Bilevel Positive Airway Pressure (BIPAP,
continuous positive airway pressure (CPAP),
and Respiratory Emergencies

What is Bi-Level Ventilation?

Bi-level ventilation, often called bi-level positive airway pressure (BiPAP)
ventilation
* It is a medical treatment that delivers oxygen through a fitted face mask.
• The mask is designed to keep the person’s airways open, as well as to deliver
a controlled amount of air over a set amount of time.
• Machines in this category have several uses but are perhaps most prescribed
in cases of sleep apnea or in the early stages of lung disease.
• In both instances the airways can collapse in on themselves, making
breathing labored and difficult.
• BiPAP ventilators are typically considered “non-invasive” to the extent that
they don’t interfere with the body’s internal workings.

There are typically three main parts to these devices: a face mask,
tubing, and the actual ventilator.
Most of the work regulating and controlling airflow is done by the
ventilator, but the air is delivered to the patient through the mask.
Masks can usually be adjusted to fit individual faces, and they usually
cover both the nose and mouth.
They’re often secured with flexible straps, creating a seal.

The main goal of this apparatus is to automatically adjust the flow of air when a patient is
inhaling and exhaling.
In most cases, the ventilator will reduce airflow during a person’s exhale, which makes it
easier for him or her to breathe normally.
This is where the “bi-level” name comes from: there are two “levels” or airflow, one for the
inhalation and another for the exhalation.
The precise measurements of airflow can usually be adjusted and individualized depending
on a person’s particular needs.

Bi-level ventilation is very frequently used as a treatment for sleep apnea in adults and children both.
Sleep apnea is a condition in which the brain may temporarily stop sending signals to the muscles that
control breathing, which can cause a person to stop inhaling and exhaling for certain periods during
sleep.
It can be a symptom of brain damage or other illnesses and can cause serious problems including death
if left untreated.
Sleep apnea patients usually use their ventilators during the night but aren’t typically required to use
them when they’re up and about in the daytime.

People who are using the devices for the treatment of certain lung conditions may have to wear the mask
more regularly.
BiPAP machines are common in the treatment of chronic obstructive pulmonary disease.
In the early stages of the disease people may be benefited by spending a few hours a day on the
machine, but as time wears on they may need to be on it more and more.
The goal of the ventilation isn’t usually to cure problems, but rather to alleviate their symptoms as much as
possible.

Bi-level ventilation is often compared to constant positive airway pressure (CPAP), and the two are
similar in many respects.
Both are medically non-invasive, and both are designed to be independent.
The biggest difference comes in terms of how the air is delivered.
In a BiPAP situation, the air is regulated and usually reduced for the exhalation.
In a CPAP it is kept constant no matter what.
Medical experts often use the two for much the same conditions, though; a lot depends on individual
needs and what feels comfortable.

Noninvasive ventilation of either type is most often used for patients who
have some ability to breathe on their own without difficulty or can go for
periods of time without using a support device.
People who find that they need breathing regulation constantly may be
better served with a different, usually more invasive, device.
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Acute respiratory failure (ARF) is a term used to describe any disruption of the
respiratory system (including malfunctions in the central nervous system
respiratory control center; the nerves, muscles, or pleura; or the lungs themselves)
that impair it primary function of delivering oxygen to and removing carbon
dioxide from the pulmonary capillary bed.

Factors other than respiratory system
dysfunction can also affect oxygen and
carbon dioxide tension in each patient and
need to be taken into consideration.
These include environmental factors, such
as the ambient barometric pressure
(altitude) as well as patient age, the
temperature, and the fraction of inspired
oxygen (FIO2).

Earlier arterial blood gas determinations of
oxygen and carbon dioxide tension, especially
in patients with underlying chronic lung disease
or significant metabolic derangements, may
also determine whether ARF is present.
Ultimately, however, most clinicians agree that,
in the absence of an intracardiac shunt, ARF is
present if partial pressure of oxygen in arterial
blood (PaO2) is less than 50 mm Hg or if partial
pressure of carbon dioxide in
arterialblood(PaCO2) is greater than 50 mm Hg.

Acute respiratory failure requiring mechanical ventilation is a common
problem in the pediatric age group.
A recent study, and the largest performed to date in children,
demonstrated that 17% (1096 of 6403) of children admitted to the
pediatric intensive care unit (ICU) required mechanical ventilator
support for a minimum of 24 hours.

