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Abstract 
Background: Obesity has a deleterious effect on 
respiratory function, decreasing lung volumes, compliance 
functional residual capacity, and arterial oxygenation. 

General anesthesia, upper abdominal surgery and supine 
position accentuate these abnormalities. Managing 
ventilation and oxygenation in obese patients undergoing 
surgery presents many challenges. Volume-guaranteed 
(PCV-VG) is a dual-control mode of ventilation and an 
alternative to PC or VC ventilation that has recently been 
introduced into the operating room. PCV-VG features a 
user-selected tidal volume target, that is auto-regulated 
and pressure controlled. The purpose of this study was to 

determine whether (PCV-VG) can provide better 
oxygenation, lung mechanics and hemodynamics than 
(VCV) in obese patients underwent major abdominal 
surgery.  
Subjects and Methods: A total of 30 patients scheduled 
for major open abdominal surgery under general 
anesthesia were enrolled in the study. Mechanical 
ventilation was started with VCV for 40 min then PCV-

VG was applied to all patients with the same parameters. 
Arterial blood pressures, heart rate were recorded at 20 
and 40 min after initiation of each mode. ETCO2, pH, 
PaCO2, PaO2 and oxygen index were measured after 40 
min of intubation during VCV and after 40 min of 
initiation of PCV-VG. Mean and peak airway pressure 
were recorded at 20 and 40 min after initiation of each 
mode.  

Results: PCV-VG mode showed lower peak airway 
pressure and higher mean airway pressure and statistically 
significant higher PaO2 than VCV. As regards 
hemodynamic parameters, ETCO2, PaCO2 and pH, no 
statistically significant differences were recorded between 
the two modes. 
Conclusion: PRVG mode is superior to VCV mode in 
obese patients undergoing major abdominal laparotomy 

by reducing the peak inspiratory pressure and improving 
oxygenation with hemodynamic stability. 
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1. Introduction 

 

Obesity is a metabolic disease whose 

incidence has reached epidemic proportions 

(Lebuffe et al., 2010). Obesity is a 

condition of excessive body fat. The name 

is derived from Latin word obesus, which 

means fattened by eating (Fisher et al., 

1975). The difference between normality 

and obesity is arbitrary. The individual 

must be considered obese when the amount 

of fat tissue is increased to such an extent 

that physical and mental health are affected 

and life expectancy reduced (National 

Institutes of Health Consensus 

Development Conference Statement, 1985). 

Obesity was defined as total body weight 

(TBW) greater than 20% of IBW (Ingrande 

and Lemmens, 2010). Now, obesity is 

defined and classified according to BMI 

(Bray, 1992)  

 

Mechanical ventilation in obese patients is 

often difficult due to the deleterious 

respiratory effects of obesity and general 

anesthesia (decreased FRC and pulmonary 

compliance and elevated airway 

resistance). Hypoxemia occurs commonly 
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during the operative management of the 

obese. After the typical mechanical causes 

have been ruled-out or corrected, true 

pulmonary arterial venous shunting due to 

basilar atelectasis should be considered as 

the causative factor of hypoxemia. This 

phenomenon occurs universally during 

general anesthesia (Strandberg et al., 1987), 

but is inconsequential in most patients; its 

occurrence is more frequent and more 

pronounced in obese patients (Eichenberge 

et al., 2002).  

 

The main goal of intra-operative ventilation 

in the obese is to keep the airways and 

alveoli ‘‘open’’ during the respiratory 

cycle. Ventilation must counter the 

deleterious physiologic and mechanical 

effects seen with elevated BMI and high 

intra-abdominal pressure (alveolar collapse, 

atelectasis, alterations of respiratory 

mechanics and oxygenation), which occur 

during surgery and persist for several days 

thereafter. To counter the deleterious 

effects of obesity on anesthesia, various 

strategies of intra-operative ventilation 

have been proposed. However, there are no 

comparative studies showing that any one 

of these ventilation strategies is superior to 

the others (Lebuffe et al., 2010).  

 

Pressure-control - volume guaranteed 

(PCV-VG) is a novel mode of ventilation 

that has been utilized in recent years. This 

mode involves a decelerating flow and 

constant pressure. The ventilator 

automatically regulates the peak inspiratory 

pressure (Ppeak) breath-by-breath to 

achieve a set VT that anesthesiologists seek 

to deliver (Keszler, 2006). Initially, a set 

VT is delivered and upon the calculation of 

the patient’s lung compliance and 

inspiratory pressure, the PCV-VG mode 

delivers adequate VT with lowest 

inspiratory pressure (Song et al., 2014). 

