrointestinal tract is functional and no 

contraindications exist—reduces catabolic 

deterioration and may support immune competence. 

Finally, suctioning of visible secretions and 

consistent oral care practices remain practical 

interventions aimed at limiting secretion stasis and 

potential bacterial colonization [15]. 

 Hemodynamic monitoring is inseparable 

from ventilator management, because positive 

pressure ventilation alters intrathoracic pressures and 

can influence venous return, afterload, and overall 

cardiac performance. Ventilated patients therefore 

require close surveillance of both respiratory and 

cardiovascular parameters. Continuous pulse 

oximetry and blood pressure monitoring are routine 

in intensive care, enabling rapid identification of 

hypoxemia and hypotension. Maintaining 

hemodynamic stability supports tissue perfusion and 

can facilitate earlier extubation by preserving organ 

function and reducing physiologic stress. Depending 

on the patient’s volume status, vasomotor tone, and 

cardiac function, stabilization may require 

intravenous fluid administration or vasoactive agents 

such as norepinephrine. These interventions should 

be guided by comprehensive clinical assessment and 

institutional protocols, with ongoing reevaluation as 

ventilation settings and sedation depth change. 

Airway cuff pressure management represents another 

critical safety domain that directly influences both 

airway injury risk and aspiration prevention. 

Excessive cuff pressures can impair tracheal mucosal 

perfusion and contribute to ischemic injury, necrosis, 

and subsequent stricture formation. Conversely, 

inadequate cuff inflation can allow leakage of 

delivered tidal volume and facilitate microaspiration 

of contaminated oropharyngeal secretions that pool 

above the cuff. The objective is therefore a cuff 

pressure range that secures the airway seal for 

effective ventilation and reduces aspiration risk while 

preserving tracheal perfusion. Many institutions 

standardize cuff pressure management through 

policies specifying measurement frequency and 

acceptable ranges. A commonly recommended cuff 

pressure range is approximately 20 to 30 cmH2O, 

balancing aspiration prevention and ventilator-

associated pneumonia risk reduction against the need 

to avoid tracheal injury. The emphasis on 

standardized monitoring reflects the recognition that 

cuff pressure can drift over time due to temperature 

changes, patient movement, and cuff material 

properties, and therefore cannot be assumed stable 

without measurement [15]. 

 Meeting nutritional requirements is a further 

determinant of recovery and resilience in ventilated 

patients. Although many individuals are extubated 

rapidly, nutrition is often initiated within twenty-four 

to forty-eight hours after intubation when clinically 
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feasible. Early enteral nutrition supports gut integrity, 

reduces catabolism, and contributes to immune 

function. In cases where prolonged ventilatory 

support is anticipated and extubation is unlikely 

within approximately two to three weeks, 

tracheostomy may be considered to facilitate long-

term airway management and improve comfort and 

pulmonary toileting. When tracheostomy is 

performed for prolonged ventilation, the insertion of 

a percutaneous endoscopic gastrostomy tube at the 

same time may be appropriate to support long-term 

nutritional goals and reduce reliance on temporary 

feeding access. Total parenteral nutrition is generally 

avoided unless enteral feeding is not possible due to 

gastrointestinal failure or contraindications, and in 

patients who are not malnourished, initiation of 

parenteral nutrition is often delayed, commonly until 

after about seven days, reflecting a risk–benefit 

balance that considers infection risk and metabolic 

complications associated with parenteral therapy. 

Weaning and liberation from mechanical ventilation 

represent a major milestone and require structured 

assessment of physiologic readiness, careful 

coordination, and ongoing monitoring. Readiness 

evaluation typically requires hemodynamic stability 

and the absence of destabilizing conditions such as 

active myocardial infarction or severe withdrawal 

syndromes such as delirium tremens. Arterial blood 

gas values should be near acceptable limits, and 

oxygenation requirements should be modest, with 

many protocols using thresholds such as tolerance of 

an inspired oxygen fraction of approximately 50% or 

less and positive end-expiratory pressure of eight or 

less as indicators that the patient may be suitable for 

weaning trials, although individualized clinical 

judgment remains essential. Intensive care units often 

apply their own standardized protocols for weaning, 

reflecting differences in patient populations, staffing 

models, and institutional experience. Regardless of 

the specific method, safe weaning prioritizes an alert, 

stable patient and the presence of the respiratory 

therapist to implement and evaluate trials, interpret 

response, and adjust support appropriately. The 

trajectory of weaning is variable: some patients can 

be liberated from hours to days, whereas others 

require gradual reduction of support over weeks, and 

a subset may not be successfully weaned and 

ultimately require tracheostomy for ongoing 

ventilatory assistance [10]. The emphasis on 

protocolized weaning reflects evidence that 

standardized pathways can reduce practice variation 

and support timely extubation while minimizing risk. 

