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Abstract

Previous studies reported that noninvasive positive pressure ventilation (NPPV) may have beneficial effects in the treatment of patients with congestive heart failure (CHF). However, a little is known, until now, about the haemodynamic and respiratory consequences of bilevel positive airway pressure (BiPAP) therapy in these patients. This study prospectively evaluated the haemodynamic and respiratory effects of BiPAP, as a type of NPPV, on patients with CHF with systolic and/or diastolic dysfunction. A total of 40 patients (32 males and 8 females) were enrolled in this study. They were divided into 4 groups as follow: 10 without heart failure as a control group (group A), 10 with systolic heart failure (group B), 10 with diastolic heart failure (group C), and lastly 10 patients with systolic and diastolic heart failure (group D). Each patient underwent chest X-ray, pulmonary function tests, blood picture, blood sugar and liver and kidney function tests. Echocardiography and blood gases were performed before ventilation, 60 minutes of the beginning of ventilation, and then 30 minutes after the end of ventilation. Oxygen saturation monitoring, blood pressure monitoring, ECG and heart rate monitoring, respiratory rate monitoring and daytime polysomnography were performed throughout the study. Each patient received NPPV (an inspiratory pressure of 12 cm H2O and an expiratory pressure of 4 cm H2O in spontaneous mode) using a BiPAP ventilator via a full-face mask for one hour. As regard the haemodynamic effects, in comparison to spontaneous breathing, no significant statistical changes were found in the  systolic or diastolic parameters in group A after 60 minutes of BiPAP application apart from statistically significant decrease in the systolic blood pressure (p=0.03). In groups B, C and D BiPAP produced significant decreases in left ventricular end-diastolic and end-systolic volumes as well as heart rate (p<0.05). Ejection fraction, stroke volume and cardiac output significantly increased. Blood pressure measurements and diastolic parameters showed no significant changes (p>0.05). With the exception of nonsignificant changes in respiratory rate in group A, respiratory measurements showed statistically significant increase in arterial oxygen tension, significant decrease in arterial carbon dioxide tension, significant increase in oxygen saturation and significant decrease in respiratory rate with application of BiPAP in all groups. In all groups, most of the haemodynamic and respiratory parameters returned to the baseline values after 30 minutes of BiPAP discontinuation. There were nonsignificant correlations between cardiac output after 60 minutes of BiPAP application and baseline haemodynamic and respiratory parameters in all groups. From this study it can be concluded that BiPAP has excellent potential for improving left ventricular performance of patients with CHF secondary to systolic and/or diastolic dysfunction.
Introduction

The past decade has seen a resurgence in the use of noninvasive ventilation, largely because of the development of nasal ventilation, which has the potential of providing ventilatory assistance with greater convenience, comfort, safety and less cost than invasive ventilation(1).
Noninvasive positive pressure ventilation (NPPV) is a safe and effective mean of improving gas exchange in patients with many types of acute respiratory failure(2) and in those with cardiogenic pulmonary oedema, particularly those with hypercapnia(3). In patients with various forms of acute type I respiratory failure (pneumonia, congestive heart failure (CHF) and chest wall disorders), this therapy decreased the rate of intubation and improved survival(4,5).
It has been demonstrated that systolic and diastolic dysfunctions coexist in the majority of patients with CHF. In one third of all cases, systolic function is normal, and heart failure occurs solely on the basis of diastolic dysfunction(6,7,8). Although the diastolic dysfunction was previously known to occur in rare diseases such as hypertrophic cardiomyopathy, it is now clear that hypertension, coronary artery disease and aging commonly produce diastolic dysfunction in the absence of significant reductions in ejection fraction(9).

Despite advances in medical therapy of congestive heart failure, morbidity and mortality for this disorder remain high in the developed countries(10,11). Therefore, to improve the prognosis of CHF additional novel approaches to its therapy are required. Noninvasive ventilation may have a role in treatment of CHF as a nonpharmacologic adjunctive therapy in these patients by raising the intrathoracic pressure(12,13).

