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Original Article

Effects of Modes, Obesity, and Body Position on Non-
invasive Positive Pressure Ventilation Success in the 
Intensive Care Unit: A Randomized Controlled Study

INTRODUCTION

Most of the patients admitted to intensive care units (ICUs) have respiratory failure accompanied by hypercapnia 
in majority of cases. The aim of the ventilatory support in these patients is to support respiratory muscles until the 
underlying deterioration is resolved, to improve reduced ventilation, arterial oxygen, carbon dioxide levels, and 
acidosis [1,2]. Non-invasive positive pressure ventilation (NPPV) has been considered as one of the most important 
developments in the field of pulmonology since it eliminates the complications associated with invasive mechanical 
ventilation [3].

Different outcomes and success rates observed in case of NPPV in patients with acute hypercapnic respiratory fail-
ure (AHRF) raise the question of what are the factors that lead to success. Previous studies investigating body posi-
tioning and obesity-associated hypoventilation in patients undergoing NPPV showed that these factors may affect 
inspiratory and expiratory pressures to achieve a better minute ventilation (MV) [4-6]. Patient’s comfort and adher-
ence can be improved with the appropriate use of NPPV [7,8]. For an effective NPPV, an adequate MV should be 
sustained after selecting an appropriate mode; air leaks in the circuit should be minimized; and the patient–ven-
tilator synchrony must be optimized [9,10]. When NPPV is administered using the pressure support (spontaneous 
bilevel pressure ventilation; BiPAP-S) mode, patient receives a respiratory support of specified constant inspiratory 
positive airway pressure (IPAP) and expiratory positive airway pressure (EPAP). This type of constant pressure can 
be affected by the resistance changes in the circuit, and it may not adapt to the varying needs of the patient. In 
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OBJECTIVES: Different outcomes and success rates of non-invasive positive pressure ventilation (NPPV) in patients with acute hypercapnic 
respiratory failure (AHRF) still pose a significant problem in intensive care units. Previous studies investigating different modes, body posi-
tioning, and obesity-associated hypoventilation in patients with chronic respiratory failure showed that these factors may affect ventilator 
mechanics to achieve a better minute ventilation. This study tried to compare pressure support (BiPAP-S) and average volume targeted 
pressure support (AVAPS-S) modes in patients with acute or acute-on-chronic hypercapnic respiratory failure. In addition, short-term effects 
of body position and obesity within both modes were analyzed.

MATERIAL and METHODS: We conducted a randomized controlled study in a 7-bed intensive care unit. The course of blood gas analysis 
and differences in ventilation variables were compared between BiPAP-S (n=33) and AVAPS-S (n=29), and between semi-recumbent and 
lateral positions in both modes.

RESULTS: No difference was found in the length of hospital stay and the course of PaCO2, pH, and HCO3 levels between the modes. 
There was a mean reduction of 5.7±4.1 mmHg in the PaCO2 levels in the AVAPS-S mode, and 2.7±2.3 mmHg in the BiPAP-S mode 
per session (p<0.05). Obesity didn't have any effect on the course of PaCO2 in both the modes. Body positioning had no notable effect 
in both modes. 

CONCLUSION: Although the decrease in the PaCO2 levels in the AVAPS-S mode per session was remarkably high, the course was similar 
in both modes. Furthermore, obesity and body positioning had no prominent effect on the PaCO2 response and ventilator mechanics. Post 
hoc power analysis showed that the sample size was not adequate to detect a significant difference between the modes. 
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the average volume assured pressure support (AVAPS-S; 
AVAPS®) mode, which can be defined as a volume-target-
ed variable pressure support, IPAP values are adjusted by 
the device at previously specified intervals, based on the 
needs of the patient, to achieve the specified tidal volume 
target [11,12]. Thus, it seems that AVAPS-S mode should 
allow a more constant MV, not affected by the resistance 
changes in the circuit. However, in acute settings, there 
are no data comparing both the modes, and the effects 
of patient body position and obesity on success rate are 
unknown.

