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Introduction 

Bypass surgery of coronary artery is the most 
common heart surgery. After the operation, 
patients are followed up for a certain time in 
intensive care units with the support of 
mechanical ventilators (MV) (1). Mechanical 
ventilation conducives cyclic changes in the 
inferior-superior vena cava, pulmonary artery and 
aortic blood flows (2). The important components 

of artery expandability determined by pulse wave 
velocity (PWV) are blood pressure and heart rate 
(3). 

PWV is one of the most significant parameters in 
evaluating the elastic properties of large arteries 
(3,4). PWV is measured by two transcutaneously 
fixed ultrasonic or pressure sensitive transducers 
on the trace of a double of arteries separated to a 
certain distance, such as the carotid artery and 
femoral artery (3). The index of artery wall 
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Coronary artery bypass surgery is the most commonly performed heart surgery.  After operation, at a certain time, patients 
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this study, the effect of mechanical ventilation on arterial stiffness measured by carotid -femoral (aortic) PWV in patients 
who operated for coronary artery bypass surgery were investigated. 
A total of 20 patients who are operated for coronary artery bypass surgery, followed at intensive care units and applied 
mechanical ventilation, were enrolled in this study. Aortic PWV measurements were performed twic e, including 
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stiffness is measured by PWV and it is inversely 
proportional to artery distensibility or relative 
artery compliance calculated with the classical 
formula of Bramwell-Hill [(dV / V) / dP] (dV= 
Volume difference, V= Volume, dP= Pressure 
difference) (4). PWV and its distensibility index 
are also dependent on blood pressure, like artery 
compliance. After ventricular ejection, an PWV is 
created along the arterial tree. Modifications in the 
thickness and lumen diameter of the artery wall 
are the main factors in PWV measurement. This 
subject can be expressed as a mathematical 
formula; according to Moens-Korteweg equation 
PWV = √Eh / 2δR or according to the Bramwell-
Hill equation PWV = √ΔP.V / ΔV.δ (E: Young's 
modulus of the artery wall (E =ΔP.D/ h.ΔD 
(cm3mmHg-1)), h:Wall thickness, R:Arterial 
radius, δ:Blood density, ΔP:Pressure change, 
ΔV:Volume change ΔD:Diameter change.) 

Increased values of PWV demonstrates the diffuse 
atherosclerotic process (5). PWV is a marker of 
increased arterial stiffness; arterial PWV 
progression time is inversely proportional to 
arterial extensibility and arterial compliance (3,4).  
While arterial PWV increases at increasing heart 
rates (6); arterial extensibility and compliance may 
decrease 

Blood pressure, heart rate, volume and autonomic 
nervous system changes that can be observed 
during mechanical ventilation may affect large 
arterial mechanics such as arterial stiffness (2). 
Increased aortic stiffness can lead to increased 
resistance to left ventricular ejection, decreased 
effective coronary blood flow and consequently 
increased myocardial ischemia. 

In current study, we explored the effect of MV 
application on arterial stiffness measured by 
arterial PWV in patients undergoing coronary 
artery bypass surgery. 

Material and Methods 

This clinical study was carried out at Istanbul 
University Cardiology Institute Cardiovascular 
Surgery and Anesthesiology and Reanimation 
Departments in 2015. 20 patients who underwent 
coronary artery bypass surgery due to coronary 
artery disease, followed up in the intensive care 
unit and underwent mechanical ventilation were 
included in the study. Patients with peripheral 
artery disease, serious cardiac valve disease, severe 
carotid artery disease and patients with BMI (Body 
Mass Index) ≥ 35 kg / m2, waist-hip ratio ≥ 1 and 
atrial fibrillation on the surface ECG, as it may 
affect the measurement results for technical 

reasons, were excluded from the study. Written 
informed consent was obtained from all 
participants stating that they participated in the 
study with their own consent. At the same time, 
the approval of the ethical committee required to 
conduct the study was obtained from the Istanbul 
University Cardiology Institute Clinical Research 
Ethics Committee. 

