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INTRODUCTION

Non-invasive mechanical ventilation (NIMV) is an effective treat-
ment method in patients with hypoxemic or hypercapnic respi-
ratory failure such as chronic obstructive pulmonary disease 
(COPD), acute decompensated heart failure, obesity hypoventila-
tion syndrome (OHS), neuromuscular diseases, and pneumonia.1,2 
This treatment improves vital parameters and arterial blood gas 
values, resulting in a significant decrease in the need for intubation 
and related mortality and morbidity rates.3,4

NIMV can be applied with continuous positive airway pressure 
(CPAP) and bilevel positive airway pressure (BPAP). CPAP aims 
at reducing the number of adverse respiratory events by providing 
constant positive pressure support throughout the breathing cycle, 
while BPAP provides different levels of positive airway pres-
sure during inspiration and expiration. Bilevel pressure support is 
provided by setting constant expiratory positive airway pressure 
(EPAP) and inspiratory positive pirway pressure (IPAP) values in 
the spontaneous/timed (S/T) mode.1
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Background: There is limited research into the utility of average vol-
ume-assured pressure support (AVAPS), a volume-assured pressure-
controlled mode, especially in patients with hypercapnic respiratory 
failure. 
Aims: This study aimed at a randomized comparison of AVAPS and 
bilevel positive airway pressure spontaneous/timed (BPAP S/T) modes 
in non-invasive mechanical ventilation (NIMV) application with hyper-
capnic respiratory failure patients in the emergency department (ED).
Study Design: Randomized controlled study.
Methods: In this prospective randomized controlled study, 80 patients 
admitted to ED with hypercapnic respiratory failure requiring NIMV 
were randomly assigned to AVAPS or S/T groups using the sealed enve-
lope method (33 patients in the S/T group, 47 patients in the AVAPS 
group). Data of arterial blood gas (ABG), vital parameters, Glasgow 
Coma Score (GCS), additional treatment needs, and clinical outcomes 
were evaluated, and the treatment success rates of both groups were 
compared. 

Results: A total of 80 patients, 33 in the S/T and 47 in the AVAPS group, 
were analyzed in the study. The pH values improved in the AVAPS 
group compared to the baseline (0.07 [0.04-0.10] vs 0.03 [0.00-0.11]). 
PaCO2 (partial pressure of carbon dioxide) excretion was faster in the 
AVAPS group than in the S/T group in the first hour (10.20 mmHg 
[6.20-19.20] vs. 4.75 ([-] 0.83-16.88)). The comparison of blood gas 
measurements showed no significant differences between the groups 
regarding the changes in PaCO2 and pH values over time (P = .141 and 
P = .271, respectively). During the ED follow-up, 3 (6.4%) patients in 
the AVAPS group and 5 (15.2%) patients in the S/T group needed intu-
bation [Relative risk: 0.42 (95% CI: 0.11 to 1.64), P = .21].
Conclusion: In this study, improvements in blood gas parameters in 
the AVAPS group were faster compared to the S/T group; however, we 
did not find any significant difference between the groups in terms of 
clinical parameters. The AVAPS mode is as effective and safe as BPAP 
S/T in treating patients with hypercapnic respiratory failure in the ED.
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Average volume-assured pressure support (AVAPS) is a differ-
ent mode of NIMV. To achieve the target tidal volume (TV) with 
AVAPS, variable pressure support is applied during inspirium. 
For this purpose, the user defines a target TV and lower and upper 
limits for IPAP and EPAP, thus featuring more comfortable pres-
sure support, which varies according to the patient’s condition. In 
a limited number of studies in the literature carried out using the 
AVAPS mode in NIMV, AVAPS has been shown to be effective in 
special patient groups such as OHS and kyphoscoliosis.5,6 The sta-
tus of consciousness improved faster with AVAPS in patients with 
COPD who had hypercapnic respiratory failure, while improve-
ments in arterial blood gas (ABG) parameters were similar to the 
S/T mode.2 This study aimed to compare the effects of AVAPS and 
routine S/T modes in NIMV patients admitted to the ED, on their 
ABG parameters and clinical status.