 Preparedness for ventilator failure is an 

often underappreciated but essential component of 

safety planning. Any healthcare institution, including 

long-term care facilities that utilize ventilators, must 

maintain contingency plans for power outages and 

equipment malfunction. During natural disasters or 

major infrastructure failures, generators may be 

necessary to ensure continued operation of 

ventilators, suction devices, and monitoring 

equipment. Beyond power continuity, equipment 

redundancy is critical: if the ventilator fails 

mechanically or electronically, a functional backup 

ventilator must be available promptly. This principle 

extends into the home setting for ventilator-

dependent individuals, particularly for those residing 

at significant distance from a healthcare facility. In 

circumstances where a patient’s home is more than 

two hours from an institution capable of providing 

urgent ventilatory support, the presence of a backup 

ventilator becomes a prudent safety measure. Equally 

important is the development of a clear 

communication plan that enables the patient or 

caregiver to contact clinical providers promptly and 

receive structured guidance during equipment failure, 

ensuring that responses are not improvised under 

stress but follow an agreed-upon safety pathway. 

Accurate documentation is central to continuity, 

quality, and accountability in ventilator care, 

particularly in the era of electronic health records that 

facilitate information sharing across settings and 

providers. Ventilator parameters should be recorded 

with time and date stamps to preserve an accurate 

clinical narrative and to support trending of 

respiratory status over time. In some environments, 

ventilators are electronically integrated with the 

electronic health record and with ancillary systems 

such as pharmacy and medication delivery platforms. 

This integration can enable pharmacists, laboratory 

staff, and bedside clinicians to access relevant 

respiratory information and coordinate medication 

adjustments, laboratory interpretation, and sedation 

strategies. Whenever ventilatory parameters are 

modified, the changes should be documented in the 

electronic health record to support transparency, 

enable real-time collaboration among physicians, 

nurses, and respiratory therapists, and reduce the 

likelihood of uncommunicated alterations that 

compromise safety. Rapid accessibility of electronic 

documentation can also facilitate standardization by 

embedding protocols, decision support tools, and 

order sets within the workflow, thereby promoting 

consistent implementation of evidence-informed 

respiratory care. 

 The establishment of guidelines and 

protocols for ventilated patient management is 

typically best achieved through a structured 

committee process that includes medical leadership 

and respiratory therapy expertise. Such committees 

can develop, review, and update protocols for 

initiation, monitoring, sedation, suctioning, weaning, 

alarm management, and infection prevention. 

However, even the most carefully designed protocol 

cannot substitute for effective interprofessional 

communication. Safe ventilator management depends 

on coordinated care planning, shared understanding 

of goals, and effective handoff processes that prevent 
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information loss between shifts and disciplines. 

External standards reinforce this imperative: 

accreditation bodies have emphasized the importance 

of care coordination for ventilated patients, including 

defined processes for shift-to-shift transfer of 

information. Structured interprofessional rounds help 

ensure that all team members remain informed 

regarding ventilated patients’ status, goals, and 

immediate priorities. Similarly, end-of-shift rounds 

provide a systematic mechanism to brief incoming 

nurses and respiratory therapists, reducing reliance on 

informal communication and minimizing the risk of 

overlooked changes or pending concerns 

[16][17][18]. In this way, protocols and 

communication processes function synergistically, 

with protocols providing the framework and 

communication ensuring effective implementation. 

The patient’s family also occupies a meaningful role 

in ventilator care, both psychologically and 

practically. For many families, seeing a loved one 

supported by a ventilator is frightening and often 

interpreted as a sign of imminent death. 

Misconceptions about mechanical ventilation as a 

terminal intervention are common and can amplify 

distress, mistrust, and conflict. Therefore, clinicians 

should provide education that explains the indication 

for ventilation, the intended goals, and the likelihood 

of recovery and weaning in many cases, emphasizing 

that a substantial proportion of patients are liberated 

from mechanical ventilation within a few days. 

Families should also be prepared for the need for 

repeated assessments, such as chest radiographs and 

arterial blood gases, which are often necessary to 

guide ventilator management and monitor 

complications. In addition, appropriate family 

involvement—within infection control and unit 

policy boundaries—can support patient wellbeing. 