The present study was primarily designed to compare the 
outcomes of the BiPAP-S and AVAPS-S modes in patients with 
acute or acute-on-chronic hypercapnic respiratory failure 
who were admitted to an ICU. Secondary objectives were to 
determine the effect of obesity on the course of carbon diox-
ide response and evaluate the short-term effects of body po-
sitioning during the therapy on the ventilation variables and 
PaCO2 response. Any results that will be obtained by deter-
mining the effects of two different modes and body position-
ing during NPPV will guide us on how to administer NPPV 
in patients with AHRF. Thus, it will enhance the efficacy of 
NPPV in AHRF and lead to reductions in the length of stay in 
ICUs and treatment costs.

MATERIAL AND METHODS

The study was approved by the Gazi University Clinical Re-
search Ethics Committee (Date 06/15/2011, Decision No 
226). The patients were informed about the study, and all 
provided a written letter of consent.

Patient Selection
This single-blind randomized controlled study was car-
ried out between June 2011 and December 2013 in a 
7-bed adult ICU of a university hospital experienced in 
NPPV. The study included adult patients who were di-
agnosed with acute or acute-on-chronic hypercapnic re-
spiratory failure, had SpO2≤90% and PaCO2≥55mmHg in 
blood gas analysis, and were scheduled for non-invasive 
mechanical ventilation. Patients with any anatomical 
problem that might have interfered with mask ventila-
tion, those at the terminal stage of their disease, those 
who experienced loss of consciousness or clinical unsta-
bilization at any time during follow-up (shock, need for 
vasopressor support, Glasgow Coma Scale<10, required 
endotracheal intubation), and those who couldn’t remain 
in the semi-recumbent or lateral position for a long time 
were excluded. 

Study Design
Two identical ventilators (Respironics-TRILOGYÒ S-100; 
Respironics Inc; Murrysville, PA) were used in the study. 
The most appropriate mask was chosen for each patient 
among three different sizes of orinasal masks with the 
same features. Each patient received BiPAP-S therapy (IPAP 
of 15 cmH2O, and EPAP of 5 cmH2O at an angle of 30°-45° 
in semi-recumbent position), with supplemental oxygen 
therapy adjusted to achieve SO2 90%-95%, for 1 hour to 

maintain clinical stability after obtaining blood gas analy-
sis at admission. Following this 1-hour NPPV therapy, pa-
tients were randomized to receive non-invasive mechani-
cal ventilation either via BiPAP-S mode or AVAPS-S mode. 
Randomization was stratified by body mass index (<30 kg/
m2, ≥30 kg/m2). Patients received NPPV, including nights, 
and each session lasted for at least 2 hours. The duration 
of NPPV application was maximized in the first 48 hours 
and gradually reduced according to general improvements 
in patient’s condition and blood gas analysis. Due to high 
number of patients with chronic respiratory failure, the de-
cision on NPPV discontinuation did not solely depend on 
PaCO2 levels in the patients. Blood gases were monitored 
before and after each NPPV session. Measurements were 
regularly followed for each patient throughout the study 
using a software (DirectView version 1.4.2; Koninklijke 
Philips Electronics N.V.). Each patient received supple-
mental oxygen to achieve SO2 90%-95% if needed, and no 
changes were made to other treatment regimens. Factors 
influencing the treatment failure during NPPV were not the 
subject of this study.

Alignments and Validation
For BiPAP-S mode, IPAP was set and titrated daily to pro-
vide tidal volume (VT) calculated from 8 mL/kg, based on 
ideal body weight during wakefulness, and EPAP was set to 
provide optimal airway patency by keeping apnea at mini-
mum during monitoring. For AVAPS-S mode, IPAPmax was 
set at 30 cmH2O, and IPAPmin was set 4 cmH2O greater than 
the EPAP value, which would keep apnea at minimum dur-
ing monitoring. VT was set to provide the target of 8 mL/kg 
of the ideal body weight. During non-invasive mechanical 
ventilation, end tidal CO2 levels and tidal volumes were 
recorded in some patients using capnography (CO2SMO 
Plus) to confirm the accuracy of volumes obtained by the 
devices.

