Inter Med 49: 1159-1162, 2010 DOI: 10.2169/internalmedicine.49.3191

a) b)

Figure 2. Chest X-ray showing change in the left upper lobar atelectasis on a) postoperative day
(POD) 15 and b) POD 27. Photo of patient on ventilator is shown in ¢). Notice that atelectasis ex~
isted during mechanical ventilation on POD 15 (Fig. 2a) but was not present during NPPV treat-

ment on POD 27 (Fig. 2b).

could easily open the vocal cords and assist ventilation. As
described in our previous report, when NPPV is given to
children, especially infants, this age group of patients gener-
ally refuses it initially, but will eventually come to accept
the treatment once they see how it alleviates their symptoms
such as dyspnea (1, 2). However, in the present case, the pa-
tient had never accepted NPPV treatment for his severe
dyspnea as this could not be alleviated by NPPV. It is im-
portant to choose treatment carefully when deciding if a pa-
tient should receive NPPV under sedation or conventional
mechanical ventilation via thoracostomy. In recently pub-
lished original research papers and reviews, both intubation
and tracheostomy were said to be associated with a number
of adverse effects and, particularly in the pediatric popula-
tion, complication rates of mechanical ventilation were as
high as 40% (9), and those of tracheostomy as high as
51% (10). In addition, in our considerable and successful
experience of NPPV treatment in pediatric patients (1-4), we

generally use NPPV initially while we monitor and fully
prepare for the conversion to endotracheal ventilation. In ad-
dition to NPPV treatment, however, sedation proved helpful
for the current patient as mentioned above, and his symp-
toms and extent of lung collapse improved, as shown on the
chest X-ray. During NPPV treatment of pediatric patients,
including this case, it is important to watch for abdominal
distension, which could induce vomiting and aspiration. To
protect against these problems developing, we regularly
check abdominal X-rays, in addition to careful physical in-
spection. We usually use a nasal mask and insert a gastric
tube if necessary. Such cases may also occur in adults. At
the start of treatment with NPPV, patients sometimes hesi-
tate to use it because of discomfort. In such situations, we
should intubate these patients, and use a ventilator if re-
quired (11). However, if the patient does not want to be in-
tubated, it might be necessary to continue NPPV treat-
ment (12). In these situations, NPPV treatment with sedation
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may be helpful.

Monitoring sedation is an important issue. We used seda-
tion to decrease the patient’s excessive effort of breathing,
which was thought to be worsening his stridor. Thus, we
monitor our patients by the clinical assessment of the effort
of breathing and stridor. It has been reported that most phy-
sicians monitor patients who are sedated during NPPV treat-
ment by the clinical end points rather than by using a seda-
tion scale widely used in ICU practice (8, 13). In the future,
a sedation scale for NPPV treatment should be developed
according to the accumulated experience. In addition, mor-
bidity with symptoms might be improved by NPPV (12), as
indeed was observed in this case.

UVCP is not an uncommon cause of perioperative postex-
tubation failure, and its incidence after pediatric cardiac sur-
gery ranges between 0.7% and 8.8% (14). One-third of pa-
tients with iatrogenic UVCP recover vocal function within
1.5 to 6.6 months (15). In the present patient, NPPV with
sedation was effective not only in postextubation manage-
ment of UVCP, but also in improving atelectasis, which is

contrary to previous no-sedation strategies. Postoperative vo-
cal cord paralysis occurs not only in infants, but also in
adults. Therefore, we may encounter similar cases in adults
as what we have described here in a 3-month-old in-
fant (16-19).

Despite the limited clinical experience, this case clearly
illustrates the utility of sedation in NPPV for a patient with
postoperative vocal cord paralysis. In addition, NPPV with
the proper sedation may be given to adult patients, including
the elderly, who do not wish to be intubated. Proper seda-
tion means that which appears to lead to a decrease in sev-
eral symptoms such as dyspnea, discomfort, and anxiety and
would allow the patient to continue to receive NPPV treat-
ment. Because patients have worse outcomes, including
death, when they fail on NPPV treatment, compared with
those who avoid endotracheal intubation, the maintenance of
a patient’s comfort in the absence of insufficient respiratory
drive is an important goal of the therapy in order to opti-
mize the chances of successful NPPV treatment (5-8).
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ABSTRACT

Background and objective: Although non-invasive
ventilation (NIV) has been shown to be effective in a
wide variety of respiratory diseases, its role in severe
asthma attacks remains uncertain, The aim of this
study was to clarify the effectiveness of NIV in patients
experiencing severe attacks of asthma.