All patients underwent a standard anesthesia 
protocol and cardiovascular surgery protocol.  

Anesthesia Protocol: Anesthesia induction was 
achieved with 1 mg/kg 2% lidocaine (Arithmal, 
Biosel), 0.2-0.3 mg/kg midazolam (Dormicum, 
Roche), 5 μg / kg fentanyl (Fentanyl Citrate, 
Abbott) and 1 mg / kg rocuronium (Esmeron, 
Organon). Intraoperative artificial respiration was 
initiated in VC mode (FiO2: 45%, TV: 6-8 mL / 
kg, PEEP: 5 cmH2O) and frequency was adjusted 
as 12-14 / min to keep the end-tidal carbon 
dioxide pressure in the range of 35-40 mmHg. 
(Servo Ventilator 900C, Siemens-Elema, Sweden). 
The maintenance of anesthesia was achieved with 
TIVA (Total Intravenous Anesthesia) with 0.25 μg 
/ kg / min remifentanil and 100 μg / kg / hour 
propofol according to hemodynamic status.  

Cardiovascular surgery protocol: In all cases, 
surgery was realised with a median sternotomy. In 
all cases, the left internal mammarian artery was 
preferred as the graft for revascularization of the 
left anterior descending artery, and the saphenous 
vein was preferred for the revascularization of 
other coronary vessels.  
Roller pump, hollow-fiber oxygenator (Affinity 
NT, Medtronic, USA), polyvinylchloride tubing 
set and two-stage venous cannula were used for 
cardiopulmonary bypass. Prime volume was 
created with 1600 mL of ringer, 150 ml of 
mannitol, 1 g of cefazolin sodium and 2500 IU of 
heparin. Cardiopulmonary bypass was performed 
under mild systemic hypothermia (33-34 ° C) and 
using a non-pulsatile pump flow of 2.6 L / min / 
m2. During the cardiopulmonary bypass, 
hematocrit was kept between 22-25% and the 
mean arterial pressure was tried to stabilize 
between 50-70 mmHg. Anticoagulation was 
achieved with heparin (300-400 U / kg) just 
before the onset of cardiopulmonary bypass and 
with activated clotting time> 450 sec. Following 
the aortic cross clamp, the myocardium was 
protected by antegrade and retrograde cold blood 
cardioplegia combined with a 4: 1 blood-
crystalloid ratio. Distal anastomoses were 
performed using the cross-clamp and proximal 
anastomoses were performed using the side-
clamp.  N-acetyl   cysteine   (900mg)   was  applied  
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Table 1. Demographic and anthropometric measurements of patients 

Variables Mean± SD Minimum value- Maximum value 

Age (year) 55 ± 7.12 44-68 

Height (cm) 170.05 ± 7.95 150-185 

Weight (kg) 78.25 ± 11.97 55-104 

Waist circumference (cm) 98.25 ± 6.22 89-112 

Hip circumference (cm) 104.9 ± 4.59 97-114 

Waist-hip ratio 0.93 ± 0.00 0.87-0.99 

BMI(kg/m²) 26.9 ± 3.13 21.5-34 

BMI: Body Mass Index,SD: Standard deviation 

before the cross clamp was removed. When the 
esophageal temperature reached 36 ° C and the 
cardiac filling pressures and systemic arterial 
pressure were at the optimal level, the 
cardiopulmonary bypass was terminated. After the 
pump, hemodynamic optimization was achieved 
with adequate intravascular volume and 
appropriate dose inotrop (Dopamine 5-10 
μg/kg/hour, Adrenaline 0.01-0.05 μg/kg/hour, 
Dobutrex 5-10 μg/kg/hour). After termination of 
the cardiopulmonary bypass, anticoagulation was 
neutralized using 1 mg of protamine for each 100 
IU heparin dose. 

