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Summary. Background: Noninvasive positive pressure ventilation (NIMV) has been
proposed in COPD patients with acute respiratory failure (ARF) in order to avoid endotracheal
intubation and to improve immediate outcome. In our study, we aimed to compare the early results
of medical treatment alone to medical treatment plus NIMV in the acute exacerbation of COPD.

Methods. Between may 2007 to august 2010, a total of 56 COPD patients with ARF were
recruited. A total of 26 were assigned to medical therapy and 30 to medical therapy plus NIMV.

Results. The two groups had similar clinical characteristics on admission to the hospital.
Arterial oxygen pressures (PaO;) were significantly increased after treatment in both medical
treatment group (from 58.1+11.1 to 75.8+31.2 mmHg, p<0.05) and NIMV group (from 58.1+1.8 to
69.3+18.1 mmHg, p<0.05). The effect of NIMV on arterial carbondioxide pressures (PaCO,) and
Ph was more prominent than medical treatment alone. PaCO; was significantly improved from the
first hour until the discharge only in NIMV group (from 73.5 = 4.7 mmHg to 69.8+12 mmHg and
52.1£7.6 mmHg p<0.05 respectively) however, while there was no difference in medical treatment
group in the first hour (55.8+5.1mmHg to 55.3+5.4mmHg, p>0.05), however PaCO; improved on
discharge (55.8+5.lmmHg to 48.2+6.6 mmHg).

There was no statistically significant difference in the respiratory rate improvement and the
number of patient required mechanical ventilation in both groups.

The mean hospital stay was significantly shorter for patients receiving NIMV than medical
treatment alone (16+8 days vs. 25+10 days, P=0.005). Hospital survival rate was not significantly
different in both groups.

Conclusions. In selected patients with acute exacerbations of COPD, the NIMV with
medical treatment improved arterial blood gases earlier than medical treatment alone and shortened
the length of the hospital stay. However no difference in mortality rate was found between two
groups in the early period.
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Pe3rome. HpOﬁJIeMaTI/IKa: HEHWHBA3MBHAs1 BCHTWIISILHUA C IIOJOXHUTCIIBHBIM JAaBJIICHUECM
(HBII/]) pexomenayercss mpu OCTpOd XpOHMYECKOM abixarenbHOl Henocrarounoctu (OXIH) y
6onpHpIXx XOBJI B 1mensx HENONMYHIEHHS Ppa3BUTHUSA SHAOTPAaXealbHON UHTY0aUMH H
YCOBCPIICHCTBOBAHUA KOHCYHOI'O PE3yJIbTaTa. HeJ’ILIO HUCCIICA0BAHUS CTAJIO CPABHCHUC PE3YIILTATOB
MCHHKaMCHTOBHOﬁ TCparunuu OCTpOI>'I XpOHquCKOﬁ ,HLIX&TCHBHOﬁ HEAOCTATOYHOCTU Y OOIBHBIX
XOBJI ¢ pesynpraramu 1MoJJ0OOHON Tepanuu, HO YK€ ¢ IPUMEHEHUEM HEeMHBa3UBHON BEHTHIIALIUU C
ITIOJIOKHUTCIBHBIM JaBJICHUCM.

Mertoani: B nepuon ¢ Mag 2007 roga no asryct 2010 roma st ydactus B UCCIEIOBaHUU
ObUTI0 HaOpaHo, B 00mIel crnoxkHocTH, 56 6ompHBIX XOBJI ¢ OX/IH. 26 u3 HUX ObLTM Ha3HAYECHHI HA
MCIUKAMCHTO3HOC JICUCHHUC, OCTAJIbHBIC 30 IIalITUCHTOB ObLIM Ha3HAYEeHLI Ha MCOAUKAMEHTO3HOC
JedeHue ¢ npuMeHenueMm rroc HBIII.