Body Positioning
Two different positions, semi-recumbent and lateral (at an 
angle of 15°-45° and 0°-15°, respectively) were used during 
daytime throughout the monitoring period to evaluate the 
short-term effects of body positioning during NPPV. After ran-
domization to two different modes, each patient was treated 
alternately in semi-recumbent and lateral positions, during 
equal treatment periods.

Measurements
All patients underwent pulmonary function tests, echo-
cardiography, and body mass index evaluation. pH, PaO2, 
PaCO2, SaO2, and HCO3 were assessed for blood gas analy-
sis, and MV, respiratory rate (RR), peak inspiratory pressure 
(PIP), and air leak were assessed for ventilation variables. 
The mean values were obtained for ventilation variables 
during each NPPV session. For primary outcome param-
eters, the mean of all daily results for blood gas analysis and 
ventilation variables was calculated. To evaluate short-term 
effects of body position, the mean of all semi-recumbent 
and lateral sessions’ ventilation variables, and mean reduc-
tion in PaCO2 level per session, was calculated and com-
pared. 29
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Outcomes
The primary endpoints of the study were the length of ICU 
stay and the overall course of PaCO2. Secondary endpoints 
included the effects of obesity on the course of PaCO2 re-
sponse, and body positioning on the ventilation variables and 
PaCO2 response.

Statistical Analysis
Data were entered into Statistical Package for Social Sci-
ences software version 17.0 (SPSS Inc.; Chicago, IL, USA), 
and analyses were made using the same software program. 
Kolmogorov-Smirnov test was used to compute the dis-
tribution of numerical variables, and those with a normal 
distribution were presented as mean ± standard deviation 
(SD). Repeated measures analysis of variance (ANOVA) was 
used to demonstrate the effect of selected mode on PaCO2, 
HCO3, and pH measurements. Only the first 6 days’ vari-
ables were used for this comparison in order not to lose 
subjects. While comparing the effect of body positioning 
on the reduction in PaCO2, the difference between pre- and 
post-therapy PaCO2 measurements for each NPPV session 
was obtained, and the paired sample t-test was used to ob-
serve the differences in semi-recumbent and lateral posi-
tions in each mode. Independent-samples t-test was used 
for comparison between the two modes. p value of <0.05 
was considered significant.

RESULTS

A total of 154 patients were included in the study during 
the period of 2 years, and 62 eligible patients completed the 
study (Figure 1). Of these 62 patients, 33 were randomized 
into the BiPAP-S mode, and 29 into the AVAPS-S mode. The 
demographic characteristics, APACHE-II scores, and comor-
bidities of both the groups are shown in Table 1. There were 
no significant differences between the baseline blood gas pa-
rameters at admission (Table 2).

The mean length of ICU stay was 7.4±2.6 days, and 8.4±3.2 
days in the BiPAP-S and AVAPS-S modes, respectively 
(p=0.17). The mean NPPV duration was 6.7±2.2 days and 
7.2±3.1 days in the BiPAP-S and AVAPS-S modes, respec-
tively (p=0.39). Mean device settings and post-NPPV mea-
surements for all sessions in both modes are shown in Table 
3. There was no significant difference found between EPAP 
settings of BiPAP-S and AVAPS-S modes (p=0.96). When the 
mean ventilation variables of all sessions were calculated, 
there was no statistically significant difference in mean re-
spiratory rate, minute ventilation, and amount of air leaks 
between the two modes. The mean PIP value in the AVAPS-
S mode was statistically higher than in the BiPAP-S mode 
(p<0.001).