Intensive Care Unit: The patients were 
transferred to intensive care unit with artificial 
respiration, under the postoperative sedation 
(propofol-remifentanil). Artificial respiration 
 settings in intensive care; In VC mode, FiO2: 
45%, TV: 6-8 mL/kg, PEEP: 5 cmH2O and 
frequency (12-14/min) parameters to keep the 
end-tidal carbon dioxide pressure in the range of 
35-40 mmHg. (Servo Ventilator 900C, Siemens-
Elema, Sweden)  

Measurement of Arterial Blood Pressure: The 
first measurement of arterial blood pressure from 
the patients was done at the bedside in the service 
approximately 24 hours before the operation, and 
the second measurement was done half an hour 
after the transfer to the intensive care unit with 
positive pressure volume controlled ventilation. 
Before the operation, arterial blood pressure was 
measured in a supine position with a standard 
mercury manometer after a 10-minute rest. After 
the operation, arterial blood pressure was 
measured by invasive monitoring from the radial 
artery cannula. PP = SBP– DBP, MBP = SBP + 2 
X DBP/3 formulas were used. 

Measurement of Arterial Expandability and 
stiffness: Arterial stiffness was calculated by 
aortic PWV, using the Complior device (Createch 
Industrie, France), which permits automatic real-
time recording of pulse wave and automatic 
calculation of PWV. The coefficient of correlation 

of the automatic evaluation method between the 
observers and the measurements of an observer at 
different times was reported as >0.9. Carotis 
communis artery and femoral artery pressure wave 
shapes were measured noninvasively using by 
pressure sensitive transducer, TY-306 Fukuda 
(Fukuda, Japan). Evaluations were repeated in 
more than 10 different heart cycles and the mean 
value obtained was used for result analysis. PWV 
is automatically calculated by the device with the 
formula (PWV = ΔD / Δt). [ΔD: Distance 
(meters) traveled on the body surface by the pulse 
wave between two recording points. Δt: Pulse 
wave transit time (seconds) automatically 
determined by the Complior device]. 

Statistical Analysis: Statistical analysis SPSS for 
Windows version 15.0 (SPSS Inc., Chicago, IL) 
made using a package program. Categorical 
variables as numbers and percentages, continuous 
variables as mean ± standard deviation specified. 
Significance between the measurements of 
preoperative and postoperative values of the same 
participant was determined using the non-
parametric Wilcoxon Signed Rank test. The 
relationship between PWV and other variables was 
evaluated by Pearson correlation test. 

Results 

18 (90%) of 20 patients were male and 2 (10%) of 
20 patients were female. Demographic features 
and anthropometric measurements of the patients 
are shown in Table 1 and hemodynamic and 
ventilation parameters, before (1) and after (2) 
operation, measurements of patients are shown in 
Table 2. 

5 (25%) of 20 patients had Type 2 DM. 
Hypertension was detected in 18 (90%) of 20 
patients. Fourteen (70%) patients had 
hyperlipidemia. The number of smokers was 15 
(75%). In 8 (40%) patients, family history was 
positive in terms of coronary artery disease. 
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Table 2. Hemodynamic and ventilation parameters, preoperative and postoperative, measurements of 
patients  