Families may be encouraged to participate passively 

through actions such as holding the patient’s hand, 

speaking calmly, offering reassurance, and gently 

massaging extremities, interventions that can reduce 

patient anxiety and help preserve a sense of 

connection during critical illness. This approach also 

reinforces the ethical commitment to patient-centered 

care even when the patient cannot communicate fully. 

 Finally, competency and ongoing education 

are indispensable for sustaining safety in mechanical 

ventilation, given the complexity of ventilator 

technology and the diversity of device models and 

interfaces. Because mechanical ventilation is an 

invasive therapy with potential for immediate 

catastrophic harm if mismanaged, clinicians who 

provide bedside care must maintain current 

knowledge and demonstrate validated competence. 

Education should be recurrent and broad enough to 

cover both foundational principles and device-

specific functions, ensuring that staff can interpret 

settings, alarms, waveforms, and physiologic 

responses accurately across platforms. Competency 

should not be assumed based solely on professional 

role; rather, it should be assessed and documented 

through structured evaluations that reflect the range 

of ventilator settings and clinical scenarios 

encountered in practice. Professional boards and 

specialty organizations commonly recommend 

routine competency reassessment for providers 

involved in this therapy, recognizing that skill 

degradation, staff turnover, and technology evolution 

create ongoing risk. A comprehensive competency 

framework should encompass bedside monitoring 

and recognition of complications, effective 

interprofessional communication, evidence-based 

application of ventilation strategies, and the capacity 

to initiate and manage ventilation safely. It should 

also include airway management skills, familiarity 

with adjuncts to ventilation, understanding of 

ventilation modes and monitoring technologies, and 

appropriate use of noninvasive ventilation where 

relevant. In addition, clinicians should possess 

sufficient understanding of pulmonary 

pathophysiology and respiratory physiology to align 

ventilator settings with disease processes, recognize 

patient–ventilator interactions, and interpret clinical 

changes. Knowledge of critical care pharmacology is 

also essential, as sedation, analgesia, neuromuscular 

blockade, bronchodilators, and hemodynamic agents 

frequently interact with ventilatory management 

decisions. Lastly, competence must extend to 

weaning and extubation processes, where premature 

decisions can cause harm and delayed decisions can 

prolong exposure to ventilator-associated 

complications. When education and competency are 

systematically maintained, ventilator care becomes 

more standardized, safer, and more responsive to 

evolving patient needs, thereby strengthening 

outcomes across the continuum of critical illness 

[17][18][19]. 

Clinical Significance 

 Mechanical ventilation represents one of the 

most consequential supportive therapies in 

contemporary acute and critical care, offering life-

sustaining benefits while simultaneously introducing 

a spectrum of clinically significant risks. Because the 

ventilator directly influences oxygenation, carbon 

dioxide clearance, airway pressures, and 

hemodynamics, even modest deviations in settings, 

monitoring, or response to alarms can precipitate 

avoidable morbidity. For this reason, it is imperative 

that every professional involved in the care of 

mechanically ventilated patients understands not only 

the therapeutic objectives of ventilation but also the 

inherent dangers associated with invasive airway 

support. Patient safety in this context is not achieved 

through equipment sophistication alone; it depends 

on vigilant human oversight, precise communication, 

and consistent adherence to evidence-informed 

practices designed to prevent untoward events. The 

complexity of ventilation demands an operational 

culture in which clinicians anticipate predictable 

complications, recognize early warning signs, and 
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respond with coordinated interventions that minimize 

harm while optimizing clinical outcomes [18]. 

Enhancing Outcomes: 

 Enhancing outcomes for ventilated patients 

requires particular attention to the preparedness and 

competence of the healthcare workforce. Available 

data indicate that many medical schools and 

residency programs do not equip junior physicians 

with sufficient practical training in the management 

of mechanically ventilated patients, creating gaps that 

become apparent when novice clinicians are required 

to interpret ventilator waveforms, adjust parameters, 

or respond to evolving gas exchange abnormalities. 

