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have seen an iron lung, yet sixty years ago these med-

ical mechanical monsters would have been a common

sight in most hospital throughout the world. Through the

late 1920’s and into 50’s the iron lung was considered

to be state of the art, high-tech,

life support technology. In-

deed medical physician of

the time would have learn

about such devices as a rec-

ommended treatment for res-

piratory paralysis, used to

maintain life for those whose

breathing capabilities had

been impaired or destroyed

by poliomyelit is (1).They

were non invasive in the sense

that no part of the device penetrated the patient. In

truth, it was the patient who was inside the machine. The

whole body was enclosed within the air tight chamber

of the device, apart from the head which protruded

through a tight seal around the neck (Figure 1). For each

inspiration a large set of leather bellows mounted in a

separate pump unit would expand causing the pressure

within the cabinet to be lowered to below that of the sur-

rounding atmosphere. 

The sub-atmospheric pressure in turn acted upon the

chest, causing it to expand, thereby drawing fresh air

into the lungs through the patients’ mouth. 

During expiration, the pressure equalise to atmospher-

ic and the patient exhals passively. This method of ar-

tificial respiration was known as external negative pres-

sure ventilation (ENPV). The first description of venti-

lator support via mouthpiece was described by Dr.Affeldt

of Rancho Los Amigos in 1953 (Figure 2), to assist pa-

tients when the iron lung was open for patient care (1,

2). He observed that intermittent positive pressure ad-

ministered by a circuit with a mouthpiece could be used

to relieve dyspnea in patients with polio ventilator-de-

pendence when negative pressure ventilation had been

interrupted for transfers, nursing or physical therapy

(1, 2). However, intermittent positive pressure breath-

ing (IPPB) machine became available even earlier than

1951 and a positive pressure blower caller was used to

deliver occasional deep breaths as well. Patients used

mouthpiece NIV in a wheelchair as well as use an in-

termittent abdominal pressure ventilator (IAPV) or oth-

er portable negative pressure ventilators. Since IPPV via

mouthpiece Bantam became available and since the IP-

PV via mouthpiece was able to provides much larger vol-

umes of air directly to the lungs than the IAPV, it became

the principal mode of ventilatory support during lung in-

fections and other conditions of lung impairment. The

mouthpieces were mounted on the controls of powered
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Summary

The literature relevant to non invasive ventilation

(NIV) synthesizes the most recent trends in enhanc-

ing experience and skill of NIV team care.

Studies concerning ventilation team-based prac-

tices but also single respiratory health profession-

al education and training were included in our re-

search. 

Critical care education and training and inter-profes-

sional education should start in medical and post

graduated school. Curriculum design, implementa-

tion, and assessment of clinical skills completed by

the trained medical expert are essential compo-

nents of competency-based education. 

Nurses, respiratory therapists and physiotherapists

have different roles in ventilation team care around

the world. Delivering effective training for NIV is

challenging. Team-based care using patient simu-

lation education as an adjunct to traditional clinical

training (patient care, didactics, small group teach-

ing and protocols) is superior to traditional clinical

training alone and can affect positively patient and

provider outcomes. 

KEY WORDS: non invasive ventilation (NIV), ventilation

team skill, critical care, patient simulation, education and
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A historical view on non invasive ventilation (NIV)

Most people under the age of 40 are unlikely ever to

An emerging aspect
has been the de-
mand for an increase
in collaborative care
and ventilation team
education in order to
deal with the com-
plexity of NIV appli-
cation.
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wheelchairs (with breath control triggers: touch, chin,

tongue) adjacent to the mouth for easy access by the

patient. Thus, intermittent positive pressure ventilation

via a mouthpiece (Figure 3) was the first kind of NIV sup-

port, a tremendous advance (which avoided undergo-

ing tracheostomy) in ventilator-dependent patients (1,

3). NIV is a technique that may be not tolerated above

all if the interface is uncomfortable. Fortunately over the

time we have seen an amazing development of mechan-

ical ventilators and increasing number of masks or in-

terfaces to choose from (4). 

The use of NIV varies greatly between hospitals and ge-

ographical regions and has changed over the time. In-

vestigators of a worldwide prospective survey of me-

chanical ventilation noted that use rose from 4% of all

ventilators started in 2001 to 11% in 2004 (5, 6). It is in-

creasingly being used in many countries, but frequen-

cy of use is variable (7). In Europe the rate of use of NIV

A. Nicolini et al.
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Figure 1 - Staff in a Rhode Island

hospital are examining a patient in

an iron lung examined by the medical

staff, Rhode Island Hospital, Provi-

dence, RI (1960).