Few previous studies showed significant benefits with continuous positive airway pressure (CPAP)(12,13) and bilevel positive airway pressure (BiPAP)(14) in patients with reduced left ventricular systolic function. However, there is a little knowledge, until now, about the haemodynamic consequences of BiPAP therapy in patients presenting with CHF. 
AIM OF THE WORK
         The present study was prospectively designed to assess the haemodynamic and respiratory effects of BiPAP, as a type of NPPV, on patients with CHF with systolic and/or diastolic dysfunction.
Patients and methods

The study was conducted during the period from September 2001 to April 2003 and included 40 patients (32 males and 8 females). All patients were admitted in the Department of Internal Medicine II (Cardiology, Pneumology, Angiology, and Nephrology), Ulm University Hospital, Ulm University, Germany. The study was approved by the local ethics committee of Ulm University Hospital and informed written consent was obtained from each patient prior to enrollment.
Patients Selection and Study Design
The included patients were selected after cardiac catheterization and subdivided into 4 groups as the following:

· Group A: included 10 patients with normal systolic and diastolic cardiac functions and considered as a control group.

· Group B: included 10 patients with systolic dysfunction (ejection fraction <40 %)(15).

· Group C: included 10 patients with diastolic dysfunction (pulmonary capillary wedge pressure or left ventricular end-diastolic pressure >12 mm Hg with ejection fraction > 40 %)(16).

· Group D: included 10 patients with both systolic and diastolic dysfunctions.

The later 3 groups were considered as the diseased groups and patients in these groups were functionally assessed according to the New York Heart Association (NYHA) classification(17).
The patients were considered eligible for the study if they met the following inclusion criteria: stable cardiac and haemodynamic status, sinus cardiac rhythm, intact upper airway, and ability to cooperative. Patients were excluded if they had unstable cardiac rhythm, primary valvular diseases, chest pain or unstable angina, recent myocardial infarction, recent bronchial or cardiac surgery, haemodynamic instability, chronic obstructive pulmonary disease (COPD) or other significant pulmonary diseases, acute exacerbation of CHF, fever or signs of infection, obstructive sleep apnea or altered mental state. Patients were also excluded if they were incooperative.

The study was carried out in the sleep laboratory, Department of Internal Medicine II, Ulm University Hospital, in the afternoon during a time control period for at least 2 hours, while the patients were awake and in the supine position. The medications likely to affect the haemodynamic parameters were stopped at least 8 hours before the beginning of the study namely, angiotensin converting enzyme inhibitors, diuretics, calcium channel blockers and nitrate preparations.  

 
Before the study, each patient underwent some routine investigations which included: chest X-ray and pulmonary function tests (to exclude any detectable chest disease which may affect cardiac function especially COPD), blood picture, blood sugar and liver and kidney function tests.

The following investigations were performed with application of BiPAP ventilation: echocardiography, blood gases, oxygen saturation monitoring, blood pressure monitoring, ECG and heart rate monitoring, respiratory rate monitoring and daytime polysomnography.

Echocardiography and blood gases were performed before ventilation, 60 minutes of the beginning of ventilation, and then 30 minutes after the end of ventilation. Daytime polysomnography was performed throughout the study to ensure that the patients were awake during study and to avoid the haemodynamic effects of sleep. The rest of the investigations were also performed throughout the study. 
Application of NPPV


While the baseline investigations were being done, the patient was adapted to the chosen suitable full-face mask (Mirage® ResMed, Australia), breathing room air for about 30 minutes. Then, the BiPAP ventilator (Somnovent® S, Weinmann, Hamburg) was connected to the fitted full-face mask and the patient breathed spontaneously for one hour. The ventilator parameters were set at an inspiratory positive pressure ventilation of 12 cm H2O and an expiratory positive pressure ventilation of 4 cm H2O in spontaneous mode. The mask was connected to the polysomnography circuit to monitor the pressure inside the mask. During study, the patients were checked for any problem related to the ventilation, especially the mask for air leak. 

