ARC Journal of Nursing and Healthcare
Volume 4, Issue 4, 2018, PP 8-12

ISSN No. (Online) 2455-4324

DOI: http://dx.doi.org/10.20431/2455-4324.0404003
www.arcjournals.org

Manual Hyperinflation Plus Suctioning for Mechanically
Ventilated Patients: A Review of the Literature

Nahla Shaaban Khalil**, Manal Sayed Ismaeel?>, Ahmed Mohamed Hassan Askar®, Mohamed
Soliman Sayed*
!Assist Professor at Critical Care Nursing Department, Cairo University, Egypt
2Professor at Critical Care Nursing Department, Cairo University, Egypt
3Clinical instructor at Critical Care Nursing Department, Egypt
4Lecturer at Critical Care Medicine Department, Cairo University, Egypt

*Corresponding Author: Nahla Shaaban Khalil, Assist Professor at Critical Care Nursing Department,
Cairo University, Egypt, Email: nahlakhalil28@yahoo.com

Abstract: In mechanically ventilated patients, airway secretions are raised due to constant positive pressure
ventilation. Also, the function of existing cilia in the airway and cough reflex are weakened in these patients
and inadequate and non-efficient cough in these patients results in the secretions remaining in the airway,
which that lead to pneumonia and atelectasis. Obstruction of airway in a patient connected with mechanical
ventilation can ultimately result in hazardous complications such as acidosis, cyanasis, cardiac dysrhythmia,
and threaten the patient’s life. These complications may increase the length of ICU stay, increase mortality
rate, worsen the patient outcomes, delaying patient’s recovery and increase hospital costs. Otherwise,
prevention of such complications is among the care goals of these patients. To achieve this goal,
endotracheal suctioning, manual hyperinflation, frequent position change, increase of physical activity,
provision of adequate humidity, and fluid therapy are some of the needed nursing interventions?. Therefore,
the current literature will focus in detail on the selected techniques such as manual hyperinflation and
endotracheal suctioning among mechanically ventilated patients
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1. INTRODUCTION AND BACKGROUND increase ventilation, perfusion mismatching,
decreased compliance and a reduction in
surfactant'*Patients  unable to implement
respiratory functions may be need to invasive
mechanical ventilation (IMV) to provide them
with a ventilation and oxygenation system for
adequate alveolar ventilation, restore acid-base

balance and dcrease respiratory work.

A primary goal of mechanical ventilation is to
improve arterial oxygenation, This improvement
is achieved through the endotracheal intubation
to ensure the delivery of oxygen to the airway
and through an increase in airway pressure.
Satisfactory oxygenation is easily achieved in
most patients with airway obstruction. The main
challenge increases in patients with alveolar-
filling disorders. Ventilator is associated with a
number of complications, which increase
morbidity and mortality that include: mucus
plugging, e.g. (atelectasis, occlusion of the
endotracheal tube), ventilation-associated
pneumonia (VAP) and nosocomial infection,
barotrauma, e.g. (pneumothorax, subcutaneous
emphysema), hypotension.™!

These patients present different features that
hinder clearance of lung secretion such as
inadequate humidification, high fractions of
oxygen, use of sedatives or analgesics, basal
lung disease and presence of an artificial airway
mechanically hanging elimination of secretion
next to the trachea. Secretion retention result in
episodes of hypoxemia, atelectasis and
ventilator-associated pneumonia, It is believed
that bronchial hygiene can improve compliance

Pulmonary complications such as atelectasis,
secretion retention and nosocomial pneumonia
are common in intubated and mechanically
ventilated patients, Mechanical ventilation leads
to decrease functional residual capacity,
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of the respiratory system through increase of
dynamic compliance (Cdyn) and static
compliance (Cst).®

There are many techniques used as nursing
interventions to liquefy, mobilize and clear
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secretions in the airway passages for patients
who have excessive secretions and ineffective
cough. These techniques are performed by
trained nurses in intensive care units. These
technques include chest percussion, chest
vibration, postural drainage techniques, and
utilizing devices used independently or in
combination to help in mobilizing secretions. As
well, bronchodilators, humidity, and effective
cough techniques before implementation of
these techniques may facilitate airway clearance
and improve ventilation.*

2. MANUAL HYPERINFLATION

Manual hyperinflation (MH) known as
"bagging" or "bag-squeezing" is a continuous
used maneuver in critically ill intubated and
mechanically ventilated patients and is routinely
used by critical care nurses for the management
of retained and excessive sputum.During MH,
patients are disconnected from the mechanical
ventilator then their lungs are temporarily
ventilated with a manual ventilation bag through
applying a larger-than-normal volume at a low
inspiratory flow that followed by an inspiratory
pause and expiration with a high expiratory
flow,® after that movement of airway secretions
from the smaller toward the larger airways then
allows for easy removal of airway secretions
with airway suction. Also, MH could prevent
airway plugging, and even promote alveolar
recruitment.” so that, Manual hyperinflation may
be important when there is a ventilator fault, or
during cardiopulmonary resuscitation.®

