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Abstract

Acute respiratory failure (ARF) is a deficiency of the respiratory system that
causes an alteration of normal levels of oxygen and/or carbon dioxide in
the blood.

ARF may be due to alterations in gaseous diffusion in alveolar-capillary
level (type “I” acute respiratory failure), or to alterations in the functioning of
the respiratory pump (type “2” acute respiratory failure) or to an association
of the above causes.

ARF specific etiological treatment must be associated to oxygen
administration, through ventilation, which may be spontaneous or
mechanical (non-invasive or invasive).

The actual study describes experience about non-invasive mechanical
ventilation in the department of Internal Medicine and Critical Area of the
Polyclinic Hospital of Modena, from 2010 to 2014, examining clinical
parameters and outcomes.

Respiratory failure is a condition in which the respiratory system is not able
to adequately carry out its gas exchange functions, such as oxygenation of
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the arterial blood and/or elimination of carbon dioxide from the venous
blood.
Conventionally, ().(2).3) respiratory failure is defined in case of:
- Partial pressure of arterial oxygen (Pa02) <60 mmHg;
« Partial pressure of carbon dioxide in the arterial blood (PCO2) > 45
mMmHg;

« Association of both previous.

You can distinguish two types of acute respiratory failure (ARF):

1. ARF type “T", with gas exchange impairment and hypoxemia
(associated with hypo/normocapnia). The pathophysiological
mechanism behind is an important intrapulmonary shunt with
changes in ventilation/perfusion ratio.

Generally diseases responsible for this condition are acute pulmonary
edema, ARDS, severe pneumonia and pulmonary embolism.

2. ARF type “2°, with hypoventilation and hypercapnia.

It is caused by a reduction of the ventilation volume/minute or by an
increase of physiologic dead space. Among the most common diseases
there are neuromuscular diseases, myopathies, chronic obstructive
pulmonary disease (COPD), bronchial asthma and restrictive lung disease.
The two types of respiratory failure are closely connected and can evolve
into one another.

The ARF therapy can be divided into:

« Etiological therapy: it is directed to the treatment of the specific cause
that induced ARF, it can be delivered with inotropic agents, antibiotics,
bronchodilators, steroids etc.

- Supportive therapy (or symptomatic): aimed at correcting hypoxemia
and respiratory acidosis, is indicated in all respiratory insufficiencies
and it is based on the administration of O2 and postural therapy.

Ventilation can be spontaneous (delivered by low or high flow systems) or
mechanical.

Mechanical ventilation is classifiable under invasive ventilation (IMV) or non
~invasive (NIV).

The IMV provides the invasion of the patient’s airways to put them in
communication with the respiratory system. It can be through tracheal

http://www.itjem.org/articoli-scientifici/original-article/358-the-non-invasive-mechani... 01/07/2017



The non-invasive mechanical ventilation: the experience of the department of Intern... Pagina 4 di 21

intubation or tracheotomy and it's a relevant method adopted by
resuscitation intensive departments and partly by respiratory diseases
departments. The NIV despite is a method that requires training and
experience to be used optimally, it has the advantage to be used in
emergency medicine departments and in other departments from
specialists who are not resuscitators or pulmonologists. Moreover,
compared to the IMV, the NIV offers the following advantages: reduction in
the respiratory work, absence of complications related to prosthesis,
possibility of avoiding sedation required for the IMV, conservation of
laryngeal functions and cost reduction.(s)

The NIV techniques most used in emergency medicine departments are
CPAP (Continuous positive airway pressure) and BiPAP (or BiLevel - BiLevel
positive airway pressure) CPAP provides a predetermined positive pressure,
greater than atmospheric, which is maintained constant throughout the
respiratory cycle, and it improves oxygenation by increasing the functional
residual capacity, favouring the recruitment and the patency of the alveoli
excluded from the ventilation and improving the relationship between
ventilation and perfusion.

The main indications for CPAP are acute cardiogenic pulmonary edema
(ACPE), hypoxic and not hypercapnic ARF, obstructive sleep apnea
syndrome (OSAS); atelectasis. (8).(2).(10)

BiPAP provides two different levels of positive pressure, which are an
inspiratory positive airway pressure (IPAP) and an expiratory positive airway
pressure (EPAP).