PaCO2 was reduced by 10% in approximately 70% of pa-
tients within the first 5 days, and by 20% in approximately 
50% of patients within the first 7 days compared to the lev-
els at admission in both modes. No difference was found 
in the number of patients meeting the specified criteria for 
reductions in PaCO2, days of response, and NPPV dura-
tion between the two modes (Table 4). Similarly, a com-

parison between obese (BMI≥30) and non-obese patients 
and those with and without an obstructive lung disease 
(FEV1/FVC<0.7 and FEV1<80%) showed no significant dif-
ference in all criteria for reduction in the carbon dioxide 
levels. The BiPAP-S mode resulted in a mean reduction of 
2.7±2.3 mmHg in pre- and post-therapy PaCO2 levels for 
all sessions versus a mean reduction of 5.7±4.1 mmHg 

Figure 1. Schematic diagram showing flow of patients through the study

Table 1. General characteristics of all patients randomized 
to BiPAP-S and AVAPS-S modes

	 BiPAP-S	 AVAPS-S 
	 (n: 33)	 (n: 29)	 p

Mean age±SD	 63.1±12.6	 65.3±11.1	 0.47

Women; n (%)	 15 (45.5)	 13 (44.8)	 0.96

BMI; kg/m2	 33.8±10.5	 33.4±10.8	 0.9

BMI≥30 kg/m2; n (%)	 17 (51.5)	 16 (55.2)	 0.8

Ever smoker; 	 44.6±41.1	 37.3±20.3	 0.49 
package-years ± SD

APACHE-II score	 17.1±5.6	 17.8±5.3	 0.6

Comorbidities; n (%)	

Cardiac diseases	 27 (81.8)	 24 (82.8)	 0.92

Diabetes mellitus	 10 (30.3)	 7 (24.1)	 0.59

Other	 3 (9.1)	 2 (6.9)	 0.99

Long-term oxygen 	 24 (72.7)	 16 (55.2)	 0.15 
therapy; n (%)

NIV at home; n (%)	 10 (30.3)	 7 (24.1)	 0.59

BMI: body mass index; SD: standard deviation; APACHE: acute 
physiology and chronic health evaluation; NIV: non-invasive 
ventilation.
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with the AVAPS-S mode. Repeated measures ANOVA that 
was performed to compare the changes in PaCO2 levels 
by selected mode within the first 6 days showed no sta-
tistically significant difference (F=0.355, p=0.56). Similar 
results were obtained with the changes in HCO3 and pH 
levels (F=2.588, p=0.12 and F=0.321, p=0.57, respec-
tively) (Figure 2). When MV, air leaks, RR, and PIP values 
were compared by days, there was no statistically signifi-
cant difference in the values, except for the PIP at days 1 
and 2, and air leaks at day 3 (Table 5). Post hoc analysis 
showed that the difference in PIP between the two modes 
was remarkable only during the first 2 days. Furthermore, 
a comparison of the daily PaCO2 curves for each mode 

showed an increase in the PaCO2 level within the first 
48 hours in the BiPAP-S mode versus a decrease in the 
PaCO2 level from the first session in the AVAPS-S mode. 
The change in PaCO2 for 6 days was compared between 
obese (BMI≥30) and non-obese patients within BiPAP-S 
and AVAPS-S modes separately, and no significant differ-
ence was found (Figure 3).

Both semi-recumbent and lateral positions were used during 
NPPV throughout the monitoring period in both modes. The 
mean ventilation variables obtained with semi-recumbent 
and lateral positions are shown in Table 6. A comparison 
of semi-recumbent and lateral sessions within both modes 
showed that different body positioning during NPPV caused 
no significant change in PIP, air leaks, and RR and MV values. 
No significant difference was found in reduction of PaCO2 
levels between semi-recumbent and lateral positions within 

Table 2. Results of blood gas analysis at admission, 
pulmonary function test, and echocardiogram at discharge