Echocardiography


A complete M-mode, two dimensional, pulsed, and color-flow Doppler echocardiographic examinations were performed by using a commercial imaging system (ATL HDI 5000). All 2-dimentional echocardiographic data were stored digitally, and videocassette recorder was used to store pulsed Doppler data on high-quality videotape for later analysis. All tracings were recorded by one examiner who followed the same protocol throughout the study to insure the consistency of the echocardiographic measurements and to avoid variances among operators. Each Doppler profile was analyzed by digital tracing, and Doppler measurements were calculated from an average of 5 consecutive cardiac cycles. All echocardiographic values and calculations were generated by the computer system of the echocardiograph machine.

 Assessment of the cardiac function
  
Systolic function was assessed by fractional shortening obtained from M-mode recordings of left ventricular systolic and diastolic dimensions, as well as by the left ventricular ejection fraction (LVEF) estimated from the two-dimensional Simpson’s method. Also, Cardiac output and stroke volume were measured. By M-mode echocardiography, left ventricular end-diastolic volume (LVEDV), left ventricular end-systolic volume (LVESV), left ventricular thickness, interventricular septum thickness and size of the left atrium were measured.(18,19) Left ventricular diastolic function was evaluated by measuring early peak transmitral flow velocity (E), late peak transmitral flow velocity (A), ratio between the early peak transmitral flow velocity (E) and late peak atrial systolic velocity (A) [E/A ratio], and deceleration time (DT) of E velocity. The pulmonary venous flow parameters were defined as follows: S-wave, peak systolic flow velocity in the pulmonary vein (S); D-wave, peak diastolic flow velocity in the pulmonary vein (D); S/D ratio, and duration of the pulmonary-atrial reversal signal (ARd). Diastolic dysfunction was categorized as abnormal relaxation or pseudonormal/restrictive.(20,21)
Blood Gases, Oxygen Saturation and Blood Pressure


Blood sample was taken from the ear lobule by the capillary tube. Arterial oxygen tension (PaO2), arterial carbon dioxide tension (PaCO2), arterial oxygen saturation (SaO2) and pH were determined by blood gas analyzer (Radiometer BMS 3 MK2, Copenhagen, Denmark). Arterial blood pressure (systolic and diastolic) was measured throughout the study by automatic sphygmomanometer (Dinamap, Critikon, Tampa Bay, FL). Mean blood pressure was calculated as follows: systolic blood pressure + (diastolic blood pressure x 2)/3(14). Also, SaO2 and heart rate were monitored by the oximetry.

Daytime Polysomnography


Daytime polysomnography (using the SAC system, OXFORD), including electroencephalogram, was done to ensure that the patients were awake during study to avoid the haemodynamic effects of sleep. Also, the pressure inside the mask and heart rate were monitored.
Statistical Analysis


All data were expressed as mean ± standard deviation (SD). The results before, during, and after NPPV were compared by using the Wilcoxon matched pair signed-rank test. Relationships between cardiac output after 60 minutes of BiPAP application and baseline haemodynamic and respiratory parameters in different groups were calculated by Pearson’s correlation test. A test with a p value of < 0.05 was considered as statistically significant.

Results

A total of 40 patients (32 males and 8 females) were enrolled in this study. They were divided into 4 groups as follow: 10 without heart failure as a control group (group A), 10 with systolic heart failure (group B), 10 with diastolic heart failure (group C), and lastly 10 patients with systolic and diastolic heart failure (group D).
The causes of heart failure were idiopathic dilated cardiomyopathy (6 in group B, one in group C and 5 in group D), ischemic heart disease (3 in group B, 6 in group C and 3 in group D) and hypertension (one in group B, 3 in group C and 2 in group D). 

The BiPAP ventilation was clinically well tolerated by all patients. None of the study participants complained of any major complications or side effects as gastric distension, barotrauma, cardiac arrhythmia, chest pain or myocardial infarction.