As a consequence, substantial variability has been 

documented among medical residents in the 

consistency and quality of care they provide to 

ventilated individuals. Similar educational 

shortcomings have been described in nursing 

preparation, where registered nurses may receive 

limited formal instruction in ventilator mechanics, 

modes of support, alarm logic, and patient–ventilator 

interaction. This is particularly concerning given that 

nurses are continuously at the bedside and are often 

the first to identify physiologic deterioration, 

dyssynchrony, or device-related hazards. When 

training is inconsistent or insufficient, the clinical 

environment becomes more reliant on individual 

experience rather than standardized competence, and 

this variability can jeopardize patient safety in an 

arena where errors may have immediate and severe 

consequences. To reduce these risks and strengthen 

reliability, the National Academy of Medicine has 

recommended that competency in high-risk clinical 

domains be supported by hands-on demonstration 

and simulation-based learning, as these approaches 

improve engagement, deepen procedural 

understanding, and enhance long-term knowledge 

retention. Simulation is especially relevant for 

mechanical ventilation because it allows clinicians to 

rehearse rare but catastrophic emergencies—such as 

accidental extubation, circuit disconnection, 

ventilator malfunction, and sudden rises in airway 

pressures—under control conditions, thereby 

improving performance during real clinical events. 

Continuing education programs should be 

intentionally designed to address the observed 

deficits in training among physicians, nurses, and 

allied health professionals. Without such structured 

remediation, the capacity of the team to deliver safe 

ventilatory care may be compromised, placing 

patients at unnecessary risk and undermining the 

potential benefits of mechanical ventilation 

[19][20][21]. 

 Within a high-reliability framework, 

ongoing education and formal reassessment of 

competence should be treated as essential patient 

safety requirements rather than optional professional 

development. Personnel involved in ventilator care 

should participate in regular educational seminars 

that reinforce foundational concepts, update 

clinicians on evolving evidence, and ensure 

familiarity with current device platforms and 

institutional protocols. In addition, periodic 

continuing education focused specifically on 

ventilation safety should be mandatory at defined 

intervals, such as every one to two years, to mitigate 

skill attrition and standardize knowledge across shifts 

and disciplines. Competency should also be evaluated 

at least annually and whenever new equipment is 

introduced, recognizing that device interface 

differences and manufacturer-specific functions can 

generate errors even among experienced staff if 

training is not refreshed. Documentation and 

communication represent equally critical safeguards. 

Ventilator parameters, alarm modifications, and 

clinically significant changes in respiratory status 

should be recorded clearly and contemporaneously, 

with explicit handoff communication to incoming 

staff and to all members of the team responsible for 

shared decision-making. In the absence of transparent 

documentation and thorough handovers, ventilator 

care becomes fragmented, increasing the probability 

of inconsistent settings, missed alarm changes, and 

delayed recognition of deterioration. Institutional 

governance further strengthens safety by ensuring 

that ventilator practices are standardized and 

evidence-informed. A dedicated committee should 

establish and maintain policies governing ventilator 

management, including alarm parameters, response 

expectations, and authorization for alarm 

modification. Such policies should specify who is 

permitted to change alarm thresholds, delineate 

acceptable ranges, and define the required timeliness 

of response to ventilator alarms. These elements are 

central to preventing alarm fatigue, minimizing 

nuisance alerts, and preserving alarm systems as 

meaningful safety signals. Within this operational 

structure, the respiratory therapist should be 

recognized as the primary professional responsible 

for ventilator management, given the depth of 

specialized training and routine expertise in ventilator 

operation, waveform analysis, and troubleshooting 

[22]. The respiratory therapist’s leadership role does 

not diminish the responsibilities of physicians or 

nurses; rather, it provides a specialized anchor for 

ventilator-related decisions and helps ensure that 

adjustments are implemented safely and consistently 

[22]. 

 Optimal mechanical ventilation is best 

achieved through interprofessional practice, 

particularly in intensive care environments where 

patient conditions are complex and can shift rapidly. 

Every ventilated patient benefits from coordinated 

management by an interprofessional team, commonly 

involving clinicians, respiratory therapists, and 

critical care–certified nurses, all of whom often 

complete extensive didactic preparation and 

supervised clinical experience focused on the 
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application, function, and physiologic implications of 

mechanical ventilation. The contributions of 

respiratory therapists and critical care nurses are 

especially pivotal because they provide continuous 

surveillance of ventilatory parameters, vital signs, 

patient comfort, and signs of dyssynchrony. When 

ventilator adjustments occur, close monitoring 

becomes even more important, as changes in 

pressures, volumes, oxygenation, and hemodynamics 

may emerge quickly. Early communication from 

bedside professionals regarding patient tolerance, 

evolving abnormalities, or early indicators of 

complications enables the clinician to intervene 

promptly, preventing escalation to severe respiratory 

failure, hemodynamic collapse, or ventilator-

associated injury. In this way, interprofessional 

collaboration functions as a core safety mechanism: it 

consolidates expertise, reduces siloed decision-

making, and supports consistent, high-quality 

ventilator care with fewer complications. A 

coordinated team approach is therefore associated 

with safer delivery of mechanical ventilation and 

improved outcomes across the continuum of critical 

illness. Interprofessional interventions should be 

activated promptly when there is evidence of clinical 

deterioration or potential ventilator-related instability. 