	 BiPAP-S	 AVAPS-S	 p

pH	 7.34±0.04	 7.32±0.04	 0.08

PaO2; mmHg	 68.9±14.6	 75.3±15.3	 0.09

PaCO2; mmHg	 62.5±5.8	 65.1±7.2	 0.12

SO2; % *	 92.6±3.7	 92.9±4.1	 0.71

HCO3; mmol/L	 33.7±4.5	 33.6±6.1	 0.93

FEV1; % predicted	 41.3±15.9	 41.5±19.6	 0.96

FVC; % predicted	 53.4±16.6	 48.2±17.7	 0.26

FEV1/FVC; %	 62.2±15.1	 66.2±19.1	 0.4

EF; %	 58.2±8.9	 62.9±4.8	 0.15

sPAP; mmHg	 43.3±23.4	 42.3±22.3	 0.89

FEV1: forced expiratory volume in 1 second; FVC: forced vital 
capacity; EF: ejection fraction; sPAP: systolic pulmonary artery 
pressure

* With supplemental oxygen therapy, adjusted to achieve SO2 90%-
95%.

Pulmonary function tests and echocardiography were done before 
hospital discharge. Results are shown as mean±standard deviation.

Table 3. Device settings and post-NPPV measurements 
(ventilation variables)

	 BiPAP-S	 AVAPS-S 
	 (n=33)	 (n=29)	 p

Device settings

IPAPmax; cmH2O	 17.4±3.8*	 30	 -

IPAPmin; cmH2O	 -	 11±2.2	 -

EPAP; cmH2O	 6.9±2.1	 7±2.1	 0.96

VT; ml	 -	 500±43.5	 -

Post-NPPV measurements; mean of all sessions

PIP; cmH2O	 17.5±3.5	 22.2±5.1	 0.001

MV; L/min	 10.2±1.9	 10.3±2.5	 0.81

Leak; L/min	 27.8±5.4	 26.5±3.8	 0.29

Respiratory rate	 22.2±3.5	 22.7±4.1	 0.61

IPAP: inspiratory positive airway pressure; EPAP: expiratory positive 
airway pressure; VT: tidal volume; PIP: peak inspiratory pressure; MV: 
mean ventilation

*IPAP in BiPAP-S mode is shown in this cell. Results are shown as 
mean±standard deviation.

Table 4. Comparison of the amount and time of decrease 
in PaCO2 levels, NPPV duration, and length of ICU stay 
of the patients according to treatment groups

	 BiPAP-S	 AVAPS-S	 p

Comparison of post-NPPV PaCO2 values  
as a percentage of admission

10% decrease; n (%)	 24 (72.7)	 20 (71.4)	 0.91

The time of 10% decrease; 	 5.1±1.9	 4.6±2.6	 0.53 
days±SD

Mean NPPV application 	 39.7±21.7	 35.6±23.7	 0.55 
time for 10% decrease;  
hours±SD

20% decrease; n (%)	 15 (45.5)	 15 (53.6)	 0.53

The day of 20% decrease; 	 6.1±2.2	 6.2±3.1	 0.95 
days±SD

Mean NPPV application 	 50.6±25.2	 48.2±27.2	 0.8 
time for 20% decrease;  
hours±SD

NPPV: Non-invasive positive pressure ventilation; SD: standard 
deviation

Figure 2. Changes in the mean daily PaCO2, pH, and HCO3 values in 
the course of 6 days. Repeated measures analysis of variance showed 
no statistically significant difference (F=0.355, p=0.56 for PaCO2; 
F=0.321, p=0.57 for pH; F=2.588, p=0.12 for HCO3, respectively)
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Table 5. Comparing daily values of mean MV, leak, PIP, and RR between BiPAP-S and AVAPS-S modes

Day	 1	 2	 3	 4	 5	 6

MV (L/min)						    

BiPAP-S	 9.5±2.4	 9.1±1.7	 9.3±2	 10.1±2.1	 10.5±1.8	 9.8±1.5

AVAPS-S	 8.7±2.5	 9.4±2.5	 9.4±2.3	 9.9±2.9	 9.7±2.3	 10±3.2

p *	 0.4	 0.68	 0.96	 0.83	 0.64	 0.84

Leak (L/min)						    

BiPAP-S	 26.5±5.7	 30.3±5.8	 31.3±6.3	 31.6±7.4	 32.4±8.3	 34±9.4

AVAPS-S	 26.2±5	 26.7±5.7	 26.1±3.3	 27.8±3.6	 28±5.5	 29.1±4.5

p *	 0.85	 0.07	 0.01	 0.08	 0.11	 0.11

PIP (cmH2O)						    