Figure 2 - Iron lung ward filled with polio patients, Rancho Los Amigos Hospital, California (1953).
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in intensive care is about 35% of ventilated patients and

higher (about 60%) in respiratory intensive care units

(RICUs) or emergency departments (8, 9). In North

America this form of ventilation is started most often in

emergency department, with most patients transferred

to intensive care units or step-down units in hospitals

that have such facilities. The low rate of using NIV in

some hospital may be due to poor knowledge or expe-

rience about the technique, insufficient technical equip-

ment and inadequate funding (6, 9). 

Despite these limitations, NIV is increasingly being used

outside ICU: respiratory care units, emergency depart-

ments, post surgical recovery rooms, intensive cardiol-

ogy units, stroke units, oncology wards, and palliative

care units (6). An emerging aspect has been the demand

for an increase in collaborative care and ventilation

team education in order to deal with the complexity of

NIV application (6).

For inter-professional teams of healthcare providers

this means working collaboratively in the provision of in-

tegrated and continuous healthcare. 

Team-based healthcare and practice has been widely

argued to provide not only improved effectiveness, ef-

ficiency and quality of service, but also inappropriate

variations in NIV practice.

Review of the literature

We focused on the small number of recently published

studies in order to capture the most recent trends in en-

hancing experience and skill of NIV team care and to

build upon the existing reviews reported in the literature.

This literature review includes

reports of qualitative, quanti-

tative and mixed method ed-

ucational intervention from

inter-professional education

of health sciences students

to simulation-based educa-

tion for clinicians in respira-

tory critical care team.

Studies were required to in-

clude one or more of the following criteria: (1) ventila-

tion team skills, (2) NIV educational program or inter-

ventions, (3) documented educational and training ex-

periences of ventilation teams, (4) critical care, (5) sim-

ulation education.

The following databases were searched: Cochrane

Database of Systematic Reviews, MEDLINE, Biomed

Central, PubMed.

The key component of NIV success: a skilled and ex-

perienced team

According to the recent literature, the experience and

skill of the personnel who manage NIV are the key

components of NIV success. Over an 8-year span in an

Italian ICU, Carlucci et al.

(10) found that their over-

all NIV success rate re-

mained steady despite an

increasing severity of ill-

ness of patients treated

with NIV and concluded

that increasing experience

with NIV over time allowed

caring for sicker patients

while maintaining the same success rate. Over a 7-year

period in a French ICU, Girou et al. (11) found that the uti-

lization rate of NIV among almost 500 patients who pre-

sented with acute respiratory failure (ARF) due to either

chronic obstructive  pulmonary disease (COPD) or con-

gestive heart failure rose from

approximately 20% to over

80% of initial ventilator

starts. During that same

period, the rate of ventila-

tor-associated pneumonia

dropped from 20% to 8%,

with a corresponding drop

in mortality. 

Girou et al. (11) attributed

the improved outcomes to

routine use of NIV and a

“learning effect.” Although difficult to be proved, both

Carlucci et al. and Girou et al. studies (10, 11) attributed

outcomes improvements to increasing experience and

skill of the staff.

Optimal management of NIV requires that all members

of the team be experienced and skillful. Physicians

need to be adept at selecting patients who are likely to

How to enhance experience and skill of non invasive ventilation: suggestions from the literature
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Physicians need to be
adept at selecting pa-
tients who are likely
to succeed with NIV
and promptly intuba-
ting patients likely to
fail NIV.

Curriculum design, im-
plementation, and as-
sessment of clinical
skills completed by the
trained medical expert
are essentials compo-
nents of competency-
based education.

Improving the educa-
tion and training of
practitioners in NIV
should be a key part of
any measures desi-
gned to increase NIV
utilization rates and
enhance the success
of NIV therapy.

Figure 3 - Open circuit mouthpiece ventilation.
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succeed with NIV and promptly intubating patients like-

ly to fail NIV. In North America, Respiratory Therapists

(RTs) are the  most often responsible for applying NIV.

They must be skilled at selecting an appropriate mask,

fitting it to optimize comfort, and adjusting the ventila-

tor to efficiently alleviate respiratory distress. Nurses

need to be knowledgeable about monitoring, to help

avoid and detect problems. Quantifying the experience

and skill of a unit’s staff is challenging because individ-

uals differ considerably and personnel changes can

have important effects. However, as units use more

NIV, outcomes appear to improve. Periodic in-services

and updates probably help personnel maintain their

skills and stay abreast of new developments (12).

Medical education and training

Medical students should be given some form of early

clinical education in NIV. 

Working directly with Emergency Medical Technicians

(EMTs), student confidence in patient care skills showed

a significant increase from baseline for all identified

skills. Student confidence in team-building skills showed

a significant increase. Moreover, a concurrent EMT

course builds confidence. By the end of the first year,

84% of the first year students reported the EMT curricu-

lum had ‘some impact’ to ‘great impact’ on their patient

care skills, while 72% reported that EMT curriculum

had ‘some impact’ to ‘great impact’ on their team-build-

ing skills. The incorporation of EMT training early in a

medical school curriculum provides students with mean-

ingful clinical experiences that increase their self-report-

ed level of confidence in the performance of patient

care skills early in their medical education (13).

