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Introduction to Manual Resuscitation Systems

The Bag Valve Mask (BVM), commonly referred to by the proprietary eponym Ambu Bag, stands as one of the
most critical instruments in emergency medicine, anesthesiology, and critical care. Originally developed in 1956 by
Holger Hesse and Henning Ruben, the self-inflating resuscitator revolutionized the ability of clinicians to provide
positive pressure ventilation without the need for an immediate compressed gas source. Today, the BVM serves as
the primary tool for managing patients with respiratory failure, apnea, or those requiring pre-oxygenation prior to
advanced airway management.

Understanding the BVM transcends simple manual compression; it requires a deep comprehension of pulmonary
mechanics, airway anatomy, and the physics of gas flow. In the context of the COVID-19 pandemic, the BVM's role
expanded significantly, leading to international research into automated BVM systemsas low-cost alternatives to
mechanical ventilators. This article provides an exhaustive technical analysis of BVM components, physiological
considerations, clinical application, and the future of automated resuscitator technology.

Anatomical Components and Technical Specifications

A standard BVM assembly is a complex pneumatic circuit consisting of several integrated components, each
designed to ensure unidirectional flow and precise oxygen delivery. The efficacy of the device is contingent upon
the structural integrity and material composition of these parts.

1. The Self-Inflating Bag

The core of the device is the flexible, compressible bag. Materials typically include Silicone (reusable/autoclavable)
or Polyvinyl Chloride (PVC) (disposable). The bag's volume varies by patient demographic: Adult (1500-2000
mL), Pediatric (500—-1000 mL), and Infant (250—-300 mL). Despite the large volume in adult bags, the clinical goal
is rarely to deliver the full volume, but rather a controlled tidal volume of approximately 400-600 mL.

2.The Non-Rebreathing Valve Assembly

Located between the bag and the mask, this valve ensures that the patient inhales the gas from the bag and
exhales through a separate port, preventing the re-inhalation of carbon dioxide. Most modern units utilize a

duckbill valve or an umbrella valve. When the bag is squeezed, the valve opens toward the patient; when the bag
is released, the valve closes the patient port and opens the intake port to refill the bag.

3.The Oxygen Reservoir and Inlet Valve

To deliver 100% oxygen (FiO2 of 1.0), a reservoir (either a corrugated tube or a reservoir bag) must be attached.
Without a reservoir, even with supplemental oxygen, the FiO2 delivered may drop to 40-50% because the bag
draws in ambient air to refill. The Oxygen Inlet Valveregulates the flow into the bag while maintaining the pressure
balance.



4. The Face Mask

The mask must provide an airtight seal over the nose and mouth. High-quality masks, such as the Ambu Oval
Silicone Resuscitatormasks, feature a contoured shape and a soft, air-filled cuff to adapt to various facial
structures. A failure to achieve a proper seal is the most common cause of failed ventilation.

Physiological Principles and Pulmonary Mechanics

Effective ventilation is governed by the relationship between Pressure (P), Volume (V), and Compliance (C),
defined by the formula: C = 9Eb o Ihclinical practice, the provider must sense the resistance of the bag to estimate
the patient's lung compliance.

Tidal Volume and Minute Ventilation

Over-ventilation is a significant risk with BVM use. Excessive tidal volume or high respiratory rates can lead to
gastric insufflation (air entering the stomach) and barotrauma (pressure-related lung injury). For an average
adult, the recommended tidal volume is approximately 6-7 mL/kg of ideal body weight, delivered over 1 second.
Minute Ventilation (VE) is calculated as VE =Tidal Volume x Respiratory Rate. In cardiac arrest scenarios, the
American Heart Association (AHA) recommends 1 breath every 6 seconds (10 breaths/minute) once an advanced
airway is in place.

Positive End-Expiratory Pressure (PEEP)

Advanced BVM setups incorporate a PEEP valve. This spring-loaded valve maintains a baseline pressure in the
lungs at the end of expiration, preventing alveolar collapse (atelectasis) and improving oxygenation, particularly in
patients with Acute Respiratory Distress Syndrome (ARDS) or pulmonary edema.

Clinical Implementation: Step-by-Step Procedure

Successfully ventilating a patient with a BVM requires technical precision and, ideally, a two-person approach to
maximize seal integrity and tidal volume delivery.

The One-Person Technique (E-C Clamp)

¢ Positioning: Place the patient in the "sniffing position" (atlanto-occipital extension) to align the airway axes.

¢ Mask Placement: Apply the mask from the bridge of the nose down to the chin.

e The Grip: Use the thumb and index finger to form a "C" around the mask collar, applying downward pressure.
Use the middle, ring, and pinky fingers to form an "E" along the mandible, pulling the jaw up into the mask (not the
mask down into the face).

e Compression: Squeeze the bag with the other hand just until chest rise is visible.

The Two-Person Technique (Gold Standard)

Research indicates that the two-person technique is significantly more effective at maintaining a seal and delivering
consistent volumes. One provider uses both hands to maintain the E-C clamp on both sides of the mask, while the
second provider manages the bag compression with both hands to ensure slow, steady delivery.