BiPAP-S	 16.3±3.1	 16.7±3.2	 17.4±3.3	 17.9±3.8	 19±3.7	 19.8±3.7

AVAPS-S	 19.7±5.2	 20.3±5.3	 20.4±5.5	 20.1±5.1	 17.5±4.9	 14.6±5.2

p *	 0.02	 0.02	 0.06	 0.18	 0.36	 0.21

RR						    

BiPAP-S	 21.9±5.5	 20.1±3.6	 19.5±2.3	 20.3±3.5	 20.3±3.1	 19.7±1.9

AVAPS-S	 20.9±5.5	 20.5±3.9	 21.6±4	 22.2±4.8	 21.8±4.5	 21.7±3.6

p *	 0.6	 0.8	 0.06	 0.2	 0.3	 0.09

MV: mean ventilation; PIP: peak inspiratory pressure; RR: respiratory rate

Results are shown as mean ± standard deviation.

Table 6. Comparing post-NPPV measurements of all semi-recumbent and lateral sessions within both modes separately

		  BiPAP-S			   AVAPS-S

	 Semi-recumbent	 Lateral	 p	 Semi-recumbent	 Lateral	 p

PIP; cmH2O	 17.4±3.5	 17.8±3.9	 0.87	 22.1±4.9	 21.1±5.1	 0.42

MV; L/min	 10.3±1.8	 10.2±3.3	 0.18	 10.2±2.9	 10.5±2.6	 0.9

Leak; L/min	 26.9±5.1	 29.1±5.8	 0.11	 24.8±3.8	 26.1±7.4	 0.96

RR	 23.4±4.6	 22.1±3.1	 0.07	 22.6±4.9	 21.8±4.2	 0.57

PIP: peak inspiratory pressure; MV: mean ventilation; RR: respiratory rate

Results are shown as mean±standard deviation.

Figure 3. Changes in the mean daily PaCO2 values of obese (BMI≥30) and non-obese patients. Course of PaCO2 values found similar in both 
modes (F=3.245, p=0.053 for BiPAP-S; F=2.931, p=0.097 for AVAPS-S)32
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two modes (p>0.05). But there was a significant reduction in 
mean PaCO2 value for all semi-recumbent and lateral NPPV 
sessions.

DISCUSSION

In the present study, patients with acute or acute-on-chronic 
hypercapnic respiratory failure were randomly assigned to 
either BiPAP-S or AVAPS-S modes. As primary endpoint, the 
changes in PaCO2, HCO3, and pH levels and length of hos-
pital stay by both modes were found similar, with no differ-
ence between the mean MV, RR, and air leak measurements. 
The mean PIP was higher in the AVAPS-S mode. As second-
ary endpoint, the mean reduction in PaCO2 per session with 
semi-recumbent and lateral positions in the AVAPS-S mode 
was remarkably higher than in the BiPAP-S mode. This dif-
ference was not observed when comparing semi-recumbent 
and lateral positions within both modes. The patient’s posi-
tion during NPPV did not make any change in the measure-
ments of PIP, RR, air leak, and MV. Furthermore, presence of 
obesity had no effect on the carbon dioxide response within 
both modes. 

Recently, NPPV has been considered to be the most impor-
tant development in the field of pulmonology since it elimi-
nates complications associated with invasive mechanical 
ventilation [3,13]. Studies on NPPV modes and their use 
usually focused on a selected group of diseases. To our best 
knowledge, the present study represents the first study that 
compared the effect of BiPAP-S and AVAPS-S modes, obesity, 
and body position on success in ICU settings.