BiPAP facilitates the removal of air exhaled and prevents cases of re-
breathing of CO2. It also reduces the patient's work of breathing. The main
indications to BiPAP are hypercapnic ARF, chronic obstructive pulmonary
disease (COPD) exacerbation, pneumonia, neuromuscular disorders,
dysfunction of the respiratory center (sedation/intoxication), shock

(cardiovascular/septic). (. (2)

Premises to the study

The NIV technique has spread in the last years also in semi-intensive care

areas of Emergency Medicine and in Internal Medicine departments, and it
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continues to be adopted by the departments of Intensive Care and
Pulmonary Intensive Care.

In January 2009, the department of Respiratory Diseases of the Polyclinic
Hospital of Modena underwent a transfer of seat, resulting in temporary
reduction of beds. This resulted in the need to find other places where
treating patients with ARF requiring NIV. The close collaboration with the
Respiratory Diseases department allowed the medical and nursing staff of
the Internal Medicine and Critical Area department (IMCA) to undertake a
training course to learn the methods of use of such therapy. Therefore, from
May 2010, the IMCA department could cure patients suffering from ARF by
treating them with NIV by two fans (Knight Star 335 - Puritan Bennett®),
both in CPAP and BiPAP mode.

In the department a mode of NIV in CPAP ventilation was already used, but
only provided by Boussignac mask. In 2013 two new ventilators, more
sophisticated and more potential, were then purchased by the IMCA
department (Falco 202 - Siare®).(3)

The NIV is adopted in the Internal medicine Intensive Care Unit (I.I.C.U) of
IMCA, that currently has 8 beds with the possibility of ventilation and careful
patient monitoring.

To date, there isn't any national or international protocol that indicates when
to prefer NIV to other treatments. In IMCA department of the Polyclinic
Hospital of Modena it was then drawn up a protocol for the use of NIV,
intended for patients suffering from respiratory failure with PaO2<70 mmHg
and pH <7.35. According to this protocol based on the patient’s initial
arterial blood gases (hypoxic hypercapnic or hypoxic hypo-/normocapnic)
it can be decided whether to start NIV in CPAP or BiPAP mode (Boussignac
or by ventilator), respectively.

NIV in CPAP mode: performed in 1-3 cycles of CPAP (5-12 cmH,0) of 2 hours
each with a 1-hour suspension between them. Between one cycle and the
other arterial blood gas analysis needs to be checked carefully. If there isn't
any evidence of efficacy in 12-24 hours, the therapeutic strategy needs to
e changed.

NIV in BiPAP mode: set IPAP 12-20 cmH20, changeable according to the
current volume (VC) that needs to be reached (VC = 7-10 ml x kg body
weight) and EPAP 4-10 cmH-0. Venous blood gas analysis must be checked
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2 hours after the start of ventilation and then every 4 hours. The venous
blood gas analysis must be kept under control even if there is a good initial
arterial blood gas analysis, together with the continuous monitoring of the
oxygen saturation of a patient.

BiIPAP may also be used for more days with 24-hours cycles and with
suspension during meals. Subsequently the number of hours in which the

patient undergoes BiPAP is reduced based on the blood gas values.

Aim of the study

The current study has a descriptive purpose and it aims to characterize the
application of NIV inside the Intensive care Unit (1.C.U) of IMCA department
of the Polyclinic Hospital of Modena. In particular, the study is finalized to
assess the prevalence and outcomes of this ventilation method and to
correlate them with clinical and biochemical parameters of patients treated

from January 1st, 2010 to December 31, 2014.

Materials and methods

A retrospective study was performed on patients hospitalized in IMCA
department of the Polyclinic Hospital of Modena during the period between
January 1Ist, 2010 and December 31, 2014. Recruited patients were treated,
during their hospitalization in IMCA department, with cycles of NIV,
according to the department protocol.

The study collected the following data of the selected patients, through the
analysis of the medical records: age, sex, date of admission and discharge,
number and type of co-diseases, blood tests, arterial blood gas values,
transport used to reach the emergency department (ambulance, own
transportation), first diagnosis dispatched by the emergency department,
vital signs at the entrance, cardiac ejection fraction, oxygen-therapy early
(qmbulqnce, emergency department, deportment), mode and
characteristics of NIV with reference to the pathological cause of dispatch
(cordiqc, respiratory, sepsis, other couses), therapies during hospitalization,
medical advices carried out during hospitalization (cardiology, pulmonary,

resuscitotion), discharge mode and follow-up at December 31, 2014.
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The patient records were analysed and summarized using the common
descriptive statistics: for continuous variables were used arithmetic average
+ standard deviation, while for binary or categorical variables were used
absolute frequencies and percentages proportions.