MATERIAL AND METHODS

Trial Design and Oversight
This study was carried out between October 2016 and June 2017 
as a single-center, single-blind, randomized controlled trial in the 
Emergency Department (ED) of Dokuz Eylül University Hospital. 
The study was conducted according to the principles outlined in 
the Declaration of Helsinki and the International Conference on 
Harmonization Guidance for Good Clinical Practice. The pro-
tocol was approved by The Institutional Clinical Research Eth-
ics Committee and The Ministry of Health, Turkish Medicine 
and Medical Devices Agency (Ethical board number: 71146310 
[2016-CE-006]). The study was registered in the clinicaltrials.gov 
(Clinical Trial Number: NCT03398239). This study was funded by 
Dokuz Eylül University Scientific Research Projects Dept. (2017.
KB.SAG.033).

Patient Population
Patients with shortness of breath, PaCO2 > 45 mmHg in ABG, and 
indications of NIMV in the ED were evaluated for enrollment to 
the study. The inclusion criteria were the presence of one of the 
following findings: (1) SpO2 <90% (in room air); (2) SpO2 <93% 
despite 6 L/min oxygen application; (3) the use of accessory respi-
ratory muscles; (4) inability to speak in whole sentences due to 
respiratory distress; (5) respiratory rate > 24; or (6) change in men-
tal status. The exclusion criteria were (1) urgent need for intuba-
tion; (2) the patient’s inability to maintain airway continuity; (3) 
presence of pneumothorax; (4) trauma; (5) cardiac arrhythmias or 
suspected MI; or (6) patients with tracheostomy. The consent of all 
patients enrolled in the study was obtained.

Randomization and Treatment
“Simple randomization” technique was used for the study. For the 
randomization procedure, 104 (52 for each group) closed enve-
lopes were prepared. The patient group was determined by random 
selection of an envelope by the physician who made the decision 
for mechanical ventilation. The patients’ physicians determined 
additional treatment and intervention needs of the patients, without 
interference.

NIMV patients were routinely monitored noninvasively for car-
diac and respiratory parameters (Vismo patient monitor (PVM-
2701), Nihon Kohden Corporation, Shinjuku-ku, Tokyo, Japan). 
An oronasal mask fitting the patient’s face (Philips Respironics 
AF531 single-use oronasal mask) was applied. An intensive care 
type non-invasive mechanical ventilator (Respironics V60 ventila-
tor, Respironics California Inc, Carlsbad, CA, USA) was used for 
non-invasive ventilation. At the beginning of the NIMV treatment, 
the following initial settings were used in the 2 groups.

AVAPS Group: Target TV: 6-8 mL/kg; EPAP: 6 cm H20; IPAP: a 
minimum of 12 cm H2O and a maximum of 26 cm H2O mmHG.

S/T Group: EPAP: 6 cm H2O; IPAP: 12 cm H2O mmHg at the 
beginning. IPAP was increased by 2 cm H2O according to the 
patient’s blood gas and clinical findings, under the physician’s 
decision on patients’ needs.

Monitoring and Data Collection
The socio-demographic data of the patients, medical history of 
previous diseases, NIMV indications, vital parameters (blood 
pressure, heart rate, SpO2, respiratory rate) obtained at the time of 
admission and at every 30 minutes, rating on the Glasgow Coma 
Scale (GCS), EPAP, IPAP, and TV values were recorded in the data 
form. The ABG findings (PaCO2, PaO2, pH, SpO2) obtained at the 
30th minute and first hour from the patient during monitoring were 
recorded in the data form. The length of hospital stay, patient out-
comes, and the occurrence of a need for transition to another mode 
or intubation, were all recorded.

Primary and Secondary Outcomes
Primary outcomes: Improvement in PaCO2 and pH values.

Secondary outcomes: Changing the present mode (transition to the 
second mode) due to treatment failure or patient’s non-compliance; 
patient’s need for intubation; ED outcomes.

Statistical Analysis
In the randomized controlled trial by Claudette et al.2 comparing 
the addition of AVAPS to the BPAP S/T mode with the use of BPAP 
S/T mode alone in patients with hypercapnic encephalopathy, the 
effect size was calculated as 0.7578621 with the alpha error as 0.05 
and power as 95%, a minimum of total sample size was determined 
as 94. The sample size was expanded by 10%, considering attri-
tions, and based on this sample size calculation, the present study 
aimed to recruit 102 patients.