Changes such as declining oxygen saturation, 

abnormal shifts in vital signs, diminished breath 

sounds, or the development of new adventitious 

sounds—including wheezing or crackles—require 

timely consultation and shared assessment. These 

signs may indicate airway obstruction, secretion 

retention, bronchospasm, atelectasis, pulmonary 

edema, pneumothorax, or ventilator malfunction, and 

the safest response is typically one that integrates 

bedside nursing assessment, respiratory therapy 

evaluation, and clinician decision-making. Rapid 

interdisciplinary engagement supports accurate 

diagnosis, appropriate adjustment of ventilatory 

support, and timely implementation of adjunctive 

interventions [22]. 

 In parallel, nursing and allied health 

monitoring responsibilities encompass a broad set of 

continuous safety tasks that collectively maintain 

stability and reduce complications. Nursing 

surveillance should incorporate careful review of 

communications from the healthcare team to ensure 

that ventilator goals, recent changes, and pending 

plans are understood and executed consistently. 

Direct verification of ventilator settings and alarm 

thresholds should occur regularly, with particular 

attention after any documented or suspected change 

in parameters. Airway clearance should be provided 

as clinically indicated, including suctioning when 

secretion burden is evident, while also protecting the 

patient from hypoxemia and mucosal injury through 

appropriate technique and restraint from unnecessary 

interventions. Evaluation of sedation and analgesia 

requirements remains essential to preserve comfort, 

prevent agitation-related adverse events such as self-

extubation, and support ventilator synchrony. 

Infection prevention strategies, including meticulous 

hygiene practices and measures to reduce aspiration 

risk, should be applied reliably to reduce ventilator-

associated pneumonia and other nosocomial 

complications. Airway patency must be confirmed 

and rechecked, recognizing that tube position, cuff 

integrity, and circuit connections can change with 

repositioning, transport, or patient movement. 

Ongoing monitoring of vital signs for hemodynamic 

instability is also critical because ventilator settings, 

sedation depth, and changes in intrathoracic pressure 

can influence cardiovascular function. Ensuring that 

nutritional needs are addressed supports recovery, 

immune function, and respiratory muscle strength, 

thereby influencing the patient’s capacity to progress 

toward liberation from the ventilator. Nursing and 

allied health staff also play a key role in supporting 

weaning efforts through close observation of 

tolerance during spontaneous breathing trials, 

reporting signs of fatigue or distress, and reinforcing 

protocol-based readiness assessments. Finally, 

maintaining communication with the patient’s family 

is not merely a supportive gesture; it is a component 

of patient-centered care that reduces fear, improves 

trust, and facilitates shared understanding of the 

ventilator plan, anticipated assessments, and realistic 

expectations regarding recovery trajectory. Through 

these integrated monitoring and communication 

practices, the interprofessional team strengthens 

safety, improves coordination, and enhances the 

likelihood that mechanical ventilation achieves its 

intended life-sustaining benefit with minimal 

preventable harm [19][20][21][22]. 

Conclusion: 

 Mechanical ventilation remains 

indispensable in modern critical care, yet its 

complexity introduces substantial risk when protocols 

are inconsistent or communication fails. This review 

underscores that patient safety is not guaranteed by 

advanced technology alone; it relies on vigilant 

human oversight, standardized processes, and 

interprofessional collaboration. Core safety 

practices—such as systematic verification of 

ventilator settings, rigorous alarm governance, and 

clear role delineation—must be embedded into 

routine workflows. Competency gaps among 

clinicians and nurses highlight the urgent need for 

structured education, simulation-based training, and 

periodic reassessment to maintain proficiency in 

ventilator management and emergency response. 

Infection prevention, sedation optimization, and 

readiness for ventilator failure further illustrate the 

multifaceted nature of safe care. Ultimately, fostering 

a culture of shared accountability, transparent 

documentation, and continuous learning transforms 

ventilator management from a high-risk intervention 

into a predictable, coordinated practice. Institutions 

that prioritize these strategies will reduce variability, 

prevent avoidable harm, and improve outcomes for 
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critically ill patients who depend on mechanical 

ventilation for survival. 
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