Pe3yJII>TaTbIZ Ha MOMCHT TIOCIHUTaIu3allu ITallMCHTbhI Kaxcz[oﬁ rpynnbl UMEJIHA CXOXKHUC
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KJIMHUYECKUE TOoKazaTenu. llocie ocymiecTBieHus: JeUeHHUs apTepHajIbHOE AABICHHE KHUCIOPOJa
(PaO,) 6bLIO BecbMa BHICOKUM Kak B TPYIIIEe OOBIMHOTO MEIUKaMeHTO3HOTo JieueHus (ot 58.1+11.1
no 75.8€31.2 mm pr.ct., p<0.05), Tak U B Tpynmne MEAUKAMEHTO3ZHOTO JICUYECHHUS C MPUMEHEHHUEM
HBIIJ] (ot 58.1£1.8 mo 69.3£18.1 mMm pr.ct, p<0.05). Dddekr, npoussencunpiii HBIIJ Ha
aprepuanibHoe naBiieHue auokcua yniepoaa (PaCO;) u Ph Obur Gosiee 3amereH, yem sddekr ot
OOBIYHOTO MEIMKaMEHTO3HOTO JieueHus. PaCO; 3HAYUTENHHO YIYYIIHIOCH C TIEPBOTO Haca Jo
BbIUCKHU ToJbKO B rpynne HBIIJ (ot 73,5 + 4,7 MM pr.cT. g0 69,8 + 12 mm pr.ct. u 52,1 + 7,6 Mmm
prct. <0,05 COOTBETCTBEHHO), OJHAKO, HECMOTpsl Ha TO, 4YTO B TIpynne OOBIYHOTO
MEIMKaMEHTO3HOTO JICYCHHUSI B TIEPBBIA Yac HE HAOIIONAIIOCh 0CO00# pa3HUIIBI B TOKazaTensx (OT
55,8 £ 5.1 MM pr.ct. 10 55,3 + 5.4 MM pr.ct, p> 0,05), K MOMEHTY BBIIMCKU HALUEHTOB OHU
yayamunauck (ot 55,8 £ 5.1 MM pr.cT. 10 48,2 £+ 6,6 MM PT.CT.).

B o0eux rpymmax He HaOIIONAIOCh CTATUCTHYECKH 3HAYMMOTO DPA3JIMYMs B IOKA3aTENSIX
VAYYIIEHHUs] YacTOTHl JBIXaHUS W YHCIA TAMEHTOB, KOTOPHIM HEOOXOIMMa WCKYCCTBEHHAS
BEHTHIISIS JIETKHX.

Cpenssist IpOIOIDKUTENFHOCTD TOCHUTAN3AIMH OblJIa 3HAYUTEITFHO KOPOYe JUIS TTallMeHTOB,
MOJIY4AOUIUX MEIUKAMEHTO3HOE JiedueHue ¢ npumeHeHueM HBII/I, yem y TeXx, KTo mpoxomu
o6bryHOE Jneuenue (16 £ 8 mueit mporus 25 = 10 mueir, P = 0,005). Yacrora BbDKMBaHUS HE
paznuyanach B 00eux rpymnmnax.

3ak/ioueHne: cpeau OTOOpaHHBIX TMAIlMEHTOB C OCTPOM XPOHMUYECKOM JbIXaTeabHOM
HenocraroyHocthio npu  XOBJI, mnocne neuennss ¢ npumenennem HBII/, mnoxka3arenu
apTepUAIbHOTO Ta3a B KPOBH YIYYIIWINCH paHbIIE, YeM VY TeX, KTO JEYHICS OOBIYHBIM
MEIMKAaMEHTO3HBIM METOJIOM, a TaKXKe COKpaTwics repuona rocrutanusanun. OHako, He OBLIO
CYIIIECTBEHHBIX PA3JIMYHIA B TIOKA3aTeNIX CMEPTHOCTH B OOJILHHUIIE.