Methods: A retrospective cohort study was per-
formed, comparing the periods November 1999-
October 2003 (pre-introduction of NIV) and November
2004-October 2008 (post-introduction of NIV). The
data and clinical outcomes for patients who experi-
enced severe attacks of asthma, and who fulfilled the
inclusion criteria, were retrieved and compared.
Results: Fifty events (48 patients) from the pre-NIV
period and 57 events (54 patients) from the post-NIV
period, which required hospitalization, were included
in the analysis. Nine of the 50 pre-NIV events (mean
PaO,/fraction of inspired O, (FiO:) 241 * 161; PaCO,
79 £ 40) were treated primarily by endotracheal intu-
bation (ETI), while 17 of the 57 post-NIV events (PaO,/
FiO, 197 * 132, P=0.39; PaCO. 77 = 30, P = 0.95) were
treated primarily by NIV. The rate of ETI decreased in
the post-NIV period (2/57 (3.5%) vs 9/50 (18%),
P =0.01). NIV was started earlier than mechanical ven-
tilation (MV) with ETI (mean time interval between
arrival and start of MV 171.7 £ 217.9min vs
38.5 = 113.8 min for NIV, P <0.05). In the post-NIV
cohort, there was a trend towards a reduction in the
duration of MV with ETI or NIV (36.9 £38.4h vs
20.3 = 35.8 h, P=0.09), and hospital stay was short-
ened (12.6 * 4.2 vs 8,4 * 2.8 days, P < 0.01). No deaths
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SUMMARY AT A GLANCE

The effectiveness of non-invasive ventilation (NTV)
in patients with severe attacks of asthma was
assessed in a retrospective cohort study compar-
ing data from before and after the introduction of
NIV. Introduction of NIV was associated with a
reduction in the need for intubation in patients
with severe attacks of asthma.

occurred during this period as a consequence of
asthma attacks.

Conclusions: The need for ETI in patients with severe
attacks of asthma was decreased after introduction of
NIV. The ready availability of NIV enabled the rapid
commencement of MV and may decrease the need for
ETI. NIV is an acceptable and useful method of stabiliz-
ing patients experiencing severe attacks of asthma.

Key words: asthma, asthma attack, intubation, me-
chanical ventilation, non-invasive ventilation.

INTRODUCTION

Over the past 20 years, probably the most important
advance in the field of mechanical ventilation (MV)
has been the development of non-invasive ventilation
(NIV) as a tool for the management of respiratory
failure. NIV has been shown to be effective in a wide
variety of clinical settings, including acute exacerba-
tions of COPD (AE-COPD) and cardiogenic pulmo-
nary oedema.™ However, the role of NIV in patients
experiencing asthma attacks remains controversial
due to insufficient evidence.>® In particular, no clini-
cal trials have been carried out in severe and life-
threatening asthma attacks. The use of NIV for severe
asthma attacks appears to be promising, as NIV
reduces dyspnoea by decreasing the workload of
fatigued respiratory muscles, and improves gas
exchange by enhancing ventilation.™

Respirology (2010) 15, 714720
doi: 10.1111/j.1440-1843.2010.01766.x



Trial of NIV for severe asthma attacks

Since the full introduction of NIV at our hospital in
2004, we have been evaluating the use of NIV, not only
for AE-COPD, but also for other conditions involving
acute respiratory failure, including asthma attacks.'
Although nine patients who underwent treatment
with NIV were included in that previous report, the
overall management of patients experiencing asthma
attacks has not been well described. We hypothesized
that a trial of NIV in patients experiencing severe
attacks of asthma would be associafed with a decrease
in endotracheal intubation (ETT). To test this hypoth-
esis, we retrospectively analysed the records of more
than 100 patients admitted with severe attacks of
asthma, before and after the introduction of NIV,