Previous studies comparing both modes were generally in-
cluded chronic hypercapnic patients. In a study which com-
pared home use of BiPAP-S/T and BiPAP-AVAPS-S/T modes in 
10 patients diagnosed with obesity hypoventilation syndrome 
(OHS), Storre et al. [14] found that the BiPAP-S/T mode im-
proved oxygenation, sleep quality, and health-related quality 
of life. However, higher levels of PaCO2 were not improved by 
therapy. Addition of the S/T-AVAPS mode to the therapy con-
tributed to the ventilation, thus resulting in a more efficient 
reduction in carbon dioxide levels. Another study which en-
rolled 50 super obese (BMI>40 kg/m2) patients with OHS and 
compared home use of BiPAP-S and BiPAP-AVAPS-S modes 
showed no statistically significant difference in changes of 
PaCO2, PaO2, and HCO3 at the end of 3 months. There was 
no difference in PIP and air leaks monitored throughout the 
study between the two modes [15]. In our study, there were 
no difference in the course of PaCO2, PaO2, and HCO3 lev-
els between the two modes. However, the mean PIP value 
was higher in the AVAPS-S mode. Although no difference 
was observed in the repeated measures analysis of variances 
between the two modes, post hoc analysis showed that the 
difference in PIP between the two modes was remarkable 
only during the first two days. Furthermore, a comparison of 
the daily PaCO2 curves for each mode showed an increase 
in the PaCO2 level within the first 48 hours in the BiPAP-S 
mode versus a decrease in the PaCO2 level from the first ses-
sion in the AVAPS-S mode. As the mean MV, air leak, and RR 
measured during the therapy with both modes and the EPAP 

levels adjusted before the therapy were similar, the increased 
PIP during the first 2 days in the AVAPS-S mode indicates that 
the device utilized higher inspiratory pressures in order to 
achieve the targeted tidal volume. Therefore, it appears that 
the reduction in PaCO2 was more effective in the AVAPS-S 
mode in an earlier period compared to the BiPAP-S mode. 
These results suggest that inspiratory pressures should be 
kept higher during the earlier days in patients presenting with 
AHRF, especially in modes with constant pressure settings.

The mean BMI in our patient group was 33.6 kg/m2, and 
53.2% of patients had a BMI of 30 kg/m2 and over, which rep-
resents the threshold for obesity. Repeated measures ANOVA 
within both modes showed that presence of obesity caused 
no difference in the reduction of PaCO2. A previous study 
carried out in our ICU to examine the effect of obesity on 
NPPV strategies and responses in patients with AHRF found 
that presence of obesity was not associated with the length 
of hospital stay, intubation rate, and mortality [16]. However, 
we found that obese patients should remain on NPPV 3 times 
longer than non-obese patients in order to reduce the PaCO2 
level to less than 55 mmHg, which was the primary endpoint. 
Another challenge in obese patients other than hypoventila-
tion are respiratory events that occur during sleep. With ap-
nea being the most severe event, MV is reduced, and hyper-
capnia deepens during sleep due to respiratory events in this 
group of patients. Even though our patients received NPPV 
support during sleep, a study by Contal et al. [17] in 10 pa-
tients with OHS showed that NPPV used in the spontaneous 
mode without any back-up respiratory rate was insufficient in 
preventing these respiratory events. However, it also showed 
that presence of back-up respiratory rate did not make any 
change in the transcutaneous PtCO2 levels measured during 
sleep. While they included chronic hypercapnic patients, our 
study showed no negative effect of obesity on the PaCO2 re-
sponse in a group of acute hypercapnic patients. Since both 
modes used in our study were spontaneous modes without 
any back-up respiratory support, such back-up may not be 
required in acute patients.

In the present study, the BiPAP-S mode resulted in a signifi-
cantly less mean reduction in pre- and post-therapy PaCO2 
levels for all sessions compared to AVAPS-S mode. Although 
the mean reduction in PaCO2 levels obtained in the AVAPS-S 
mode per session is almost 100% higher than in the BiPAP-S 
mode, it is questionable whether there is a similar course of 
reduction, rate of meeting the reduction criteria in PaCO2, 
and length of ICU stay. It indicates that in patients with acute 
hypercapnic respiratory failure, the reduction in PaCO2 with 
a single session of NPPV will not be permanent due to ongo-
ing underlying pathology associated with acute deterioration. 
However, application of AVAPS-S mode in early period of 
disease would reduce carbon dioxide level more effectively, 
and that might decrease the rate of endotracheal intubation 
in these patients.