"Bagging," or manually ventilating a patient
with a handheld resuscitation device (Ambu,
VentiSure, others), is an essential nursing skill.
It is vital, not only in emergencies, but also used
during ventilator or artificial airway tubing
changes, before and after suctioning and during
transport of a patient. A manual resuscitation
device has four basic parts: a nonrebreathing
valve, a bag, an adapter, and a reservoir. The
valve directs the flow of air or oxygen to the
patient when the bag is compressed, and away
from the patient and into the atmosphere during
exhalation. The bag should automatically
reinflate after each squeeze. The adapter allows
to attach the bag to a face mask or a
tracheostomy or endotracheal (ET) tube. The
best adapters are the swivel type that turn 360
degrees. The reservoir helps increase the
concentration of oxygen delivered to the patient.
If the bag has a reservoir, it can be in the form
of a hollow tube or an additional bag attached to
the end of the main bag.
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3. THE PURPOSE OF MANUAL HYPERINFLATION

Retained airway secretions obstruct the airways
of intubated and mechanically ventilated
patients that lead to atelectasis. This may impair
oxygenation by increased intrapulmonary
shunting and increase pulmonary vascular
resistance. Large atelectasis lead to lung injury.
The following of large atelectasis is a smaller
lung available for ventilation, leading to the
concept of "baby lung" ventilation. Permanent
presence of sputum in the airways can lead to an
ideal environment for colonizing organisms that
result in pneumonia.

Continuous removal of sputum from the airways
through tracheal suctioning is mandatory in
critically ill intubated and mechanically
ventilated patients. at healthy persons,
mucociliary transport clears the smaller airways
of airway secretions. Secretions are transported
from the smaller airways into the bronchi and
trachea then are removed by coughing.
Critically ill patients are frequently sedated and
nursed in a supine position, that result in
reducing mucociliary transport and promoting
retention of airway secretions. also, the cough
reflex can be minimal or even absent in sedated
critically ill patients, or they can decrease the
force to cough efficiently. Otherwise, sputum
may not be easily transported from the trachea
into the translaryngeal tube or trachea cannula
that remain in the larger airways. Furthermore,
with airway suctioning, only the trachea is
cleared of secretions, as suction catheters cannot
reach sputum in the bronchi and smaller
airways. SO, the aim of MHI is to: optimize
alveolar ventilation through reducing atelectasis,
this reduces ventilation perfusion mismatch and
improves gas exchange, mobilize pulmonary
secretions and improve lung compliance

MHI can be indicated in patients required
mechanical ventilation and self-ventilating
tracheostomy patients who have Chest x-ray
changes of lung collapse and/or consolidation or
by areas which are poorly ventilated on
auscultation. The ability to monitor patients’
response is  required during  manual
hyperinflation for Heart rate, blood pressure and
oxygen saturations.’

4. HAZARDS AND COMPLICATIONS OF MANUAL
HYPERINFLATION

MHI is a form of positive pressure ventilation
and if performed inappropriately carries the risk
of complications such as Barotrauma and
volutrauma that are terms used to describe the
development of extra alveolar air and fluid that
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result from alveolar distention. The delivery of
high peak airway pressures and or volumes lead
to hemodynamic instability due to the increase
in intrathoracic pressure, which can decrease,
stroke volume & cardiac output, change blood
pressure response, and cause tachycardia.

MHI contraindicated in patients with Extra-
alveolar air e.g. Bullae or Undrained
Pneumothorax or Subcutaneous emphysema of

unknown cause or Severe/widespread
bronchospasm, so MHI not used in patients with
Pneumothorax, a bubbling chest drain , Low,
high or labile blood pressure, Labile ICP , Some
lung  diseases, especially  emphysema/
hyperinflated lungs, Cardiac arrhythmias , Post
Lung surgery, High PEEP requirements
combined with high Fi02 requirement and PEEP
> 10cmH20 on mechanical ventilation.*

5. PROCEDURE OF MANUAL HYPERINFLATION TECHNIQUE

(Table) steps of applying MHI”

Action

Rationale

- Assess the patients vital signs

To ensure that vital signs stable and in order to
detect changes in the patient's condition

- Prepare the patient by giving explanation

Minimizes any distress to the patient that result in
maximizing effectiveness of treatment

- Position the patient so that the lung to be treated
is uppermost

To get optimizes ventilation to the affected lung
and assists with the drainage of secretions

- Connect the two liters re-breathing bag to the 02
supply and ensure the expiratory valve is working
& place a filter in the circuit between the patient
and the bag and attach the manometer

This Prevents hypoxia and ensures safety of
equipment. To prevent contamination or the bag
and/or the patients lungs Provides feedback to the
operator of the airway pressures being delivered