KuroueBble cjioBa: HeMHBa3MBHAs UCKycCTBeHHAs! BeHTHIsIIUA, XOBJI

Introduction. Chronic obstructive pulmonary disease (COPD) is characterized by
progressive airflow obstruction and the destruction of lung parenchyma which in the turn leads to
reduced alveolar ventilation; nocturnal and daytime gas exchange abnormalities, dyspnea, increased
work of breathing and sleep disordered breathing. The eventual development of chronic respiratory
failure is characterized by varying degrees of ventilation perfusion mismatch, hypoxia and
hypercapnia [1]. Once hypercapnia develops, the 2 year mortality is approximately 30-40% [2].
Respiratory failure occurs when the respiratory system cannot oxygenate the blood and/or remove
carbon dioxide from the blood. It can be either acute or chronic and is classified as either
hypoxemic (type 1) or hypercapnic (type Il) respiratory failure. Acute hypercapnic respiratory
failure frequently occurs in COPD patients experiencing acute exacerbations of COPD, due to a
decrease in the drive to breathe [3].

Patients with severe COPD, especially those who have chronic respiratory failure, are
vulnerable to a wide range of insults that lead to acute respiratory distress (acute on chronic
respiratory failure) that requires hospital admission and often mechanical ventilation (4). Medical
treatment of this common condition includes oxygen supplementation, drugs, removal of secretions
and, when necessary, mechanical ventilation. Even if medical treatment is rapidly undertaken,
patients often require prolonged hospitalization with poor prognosis when mechanical ventilation is
not provided [4]. Noninvasive positive pressure mechanical ventilation (NIMV) with medical
therapy improves the outcome of patients with acute respiratory failure due to hypercapnic
decompensation of COPD. NIMV improves oxygenation, decreases work of breathing, improves
V/Q matching, decreases fatigue and increases minute ventilation [5,6].. Some of these
physiological benefits may be sustained, thereby conferring possible long-term benefits. Compared
to endotracheal (ET) intubation, there are also the added advantages of simplicity, patient comfort,
maintenance of the ability of the patient to talk and swallow, and ease of implementation and
discontinuation. Further, the need for ET intubation and its attendant complications, may be avoided
[7].

The aim of the present study was to evaluate the clinical efficacy of the early administration
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of NIMV in COPD patients with acute on chronic respiratory failure (ACRF) compared with
medical therapy alone.

Material and method. The study was carried out in the emergency room at a University
hospital. Patients were eligible for the prospective controlled study if they were admitted as an
emergency with an acute exacerbation of COPD on the basis of the clinical history, physical
examination, and chest radiograph. The local ethics committee approved the study protocol.
Informed consent was obtained from the patients or the first-degree relative.

To be included in the study protocol, patients needed to fulfill criteria of the diagnose of
acute hypercapnic respiratory failure (AHRF). We defined the AHRF as severe dyspnea,
hypercapnia ( partial carbondioxide pressure (PaCO,) > 45 mmHg) and a pH ranging between 7.35
and 7.26.

Exclusion criteria were: a pH below 7.25, a Glasgow coma scale below 8, pneumothorax,
unable to spontaneously clear secretions from the airway, unable to cooperate to NIMV, airway or
facial deformity and severe organ dysfunction.

Patients were assigned to receive medical treatment or medical treatment plus NIMV

Medical treatment. Patients assigned to medical treatment received controlled oxygen with
fixed percentage masks (or nasal cannulae if masks could not be tolerated) to maintain a target
oxygen saturation (recorded by pulse oximetry) of 85-90%. The standard drug protocol consisted of
nebulised salbutamol (5 mg every 4 h) or terbutaline, nebulised ipratropium bromide (500 ’g every
6 h), corticosteroids (prednisolone 30 mg every day for a minimum of 5 days), and an antibiotic.
Aminophylline and doxapram could be used at the discretion of the attending medical staff.