The Statistical Package for Social Sciences version 22.0 (IBM 
SPSS Corp.; Armonk, NY, USA) statistical software package was 
used for data analysis. Descriptive statistics were presented with 
numbers and percentages for categorical variables, while they were 
presented using mean and standard deviation values for quantita-
tive variables. The Kolmogorov–Smirnov test was used to evaluate 
the normality of distribution. Differences between the categorical 
variables in independent groups were tested with Chi-square analy-
sis. The Mann–Whitney U-test was used to compare quantitative 
variables between independent groups. In group comparisons of 
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repeated measures (pH, PaCO2, PaO2, heart rate, systolic blood 
pressure, diastolic blood pressure, TV, IPAP, and EPAP), the mea-
surements fitting normal distribution were compared with the 
repeated measures ANOVA, while ordinal and non-normal distri-
bution data were compared using the Friedman test. The statistical 
significance was accepted as P < .05.

RESULTS

One hundred forty-eight patients were admitted to the ED with 
hypercapnic respiratory failure during the trial period. Eight 
patients refused to participate in the study. One hundred forty 
patients were assessed for eligibility, 60 patients were excluded, 
and 80 patients enrolled to randomization (Figure 1).

Assessed for eligibility (n=140)

Excluded (n= 60)
· Need for urgent intubation (n=8)
· Respiratory or cardiac arrest 

(n=31)
· Failing to maintain airway 

continuity (n=8)
· Pneumothorax (n=2)
· All trauma patients (n=2)
· Cardiac arrhythmia or 

myocardial infarction (n=3)
· Presence of tracheostomy (n=6)

· Follow up during hospitalization

o Mode change (n=10)
o Need for intubation (n=5)
o ED discharge (n=7)
o Admission to ICU (n=17) 
o Admission to the hospital ward (n=8)
o Death (n=1)

Intervention period (1st hour)

· Discontinued intervention (n=3)

o Improvement in ABGs (n=2)
o Non-compliance with the treatment 

(n=1)

S/T group (n=33)

Initial and sequential ABGs in 
30th and 60th min of the NIMV

Intervention period (1st hour)

· Discontinued intervention (n=4)

o Improvement in ABGs (n=2)
o Non-compliance with the treatment 

(n=2)

AVAPS group (n=47)

Initial and sequential ABGs in 
30th and 60th min of the NIMV

· Follow up during hospitalization

o Mode change (n=9)
o Need for intubation (n=3) 
o ED discharge (n=15)
o Admission to ICU (n=21) 
o Admission to hospital ward (n=11)
o Death (n=0)

Randomized (n=80)

FIG. 1.  The flow diagram of the study.
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The mean age of the 80 patients included in the study was 
72.7 ± 12.9 years (age range: 21-92), and 50% (n = 40) were male. 
COPD was the most common comorbid disease (n = 63; 78.8%). 
The median of pre-treatment of GCS values was 14 (9-15).

The age, comorbid diseases, vital signs, and baseline blood gas 
parameters of the AVAPS and S/T groups were compared, and no 
significant difference was found between the groups (Table 1). In 
the S/T group, 78.8% of the patients had COPD (n = 26) and 54.5% 
had congestive heart failure (n = 18); while 78.7% had COPD 
(n = 37), 36.2% had congestive heart failure (n = 17), and 4.3% 

had interstitial lung disease (n = 2) in the AVAPS group. Initial 
and follow-up ABG parameters and vital signs during the treatment 
were compared and the results have been presented in Table 2.

In the S/T group, the median GCS was 15 (range: 12-15) in the 
evaluation made after 1 hour; a significant difference was found 
in repeated measurements (P = .009). Post hoc analysis indicated 
a significant improvement in the first 30 minutes (P = .002). In 
the AVAPS group, the median GCS was 15 (range: 13-15) in 
the evaluation made after 1 hour; a significant difference was 
found in repeated measurements (P < .001). Post hoc analy-
sis indicated a significant improvement in the first 30 minutes 
(P = .002). GCS values during treatment have been presented 
in Table 2.