Table 1: Comparison of Ventilation Metrics by Patient Type



Metric Infant (&It;1 year) Child (1-8 years) Adult (&gt;8 years)

Bag Volume ~250 mL ~500 mL ~1500 mL

Tidal Volume Target Varies by weight (6-8ml/kg) Varies by weight (6-8ml/kg) 400 - 600 mL
Ventilation Rate 20-30 breaths/min 12-20 breaths/min 10-12 breaths/min
Pressure Relief Valve Standard (40 cm H20) Standard (40 cm H20) Usually Optional

Advanced Developments: The Automated BVM

As highlighted in recent technical studies, there has been a surge in the pengembangan bag valve mask (bvm)
otomatis(automated BVM development). These devices use mechanical actuators—such as motorized paddles,
cam systems, or pneumatic pistons—to compress a standard manual resuscitator bag. This innovation bridges the
gap between manual bagging and expensive mechanical ventilators.

Engineering Challenges in Automation

Designing an automated BVM involves several critical engineering requirements:

» Tidal Volume Control: The system must precisely control the compression distance of the bag to ensure
consistent volume delivery.

* Respiratory Rate Adjustability: Operators must be able to set the frequency (BPM) based on the patient's
clinical needs.

¢ |:E Ratio Management: The Inspiratory to Expiratory ratio (typically 1:2) must be maintained to allow for
adequate exhalation time.

« Safety Alarms: Systems must monitor for high peak inspiratory pressure (PIP) to prevent barotrauma.

These automated systems are particularly valuable in resource-limited settings or during mass-casualty events
where the number of patients requiring ventilation exceeds the number of available trained clinicians or mechanical
ventilators.

Material Science: PVC vs. Silicone Resuscitators

Clinicians must choose between single-use and reusable BVMs based on hospital protocol, cost-benefit analysis,
and infection control requirements.

Table 2: Comparison of BVM Material Properties



Feature PVC (Single-Use) Silicone (Reusable)

Durability Lower; intended for 24-hour use. High; heat and chemical resistant.
Transparency Excellent; clear view of vomitus/ Good; slightly opaque after repeated
secretions. sterilization.
Sterilization Non-autoclavable; must be discarded. Autoclavable up to 134°C.
Environmental Impact Higher waste generation. Lower waste due to long lifecycle.
Cost Low per-unit cost. High initial investment; low long-term
cost.

Troubleshooting and Management of Common Complications

Even for experienced clinicians, BVM ventilation presents several challenges that can compromise patient safety.
Systematic troubleshooting is essential.

The MOANS Mnemonic for Difficult Ventilation

When a seal cannot be maintained or chest rise is inadequate, clinicians use the MOANSmnemonic to identify the
cause:

¢ M - Mask Seal: Issues caused by facial hair, trauma, or incorrect sizing.

¢ O - Obesity/Obstruction: Increased upper airway resistance or redundant tissue.

¢ A - Age: Patients over 55 may have lost tissue elasticity in the face, making a seal difficult.

* N - No Teeth: Lack of dental support leads to cheek collapse; consider keeping dentures in or packing cheeks
with gauze.

e S - Stiff Lungs: High resistance to ventilation (e.g., asthma, COPD, pulmonary edema).

Common Operational Errors

1. Hyperventilation: Delivering breaths too quickly increases intrathoracic pressure, which decreases venous
return to the heart and can lead to hypotension, especially during CPR.

2. Gastric Insufflation: Squeezing the bag too forcefully or too quickly overcomes the esophageal opening
pressure (~20 cm H20), forcing air into the stomach and increasing the risk of aspiration.

3. Inadequate Seal: A leaking mask results in a precipitous drop in delivered FiO2 and tidal volume.

Clinical Field Guide: Maximizing BVM Efficacy

To ensure the highest standard of care, the following checklist should be utilized during any BVM intervention:

* Verify Equipment: Ensure the bag re-expands quickly and that the valves are not sticking. Check the oxygen
reservoir for integrity.

* Pre-Oxygenation: Use the BVM to provide high-flow oxygen for at least 3 minutes prior to an intubation
attempt if the patient is breathing spontaneously.

¢ Use Airway Adjuncts: Always consider inserting an Oropharyngeal Airway (OPA) or Nasopharyngeal Airway
(NPA) to prevent the tongue from obstructing the posterior pharynx.

e Monitor End-Tidal CO2 (EtCO2): Use waveform capnography connected between the mask and the bag to
confirm gas exchange and monitor ventilation quality in real-time.



The evolution of the Bag Valve Mask from a simple rubber bag to the sophisticated, often automated medical
device seen today underscores its indispensability. Whether used in a high-tech ICU or a remote emergency
setting, the fundamental goal remains the same: the preservation of life through the maintenance of the respiratory
cycle. As technology advances, the integration of digital sensors and automated compression mechanisms will
likely further refine the precision of manual resuscitation, reducing human error and improving patient outcomes
globally. Clinicians must remain diligent in their training, recognizing that the BVM is not merely a "backup" device,
but a primary lifesaving tool that requires mastery of both art and science.
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