Table (1) shows the demographic and clinical characteristics of the studied groups. The patients in the diseased groups were 23 males (76.7%) and 7 females (23.3%). Their ages ranged from 28 to 78 years old with a mean (±SD) age of 58.3±10.6 years. They were with a NYHA classification of II or III.
Effects of BiPAP Application on Different Groups
Haemodynamic Effects
Group (A)

With the exception of significant statistical decrease in the systolic blood pressure (p=0.03), we found no significant statistical changes in the other systolic or diastolic parameters after 60 minutes of BiPAP application (Table 2).

Group (B)
After 60 minutes of BiPAP therapy, LVEDV and LVESV were significantly decreased (p=0.01, p=0.001 respectively). Ejection fraction and stroke volume statistically increased (p=0.0002, p=0.0001 respectively), simultaneously heart rate significantly decreased (p=0.008). This consequently accompanied by significant increase in cardiac output (p=0.0001). No significant changes in the blood pressure measurements, DT or E/A ratio were recorded (Table 3).

Group (C)

In this group, BiPAP resulted in significant decreases in LVEDV and LVESV (p=0.0001, p=0.0001 respectively). Also, significant increase in ejection fraction (p=0.0003), stroke volume (p=0.0001) and cardiac output (p=0.0001) were recorded. None of the other haemodynamic parameters were significantly affected by BiPAP application other than significant decrease (p=0.003) in heart rate (Table 4). As regard the diastolic parameters, both DT and E/A ratio showed no significant changes with BiPAP application (Table 5).
Group (D)

In comparison to spontaneous breathing, BiPAP produced significant decreases in both LVEDV and LVESV (p=0.04, p =0.0007 respectively) as well as heart rate (p=0.001). Ejection fraction, stroke volume and cardiac output significantly increased (p=0.03, p=0.0001, p=0.01 respectively). Blood pressure measurements and diastolic parameters showed no significant changes. (Tables 6,7)
Respiratory Effects
Apart from nonsignificant changes in respiratory rate in group A, respiratory measurements showed statistically significant increase in PaO2, significant decrease in PaCO2, significant increase in SaO2 and significant decrease in respiratory rate with application of BiPAP in all groups (Table 8).

In all groups, most of the haemodynamic and respiratory parameters returned to the baseline values after 30 minutes of BiPAP discontinuation (Tables 2-8).

In all groups, there were nonsignificant correlations between the baseline haemodynamic and respiratory parameters in one side and cardiac output after 60 minutes of BiPAP application in the other side.
Table (1): Demographic and clinical data of patients included in the study.

	Variables
	Group A
	Group B
	Group C
	Group D

	Sex

 Male

 Female
	9

1
	8

2
	8

2
	7

3

	Age
	61.3±6.5
	58.5±13.5
	56.8±10.5
	59.6±8.2

	Functional capacity 
	
	NYHA* II (n=8)

NYHA III (n=2)
	NYHA II (n=9)

NYHA III (n=1)
	NYHA II (n=7)

NYHA III (n=3)


* New York Heart Association classification.
Table (2): Haemodynamic changes in group (A).