The data were then distributed and analysed by year of hospitalization. To
evaluate the differences between the groups (defined by the different year
of hospitalization) were used t-test and linear regression test for continuous
variables; chisquare test and linear and logistic regression for binary and
categorical variables.

For comparison it has been set an alpha of 0.05, considering significant
differences at levels below the alpha set. It was considered statistically
significant a value of p <0.05.

Results

From January Ist, 2010 to December 31, 2014, 1.764 patients were hospitalized
in IMCA Intensive Care Unit (11.C.U) of the Polyclinic Hospital of Modena. The
gender distribution was 60% male and 40% female, with an average age of
75.5 per years. The average length of stay was 7 days. The Tab. 1 shows the
data relating to the activity of IMCA Intensive Care Unit (1..U.C) of the
Polyclinic Hospital of Modena in the period 01/01/2010 - 31/12/2014.

Table 1. Features of the IMCA Intensive care Unit (1.1.C.U) of the Polyclinic
Hospital of Modena (data of hospitalized patients, patients treated with NIV
and discharged patients in the period 2010-2014 in absolute numbers and
percentage of total)
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2010 2011 2012 2013 2014 Total
Patients hospitalized 275 357 441 361 330 1764
- from emergency 241 333 406 298 297 1575
department 87.6% 93.3% 92% 82.5% 90% 89.3%
- from other 29* 14%* 28* 50% 25% 146*
departments 10.5% 3.9% 6.3% 13.8% 7.6% 8.3%
- from other hospitals 5 10 7 13 8 43
1.8% 2.8% 1.6% 3.6% 2.4% 2.4%
2010 2011 2012 2013 2014 Total P
Hospitalized patients 275 357 441 361 330 1.764
Patients treated with 30 44 65 88 83 310 <0.001
NIV 9.7% 14.2% 21.0% 24.4% 26.8% 17.7% '
Patients treated with 8 15 20 18 5 66
CPAP 2,6% 4.8% 6,5% 5,8% 1,6% 21,3%
Patients treated with 23 30 48 68 75 244
BiPAP 7.1% 9,4% 14,5% 22.6% 25.2% 78.,7%
2010 2011 2012 2013 2014 Total
Discharged patients 275% 324% 369% 329% 281%* 1578*
- at home 178 206 211 202 149 946
64.7% 63.6% 57.2% 61.4% 53.0% 59.9%
- intensive care 31 51 52 36 37 207
departments 11.3% 15.7% 14.1% 10.9% 13.0% 13.1%
- not intensive care 20%* 22% 42% 36* 35% 155%
departments 7.3% 6.8% 11.4% 11.0% 12.5% 9.8%
- died 46 45 64 55 60 270
16.7% 13.9% 17.3% 16.7% 21.7% 17.1%

Three hundred and ten patients (310) (over 1.764 of hospitalized patients,
the 17.7% of the total), were treated with NIV: looking deeply inside the
sample analyzed, 66 patients were treated with CPAP (21,3% of the total 310)
and 244 patients were treated with BiPAP (78,7% of the total 310).

As shown in Chart.l, over the years it has been observed a progressive
increase, statistically significant, of the percentage of patients receiving NIV
(CPAP and BiPAP mode) rising from 9.7% in 2010 to 26.8% in 2014.

Chart 1. Patients undergoing non - invasive mechanical ventilation (CPAP
and BiPAP mode) on the total of hospitalized ones in IMCA department of

the Polyclinic Hospital of Modena: variation in percentage per year of
admission.
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Table 2 shows the general features of the patients undergoing NIV with the
arrival mode in the emergency department and the cause that determined
the start of ventilation. The larger proportion of patients consists of females
(54% versus 46% of males), the average age is around 80 years and
patients with multiple diseases, defined as having four or more chronic
diseases, representing approximately 25% of the total. The number of
patients undergoing NIV who came to the hospital by ambulance remains
clearly dominant, with a percentage of 81% over the 5 years of observation.
For what concerns the diagnosis that conducts to NIV, during the years of
observation it has been noticed a prevalence, not statistically significant, of
the heart cause compared to others. The trend over the years shows a
progressive increase in the proportion of patients with respiratory causes in
2012, while for the other two causes such behaviour has not been
underlined.