The blood gas parameters were compared and a significant 
improvement was observed in pH and PaCO₂ values in the follow-
up (P = .006 and P = .005, respectively). Post hoc analysis did 
show a significant improvement in the pH of the first blood gas 
control (P = .06). The comparison of ABG parameters during treat-
ment also have been presented in Table 2. 

The NIMV treatment of 3 patients in the S/T group was terminated 
within the first 1 hour by their primary physicians; 2 of these were 
due to improvement in blood gas parameters, and the third was due 
to non-compliance with the treatment. The treatment of 4 patients 
in the AVAPS group was terminated within the first 1 hour by their 
primary physicians; 2 of these were due to improvement in blood 
gas and clinical parameters, and the other 2 were due to non-com-
pliance with the treatment.

TABLE 2. Comparison of Vital Signs, ABG, and Ventilator Parameters During Treatment

 Initial 30th min 60th min P

S/T group

 Heart rate (beats/min) 101 (92.8-117.5) 96.5 (88-116.5) 95 (88-115) 0.169

 Systolic blood pressure (mm/hg) 132 (115.5-151.5) 122 (113-148.75) 128 (107-142) 0.341

 Diastolic blood pressure (mm/hg) 77.5 (69.5-91) 76 (67.75-88.25) 72 (69-81) 0.858

 Oxygen saturation (%) 90 (85-94.75) 93 (90.25-95) 94 (91-96) 0.003

 GCS 14(12-15) 15(14-15) 15(14-15) 0.009

 pH 7.28 (7.22-7.34) 7.32 (7.28-7.38) 7.33 (7.27-7.41) 0.006

 PaCO2 (mm/hg) 64.1 (55-68.9) 60.2 (48.2-68.6) 56.3 (47-66) 0.005

 PaO2 (mm/hg) 65.5 (56.1-84) 83.45 (69.2-125) 80 (69-108) 0.851

AVAPS group

 Heart rate (beats/min) 103 (85-118) 100 (87-112) 94 (85-108) 0.06

 Systolic blood pressure (mm/hg) 138 (123-165) 129 (118-145) 123 (112-140) <0.001

 Diastolic blood pressure (mm/hg) 82 (70-92.5) 76 (70-83) 73 (65-80) 0.002

 Oxygen saturation (%) 89 (83-93) 94 (89-96) 93 (89-96) <0.001

 GCS 14(13-15) 15(14-15) 15(14-15) <0.001

 pH 7.28 (7.21-7.32) 7.33 (7.28-7.37) 7.34 (7.3-7.39) 0.005

 PaCO2 (mm/hg) 65 (57.8-76.5) 57 (51-68) 54.1 (45.5-63.7) <0.001

 PaO2 (mm/hg) 63 (52.3-81.4) 76.8 (55-95) 72.4 (61-87) 0.088
Values presented as median (IQR).
GCS: Glasgow come scale.

TABLE 1. Comparison of Patient Characteristics, Initial Vital Parameters, and 
ABG Levels Between the Groups

S/T group AVAPS group P

Age* 78 (68-82) 72 (64-83) .291

Oxygen saturation*(%) 90 (85-94.75) 89 (83-93) .249

Systolic blood 
pressure*(mmHg)

132 (115.5-151.5) 138 (123-165) .477

Diastolic blood 
pressure*(mmHg) 

77.5 (69.5-91) 82 (70-92.5) .309

Heart rate*(min) 101 (92.8-117.5) 103 (85-118) .896

pH 7.28 (7.22-7.34) 7.28 (7.21-7.32) .187

PaCO₂*(mmHg) 64 (55-68.9) 65 (57.8-76.5) .440

PaO₂*(mmHg) 65.5 (56.1-84) 63 (52.3-81.4) .945

GCS** 14 (10-15) 14 (9-15) .992
*Values presented as median (IQR).
**Values presented as median (min-max).
GCS: Glasgow coma scale.
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The difference between blood gas parameters evaluated in both 
groups and the previous measurements (delta values) was com-
pared; there was an increase in pH values in the blood gases 
obtained after the first hour, with a median pH value of 0.07 (0.04-
0.10) in the AVAPS group and 0.03 (0.00-0.11) in the S/T group. 
There was a significant difference between the groups (P = .015). 