 Mean± SD Minimum value- Maximum value 

Preoperative SBP (mmHg) 137.75± 11.86 110-160 

Postoperative SBP (mmHg) 124.5± 20.6 80-170 

Preoperative DBP (mmHg) 80± 7.43 70-100 

Postoperative DBP (mmHg) 61± 7.88 40-75 

Preoperative MBP (mmHg) 98.95± 7.95 83-120 

Postoperative MBP (mmHg) 81.8±10.72 53-96 

Preoperative PP (mmHg) 57.75±9.79 40-80 

Postoperative PP (mmHg) 63.5±17.55 40-110 

Preoperative CAB (beat/min) 76.05±11.07 59-94 

Postoperative CAB (beat/min) 84.95±8.85 69-98 

Frequency (respiratory rate/min) 11.65±0.67 10-13 

InsMV (l/min) 6.35±1.22 4.5-10 

EMV(l/min) 6.04±1.16 4.2-9.3 

ITV (ml/kg) 541.05±102.4 400-850 

ETV (ml/kg) 521.85±100.37 390-845 

PAP (cmH2O) 20.77±3.09 16-27.5 

PAUSE-P (cmH2O) 16.45±2.56 11-20.5 

MAP (cmH2O) 8.25±1.23 5.4-10.2 

PEEP (cmH2O) 5±0 5-5 

Preoperative PWV (m/sec) 10.79±1.23 8.61-12.77 

Postoperative PWV (m/sec) 10.26±1.37 7.31-12.60 

Preoperative PWVPT (m/sec) 62.35±8.31 47-78 

Postoperative PWVPT (m/sec) 65.10±11.30 46-97 

(SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MBP: Average blood pressure, PP: Pulse pressure, 
CAB: Cardiac apex beat, InsMV:Inspiratory minute volume, EMV: Expiratory minute volume , ITV:Inspiratory 
tidal volume, ETV: Expiratory tidal volume, PAP: Peak Airway Pressure, PAUSE-P: Pause Airway Pressure, MAP: 
Mean Airway Pressure, PEEP: Positive End Expiratory Pressure) 

SBP, DBP, MBP, PWV values measured before 
the operation were higher than the values 
measured after the operation (respectively, p = 
0.014, p <0.001, p <0.001, p = 0.001); PWVPT 
and CAB (respectively p = 0.033, p = 0.006) were 
higher after operation. There was no statistically 
significant difference in PP value (p = 0.346) 
(Table 3) (Figure 1-2-3). 

A significant positive correlation was found 
between preoperative PWV and age; A negative 
correlation was found between preoperative PWV 
and preoperative PWVPT (Table 4). 

A significant positive correlation was found 
between postoperative PWV and age; A negative 
correlation was found between postoperative 
PWV and postoperative PWVPT (Table 5). 

There was no statistically significant relationship 
between PWV values with gender, height, weight, 
BMI, waist circumference, hip circumference, 
waist-hip ratio, SBP, DBP, MBP, PP, CAB, 

frequency, InsMV, EMV, ITV, ETV, PAP, 
PAUSE-P, MAP and PEEP (p>0.05). 

Discussion  

In current study, the effect of MV application on 
arterial stiffness measured by arterial PWV was 
investigated in patients undergoing coronary artery 
bypass surgery.  
Based on the data we obtained from this study, 
there was a statistically significant decrease in 
arterial PWV measured before and after surgery. 

PWV can be affected by different blood pressure 
values such as age, heart rate, SBP, DBP, MBP 
and PP (7-9). In current study, a significant 
positive correlation was found between PWV and 
age; a negative correlation was found between 
PWV and PWVPT. As it can be understood from 
the formula (PWV=ΔD/Δt) [ΔD: Distance 
traveled on the body  surface  by  the  pulse  wave  
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Fig. 1. SBP, DBP, MBP, CAB and PP values measured 
before Operation (T0) and After Operation (T1) 
SBP: Systolic blood pressure, DBP: Diastolic blood 
pressure, MBP: Mean arterial blood pressure, CAB: 
Cardiac apex beat, PP: Pulse pressure 

Fig. 2. PWV values measured before surgery (T0) and 
after surgery (T1) 