NIMV. Patients assigned to the NIMV group received the same medications as the patients in the
medical treatment group. NIMV was delivered with the BPAP S/T-D (Respironics, Murrysville,
PA). An experienced physician in all patients initiated NIMV. The full face mask (Quattro Air,
Resmed, Sandiago, CA) best fitting the patient’s face was chosen and the tolerance of mask by
patient was controlled closely and changed to nasal mask if necessary. The inspiratory positive
airway pressure (IPAP) was initially set at 8-10 cm H20 and adjusted according to patient’s

tolerance to obtain a tidal volume of 7-10 ml/kg. The expiratory positive airway pressure (EPAP)
was set initially at 5 cm H20 and increased in increments of 1 cm H20 until fractional inspired
oxygen (FiO2) requirement was less than 0.5. The humidification was not used during NIMV.
Oxygen was entrained into the mask to maintain oxygen saturations between 85% and 90%.
Initially the patients were encouraged to continue NIMV as much as he/she could. Intervals were
permitted for eating, drinking or expectoration. When clinical findings and blood gases improved,
the duration of NIMV was decreased. For associated complications, factors reported by Jimenez et
al were used(8).

Treatment Failure and Endotracheal Intubation patients who were deemed unstable

(haemodynamic instability, altered state of consciousness), in need of intubation or of closer
monitoring were transferred to ICU. For the need of intubation, the criteria used by Brochard et al.
were used (9). Endotracheal intubation was considered if any of the following criteria were met: (1)
pH below 7.20, (2) pH: 7.20-7.25 on two occasions 1 h apart, (3) hypercapnic coma (glascow coma
scale (GCS) <8 and PaCO2>8kPa), (4) partial oxygen pressure (PaO2) below 6 kPa despite
maximum tolerated FiO2 and (5) cardiorespiratory arrest.

Statistical Analysis. All statistical analyses were performed using the SPSS version 19.0 For
the comparison of groups, T-test, Chi-Square test and Mann-Whitney test were used. For variables
that were not normally distributed, nonparametric test were used. For both groups, comparison of
baseline pH, PaCO2 and PaO2 and oxyen saturation with those recorded after NIMV was
performed by using Mmultiple comparison test and Friedman test with Bonferroni correction. A p
value of less than 0.05 was considered as statistically significant. The primary outcome variable was
the improvement in the physiologic parameters. Secondary end points were the length of the
hospital stay, complications not present on admission (such as pneumonia, baro-trauma,
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gastrointestinal hemorrhage, renal insufficiency, neurologic events, and pulmonary embolism), the
duration of ventilatory assistance, and the mortality rate during hospitalization.

Results. Of the 279 patients applied to the emergency room with exacerbation of COPD, 62
were enrolled in the study, 216 were not included (109 did not have acute hypercapnic respiratory
failure, 108 were already undergoing mechanical ventilation or required immediate intubation or
excluded for various other reasons). The flow of participants is outlined in Figure 1.

279 patients applied
with exacerbation
COPD

A

170 patients with
acute respiratory

108 patients excluded due to

failure earlier entubation and other
, reasons
62 patients included
into the study
A A\ 4
Medical treatment Medical treatment 6 patients did not
26 patients plus NIMV [~ | accept NIMV
36 patients

Medical treatment
plus NIMV
30 patients

Figure 1 - Flow chart of participants

Twenty-six patients were assigned to medical treatment and 36 patients to NIMV. Patients in the
groups were not strictly matched, sicker patients were assigned to NIMV group since proven benefit
of NIMV on acute respiratory failure. Of the 36 patients, 6 patients did not accept the NIMV

treatment; five due to claustrophobia, and the one unable to co-operate because of anxiety. These six
patients were excluded from further analysis.
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In NIMV group, PaCO; was higher, PH was lower in arterial blood and smoking packet/year was
higher than medical treatment arm. Other measurements were statistically not different. Baseline
characteristics of the study groups were shown in table 1.