	Variables
	Before*
	During**
	After***
	p value#
	p value##

	LVEF %
	77.5±2.8
	76.7±4.3
	77±2.3
	0.5
	0.2

	HR beat/min
	58.7±4.9
	58.9±5.3
	59.6±8.9
	0.9
	0.7

	SV ml
	81.9±2.1
	81.9±2.1
	80.7±3.5
	0.9
	0.2

	CO l/min
	4.8±0.3
	4.8±0.4
	4.8±0.5
	0.9
	0.8

	BP

 SBP mm Hg

 DBP mm Hg

 MBP mm Hg
	
132.9±10.8

73.6±7.7

93.2±7.7
	126.8±13.1

72.8±6.4

90.6±6.9
	137.9±10.4

75.7±4.8

96.6±4.6
	0.03

0.6

0.1
	0.1

0.3

0.1

	LVEDV ml
	97.9±26.9
	91.6±32.1
	95.9±26.7
	0.26
	0.1

	LVESV ml
	22.2 ±6.8
	22 ±7.8
	21.4±6.8
	0.9
	0.2

	DT ms
	213.4±25.8
	218.4±59.3
	212.5±30.1
	0.8
	0.4

	E/A ratio
	0.9±0.1
	0.9±0.2
	0.9±0.1
	0.9
	0.4


Abbreviations: LVEF: left ventricular ejection fraction, HR: heart rate, SV: stroke volume, CO: cardiac output,  BP: blood pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure, MBP: mean blood pressure, LVEDV and LVESV: left ventricular end-diastolic and end-systolic volumes, DT: deceleration time, E/A ratio: ratio between the early peak transmitral flow velocity (E) and late peak atrial systolic velocity (A).* Before BiPAP application (baseline values). ** 1 hour receiving BiPAP. *** 30 minutes after BiPAP withdrawal. # Comparison between values of 60 minutes of BiPAP application and baseline values. ## Comparison between values 30 minutes after BiPAP withdrawal and baseline values.
Table (3): Haemodynamic changes in group (B).

	Variables
	Before*
	During**
	After***
	p value#
	p value##

	LVEF %
	26.8±8.0
	37.1±11.4
	28.4±8.2
	0.0002
	0.07

	HR beat/min
	77.3±9.0
	72.5±9.0
	76.2±1.3
	0.008
	0.4

	CO l/min
	3.8±0.5
	4.7±0.4
	3.7±0.4
	0.0001
	0.4

	SV ml
	49.9±6.1
	64.4±7.3
	50.6±6.8
	0.0001
	0.6

	BP

 SBP mm Hg

 DBP mm Hg

 MBP mm Hg
	120±9.5

76.3±12.7

91.2±8.9
	121±8.2

77.1±11.5

91.7±8.4
	122.1±10.0

78.4±11.6

92.3±9.1
	0.9

0.4

0.6
	0.07

0.06

0.1

	LVEDV ml
	190.1±26.2
	169±26.2
	188.2±26.6
	0.01
	0.08

	LVESV ml
	134.1±30.4
	117.2±32.9
	133±30.3
	0.001
	0.2

	DT ms
	238.6±52.6
	236.5±38.5
	227.4±31.9
	0.7
	0.3

	E/A ratio
	0.9±0.2
	0.9±0.2
	0.9±0.2
	0.6
	0.2


Table (4): Haemodynamic changes in group (C).

	Variables
	Before*
	During**
	After***
	p value#
	p value##

	LVEF %
	54.5±4.9
	66.6±6.5
	54.2±5.6
	0.0003
	0.8

	HR beat/min
	73.4±8.2
	70.6±7.0
	72.5±7.6
	0.003
	0.2

	SV ml
	52.2±7.7
	68.5±7.3
	51.3±7.4
	0.0001
	0.2

	CO l/min
	3.8±0.4
	4.8±0.5
	3.76±0.3
	0.0001
	0.6

	BP

 SBP mm Hg

 DBP mm Hg

 MBP mm Hg
	128.2±12.8

77.8±12.5

93.5±10.9
	127.2±9.5

75.6±9.7

92.3±8.3
	127.5±11.0

79.9±11.8

95.8±10.3
	0.5

0.2

0.4
	0.5

0.4

0.2

	LVEDV ml
	166.8±27.9
	153.9±24.8
	165.2±28.8
	0.0001
	0.2

	LVESV ml
	88.7±20.6
	77.1±18.6
	87.2±20.0
	0.0001
	0.2


Table (5): Changes in diastolic parameters in group (C).

	Variable
	Abnormal relaxation (n=4)
	Pseudonormal/restrictive (n=6)

	
	Before
	During
	After
	p value#
	p value##
	Before
	During
	After
	p value#
	P value##

	DT ms
	306.8±101.5
	243.3±27.3
	302.5±107.8
	0.2
	0.3
	183±

20.8
	198.5±15.4
	180.8±27.1
	0.1
	0.7

	E/A ratio
	1.75±

0.6
	1.05±

0.2
	1.37±

0.6
	0.3
	0.4
	1.3±

0.4
	1.3±

0.3
	1.3±

0.4
	0.7
	0.4


Table (6): Haemodynamic changes in group (D).