The improvements in PaCO2 in blood gas were evaluated and there 
was a 10.20 (median) (6.20-19.20) mmHg decrease of PaCO2 in 
the AVAPS group in the first hour, while there was a 4.75 ([-] 0.83-
16.88) mmHg decrease in the S/T group. This indicated a sig-
nificant difference between the groups (P = .033). No significant 
difference was found between the groups in terms of the changes 
in PaCO2 and pH values over time when blood gas measurements 
were compared with repeated measurements ANOVA (P = .141 and 
P = .271, respectively). The comparative results of the changes in 
pH and PaCO2 between sequential ABG evaluations have been pre-
sented in Table 3.

The length of hospital stay for the S/T group was 323.1 ± 499 hours 
(range: 17-1952), while it was 189.5 ± 187.1 hours (range: 
2-720) for the AVAPS group. There was no significant differ-
ence between the groups in terms of the length of hospital stay 
(P = .815). 

One patient needed intubation within the first 24 hours, and 
1 patient died within 24 hours. Moreover, 38 patients (43.1%) were 
transferred to the intensive care unit. 

During the ED follow-up, 3 (6.4%) patients in the AVAPS group 
and 5 (15.2%) patients in the S/T group needed intubation [Rela-
tive Risk (RR): 0.42 (95% CI: 0.11 to 1.64) P = .21]. The treat-
ment of 13 patients (27.7%) in the AVAPS group and 8 patients 
(24.2) in the S/T group were terminated due to non-compliance 
with NIMV [RR: 1.14 (95% CI: 0.53 to 2.43) P = .734]. Mode 
change was made in 10 (30.3%) patients in the S/T group and 9 
(19.1%) patients in the AVAPS group [RR: 0.69 (95% CI: 0.30 to 
1.55) P = .622]. The procedure was terminated in 31 (66.0%) 
patients in the AVAPS group and 20 (60.6%) patients in the S/T 
group because NIMV was no longer required [RR: 0.86 (95% CI: 
0.48 to 1.55) P = .622]. The comparative figures of mechanical 
ventilation success and outcomes in both groups have been pre-
sented in Table 4.

DISCUSSION

The AVAPS mode is a recently developed NIMV mode that is 
rarely used in acute cases.7,8 A few clinical studies have reported 
the mode to actively improve blood gas parameters in acute hyper-
capnic respiratory failure.2,8 Previous studies were conducted in 
intensive care settings; however, patients with respiratory failure 
are initially treated in EDs.2,8 In the study conducted by Briones 
Claudett et al., patients with hypercapnic respiratory failure were 
enrolled in a matched case control study, whereas our study con-
ducted a randomized controlled trial. Furthermore, in this study, 
patients with hypercapnic respiratory failure had comparatively 
similar improvements in blood gas parameters, but with faster 
rates in the AVAPS mode than in BPAP S/T. This might be due to 
patients’ comfort and compliance to the NIMV modes. However, 
in our study, this has not been evaluated.

NIMV is recommended as a first-line treatment in hypercapnic 
respiratory failure. In particular, NIMV treatment for COPD and 
OHS patients improves survival, decreases the need for intuba-
tion, and improves blood gas parameters. It is recommended that 

TABLE 3. Comparison of the Changes in pH and PaCO2 

Differences

S/T group AVAPS

PMedian (IQR) Median (IQR)

Δ pH1 (mmHg) 0.03 (0.00-0.09) 0.04 (0.03-0.08) .127

Δ pH2 (mmHg) 0.00 ([−]0.03-0.05) 0.02 (0.01-0.04) .06

Δ pH3 (mmHg) 0.03 (0.00-0.11) 0.07 (0.04-0.10) .015

Δ PaCO2(1-2) (mmHg) 3.30 (0.10-10.50) 7.60 (2.80-15.0) .205

Δ PaCO2(2-3) (mmHg) 0.40 ([−]0.10-8.0) 2.40 ([-]0.30-9.00) .11

Δ PaCO2(1-3) (mmHg) 4.75 ([−]0.83-16.88) 10.20 (6.20-19.20) .033
Δ pH1: pH difference between initial and 30th min ABG.
Δ pH2: pH difference between 30th min and 60th min ABG.
Δ pH3: pH difference between initial and 60th min ABG.
Δ PaCO2 (1-2): PaCO2 difference between initial and 30th min ABG.
Δ PaCO2(2-3): PaCO2 difference between 30th min and 60th min ABG.
Δ PaCO2(1-3): PaCO2 difference between 30th min and 60th min ABG.