Table 1 - Characteristics of patients with acute exacerbations of COPD assigned to standard

treatment or NIMV, at admission

Medical Medical treatment plus | P
treatment arm NIMV*
Mean age, years 67 £7.8 66.4 +11.0 >0,05
Sex(M/F) 24 12 30/0 >0,05
Smoking,packet/year | 40.7 +£24.3 58.5+36.5 <0,05
BMI  kg/m’ 26.7+4.3 27.0+6.2 >0,05
Respiratory rate/min 30.0+ 6.0 28.4+3.3 >0,05
pH 7,36 £ 0,06 7,27 £ 0,08 <0,05
PaO, (mmHg) 58,1+ 11,1 58,2+ 123 >0,05
PaCO,(mmHg) 55,8+ 5,1 73,9 £ 13,6 <0,05
SpO,* (%) 88,4 + 4,59 85,8 + 5,02 >0,05
FEV1(%) 353+ 122 31,7+ 132 >0,05
FVC (%) 43,4+ 13,9 39,6 + 16,0 >0,05
FEV1/FVC (%) 61,1112 60,7 + 16,3 >0,05

NIMV*: noninvasive mechanical ventilation

Physiologic parameters. In both groups, respiratory rate, PO,, SPO, were significantly improved
in the first hour and improvement trend was the same from the baseline until the discharge for both
groups (figures 2-5).
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Figure 2 - SPO,trend in both treatment arm
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Figure 3 - PO; trend in both treatment arm
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Figure 4 - pH trend in both treatment arm
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Figure 5 - PCO; trend in Both Treatment Arm

PaO2 increased in medical treatment group (from 58.1£11.1 to 75.8+31.2 mmHg (p<0.05)) and in
NIMV group (from 58.1+1.8 to 69.3+18.1 mmHg (p<0.05)). However PaCO, were significantly
improved from baseline to the first hour only in NIMV group (from 73.5 + 4.7 mmHg to 69.8+12
mmHg (p<0.05)) and this improvement continued until discharge (from 73.5 = 4.7 mmHg to
52.1+7.6 mmHg p<0.05 ). Although there was no difference in medical treatment group in the first
hour  (55.8+5.lmmHg to 55.3£5.4mmHg, p>0.05 and ), PaCO, improved on discharge
(55.8+£5.1mmHg to 48.2+6.6 mmHg). Figure 2 to 5 show physiological parameters in both groups .

The respiratory rate improved in both groups. Even though there

was no statistically

significant difference in the respiratory rate improvements in both groups, there was a clear trend in

favor of NIMV group (figure 6).

Respiratory Rate
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Figure 6 Respiratory rate trend in both treatment arm
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Pulmonary function test (PFT) done one day after hospitalization was accepted as baseline
PFT. PFT improvement trend was in the same way during the first week and on discharge in both
treatment arms (figure 7).
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Figure 7 - Pulmonary function test in both treatment arm

Hospital Stay. Hospital stay was significantly shorter for patients receiving noninvasive
ventilation (16+8 days vs. 25+10 days, P = 0.005).

Entubation and Mortality rate. Nine (35%) of the 26 patients in the standard-treatment
group required NIMV because of the worsened arterial blood gases, 8 of them were discharged
with success however one of them required endotracheal intubation. In NIMV group 3 patients
required intubation, 1 patient was discharged with a success however 2 patients died. There was
statistically no difference in both group in terms of treatment success rate , intubation and mortality
rate (p>0.05)

Complications. There was no complication developed in medical treatment group,
however in NIMV group, 6 patients could not tolerate NIMV, one patient had abdominal
distension, 2 patients had red eye due to mask leakage and one patient had nasal ulcer due to mask
pressure.

Discussion. The aim of this study was to assess the effects of NIMV in the routine
management of COPD patients recovering from acute respiratory failure (ARF). To this end, we
designed a prospective, controlled study, which was carried out entirely in a emergency room. Our
investigation provides information on the evaluation of several important physiological variables
during recovery from ARF in COPD. We found evidence that NIV facilitates recovery in these
patients.

In the study, while the intervention group received standard medical treatment plus NIMV,
the control group received only standard medical treatment. Both groups were similar in terms of
age, BMI, however sicker patients with worse arterial blood gases were assigned to NIMV group
since NIMV is considered the standard of care in the management of acute hypercapnic respiratory
failure secondary to COPD [10]. Our enrollment criteria were designed to select patients who were
likely to need endotracheal intubation. Patients who required immediate intubation were not
included.