Other studies suggest that acute hypoxemic respiratory failure accounts
for approximately 16% of all ICU patient days.
The morbidity and mortality rates in these patients has not been as well
defined as in adult studies, where current mortality rates, at least for
acute respiratory distress syndrome (ARDS), are approximately 30% to
40%.
Reports in the 1990s, based on small sample sizes, placed the mortality
rate at anywhere from 30% to 70% for children with ARDS.

There are developmental physiologic differences between the
respiratory systems of children and adults that help to explain why
respiratory failure is a common problem in the pediatric patient.
An infant’s thoracic cage is soft and therefore less able to withstand the
large increases in negative intrathoracic pressure that must be
generated to inflate the noncompliant lung.

The intercostal muscles of the infant and young child are also poorly developed, and
because the young child’s ribs are aligned more in the horizontal plane across the
chest wall, there is a lack of “bucket-handle” motion in the rib cage to augment chest
expansion during inspiration.
The child’s diaphragm is shorter than that of the adult, making it less effective in
generating force, and it has decreased numbers of type I muscle fibers, making it
more prone to fatigue.

In addition, a child’s airway is much smaller than that of the adult, and in
accordance with Poiseuille’s law, the same degree of airway narrowing causes a
much greater increase in airflow resistance.
Growing children have fewer air-exchanging units (respiratory bronchioles and
alveoli) than adults.
The alveoli that are present are smaller. This, combined with the decreased
amount of collateral ventilation in a child’s lung compared with that of the
adult, contributes to the decreased stability of the air-exchanging units, with
an increased likelihood of collapse.

■ CLINICAL CLASSIFICATION OF ACUTE RESPIRATORY FAILURE

Respiratory failure has been categorized as either type I or type II failure.
Many pediatric patients with severe respiratory failure have a component of both
types of failure.

Type I failure, also termed non-ventilatory, or normocapnic, respiratory failure,
is characterized by abnormally low PaO2 with normal to low PaCO2.
Type II failure, also known as ventilatory, or hypercapnic failure, is distinguished by
elevated PaCO2 as well as a variable degree of hypoxemia.

The most common cause of hypoxemia in type I respiratory failure is the
mismatch of alveolar ventilation relative to perfusion.
When an unventilated area of the lung is perfused, blood is not oxygenated.
This is referred to as an intrapulmonary shunt, and the total amount of
pulmonary blood flow that perfuses nonventilated or under-ventilated areas
is known as the shunt fraction.

Another term for shunt fraction is venous admixture.
It is the calculated amount of mixed venous blood that would need to
mix with arterial blood to account for an observed difference between
alveolar and arterial partial pressure of oxygen (PO2).
The oxygen content of pulmonary capillary blood is approximated by
the alveolar oxygen content.

■ CHRONIC RESPIRATORY FAILURE
Respiratory failure is defined as the condition in which arterial oxygen
tension (PaO2) is less than 60 torr or arterial carbon dioxide tension (PaCO2)
is higher than 45 torr.
This condition occurs when the respiratory system does not receive sufficient
alveolar ventilation to meet the metabolic demands of cellular respiration.

When respiratory failure persists for longer than one (1) month,
necessitating ventilatory support or oxygen supplementation to provide
adequate gas exchange for the support of vital functions, it is
considered chronic.

The respiratory system comprises two anatomic components:
the lungs, which are the gas exchange organs
and the pump, which ventilates the lungs.
The respiratory pump consists of
the chest wall, including the respiratory muscles
The respiratory controllers in the central nervous system, the
pathways connecting these controllers with the respiratory
muscles (spinal cord, peripheral nerves).

Respiratory failure is commonly classified as hypoxic, hypercapnic, or a combination
of the two.
Hypoxic respiratory failure is characterized by improper gas exchange.
Hypercapnic failure is characterized by ventilatory pump dysfunction.
Respiratory failure secondary to lung disease manifests predominantly with
hypoxemia, whereas dysfunction of the ventilatory pump manifests primarily with
hypercapnia.

In nonprogressive conditions, such as some forms of muscular dystrophy or
chronic parenchymal lung disease, hypercapnic and hypoxic chronic respiratory
failure remain distinct entities.
In many cases, multiple factors contribute to the development of chronic
respiratory failure, hypoxic and hypercapnic respiratory failure may coexist.
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