METHODS

Introduction of non-invasive ventilation to
the hospital

Non-invasive ventilation was introduced in this 900-
bed urban tertiary teaching hospital at the end of
2003, and has been fully utilized since mid-2004.
Bilevel positive airway pressure or CPAP is adminis-
tered by NIV (BiPap Vision; Respironics, Oakland, CA,
USA), using a high-flow oxygen blender that allows
oxygen concentrations up to 100%. Before the intro-
duction of NIV, there was no choice other than to
perform ETI when MV was required. In contrast, NIV
can now be started at any time, unless there are con-
traindications to its use in particular patients.

Subjects

‘We screened all medical records of patients admitted
to the hospital for treatment of an asthima attack over
two 4-year periods: November 1999-October 2003
(pre-introduction of NIV) and November 2004~
October 2008 (post-introduction of NIV). The inchi-
sion criteria were as follows: (i) patients diagnosed
with bronchial asthma in accordance with the Global
Initiative for Asthma guidelines;™* (i) at least 16 and
<80 years of age; and (iii) duration of asthma attack
<7 days. To exclude patients with concomitant dis-
eases and/or those who were not suitable for NIV
treatment, the following exclusion criteria were
applied: (i) smoking history >10 years or history of
COPD; (ii) known chronic pulmonary disease other
than asthma; (iii) ETI for cardiopulmonary arrest; (iv)
ETI of comatose patients (Glasgow coma scale <8); (v)
haemodynamic instability defined as heart rate >150
beats/mmin, or systolic blood pressure >90 mm Hg;
(vi) history of heart failure; (vii) pneumonia; (viii) lung
cancer; (i¥) pneumothorax or mediastinal emphy-
sema; and (x) pregnancy. Finally, only patients who
fulfilled at least two of the following criteria on arrival
were included in the analysis: (i) required supplemen-
tal oxygen to maintain Sa0,>90% or PaO.>

60 mm Hg; (ii) PaCO,>45 mm Hg; (i) respiratory

rate >30 breaths/min; and (iv} use of respiratory
accessory muscles. If the same patient was admitted

© 2010 The Authors
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more than twice with an asthma attack within
3 months, only the first event was included in the
analysis. Data analysis was performed only by the
co-authors, and the use of all data was approved by
the institutional review board.

Management of patients

All patients underwent initial assessments that
included a history, physical examination and CXR.
Conventional medical treatments, such as inhaled B,
agonists, intravenous corticosteroids and subcutane-
ous adrenaline were administered as required. If MV
had already been applied or would be applied soon,
patients were transferred to the intensive care unit
(ICU) or the intermediate care unit in the emergency
department. In all cases, a physician and other
medical staff monitored patients closely, so that ETI
could be performed promptly at any time.

Mechanical ventilation with endotracheal
intubation prior to the introduction of
non-invasive ventilation

Although the decisions regarding ETI were based on
clinical judgements, the following factors were con-
sidered to be indications for ETI: (i} unable to main-
tain Sa0,>90% even with maximal supplementary
oxygen (10-15 L/min); (ii) hypercapnia and/or respi-
ratory acidosis (PaCO,>55mm Hg and/or pH<
7.25); (iii) altered level of consciousness; and (iv) pro-
gressive exhaustion and fatigue. During MV, pressure
support ventilation was adjusted so that expired tidal
volume was 6-8 mL/kg, and fraction of inspired O,
(FiQ,} was titrated so that SaQ,>90%. Expiratory
positive airway pressure was also adjusted so as to
improve patient-ventilator interaction by attenuating
the inspiratory muscle effort required to trigger inspi-
ration. If there were no signs of spontaneous failure of
breathing or desaturation (Sa0, < 90%), the patient
was extubated after a 30- to 120-min trial of a T-piece.
Sedatives, such as midazolam or propofol, were used
if necessary.