The aim of ventilatory support is to “gain time” by unloading respiratory muscles,
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increasing ventilation and thus reducing dyspnea and respiratory rate, and improving arterial
oxygenation and, eventually, hypercapnia and related respiratory acidosis [11]. Bott and coworkers
performed a prospective, randomized study of the effects of nasal positive-pressure ventilation in
patients with acute exacerbations of COPD [12]. In their study several physiologic measures and the
degree of breathlessness were significantly improved in the NIMV group, as compared with the
baseline values and with the data in the control group. This study suggests that benefits can be
expected from noninvasive ventilation. Accordingly, in our study, PaO, and oxygen saturation
values were improved in both treatment arm however Indeed, only patients treated with NIMV had
a significant improvement of arterial pH, paCO2 within first and 24 hours, even this group had
worse baseline values than control group. Antonelli and coworkers showed that improvements in
pH, PaCO2 and lung capacity values are associated with successful responses to NIMV in COPD

patients with acute hypercapnic respiratory failure so that earlier studies, including the current study
showed that NIMV has a strong and early effects on arterial blood gases and vital signs [13,14].

Respiratory rate was reduced significantly by the treatment in both group however given the
respiratory rate at presentation was higher in NIMV than medical treatment group, we may
speculate that NIMV with medical treatment is better treatment option especially reducing
respiratory rate in the first hour. The data by Castillo et al. supports our observation by showing that
the use of NIMV significantly reduced the respiratory rate and improved conscious level within the
first 2 hours [15].

At variance with other studies [4,9,12], in our study, there was no significant difference in
early mortality, need for ET intubation in patients treated with NIMV in addition to medical therapy
and medical therapy alone. In a prospective multicenter randomized controlled study, 236 patients
with acute exacerbation of COPD with mild to moderate acidosis were randomized to medical
therapy and medical therapy plus NIMV on respiratory ward [16]. In this study, the failure criteria
was the need for intubation, and the authors found that the use of NIMV significantly reduced the
need for intubation and in-hospital mortality. The success rate was 85% in NIMV group. Brochard
et all, suggested that after adjustment, the main factor explaining the difference in mortality was the
number of patients requiring intubation [9]. In our study, the number of patients underwent ET
intubation were not different in both groups, it may explain why there was no difference in terms of
mortality rates. However, a clear trend in favor of patients who received NIMV in addition to
medical therapy was clear from the data that baseline arterial blood gases values and clinical
conditions of patients were worse in NIMV group and also the data that a number of patients in the
medical treatment group had to receive NIMV because of clinical deterioration. Differences with
the studies published earlier may be due to a shorter period of observational follow-up or, to the
relatively small sample size of most studies, the present one included. To show advantages of
NIMV on mortality, long term randomized controlled, multicenter studies are needed.

The duration of hospitalization was significantly lower in NIMV group (16 versus 25
days), the result in accordance with the findings of previous studies [9,17,18]. It is difficult to assess
exacerbation rates on account that current study was not designed and powered for long term
follow-up however taking exacerbation rates and hospitalization rates into account, NIMV may be a
cost-saving measure in terms of socio-economical burden and nosocomial infections owing to
decreased length of hospital stay.

Nasocomial pneumonia rate was reported up to 30% in ET intubated patients [19] compared
with invasive mechanical ventilation, NIMV decreases risks of ventilator-associated pneumonia and
sinusitis, especially in patients who are immunosuppressed or with comorbidities [7]. Accordingly
in or study, pneumonia or serious complications were not developed during noninvasive ventilation.
This study was not powered to compare NIMV with mechanical ventilation. However comparing
with other study [19], NIMV has added advantages in terms of decreasing infectious complication
of mechanical ventilation.

As a consequence, this study shows that the use of noninvasive ventilation, in selected
patients admitted for acute respiratory failure due to COPD achieves physiological benefits of
reduced work of breathing and improved gas exchange. We may postulate that NIMV can obviate
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the need for intubation and thus reduce complications of ET intubation and mortality and shorten
the hospital stay.
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