	Variables
	Before*
	During**
	After***
	p value#
	p value##

	LVEF %
	30.1±11.2
	44.3±19.4
	31.1±10.1
	0.03
	0.06

	HR beat/min
	68.4±10.8
	64.8±10.1
	67.3±10.9
	0.001
	0.07

	SV ml
	53.9±9.1
	72.4±7.8
	56.0±7.9
	0.0001
	0.002

	CO l/min
	3.6±0.2
	4.5±0.9
	3.7±0.2
	0.01
	0.09

	BP

 SBP mm Hg

 DBP mm Hg

 MBP mm Hg
	118.1±16.0

72.0±9.4

87.5±11.0
	117.2±14.6

72.8±9.6

87.7±10.3
	124.7±17.9

73.0±7.8

90.5±10.3
	0.7

0.6

0.9
	0.07

0.1

0.06

	LVEDV ml
	203.6±40.9
	180.2±43.1
	202.4±38.4
	0.04
	0.4

	LVESV ml
	154.1±51.0
	127.9±41.9
	152.4±51.8
	0.0007
	0.2


Table (7): Changes in diastolic parameters in group (D).

	Variable
	Abnormal relaxation (n=3)
	Pseudonormal/restrictive (n=7)

	
	Before
	During
	After
	p value#
	p value##
	Before
	During
	After
	p value#
	P value##

	DT ms
	447.7±149.6
	268.7±97.3
	445.7±152
	0.3
	0.4
	179.7±31.9
	176.1±29.3
	179.6±30.8
	0.7
	0.9

	E/A ratio
	0.7±

0.2
	0.7±

0.2
	0.7±

0.2
	0.9
	0.6
	1.6±

0.8
	1.3±

0.4
	1.6±

0.8
	0.1
	0.8


Table (8): Changes in respiratory measurements in all groups. 

	
	Variables
	Before*
	During**
	After***
	p value#
	p value##

	Group (A)
	RR breath/min
	14.8±2.4
	13.7±2.4
	14.3±2.3
	0.09
	0.2

	
	PaO2 mm Hg
	66.3±6.2
	74.1±7.5
	65±6.8
	0.008
	0.2

	
	PaCO2 mm Hg
	37.3±2.1
	25.7±7.8
	36.9±2.3
	0.0006
	0.14

	
	SaO2 %
	94.5±1.3
	98.6±1.1
	95.1±1.3
	0.0001
	0.2

	Group (B)
	RR breath/min
	24.8±2.6
	17.8±2.2
	24±2
	0.001
	0.9

	
	PaO2 mm Hg
	74.9±7.7
	82.7±9.5
	74.9±8.5
	0.0001
	0.9

	
	PaCO2 mm Hg
	36.6±3.6
	27.9±5.1
	36.3±3.7
	0.0001
	0.5

	
	SaO2 %
	92.7±2.1
	94.9±1.6
	93.2±1.9
	0.001
	0.2

	Group (C)
	RR breath/min
	18.7±2.1
	13.6±1.4
	17.7±2.1
	0.0001
	0.2

	
	PaO2 mm Hg
	72.8±5.7
	81.9±3.3
	73.5±5.6
	0.0001
	0.5

	
	PaCO2 mm Hg
	38.1±3.4
	27.5±3.9
	37.4±3.7
	0.0001
	0.1

	
	SaO2 %
	92.2±1.9
	93.7±1.3
	92.3±1.3
	0.009
	0.8

	Group (D)


	RR breath/min
	17.3±2.8
	13.1±1.2
	16.9±2.7
	0.0001
	0.1

	
	PaO2 mm Hg
	73.6±3.3
	81.8±6.9
	70.8±6.2
	0.0003
	0.1

	
	PaCO2 mm Hg
	35.9±3.9
	25.2±4.3
	34.6±4.7
	0.0001
	0.2

	
	SaO2 %
	92.9±1.3
	94.6±1.4
	93.1±1.9
	0.0007
	0.6


Abbreviations: RR: respiratory rate, PaO2: arterial oxygen tension, PaCO2: arterial carbon dioxide tension, SaO2: arterial oxygen saturation.* Before BiPAP application (baseline values). ** 1 hour receiving BiPAP. *** 30 minutes after BiPAP withdrawal. # Comparison between values of 60 minutes of BiPAP application and baseline values. ## Comparison between values 30 minutes after BiPAP withdrawal and baseline values.