PWV: Pulse wave velocity 

between two recording points (meters), Δt: Pulse 
wave transit time (seconds) automatically 
determined by the Complior device], there is an 
inverse relationship between PWV and PWVPT; 
this situation explains the negative correlation in 
the findings. There was no statistically significant 
relationship between PWV values and heart rate.  
In the study, the heart rate increased in the post-
operative period; this may be due to increased 
sympathetic activity and used inotropic agents.  
Age and arteriosclerosis affect the artery tree to 
varying degrees, more prominently on central and 
elastic arteries. As the age gets older the stiffness 
of the aorta increases and its extensibility 
decreases. As the age progresses, the structure of 
aortic elastic fibers changes, the elastic tissue 
gradually decreases and is replaced by collagen 
tissue. In the both genders the wave velocity of 
the aortic pulse (carotid-femoral or trunk PWV) 
values increase with the age (7,8). It is also  known  

Fig. 3. PWVPT values measured before surgery (T0) 
and after surgery (T1) 

PWVPT: Pulse wave velocity progression time 

that PWV increases with increasing intra-arterial 
pressure (9). In this study, after the coronary 
artery bypass surgery, the decrease in arterial 
pressure values (SBP, DBP, MBP), as well as a 
decrease in PWV, thus an improvement in arterial 
elasticity are observed. 

MVs are devices designed to do all or part of the 
work of the respiratory muscles. These devices 
support the functions of the respiratory system in 
any respiratory failure, respiratory muscle fatigue. 
The main purpose in mechanical ventilation is to 
continue breathing without harming the patient, to 
ensure gas exchange and hemodynamics and to 
save time for the repair of the lungs. For this 
purpose, various MV variables such as respiratory 
frequency and PEEP are used in the clinics. 
Mechanical ventilation induced cyclic changes in 
vena cava blood flow, pulmonary artery blood 
flow and aortic blood flow (10). At the inspiratory 
phase, first of all vena cava blood flow decreases, 
followed by decreases in pulmonary artery blood 
flow and then aortic blood flow. Decreases in 
vena cava blood flow, especially venous return; It 
is associated with compression of the vena cava as 
a result of both an increase in the right atrial 
pressure and an inspiratory increase in pleural 
pressure during mechanical ventilation (11-16). 
According to the mechanism of Frank-Starling, 
inspiratory decline in the right ventricular preload 
causes in a decrease in right ventricular output and 
pulmonary artery blood flow, that causes in a 
decrease in left ventricular filling and output (17). 
Quintao et al. (18) investigated the acute effect of 
continuous positive airway pressure non-invasive 
ventilation on the pulse pressure in patients with 
chronic cardiac failure and found that it improved 
arterial mechanics. Also this practice has been 
shown to help improve nocturnal blood pressure 
in patients with sleep-apnea syndrome, thereby 
improving   arterial   stiffness  (19). The results  of  
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Table 3. Evaluation of postoperative and preoperative SBP, DBP, MBP, PP, CAB, PWV and PWVPT 
values with Wilcoxon test 

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MBP: Average blood pressure, PP: Pulse 
pressure, CAB: Cardiac apex beat, PWV: Pulse wave velocity, PWVPT: Pulse wave velocity progression 
time 

Table 4. Relationship between preoperative PWV with age and preoperative PWVPT values 

 r value p value 

Preoperative PWV -  Age 0.570 0.009 

Preoperative PWV -  Preoperative PWVPT - 0.896 <0.001 

PWV: Pulse wave velocity, PWVPT: Pulse wave velocity progression time 

Table 5. Relationship between postoperative PWV with age and postoperative PWVPT values 

 r value p value 

Postoperative PWV -  Age   0.527 0.017 

Postoperative PWV -  Postoperative PWVPT - 0.912 <0.001 

PWV: Pulse wave velocity, PWVPT: Pulse wave velocity progression time  

these studies are compatible with the current 
study results, in terms of decreased arterial 
stiffness. In addition, long-term non-invasive 
ventilation may decrease the arterial compliance 
by causing an increase in systemic inflammatory 
markers such as human neutrophil peptide, 
interleukin-6. Paone et al. (20) found that in 
individuals with chronic obstructive pulmonary 
disease, long-term home non-invasive mechanical 
ventilation causes an increase in systemic 
inflammatory response. Mechanical ventilation has 
been shown to increase the inflammatory response 
in animals with lung contusion (21). In the current 
study, acute hemodynamic effects have been 
investigated but inflammatory markers have not 
been studied. 