Inter-professional education (IPE) is an approach that

encourages collaboration between health care profes-

sionals, optimizing health care quality and decision-

making processes (14).

Effective communication across multiple healthcare dis-

ciplines and professions is critical to ensure the deliv-

ery of effective care (15, 16). Yet, many healthcare pro-

fessionals enter practice without sufficient training in in-

ter-professional care and coordination (17). IPE tran-

scends mono-professional and isolated approaches to

health personnel education. It emphasizes interactive

learning with and from members of other professions to

improve professional practice and care delivery (17).

Mitchell et al. (18) has reported that “Effectiveness of

learning is enhanced when a mentor supports the port-

folio process’’. Within the competency-based frame-

work, education is no longer a teacher-driven; the learn-

er is expected to share this responsibility. However, the

medical teacher has assumed additional responsibilities

involved in facilitating the learning cycle, and contribu-

tion to curriculum development.

Curriculum design, implementation, and assessment of

clinical skills completed by the trained medical expert are

essential components of competency-based education.

Placed within the protocols of the various European

Respiratory Society (ERS) are educational programs

which mandate direct observation of procedural skills

and learner self-directed assessment: the Harmonized

Education in Respiratory Medicine for European Spe-

cialists (HERMES) project (18, 19).

The challenge for the HERMES initiative is to strike a

balance between expected outcomes for the allied

health professional and what the allied health profes-

sional is legally permitted to perform within individual

countries. Further consideration must also be given to

an increased focus on the treatment and diagnosis of

disease across specialties. This reality leads to the

possibility of team-based learning in delivery of the cur-

ricula (18).

The ultimate aim of HERMES is to ensure that the best

quality of care is delivered through harmonized educa-

tional standards in the context of evolving medical and

economic demands. 

The curriculum therefore defines specific competen-

cies and provides a usable framework in the training of

clinicians in respiratory critical care and aspires to set

the stage for consolidation of an additional qualification

and competence in respiratory critical and home care

medicine.

In this setting, the ERS can hopefully participate in a

multi-society effort to improve and facilitate the homog-

enization and standardization of training across Eu-

rope, and the creation of uniform standards of care for

critically ill respiratory disease patients (19).

Nurses and Physiotherapists education and train-

ing

According to the American Journal of Critical Care, the

role and the scope of practice of acute care nurse prac-

titioners (ACNPs) continue to expand.

Affecting patients’ outcomes was identified as an advan-

tage of being an ACNP. 

Participants report that they are making a fairly high im-

pact on outcomes, including length of stay, costs, read-

mission rates, adherence to best practices, medical

management, complications, resource utilization, con-

tinuity of care, patients’ access to care, patients’ satis-

faction, and education of patients, patients’ family mem-

bers, and staff. As the results of this 5-year national

study reflect, the practice settings of ACNPs are di-

verse. By virtue of educational preparation and nation-

al certification, ACNPs focus their care on patients with

acute and critical illnesses (19).

In the United States, RTs usually manage the NIV/CPAP

adaptation in emergency or respiratory clinics and sub-

sequent execution of respiratory care therapeutic treat-

ments (Figure 4).

In Europe, RT is not a recognized profession, while

physiotherapists (PTs) who have additional specialized

training in respiratory care are usually involved in res-

piratory departments. However, there may be important

differences in tasks and responsibilities among differ-

ent countries and hospitals.

European surveys have demonstrated the feasibility of

implementing protocols that include PTs as an integral

part of a cardiopulmonary rehabilitation service (CPRS)

team.

A. Nicolini et al.
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In Italy, the assessment, education, and care for patients

with pulmonary disorders, in acute and chronic set-

tings, are managed mainly by pulmonologists and nurs-

es. PTs may be involved as part of the dedicated care

team in tasks related to monitoring a patient’s physio-

logical responses to pharmacologic therapies (e.g. vi-

tal signs, pulse-oximetry), to supervise exercise train-

ing sessions, and to perform airways clearance tech-

niques (20).

The effect of the introduction of RTs in NIV management

teams has been examined in only one study, by Kareus

et al. (21). These authors demonstrated an improvement

in NIV tolerance after RT involvement, increasing patient

tolerance to NIV by about 51%.Nava (22) reports that

in Europe, NIV seems to be more popular than else-

where, perhaps because the first randomized controlled

trials were performed in France and the United Kingdom. 

It may be more popular there also because the physi-

cian has the direct responsibility in ordering and apply-

ing NIV with the support of all the staff, including nurs-

es and RTs, while in most other continents the pre-

scription is basically ordered by the physician but is in-

dependently applied by the RT; this might affect the

teamwork (22).