Patient management following the
introduction of non-invasive ventilation

Patients fulfilling the indications for MV with ETI were
candidates for a trial of NIV, unless there were con-
traindications to its use. NIV was discontinued and
ETI was performed when patients presented with any
of the following: (i) deterioration of SaQ, and/or arte-
rial blood gases (ABG) while on NIV; (ii) haemc-
dynamic instability; (iii} deterioration in the level of
consciousness; (iv) intolerance of a face mask; or (v) at
the request of the patient. During NIV, pressure
support ventilation was delivered through a full face
mask (Comfort Full 2; Respironics Inc., Murrysville,
PA, USA). During the weaning process, NIV was
stopped and administration of oxygen through a
Venturi mask was commenced when the patient was
able to maintain SaQ. > 90% with a FiO; 0 0.21-0.3.

Respirology (2010) 15, 714-720
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Statistical analysis

Evaluation of outcomes was based on the following
factors: type and duration of MV; length of stay in
hospital and ICU or intermediate care unit; require-
ment for sedation; timing of ETI and NIV; reasons for
discontinuation of NIV; initial ventilator settings; and
survival. Sequential ABG data for patients receiving
MV were recorded at baseline and at 2- to 6-h inter-
vals. In addition to the cohort analysis, subset analysis
was also performed, comparing patients who were
primarily managed by NIV with those who were pri-
marily managed by MV with ETL

In the cohort analysis, unpaired z-tests were used to
assess differences in continuous variables and chi-
square tests were used for categorical variables. The
Mann-Whitney U-test was used for continuous vari-
ables in the subset analysis because of the small
number of cases. Changes in ABG from baseline were
assessed by repeated measures analysis of variance
(ANOVA). Two-tailed P-values < 0.05 were considered
statistically significant. All statistical analyses were
performed using JMP 7.0.2 statistical software (SAS
Institute Inc., Cary, NC, USA).

RESULTS

In the periods pre- and post-introduction of NIV, 279
and 261 admissions related to asthma attacks,
respectively, were screened. Fifty events (48 patients)
from the pre-NIV period and 57 events (54 patients)
from the post-NIV period fulfilled the criteria for
severe asthma attacks and were included in the
analysis (Fig. 1). Two patients were admitted on
one occasion each, in both the pre- and post-
introduction periods. In total, the two cohorts
included nine patients managed by MV, who were
also included in our previous study investigating the
efficacy of NIV for acute respiratory failure due to

K Murase et al.

any cause." In the previous study, a tentative diag-
nosis was made on arrival and the screening period
was shorter; therefore, the number of patients
receiving MV in this study is not consistent with the
numbers in the previous study.

The patient characteristics, vital signs, Pa0,/FiO,
ratio and PaCO, at baseline were similar for both
groups. However, in the post-introduction period
more patients were regularly taking inhaled corticos-
teroids and long-acting [, agonists than in the pre-
introduction period (Table 1). The medications used
during asthma attacks were not significantly different
between the two groups (Table 2).

In the pre-introduction period, ETI was the primary
treatment for eight patients. For the other 42 events,
manual respiratory support with a bag valve mask
was used for three patients, with one of these patients
requesting ETI after 30 min due to respiratory muscle
fatigue. A total of nine patients were intubated. In
contrast, ETI was not used at all as a primary treat-
ment, during the post-introduction period. Instead,
NIV was used for 17 patients. NIV failed in two of
these patients and they required ETI. One patient was
intubated after 20 min due to intolerance of the mask
and extreme agitation. The other patient was intu-
bated due to deterioration in ABG 75 h into NIV and
recurrence of asthma during weaning from NIV, Only
these two patients were intubated (Fig. 2). Over the
8-year study period, no patient received MV more
than twice. The rate of ETI was significantly lower in
the post-introduction period than in the pre-
introduction period (Table 3).

The length of hospital stay was significantly shorter
in the post-introduction than the pre-introduction
period (10.8 * 6.4 days vs 7.9 + 4.1 days, P<0.01),
whereas the lengths of stay in the ICU or intermediate
care unit were similar (32.1 = 29.0hvs 26.3 £ 29.4 h,
P=0.3).