PEEP application prevents the airways and 
especially the alveoli from closing by keeping the 
pressure above atmospheric pressure during the 
expiratory phase of ventilation. Opening the 
collapsed alveoli improves the functional residual 
volume, improves V/P ratio and oxygenation, 
reduces the patient's respiratory work. All these 
effects increase oxygenation and allow the 
reduction of FiO2 level. In addition, PEEP 
increases the average airway pressure and creates a 
pressure difference for oxygen to flow into the 

blood. If the lung disease is mild and oxygenation 
is sufficient in patients who are intubated and 
connected to the mechanical ventilator, it is 
sufficient to apply 3-4 cmH2O PEEP. High PEEP 
values are needed in the presence of atelectasis, 
pneumonia or pulmonary edema. The basic point 
is to apply PEEP level which will increase 
oxygenation by decreasing FiO2 below 0.6 without 
creating a change in the cardiovascular system 
(22). However, PEEP application can reduce 
cardiac output, thereby reducing the expected 
benefits of oxygen (23). The harmful 
haemodynamic effects of PEEP occur with an 
increase in pressure of pleura by reducing right 
ventricular filling and an increase in 
transpulmonary pressure by increase in afterload 
of right ventricle. A decrease in cardiac output 
may be associated with a decrease in blood 
pressure. This situation may appear as a decrease 
in arterial stiffness in the acute period. 

Based on this study data, patients who undergo 
coronary artery bypass surgery and who are 
connected to a mechanical ventilator and who 
undergo PEEP have reduced PWV values in the 
acute period, thereby reducing arterial stiffness 
values. 

  Mean±SD p 

SBP Postoperative-preoperative 124.5±20.6 - 137.75±11.86 0.014 

DBP Postoperative-preoperative 61±7.88 - 80±7.43 <0.001 

MBP Postoperative-preoperative 81.8±10.72 - 98.95±7.95 <0.001 

PP Postoperative-preoperative 63.5±17.55 - 57.75±9.79 0.346 

CAB Postoperative-preoperative 84.95±8.85 - 76.05±11.07 0.006 

PWV Postoperative-preoperative 10.26±1.37 - 10.79±1.23 0.001 

PWVPT Postoperative-preoperative 65.10±11.30 - 62.35±8.31 0.033 



 
Kolusarı et al / Mechanical Ventilation & Arterial Stiffness  

 

 

 

East J Med Volume:26, Number:1, January-March/2021 
 

23 

References 

1. Jacobs JP, He X, O'Brien SM, et al. Variation 
in ventilation time after coronary artery bypass 
grafting: an analysis from the society of 
thoracic surgeons adult cardiac surgery 
database. Ann Thorac Surg 2013; 96: 757-762.  

2. Michard F. Changes in arterial pressure during 
mechanical ventilation. Anesthesiology 2005; 
103: 419-28;449-5.9  

3. Asmar R, Benetos A, Topouchian J, et al. 
Assessment of arterial distensibility by 
automatic pulse wave velocity measurement. 
Validation and clinical application studies. 
Hypertension 1995; 26: 485-490.  

4. Imura T, Yamamoto K, Kanamori K, Mikami 
T, Yasuda H. Non invasive ultrasonic 
measurement of the elastic properties of the 
human abdominal aorta. Cardiovasc Res 1986; 
20: 208-214.  

5. Laurent S, Boutouyrie P, Asmar R, et al. 
Aortic stiffness is an independent predictor of 
all-cause and cardiovascular mortality in 
hypertensive patients. Hypertension 2001; 37: 
1236-1241. 

6. Albaladejo P, Copie X, Boutouyrie P, et al. 
Heart rate, arterial stiffness, and wave 
reflections in paced patients. Hypertension 
2001; 38: 949-952. 