Discussion


In this study, echocardiography was used to measure the haemodynamic changes of NPPV therapy. Echocardiography has become the noninvasive method of choice for assessment of either systolic or diastolic left ventricular functions(22,23). Although the invasive methods have established standards for measuring stroke volume and cardiac output, measurements of cross-sectional and velocity time integrals and tissue Doppler imaging obtained from Doppler echocardiography are consistent with the results of invasive methods(24,25).

We selected BiPAP settings of 12 cm H2O for inspiratory positive airway pressure (IPAP) and 4 cm H2O for expiratory positive airway pressure (EPAP). These settings were selected for the following reasons: 1) The action of BiPAP closely resembles the natural physiologic state (spontaneous breathing) and is more comfortable for the patients than CPAP in this range of pressure(26). 2) In a study comparing BiPAP with CPAP, Mehta et al.(26) noted an increased number of myocardial infarctions among patients receiving BiPAP at an IPAP of 15 cm H2O and an EPAP of 5 cm H2O. In their conclusions, they recommended further studies using lower pressures. 3) During BiPAP, the pressure is higher during inspiration and decreases during expiration. So, It has the beneficial effects of expiratory positive pressure in addition, it supports inspiration and therefore, directly unloads the respiratory muscles, reduces respiratory effort and increases tidal volume before any alternations in the pulmonary mechanics. This in contrast to CPAP which requires the pulmonary mechanics to change before any benefits of respiratory muscle unloading are obtained(27).   

Type of the mask and mouth position may affect the transmission of NPPV to the thorax. Montner et al.(28) tested the effect of CPAP on the intrathoracic pressure in normal subjects using nasal mask with opened mouth, nasal mask with closed mouth, and full face mask. Esophageal pressure measurements showed increasing intrathoracic pressure with increasing levels of CPAP using nasal mask with closed mouth and full face mask. Accordingly, full face mask was selected to deliver BiPAP in this study. 

We noticed a decreased respiratory rate with BiPAP application; this result matched with previous studies conducted by Philip-Joet et al.(29), Acosta et al.(14) and Park et al.(30). Patients with CHF have an increase in lung water, a reduction in lung volume and lung compliance and an increase in airway resistance(26,31,32). Because of these changes, CPAP or positive end-expiratory pressure therapy may improve oxygenation by increasing the end-expiratory lung volume with recruitment of previously collapsed alveolar units and redistribution of fluid(33,34). The decrease in the intrapulmonary shunt probably reflects a decrease in respiratory work due to increase in lung compliance, functional residual capacity, reduction in nonelastic power, and perhaps a reduction of respiratory rate(34,35). Our findings support these results, actually we did not directly measure the respiratory muscle work but we depended upon the improvement in the clinical status of the patients and we looked for some clinical parameters that could give a good idea about respiratory muscle load, the most important of which were the respiratory rate, arterial blood gases, and oxygen saturation.


The increase in lung volume induced by BiPAP could improve ventilation/perfusion matching and consequently oxygenation. Our results regard PaO2 coincide with other studies(26,29,30). On the other hand, Chadda et al.(27) reported no significant improvement in PaO2 and attributed this result to the small number of patients included in their study.  

The responding patients in our study experienced a significant reduction in heart rate while receiving BiPAP. This reduction may be due to: 1) increasing in vagal tone probably by increasing lung volume and thereby stimulating stretch receptors that augment vagal tone reflexly(36). Maintenance of the diastolic blood pressure at this low heart rate allows for increased coronary blood flow and consequently better myocardial performance. 2) decreased sympathetic nerve firing rate(37).  