TABLE 4. Comparison of Mechanical Ventilation Success and Outcomes in both Groups

S/T, n (%) AVAPS, n (%) Relative risk (95% CI)

Reasons for quitting NIV

 Need for intubation 5 (15.2) 3(6.4) 0.42 (0.11-1.64)

 Non-compliance with NIV 8 (24.2) 13 (27.7) 1.14 (0.53-2.43)

 Mode change 10 (30,3) 9 (19,1) 0.69 (0.30-1.55)

 Termination of NIV due to improvement in health 20 (60.6) 31 (66.0) 0.86 (0.48-1.55)

Emergency Department Outcomes

 Discharge from ED 7 (21.2) 15 (31.9) 1.38 (0.62-3.09)

 Admission to intensive care 17 (51.5) 21 (44.7) 0.91 (0.54-1.53)

 Admission to hospital ward 8 (24.2) 11 (23.4) 0.97 (0.43-2.20)

 Death 1 (3) 0 (0) 0.24 (0.01-5.79)
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these patients should be treated in intensive care settings.9 How-
ever, the use of NIMV in EDs is increasing, and mortality has been 
reported to decrease with NIMV treatment started in EDs in recent 
years.10 There is an increase in treatment success with NIMV and 
decreased mortality in patients with COPD exacerbations. Although 
the results of NIMV in intensive care units are slightly better, no 
differences have been shown on the outcomes in other health care 
areas.11 In this regard, our study presents that different modes of 
NIMV can be applied to hypercapnic patients effectively in ED.

Studies show that the AVAPS mode can be used as effectively as 
the other modes in cases causing respiratory failures such as OHS, 
COPD, and kyphoscoliosis.12-14 In a previous study, the use of 
AVAPS was evaluated in 81 patients with acute hypercapnic respi-
ratory failure in the ICU, and it was reported to have been used 
effectively.8 In a multicenter study by Briones Claudett et al., ST/T 
and AVAPS modes were compared in 22 patients with hypercap-
nic encephalopathy.2 In this study, AVAPS was reported to provide 
better GCS improvements, but there was no significant difference 
in blood gases.2 In our study, significant decreases were observed 
even in the first 30 minutes of blood gas control, in PaCO₂ of the 
AVAPS group. When partial carbon dioxide and pH levels, which 
are the study’s primary objective, are considered, rapid and further 
improvement can be achieved with AVAPS. However, the compari-
son of both groups did not indicate a significant difference in terms 
of improvement in blood gas parameters similar to previous stud-
ies. NIMV treatment administered with both modes can effectively 
improve blood gas parameters.
One of the most important problems in hypercapnic respiratory 
failure is the emergence of consciousness disorder secondary 
to hypercapnia. Briones Claudett et al. reported that the AVAPS 
mode provided significant improvement in GCS of patients with 
hypercapnic encephalopathy.2 Similarly, in our study, significant 
improvement in GCS was observed in patients treated with NIMV 
using AVAPS and S/T modes. This is an expected result due to 
the improvement in PaCO2 levels in patients. Improvement of con-
sciousness is one of the factors that reduce the need for intubation. 
NIMV treatment initiated in the early period in the ED reduces 
the need for additional intervention. However, several factors other 
than initial blood gas parameters, such as the severity of present 
clinical conditions, comorbid diseases, and the severity of respi-
ratory diseases, may have affected the outcome of patients with 
hypercapnic respiratory failure.
In-hospital mortality of patients with hypercapnic respiratory fail-
ure is relatively high. In the analysis of 2693 patients who were 
administered NIMV for 2 months in 143 hospitals in the UK, 61% 
of the patients were diagnosed with COPD, 8% with decompen-
sated heart failure, and 8% with OHS. Among these patients, the 
mortality of patients with COPD who had deeper acidosis was 
higher than those who had better pH values (36%, pH <7.26; 26%, 
pH 7.26-7.35). In this study, while the in-hospital mortality rate 
of patients receiving NIMV under intensive care conditions was 
28%, the mortality rate of patients receiving non-intensive care 
treatment was reported to be 40%.15 Of the patients included in our 
study, 79.8% had COPD, and the mean pH was determined to be 