In the subset analysis for those who received MV,
there were no significant differences in severity

Pre-introduction of NIV Post-intreduction of NIV
{November 1999—October 2003) (November 2004-October 2008)
278 events 261 events
12 did not fulfi 20 did not fulfil
in¢lusian criteria
[ e s
First episoce of asthma 1 Fist ept o osthma 2
267 241
102 excluded 80 excluded
COPOor COPDor
ing 49 king 32
Pneumenia 13 Fosumonia 15
[LX] wr7
Heart falura 11 Hearl failurs 9
CPA4 SFA a .
:noumgofsx 2 :In:‘i::::ﬂ?cr? 1 103 mild and
Tramfared t nclher £15 mild and Pulonary ambolism 2 2“""”“8 asthma  pigure1 Diagram showing selec-
et pationts moderate asthma = > O™ 3 repeated tion of patients experiencing ssvere
€71 for coma 1 pea attacks of asthma. CPA, cardiopul-
admission
monary arrest; ETl, endotracheal
50 events §7 events intubation; IF, interstitial pneumoni-
(48 patients) (54 patients) tis; NIV, non-invasive ventilation.
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Table 1 Baseline characteristics of patients experiencing severe attacks of asthma, pre- and post-introduction of NIV

Pre-introduction Post-introduction

of NIV {n=50) of NIV {n=57) P-value
Age, years 45.6 = 20.0 520178 0.08
Women, n (%) 32(64) 42 (74) 0.28
Duration of asthma, years 13,1 £ 11.7 12,1 = 107 0.65
Duration of attack, days 238 =171 1.84 = 1.08 0.05
Systolic arterial blood pressure, mm Hg 135.1 £ 27.9 139.6 = 28.0 0.43
Heart rate, beats/min 109.3 = 19.8 111.4 + 19.0 0,58
Respiratory rate, breaths/min 30.2 = 6.18 27.9 + 8.69 0.39
Pa0y/Fi0; ratio 2188 = 111.0 204.7 = 99.1 0.49
PaCO, mm Hg 57.6 x27.4 56.56 £ 25.5 0.84
pH 7.29 £ 0.16 7.30 £ 0.18 0.52
Use of accessory muscles, (%) 27 (54) 38 (67) 0.18
GCS 147 £ 0.8 147+ 1.0 0.93
Long-term use of inhaled corticosteroids, n {%) 14 (28} 28 (49) 0.02
Long-term use of inhaled LABA, n (%) 2 (4} 19 (33} <0.0001
Long-term use of systemic corticosteroids, (%) 4 (B%} 3 (8%) 0.57

Data are mean = SD, unless otherwise indicated.

FiO,, fraction of inspired oxygen; GCS, Glasgow cormna scale; LABA, long-acting B, agonist; NIV, non-invasive

ventilation.

Table 2 Medications administered to patients experiencing severe attacks of asthma, pre- and post-introduction of NIV

Pre-introduction

Post-introduction

of NIV {n=50) of NIV (n=57) P-value
Inhaled bronchodilator, n {%) 50 {100} 57 (100} 1.00
Methylprednisclone (i.v.}, mg! 128.4 £ 96.9 149.1 + 80.3 0.23
Adrenaline {(subcutaneous), n (%) 18 (36} 18 (32) 0.63

"Maximum dose per day through the hospital stay {mean = SD). If corticosteroids other than methylprednisolone
were used, the dose was converted to methyiprednisolone equivalents.

NIV, non-invasive ventilation.

{Table 4). NIV was started significantly earlier than
MV with ETI (mean time interval between patient
arrival and start of MV 1717 £217.9min vs
38.5 + 113.8 min for NIV, P < 0.05). In the NIV cohort,
there was a trend towards a reduction in the duration
of MV with ETI or NIV (36.9 = 38.4hvs 20.3 = 358h,
P=0.09), and hospital stay was shortened
(12.6 % 4.2 days vs 8.4 = 2.8 days, P < 0.01) (Table 4).
In both groups ABG improved rapidly 2-6 h after the
initiation of MV, The levels of conscicusness of all
confused patients in the NIV cohort returned to
normal within 26 h, except for one patient in whom
NIV failed (Fig. 3). NIV was well tolerated and caused
no complications. None of the 17 patients required
sedation while receiving NIV. In contrast, all 11
patients who were intubated, including the two
patients in whom NIV failed, received continuous
sedation (Table 4). No complications occurred as a
result of delaying intubation in the two patients who
failed to respond to NIV, Retention of secretions was
not a problem. All patients included in this study sur-
vived and were discharged.