Ventilation team training 

The low rate of NIV use in some hospitals relates to lack

of knowledge and experience with NIV, insufficient con-

fidence in the technique, lack of NIV equipment, and in-

adequate funding. But NIV use has been increasing

around the world, thanks partly to improved technolo-

gies. The skill and confidence of clinicians in NIV have

improved with time and experience, but NIV is and

should remain a team effort (22).

Protocols are used as a strategy to lower the occurrence

of medical errors, omissions, and delays. They may re-

duce conflicts between team members, improve out-

comes, decrease costs, and increase educational ef-

forts.

The development of protocols and guidelines for

NIV/CPAP management is recommended in order to

clarify the roles of each professional and to increase

greater efficiency during NIV application (20).

An example of how adequate risk assessment tools/pro-

tocols may help nurses considerably in enhancing pa-

tient safety is The Burns Wean Assessment Program

checklist, developed to assist clinicians in the system-

atic evaluation of 26 clinical factors important to wean-

ing (23).

Good inter-professional communication influences qual-

ity of care and patient safety. Regular ward rounds with

documented outcomes and review of defined treatment

goals between nursing, and medical staff have been

shown to reduce length of ICU stay. The gold standard

teaching tool is individual feedback on videos of real

meetings (24). 

This can be extended to an assessment tool where a

portfolio of consultations is submitted for review by an

examiner using agreed criteria. 

The practical and ethical difficulties of this technique

have been overcome in primary care and there is an op-

portunity for critical care medicine to lead other hospi-

tal specialties in this area (24).

Competency in communication is a core clinical skill,

which must be taught, tested, and practiced. An under-

standing of the evidence and theory of communication

coupled with a commitment to cultivate and improve

skills not only benefits patients and their families, it can

also invigorate professional practice and provide an

ongoing clinical challenge (24, 25).

It is nevertheless interesting to note that according to

Carlucci et al. (10) introduction of a clinical diary for the

monitoring and collection of vital signs and ventilatory

settings may improved and standardized the approach

to NIV by paramedics. All the nurses working inside and

outside the Respiratory ICU underwent educational

courses twice a year, which included  the practice of NIV

delivery, cardiopulmonary resuscitation, and the man-

agement of life-threatening emergencies. The RTs were

also progressively taught the basics of mechanical ven-

tilation, and the practice of NIV delivery in the acute set-

ting. 

How to enhance experience and skill of non invasive ventilation: suggestions from the literature
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Figure 4 - NIV setting into the hospital is usual-

ly driven by respiratory therapists (RTs) in North

America.
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Both medical and paramedical personnel in their study

participated in courses outside the hospital and attend-

ed major national and international meetings; the num-

ber of publications also progressively increased, so

that the motivational aspect of the medical and paramed-

ical staff also may have improved. 

Improving the education and training of practitioners in

NIV should be a key part of any measures designed to

increase NIV utilization rates and enhance the success

of NIV therapy. Conferences and lectures often have lit-

tle effect in terms of changing clinical practice, and

practical hands-on experience is more consistently suc-

cessful. Medical simulation is ideally suited to this

hands-on training and has previously been shown to be

effective in training nursing staff in the practical use of

NIV (Figure 5).

The level of training and immersion can be increased

by creating a realistic working environment such as a

simulated ICU or operating  room coupled with feedback

from observers and video cameras to assist improve-

ment in skills (25, 26). Clara et al. also show that sim-

ulation-based education used as an adjunct to the tra-

ditional clinical training (patient care, didactics, and

small group teaching) is superior to traditional clinical

training alone. Simulation-based education is a feasible

intervention that improves the educational experience

and boosts clinical knowledge and skill (26).

Conclusions

Clinical expertise with NIV is the most important factor

in its successful use (22, 28-32). A systematic review of

the of the predictors of NIV failure found that patient tol-

erance and compliance with NIV is closely related to cli-

nician expertise (29): this has been confirmed by oth-

er studies (10, 11, 27, 28, 30-32). Taken together these

studies suggest that improving education and training

of NIV team should be a key part of any program de-

signed to increase NIV uti-

lization rates and enhance

NIV success. 

Delivering effective training

for NIV is challenging. A sim-

ulation-based educational

tool for NIV proposed by

Hare A. (25) addressed to

clinicians and other hospital

personnel involved in the de-

livery NIV should be consid-

ered as an ideal example of

continuous educational activity effective in terms of clin-

ical skills acquisition and translation. Continuous self and

inter-team training is another method  to enhance the

skills and the performances in respiratory critical care.

However this preparation takes time. The authors be-

lieve this time as an investment that will save lives as

well as medical and economic resources.
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