Table 2. General characteristics of the population of patients undergoing
NIV in the IMCA Intensive Care Unit (I.1.C.U) in the period 2010-2104:
breakdown by year of hospitalization in absolute numbers and percentage
of the total.
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Total 2010 2011 2012 2013 2014
Sex 142 7 22 26 47 40
M 45.8% 23.3% 50% 40% 53.4% 48.2%
F 168 23 22 39 41 43
54.2% 76.7% 50% 60% 46.6% 51.8%

Average age + DS 80.1£11.1 | 79.9+11.5 | 793135 | 82.6+8.1 | 76.6+12.5 | 82.4+93

(years)
D'sfgses 233 25 34 48 64 62
= 75.9% 86.2% 77 3% 73.8% 73.6% 75.6%
S 74 4 10 17 23 20

24.1% 13.8% 22.7% 26.2% 26.4% 24.4%

Arrival mode in

emergency department 74 4 10 17 23 20
Own vehicle 24.1% 13.8% 22.7% 26.2% 26.4% 24 4%
b 250 25 32 57 67 69
TP 80.6% 83.3% 72.7% 87.7% 76.1% 94.5%
Sending diagnosis to
NIV
Cardiac 140 11 21 35 35 38
46.4% 36.6% 47 7% 54.7% 41.7% 47 5%
it 63 8 6 7 20 22
espuraiary 20.9% 26.7% 13.6% 10.9% 23 8% 27.5%
63 8 11 18 15 11
Septic 20.9% 26.7% 25% 28.1% 17.9% 13.8%
36 g 6 4 14 9

Others (neuromuscular,

G & o 0 . . o
OSAS, Mixed) 11.8% 10.0% 13.8% 6.3% 16.6% 21.3%

Tab. 3 shows the data related to the treatment of patients undergoing NIV,
analyzed by year of hospitalization. The oxygen-therapy is used already in
ambulance in the majority of cases (on average in 66% of patients), toward
80% of patients that are dispensed with antibiotic, the 93% is subjected to
diuretic therapy, 72% to steroids (predominantly inhalers), and 39% of the
patients is subjected to filling fluid challenge of at least 1000 cc/day. Among
the non-specific drugs for the treatment of the ARF, more than 80% of
patients were undergoing treatment with proton pump inhibitors.

The trend in the adoption of these drugs during the various years of
hospitalization, with few not significant variations, was stable without
showing significant trends.

Tab. 3 shows also the data related to the beginning of NIV, from 1 to 3 days
from the start of hospitalization in each year of study, and the duration of
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NIV, around 4-5 days. It also gives details about the period of time spent
from the end

of NIV and the patient discharge from hospital: with the exception of the first
year of the protocol application, where this figure stood at around 13 days, in
other years were recorded values of about 10 days.

The average hospitalization length is 16 days, a decrease in the years 2011 to
2014 compared to 2010 (around 15 and 18 days respectively).

Table 3. Therapeutic characteristics of patients undergoing non-invasive
ventilation during hospitalization in the IMCA Intensive Care Unit (I.I.C.U):
data of the years 2010-2014.

2010 2011 2012 2013 2014 Total
O>-terapy in ambulance 23 25 49 54 51 202
. o o 3
(upaients/¥6 of total) 793% | 568% | 76.6% | 628% | 622% | 662%
Hospital stay drugs
(1’1 patients/% Of tota]) 25 36 57 66 63 247
Antibiotic | g3 30, 81.8% 87.7% 75.9% 75.9% 79.9%
Diuretic 27 42 61 82 77 289
90% 95.5% 93.8% 94.3% 92.8% 93.5%
S d 22 31 43 64 63 223
terotds | 73 30 70.5% 66.2% 74.6% 75.9% 72.2%
20 38 51 70 72 251
PPI 66.7% 86.4% 78.5% 80.5% 86.7% 81.2%
' 18 26 16 20 40 120
Hydration 60% 59.1% 24.6% 23% 48.2% 38.8%
NIV average length (days + DS) 5+1 441 4+1 5+1 5+1 54+0.2
NIV start time from
hospitalization (days £ DS) =2 i i 22 203 2.5
EIS\)f end time-discharge (days + 1344 947 10+1 741 9+] 9+0.8
Carried out advices 14 23 28 40 33 138
(npatients/% of total) 467% | 523% | 43.1% 46% 39.8% | 44.7%
Cardiology
12 9 1.5 15 14 65
Pulmonary 40% 20.5% 23.1% 17.2% 16.9% 21%
Resiisaiiation 15 19 25 23 19 101
50% 43.2% 38.5% 26.4% 22.9% 32.7%
g‘;ip‘ml‘za“"“ length (days=+ 18+4 1542 16+2 1542 15+2 161