©® 2010 The Authors
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DISCUSSION

This study showed that the rate of ETI for patients
with severe attacks of asthma was significantly
reduced after the introduction of NIV, without wors-
ening the prognosis for the patient. Based on the
absence of major progression of treatment during the
screening period, introduction of NIV appears to be
strongly associated with a reduction in the number of
patients requiring intubation.

In the present study, NIV was started significantly
earlier than MV with ETI. Because ETI is difficult and
risky in patients experiencing an attack of asthma,
much time is often wasted in trying to decide whether
or not it should be performed. Indeed, it has been
suggested that intubation of patients with severe
attacks of asthma should be performed in a controlled
setting by a physician with extensive experience in
airway management.” The easy and more rapid avail-
ability of NIV enabled the implementation of MV
early in the course of the asthma attacks and may
have led to a reduction in the rate of ETI and low

Respirology (2010} 15, 714-720
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Pre-introduction of NIV
{November 1999-October 2003)

50 events

Primary intubation 8

—

Attempt of manual NIV trial 17

Intubated 8

intubated 2

K Murase et al.

Post-infroduction of NIV
(November 2004—October 2008)

57 events

Primary intubation 0

—

support 3 l
Failed and Failed and
intubated 1 intubated 2 Figure 2 Diagram showing man-
| | agement of patients experiencing

severe attacks of asthma. NIV, non-
invasive ventilation.

Table 3 Clinical outcomes in patients experiencing severe attacks of asthma, pre- and post-introduction of NIV

Pre-introduction

Post-introduction

of NIV {n=50) of NIV {n=57) P-value
MV (NIV andfor MV with ETI), n {%) 9{18) 17 (30} 0.15
ETI, n (%) 9 (18) 2(2)t {4) 0.01
NIV, n{%) 01{0) 17 (30} <0.0001
Hospital stay, days 10.8 £ 6.4 7.9 4.1 <0.01
Stay in ICU or intermediate care unit, h 32.1+29.0 26.3+29.4 0.30

H) denotes the number of patients for whom NIV failed. Data are mean = SD unless otherwise indicated.
ETI, endotracheal intubation; ICU, intensive care unit; MV, mechanical ventilation; NIV, non-invasive ventilation.

mortality by preventing deterioration in the conditicn
of the patients. Moreover, most patients in the present
study began to improve relatively quickly and did not
require MV for a long period. The use of NIV may also
be a good strategy for giving patients time to respond
to other conventional medical treatments. It is pos-
sible that NIV may be overused because of its ready
availability. However, in the manner in which it was
utjlized in this study, when indicated and under
supervision, NIV did not appear to lead to serious
adverse events.

Mortality among patients experiencing severe
attacks of asthma varies considerably between
studies.’>® Afessa etal reported that mortality
among patients who required MV was as high as 21%.
However, this may have been partly a consequence of
cardiopulmonary arrest, which was excluded from
the present analysis.’*'? Although none of the patients
included in the present study died, the severity of
their asthma attacks did not seem to differ signifi-
cantly from that of the patients in other studies, as
judged by the results of ABG analyses and the defini-
tion of severe asthma attacks in the consensus
guidelines,'>18-20

Some previous trials have reported on the benefits
of NIV in asthma attacks.?’* However, based on the

Respirology {2010) 15, 714-720

results of ABG analyses, the asthma attacks were more
severe in the present study than in the two previous
studies focusing on severe asthma®?* (Tables 1,4). Itis
difficult to conduct a randomized controlled trial of
MV for patients with severe asthma, because this
could potentially deny access to a promising treat-
ment modality. Holley et al. initiated a trial to deter-
mine whether NIV would reduce the need for ETI, but
the trial was terminated prematurely because of this
ethical problem.? Because prospective evaluation of
the role of NIV in life-threatening asthma attacks is
quite difficult, the present retrospective study may be
of clinical significance.