 Changes in intrathoracic pressure affect the pressure gradients for both systemic venous return and left ventricular ejection. Under normal conditions, cardiac output depends primarily on preload, and small changes in afterload do not greatly alter this output. In normal subjects, application of NPPV typically causes increase in intrathoracic pressure which in turn decreases cardiac output by the Frank-Starling mechanism through a decrease in venous return and left ventricular filling. In CHF, left ventricular output depends primarily on afterload. Increases in intrathoracic pressure may actually increase cardiac output if the intrathoracic pressure-induced decrease in afterload is sufficiently great or if the heart function is significantly impaired(38).  

CPAP administered via full-face or nasal mask can acutely augment the cardiac output in patients with poorly compensated congestive heart failure(10). It has been postulated that CPAP exerts its effects on cardiac performance by increasing intrathoracic pressure and thereby reducing cardiac preload, by impending the cardiac filling, and afterload, by reducing left ventricular transmural pressure(10,39,40,41). Reduction in the preload and afterload in response to CPAP has been documented in experimental animals with healthy cardiac function as demonstrated by decreases in LVEDV and LVESV(40,42). Therefore, in heart failure, we might expect an increase in the intrathoracic pressure that results in an increased cardiac output. The responding groups in this study showed improvement in cardiac function due to significant decrease in the LVEDV (preload) and LVESV (afterload). This is analogous with and supports the previous studies and others(27,34,44). 

Acosta et al.(14) reported improvement in the haemodynamics due to reduction in the afterload with BiPAP therapy, but the LVEDV increased. This may be due to the relative subtherapeutic pressure used in their study (IPAP = 5 cm H2O; EPAP = 3 cm H2O).

 
In an experimental study comparing the effects of CPAP during normovolemia and hypervolemia, Genovese et al.(45) showed that increasing CPAP pressure from 0 to 15 cm H2O in normovolemia resulted in lower cardiac output and LVEDV. Increasing CPAP up to 10 cm H2O during hypervolemia led to higher cardiac output, lower LVEDV, and greater ejection fraction.

Another potential mechanism which can explain how NPPV improves the left ventricular function is the increase in the arterial oxygen pressure which consequently improves the ventricular oxygenation and inotropic function. In the present study, arterial oxygen pressure increased significantly. This may had led to increased cardiac output in the responding patients.

An important finding of this study was that after discontinuation of BiPAP, most of the haemodynamic and respiratory parameters returned to baseline levels in all groups. This finding demonstrates that BiPAP was effectively applied, furthermore, the haemodynamic and respiratory changes were due to the effect of BiPAP therapy rather than other factors such as medications used during the study. Such result matched with those obtained by other investigators(28,41).

In this study, as in others(14,41,46), no adverse cardiac, respiratory or haemodynamic effects were recorded. Because of using a lower IPAP (12 cm H2O), we can not support the conclusion of Mehta et al.(26), who found a higher incidence of myocardial infarction among patients being treated with BiPAP with IPAP of 15 cm H2O in contrast to those receiving CPAP. They speculated that this high pressure may have led to marked reduction in the cardiac preload, hypotension, and consequent worsening of cardiac ischemia.  

Some studies(47,48) demonstrated beneficial respiratory and haemodynamic effects of NPPV during sleep, which are related to the relief of sleep-disordered breathing and/or hypoxemia, these are commonly (40%) associated with CHF(49,50,51). For this reason, we preferred to investigate the patients while awake, and this was documented by daytime polysomnography monitoring for all patients during the study. In this way, we avoided the significant effect of NPPV on the cardiac and respiratory disorders during sleep.

A number of possible confounding methodological factors in the present study, such as emotional distress, and body position can be discounted. Patient comfort was a particular concern at all stages, and each patient was well acclimatized to the mask and ventilator before haemodynamic measurements. Haemodynamic and respiratory studies were performed in a quiet room with investigators familiar to the patient. The supine position is very unlikely to have influenced our results, since most haemodynamic and respiratory changes with BiPAP application returned to baseline values after its discontinuation.  

In conclusion, this study showed that BiPAP is not difficult to perform, safe and well tolerated by the patients. It may be a new nonmedicamentous approach augmenting the cardiac performance in patients with heart failure with systolic and/or diastolic dysfunction.
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