As evidenced by Chart 2, during various years of study, there is a

progressive decrease in both pulmonary advices (from 40% in 2010 to 17% in
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2014), and resuscitation advices (from 50% in 2010 to 17% of 2014). In both
cases it has been observed a linear trend that reaches statistical
significance for resuscitation advices. Instead this trend is not clear for
cardiology advices that decrease approximately from 50% in 2010 to 40% in

2014, showing although no significant fluctuations over the years.

Chart 2. Percentage of patients undergoing cardiology, pulmonary or
resuscitation advices: breakdown by year of admission (the blue line
indicates cardiology advice, the red line indicates pulmonary advice and

the green line indicates resuscitation advice).

70%

60%

50% /\
- e

40% ——

30% -

20% -
10%
0% -

2010 2011 2012 2013 2014

m===_ cardiology advice
resuscitation advice
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Table 4. Respiratory gas characteristics on arterial blood (pre-NIV values
and post-NIV) of the total patients admitted into IMCA Intensive Care Unit
(11.C.U) for the years 2010-2014.

Pre-N1V Post-N1V p
pH 7ol 7.38 < 0.001
PaO: 77.5 80.5 <0.05
PCO: 62.0 56.0 <0.001
SO2 89 93 NS
HCO3 29.0 32.8 <0.05
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Concerning the data on patients transferred to other departments of the
Polyclinic Hospital of Modena, both long-term care and ordinary stay
department and intensive ones (Respiratory Intensive Care Unit-RICU and
Post-Operative Intensive Core—POIC), it results that on average, 77% of
patients haven't been transferred in any other department. Only the 15% of
them were transferred in Intensive Care Unit (Respiratory Intensive Care Unit
or Post-Operative Intensive Care) and the 8% were not transferred to
another non-intensive department/long-term care. Analyzing each year, as
shown in Chart. 3, it appears that the non-transferred patients remained
essentially the same, while the proportion of transferred patients to intensive
departments decreases from 2012 to 2014, from 22% to 7%, mainly because
of the reduction in transfers to Post-Operative Intensive Care (POIC). This
trend is associated with a corresponding increase of the number of
transferred patients in other non-intensive department.

Chart 3. Percentage of patients not transferred from the IMCA Intensive
Care Unit (I.I.C.U)., transferred to another non-intensive department and
transferred to Intensive Care Unit (Respiratory Intensive Care Unit or Post-
Operative Intensive Care): comparison by year of admission. The blue line
indicates non- transferred patients (%), the red line indicates transferred
patients to non intensive department (%), the green line indicates
transferred patients to Intensive Care Unit (%).
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Discussion

This study attempted to evaluate whether the application of a technique,
traditionally reserved for Intensive Care Units, could also be effective in an
Emergency Medicine department. It was therefore conducted a review of
case studies on hospitalized patients in the IMCA 1I1.C.U of Polyclinic Hospital
of Modena during the period from January Ist 2010, the time of the study
start, and December 31, 2014.

According to what has been described above, in IMCA Intensive care Unit
(11.C.U) the number of ventilated patients with NIV (CPAP or BiPAP mode)
on the total of hospitalized, increased progressively over the period. This is
due to the progressive increasing skills of the providers involved and to the
modernization of available ventilators. Regarding patients undergoing NIV, it
must be remembered that these are fragile patients both for the advanced
age and for the coexistence of several comorbidity. The average age is
around eighty years (80), mostly made up by women, prevalent in this age
group. Patients with several diseases are about a quarter of the treated
patients and they increase from 2010

to 2014.