Non-invasive ventilation was used even in seven
confused patients. Altered consciousness may be
considered a relative contraindication to NIV because
of poor cooperation and the risk of pulmonary aspi-
ration. However, successful application of NIV in con-
fused patients has been reported previously.? In the
present study, almost all the patients who received
NIV showed rapid improvement in cognitive func-
tion, as well as respiratory status. However, NIV
cannot always replace MV with ETI. As patients with
severe attacks of asthma may deteriorate rapidly, it
seems sensible to use NIV in settings where close
monitoring and prompt intubation are possible.®!

© 2010 The Authors
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Table 4 Subset analysis comparing data for patients who were managed primarily by NIV, including those for whom
NIV failed and those who were managed primarily by MV with ETI

MV with

ETI (rn=9) NIV {r=17)} P-value
Women, n {%) 7(78) 14 (82} 0.94
Age, years 47.6 = 16.3 54.6 = 17.8 0.31
Pa0,/FiO, ratio 241.8 = 160.9 197.1 + 132.3 0.39
PaCO; mm Hg 79.0 * 39.7 76.8 £ 299 0.95
pH 7.18 = 0,18 7.18 £ 0.17 0.8
GCS 13.3+1.8 13.8£16 0.39
Time fram arrival to start of MV <30 min, n (%) 4 (44} 16 (94) <0.01
Time between arrival and start of MV, min 171.7 £ 217.9 38.5 = 113.8 <0.05
Intubated, n (%) 9 {100} 2t (12 <0.0001
IPAP, cmn H,0 144 * 6.4 12.4 = 43 0.34
EPAP, cm H,0O 51+15 56+18 0.46
FiO; 0.39 + 0.03 0.67 =0.29 0.08
Hospital stay, days 126 * 4.2 8.4+28 0.01
Stay in ICU or Intermediate care unit, h 60.3 * 40.3 48,9 =+ 45,7 0.3
Duration of MV, h 36.9 % 384 20.3 £35.8 0.08
Use of sedation, (%) 9 {100} 2t (12) <0.0001

Data are mean = SD unless otherwise indicated.

tBoth these patients were intubated after failure of NIV. Patients were sedated only during MV with ETL.

EPAP, expiratory positive alrway pressure; ET), endotracheal intubation; FiO,, fraction of inspired oxygen; GCS,
Glasgow coma scale; ICU, intensive care unit; IPAP, inspiratory positive airway pressure; MV, mechanical ventilation;
NIV, non-invasive ventilation.
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Figure 3 Changes over time in (a) PaOy/FiO; (P/F} ratio, (b) PaCQ,, () pH and {d) Glasgow coma score (GCS), in patients
experiencing severe attacks of asthma who were managed by mechanicat ventilation (MV) with endotracheal intubation
{(ET1) or by non-invasive ventilation (NIV}. Values were compared by repeated measures analysis of variance. There were
no significant differences between patients receiving MV with ETl or NIV, GCS improved after 2-6 hin all patients except
for one patient in whom NIV failed. Levels of consciousness could not be evaluated precisely in patients receiving MV
with ETI because of continuous sedation. {~} NIV; (—} MV with ETL. FiQ,, fraction of inspired oxygen.
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This study has some limitations. First, because of the
refrospective design, it was not possible to elucidate
the possible effects of confounding factors, such as
increased frequency of use of long-acting B, agonists
and inhaled corticosteroids use, as well as utilization
of beds. Second, some patients with undiagnosed
COPD may have been included, because asthma and
COPD may have similar physiological features.3*
Third, it was not possible to perform pulmonary func-
tion tests during the asthma attacks because the
results would not have been reliable.

In conclusion, NIV is an acceptable and useful
method of stabilizing respiratory status in patients
with severe attacks of asthma. The ease of application
and more immediate availability of NIV enables the
earlier commencement of MV, and may decrease the
need for ETL Prospective randomized studies,
although ethically difficult to perform, would help to
confirm these results.
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