7.27 ± 0.08. Although the patients’ pH was low, in-hospital mor-
tality was found to be 26.3%. The patients' pH levels were similar; 
however, the survival of the patients was found to be significantly 
better. These findings might have occurred due to the immediate 
initiation of the NIMV treatment in the ED. Also, the mortality of 
the patients did not increase despite the long stay in the ED, which 
may have resulted from the same approach. 

Bilevel intensive care ventilators are available in our ED’s resus-
citation unit, and all physicians and nurses are trained and experi-
enced in invasive and non-invasive ventilation. Due to the limited 
number of intensive care beds in our hospital and city, patients 
may have a longer length of stay in our ED. Additionally, to prove 
the insight and efficacy of this treatment, more studies evaluating 
the use of NIMV in hypercapnic respiratory failure in critical care 
areas such as EDs are needed. Our study presented that NIMV can 
be applied to hypercapnic respiratory failure patients, and both 
AVAPS and ST/T mode can be applied safely in this regard. 

In our study, the mean length of the patients’ ED stay was 
49.3 ± 52.6 hours. The duration of hospital stay for 13 patients 
who were referred to external centers could not be determined. The 
duration of hospital stay for the remaining 67 patients was found 
to be 10.1 ± 14.5 days. Çiftçi et al. reported that the length of ICU 
stays in their study was 6.4 ± 2.5 days.8 The length of hospital stay 
in our study was longer than this study.8 These results may be due 
to the fact that the study by Çiftçi et al. was conducted in the patient 
wards and intensive care unit.8

This study has several limitations. Firstly, our study could not reach 
the targeted number of samples according to the calculations for 
sample size. Based on our center’s prior admissions of hypercapnic 
patients, we applied for a recruitment window of 1 year, which was 
granted by the institutional review board; however study did not 
reach a sufficient number of participants, and therefore, application 
for an extention was made and was granted for 6 more months. 
During this time period (including extension), 140 patients were 
assesed for eligibilty and 80 patients were analyzed during the trial. 
The study was concluded without recruiting more patients upon 
completing the trial time period approved by the ethics committee 
and our institution.

This study had also aimed to collect the opinions of the patients’ 
comfort about NIMV methods. However, due to the seriousness of 
the patients’ conditions included in the study and longer stay in ED 
than expected, this could not be obtained.

In the follow-up of NIMV treatment, the duration of the period for 
obtaining blood gases was entirely left to the physician's decision. 
Therefore, the collection of all blood gases could not be carried out 
regularly from the beginning of the treatment. No intervention was 
made by the study team except for mode selection at the beginning, 
and mode changes and settings were made by the primary physi-
cians. The adjustment of the treatment parameters by a single team 
can improve the results significantly.

Thirteen of the patients included in the study were transferred to 
intensive care units of other hospitals. Although these patients 
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survival was evaluated, the length of their hospital stay could not 
be evaluated.

A faster improvement was observed in pH and PaCO2 levels with 
the AVAPS mode compared to BPAP S/T in our study. However, no 
significant difference was found between the groups in the analy-
sis of repeated measurements. While significant improvement was 
observed in GCS in both modes, systolic and diastolic blood pres-
sure decreased significantly in the AVAPS group. However, there 
was no hemodynamic deterioration that occurred in any patient 
who required termination of NIMV. Although AVAPS is not supe-
rior to the routine BPAP S/T mode in patients admitting to the ED 
with hypercapnic respiratory failure, it is as safe and effective as 
S/T mode.

The study was presented as an oral presentation at the 6th 
Eurasian Congress on Emergency Medicine on November 8, 
2018-November 11, 2018, Belek, Antalya, Turkey.
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