- Set the 02 flow rate to15 liters per minute

To ensure 100% oxygen is delivered and the bag
fills quickly

- Put the ventilator on Standby or use the
preoxygenation suction facility to disable the
alarm

To Prevents patient anxiety

- Disconnect the patient from the ventilator and
connect the re-breathe bag to the airway through
the catheter mount or the closed suction circuit
mount

To enable manual hyperinflation

- Using a two handed technique, initially deliver a
tidal volume breath (watching the patient's chest
expansion)

To allow the investigator to gain a feel of the
patients lung compliance and ensure an adequate
Tidal Volume is being delivered into the patients
lungs

- Perform MHI breaths. The manual hyperinflation
breath should be maintained for at least 2 seconds

To ensure effective manual hyperinflation breaths,
recruit collapsed alveoli and To assist secretion
clearance and lung re- expansion

- Release the bag sharply on expiration to simulate
the Forced Expiratory technique

To mobilize secretions from more peripheral to
central airways

- Repeat the procedure several times as indicated

Effect optimal secretion clearance and recruitment
of collapsed alveoli

- Explain the procedure to the patient throughout
the entire process and always synchronize with
spontaneous ventilation

To reduce stress and discomfort to the patient

- If the patient is coughing the expiratory pressure
valve should be released

Reduces the pressure built up in the lungs and
reduces the risk of barotrauma

- Perform suction if the patient coughs or
secretions are heard

Clears secretions preventing them being forced
back into smaller airways

- Continue the above procedure until no further
treatment is indicated (e.g. if no more secretions
are heard or the chest is clear on auscultation)

Effect optimal recruitment of collapsed alveoli and
secretion clearance

6. ENDOTRACHEAL SUCTIONING (ETS)

ETS is the vital part of chest physiotherapy
(CPT) and it is performed routinely in intubated
patients to help in secretion removal and cough
stimulation, it is a form of bronchial hygiene
therapy and mechanical ventilation that involves
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the mechanical aspiration of pulmonary
secretions to prevent the air way obstruction.
ETS is usually implement every 1-2 hours or as
needed to maintain airway patency and arterial
oxygenation. Tracheal suctioning requires the
insertion of a catheter into the upper air way
where it is passed down the trachea to the level
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of the carina. the carina is richly innervated by
the vagus nerve, when the trip of the suction,
catheter comes in contact with the carina, it can
provoke a strong parasympathetic response,
which in turn can trigger a sudden decrease in
the heart rate and produce cardiac arrhythmias,
so that, the critical care nurses should monitor
their patient carefully for the appearance of such
events and provide supplemental oxygen during
the procedure.’

Deep suctioning is required in mechanically
ventilated patients, in which the catheter is
inserted until an obstruction is felt (usually the
carina or wall of the right main stem bronchus),
then slightly withdrawn, suction is frequently
applied while the catheter is withdrawn from the
airway. one of the complications of the tracheal
suctioning  is  tracheal-laryngeal cilliary
dysfunction due to irritation of the airway
mucosa, the greatest mucosal damage has been
noted with vacuum pressures above 120mm hg,
although pressures as high as 170 mm Hg are
used, the critical care nurses should use the
lowest pressure as possible for removal of
secretion that is effective. The procedure
includes patient preparation, the suctioning
event, and follow-up care, In preparation the
patient for suction the critical care nurses should
have base line vital signs, ABGs, SPO2 and
tidal volume and asses the indications for
bronchial hygiene therapy (suctioning) and
CPT.®

There are two methods of endotracheal
suctioning based on the selection of catheter:
open and closed. The open suctioning technique
requires disconnecting the patient from the
ventilator, while the closed suctioning technique
involves attachment of a sterile, closed, in-line
suction catheter to the ventilator circuit, which
allows passage of a suction catheter through the
artificial airway without disconnecting the
patient from the ventilator.®

7. CONCLUSION

Secretion retention continues to be a commonly
challenge among mechanically ventilated
patients and carries significant burdens of
morbidity, mortality and cost. Studies on
prevention strategies directed toward manual
hyperinflation plus endotracheal suctioning have
shown variable success. Routine endotracheal
suction in intubated patients facilitates the
removal of airway secretions, makes the airway
patent and prevents chest infection. Also, apply
manual  hyperinflation plus  endotracheal
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suctioningto  re-expand  collapsed alveoli
(atelectasis), mobilize and remove excess
bronchial secretions, and improve

oxygenationthat consider important part of the
management of patients in intensive care units.
Elimination of airway secretions is one of the
most significant factors that allow the successful
use of ventilation support for patients with either
ventilator or oxygenation impairment However,
certain techniques as described in this review
have been shown to improve patient outcomes
and, therefore, we recommend health care
providers to apply the manual hyperinflation
plus suctioning as routine practice. Future
research that considers clinical outcomes as
primary endpoints will hopefully result in more
detailed prevention strategies.
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