When the relationship between different body positions, 
PaCO2 response, and respiratory mechanics is considered, 
Thomas et al. [18] found that lateral positioning had no ef-
fect on PaO2/FiO2 in ventilated intensive care patients. An- 33
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other study observed that body positioning had no effect on 
respiratory patterns and dynamics during NPPV therapy in 
patients with stable COPD. There was no difference in RR, 
VT, and MV levels in the BiPAP-S mode between semi-re-
cumbent and lateral positions in the groups [19].

In a study evaluating the effect of BiPAP-S and AVAPS-S 
modes in semi-recumbent and lateral positions during sleep 
on sleep efficiency and MV, Ambrogio et al. [20] showed that 
semi-recumbent position was associated with worse sleep ef-
ficiency. With the use of AVAPS-S mode in lateral positioning, 
MV remained stable as the stage of sleep increased. There 
was a remarkable reduction in MV with increased stages of 
sleep with the BiPAP-S mode in both positions and AVAPS-
S in semi-recumbent position. Furthermore, similar to our 
study, there was no difference in minute ventilations between 
semi-recumbent and lateral sessions. Thus, we may interpret 
the absence of any difference between different positions in 
the same mode, as causes of hypoventilation such as upper-
airway obstruction in semi-recumbent position and increased 
abdominal pressure associated with abdominal fat tissue can 
be partially prevented with appropriate pressure support and 
monitorization. Unlike our study, this study was carried out 
with a group of chronic respiratory failure patients with sta-
ble COPD. The effect of selected mode and positions on the 
quality of sleep was evaluated by polysomnographic record-
ing. Since our study included intensive care patients in the 
acute phase, our priority was to evaluate the effect of selected 
mode and position on the reduction in carbon dioxide levels. 

Even if it was not one of our objectives, we concluded that vari-
ations in pressure requirements during patient monitoring can 
be met by evaluating the recordings taken during NPPV ther-
apy. The pressure requirements particularly during sleep and 
wakefulness are completely different. Fanfulla et al. [21], in a 
study in 48 patients with chronic respiratory failure, showed 
patient-ventilator asynchrony during sleep with ventilators ad-
justed for daytime conditions and recommended that presence 
of asynchrony should be identified by monitoring patients who 
were scheduled for long-term NPPV therapy.

Our study has some limitations. First of all, each patient had 
more than one outcome for semi-recumbent and lateral posi-
tions. Even though we obtained a mean value, we didn’t ex-
amine the long-term effect of body positioning in the selected 
mode. We can attribute this to the unwillingness of patients to 
remain in semi-recumbent or lateral position for a long peri-
od of time. Long-term effects associated with positioning can 
be shown with studies monitoring patients in the same posi-
tion for longer periods. Second, we evaluated the efficacy of 
non-invasive mechanical ventilation based on the monitor-
ing facilities of the device (respiratory rate, air leaks, min-
ute ventilation), but we didn’t make any polysomnographic 
examination to evaluate respiratory pattern, apnea/hypopnea 
features, and sleep quality. However, as mentioned before, 
polysomnographic examination fails to provide an accurate 
and reliable evaluation in the group of acute intensive care 
patients; it is mostly beneficial particularly in determining the 
most appropriate mode and the most accurate pressures dur-
ing the planning phase of long-term non-invasive mechanical 

ventilation before the discharge. Third, our study was carried 
out in a single center with a small group of patients, and final-
ly, post hoc power analysis indicated that the power wasn’t 
sufficient (0.27) given the group sizes and length of ICU stay.

In conclusion, although the decrease in the carbon dioxide 
levels with the AVAPS-S mode per session was remarkably 
high, the course was similar with both modes. Furthermore, 
obesity and body positioning had no prominent effect on the 
carbon dioxide response and ventilator mechanics.
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