Most of the patients come to the hospital by ambulance and for the 40% of

cases there is a negative outcome (transfer to intensive care departments
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or death during hospitalization): similar data were reported in literature. (4).
(15)

The main causes leading to treat them with NIV cycles are of cardiology,
respiratory and septic nature.

The heart disease is the most represented one since 2010 and it remains like
that for all the years of observation: regarding the limited availability of
ventilators in cardiology department, patients with heart disease who
require NIV are also admitted in IMCA or intensive care unit, justifying such
figure recorded.

On the other hand, patients with respiratory diseases undergoing NIV in
IMCA department are less than what would be expected and this is due to
the fact that most of these patients are hospitalized in the Respiratory
Diseases department equipped with an Intensive Respiratory Care Unit.
However, the last two years there was an increase also in the percentage of
these patients treated in IMCA Intensive Care Unit (I.I.C.U): this could be
attributed both to the purchase of the new ventilators in 2013, which allowed
the department to treat patients with hypercapnic ARF more effectively,
both to the greater confidence acquired by providers.

In these patients, NIV is then started with the specific pharmacological
therapy for various patterns of disease. The use of those drugs (diuretics,
steroids and cmtibiotics), mainly administered in patients with cardiac,
respiratory and septic diseases, has been studied. During the years there
were no significant variations in their use and this is correlated to the
substantial stability of the types of patients treated. During the study an
high percentage of patients treated with proton pump inhibitors, drugs not
related directly to the ARF but among the most prescribed in the general
population,(2) has been noticed.

NIV is started on average from 1to 3 days after admission and continued for
4-5 days. This finding doesnt change over the years of observation.

It is also interesting to note a decrease of the amount of time between the
end of treatment with NIV and the patient’s discharge. This result is probably
related to either the effectiveness improvement of the therapeutic approach
and to the most experienced operators, together with the modernization of
the instrumentation.
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Even the reduction of specialist advices requests, particularly pulmonary
and resuscitation advices, and the significant decrease of transfers to
intensive care department can be evaluated positively, providing further
proof that the IMCA health workers training provided by pulmonologists has
been effective.

Among the other parameters used to evaluate the effectiveness of NIV, the
values of the arterial blood gas of the study population before and after
treatment with NIV showed a significant improvement in all parameters.
Concerning the results of treatment with NIV, patients were discharged to
home in about 55% of cases, a slightly lower value compared to the total
population of hospitalized in IMCA Intensive Care Unit (I1.C.U).

Regarding this issue, it should be noted that patients ventilated for ARF are
on average older (80 years vs. 75.5) and they were suffering from diseases
that give a great disability. This should be considered in the interpretation of
data related to the percentage of deaths, about 28%, and to the percentage
of discharged patients in other healthcare facilities or in residential care
homes, about 17%.

Analyzing the trends over the years of patients who died, the trend of
patients hospitalized in 2012 becomes evident. In fact it must be
remembered that in that year the organization, management and clinical
activities within the Polyclinic Hospital of Modena suffered from the effects
of the earthquake in May 2012. This calamity caused an increase and a
change in the profile of patients admitted in IMCA Intensive Care Unit
(1L.C.U). The analysis of the percentages of the transferred patients in
intensive departments during the study period is another indirect efficacy
parameter of NIV in U.T.LI. Area. The trend of transferred patients to
Respiratory Intensive Care Unit (RICU) decreases gradually from 2011 to 2014
and also the trend of patients transferred to Post Operative Intensive care
(POIC), decreases from 9.7% in 2010 to 1.2% in 2014, with the exception of the
year 2012.

Conclusions

Thanks to cooperation with pulmonologists and intensive care specialists,

by 2010 it was possible to introduce NIV among the therapeutic modalities
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provided by the Internal Medicine and Critical Area Intensive Care Unit
(11.C.U) of the Polyclinic Hospital of Modena. The data analysis has revealed
over the years a gradual increase in treated patients and a gradual
improvement of indirect outcome parameters, such as transfers to Intensive
Care Units and the use of expert advices.

This demonstrates the quality of the training of the department’s health
workers and the effectiveness of the modernization of the devices in use.
The ability to treat patients with acute respiratory failure in internal medicine
departments might allow to start faster an appropriate treatment and

might have a positive impact on the cost/benefit ratio.
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