7. Avolio AP, Deng FQ, Li WQ, et al. Effects of 
aging on arterial distensibility in populations 
with high and low prevalence of hypertension: 
comparison between urban and rural 
communities in China. Circulation 1985; 71: 
202-210. 

8. Yıldız M, Şahin A, Kürüm T. Sağlıklı 
erkeklerde ilerleyen yaşın karotis-femoral 
(aortik) nabız dalga hızı üzerine etkileri. Türk 
Kardiyol Dern Arş - Arch Turk Soc Cardiol 
2004; 32: 591. 

9. Asmar R. Factors influencing pulse wave 
velocity. Arterial stiffness and pulse wave 
velocity. France: Elsevier 1999: 57-88. 

10. Morgan BC, Martin WE, Hornbein TF, 
Crawfod EW, Guntheroth WG. Hemodynamic 
effects of intermittent positive pressure 
respiration. Anesthesiology 1966; 27: 584-590. 

11. Guyton AC, Lindsey AW, Abernaty B, 
Richardson T. Venous return at varius right 
atrial pressures and the normal venous return 
curve. Am J Physiol 1957; 189: 609-615. 

12. Pinsky MR. Determinants of pulmonary 
arterial flow variation during respiration. J 
Appl Physiol 1984; 56: 1237-1245. 

13. Vieillard-Baron A, Chergui K, Rabiller A, et al. 
Superior vena caval collapsibility as a gauge of 
volume status in ventilated septic patients. 
Intensive Care Med 2004; 30: 1734-1739. 

14. Amoore JN, Santamore WP. Venous collapse 
and the respiratory variability in systemic 
venous return. Cardiovasc Res 1994; 28: 472-
479. 

15. Vieillard-Baron A, Augarde R, Prin S, Page B, 
Beauchet A, Jardin F. Influence of superior 
vena caval zone conditions on cyclic changes 
in right ventricular outflow during respiratory 
support. Anesthesiology 2001; 95: 1083-1088. 

16. Jardin F, Vieillard-Baron A. Right ventricular 
function and positive pressure ventilation in 
clinical practice: from hemodynamic subsets 
to respirator settings. Intensive Care Med 
2003; 29: 1426-1434. 

17. Braunwald E, Sonnenblick EH, Ross J. 
Mechanisms of cardiac contraction and 
relaxation, Heart Disease. Edited by 
Braunwald E. Philadelphia, WB Saunders 
1988; 389-425. 

18. Quintão M, Chermont S, Marchese L, et al 
Acute effects of continuous positive air way 
pressure on pulse pressure in chronic heart 
failure. Arq Bras Cardiol 2014; 102: 181-186. 

19. Denker MG, Cohen DL. Use of continuous 
positive airway pressure for sleep apnea in the 
treatment of hypertension. Curr Opin Nephrol 
Hypertens 2014; 23: 462-467. 

20. Paone G, Conti V, Biondi-Zoccai G, et al. 
Long-term home noninvasive mechanical 
ventilation increases systemic inflammatory 
response in chronic obstructive pulmonary 
disease: a prospective observational study. 
Mediators Inflamm 2014; 2014: 503145.  

21. van Wessem KJ, Hennus MP, van Wagenberg 
L, Koenderman L, Leenen LP. Mechanical 
ventilation increases the inflammatory 
response induced by lung contusion. J Surg 
Res 2013; 183: 377-384. 

22. Çıtak A. Mekanik Ventilasyon Uygulamaları. 
In: Karaböcüoğlu M, Köroğlu TF (eds). Çocuk 
Yoğun Bakım Esaslar ve uygulamalar. 
İstanbul: İstanbul Medikal & Çapa 2008; 331-
339.  

23. Harken AH, Brennan MF, Smith B, Barsamian 
EM. The hemodynamic response to positive 
end-expiratory ventilation in hypovolemic 
patients. Surgery 1974; 76: 786-793. 

 