PCV-VG combines the advantages of VCV 

and PCV to maintain ventilation volume 

while producing a low incidence of 

barotrauma. At present, there are few 

clinical studies on the PCV-VG mode of 

ventilation during anesthesia (Pu et al., 

2014).  

 

Patients and Methods  

 

After approval from the IRB code number 

R/16.04.63 , and obtaining written 

informed consent, 30 obese patients (ages 

between 20 and 50 years old) ASA I and 

body mass index (BMI) more than 30 less 

than 55, scheduled for major abdominal 

surgeries under general anesthesia at 

general surgery unit were included in the 

study. Patient refusal, (BMI) more than 55, 

history of smoking, cardiovascular, 

pulmonary (obstructive & restrictive), 

neurologic, renal, liver, or hormonal 

disease and inability to maintain stable 

mechanical ventilation settings for 30 min 

were excluded.  

 

Patients will be evaluated in a prior date to 

the surgery. Before the start of anesthesia, 

all patients were hydrated with 10 ml/kg 

ringer acetate after venipuncture with a 

suitable size cannula before surgery and 

followed by 5 ml/kg/h throughout the 

procedure. The patients were monitored by 

non-invasive blood pressure, ECG, pulse 

oximetry, capnometry. An arterial cannula 

was inserted for blood gas analysis after 

induction of general anesthesia.  

 

General anesthesia was induced with 

propofol 1.5 – 2.5 mg/kg, fentanyl 1 -2 

μg/kg and rocuronium 0.6 mg/kg. After 

tracheal intubation, anesthesia was 

maintained with a 2% to 2.5% mode was 

changed to pressure control-volume 

guaranteed (PCV-VG) with the same 

parameters, targeting the obtained Vt 

during the first phase till the end of the 

surgery. Ventilation was achieved with a 

fraction of inspired oxygen of 40%, 

positive end expiratory pressure (PEEP) 5 

cm H2O, tidal volume 7 ml/kg, respiratory 

rate 18 breaths per minute and 

inspiration/expiration ratio 1:2.  
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Monitoring for the patients hemodynamics 

(HR and MAP), mean and peak airway 

pressure were recorded at 20 and 40 min of 

initiation of each ventilatory mode. ABG 

(after 40min of initiating each mode) were 

obtained and oxygen index was recorded.  

 

At the end of the surgery, prostigmine 0.05 

mg/kg and atropine 0.015 mg/kg were 

given. Before extubation, FiO2 was 

increased to 1.0 in patients breathing 

spontaneously. Extubation was done after 

fulfillment of extubation criteria. After 

extubation, nasal cannula was given, if 

necessary, providing a SpO2 above 95%.  

 

Statistical analysis and sample size 

calculation:  

 

Using a previous study(9), mean ± SD of 

peak inspiratory pressure (Ppeak) during 

volume control mode were 27± 5.051, 

anticipating α error 0.05 and power of 

study 85% (β error .15) we needed 30 cases 

to detect 15% decreasing in peak airway 

pressure by using Pressure-control-volume 

guaranteed (PCV-VG) mode. . Data was 

analyzed using SPSS win statistical 

package version 22 (Statistical Packages 

for Social Science, Chicago, IL, USA). 

Numerical data were expressed as mean 

and standard deviation or median and range 

as appropriate. Numerical data were 

compared using paired Student’s t-test. A 

P-value of 0.05 or less was considered 

statistically significant. 

 

 

 

Results  

 

Thirty patients who underwent upper 

abdominal surgery were studied in 

Mansoura university hospital at general 

surgery unit. All patients completed the 

study.  

 

Demographic characteristics of the patients, 

ASA status and duration of surgery are 

summarized in (Table 1) and were 

comparable between the two groups.  

 

Hemodynamic parameters measured at 20 

and 40 minutes after establishment of each 

ventilation mode are shown in (Table 2). 

All data were comparable with no 

significant difference.  

 

Ventilatory parameters in the form of peak 

airway pressure and mean airway pressure 

(Table 3) were measured at 20 and 40 

minutes after establishment of each 

ventilation mode. PCV-VG mode shows 

lower peak airway pressure and higher 

mean airway pressure compared to VCV 

mode.  

 

ETCO2 and arterial blood gases (PaCO2, 

PaO2, and pH) (Table 4) were measured at 

20 and 40 minutes after establishment of 

each ventilation mode. ETCO2, PaCO2 and 

pH showed no statistically significant 

difference (P ≥ 0.05) while PaO2 shows 

statistically significant difference (P 0.05) 

being better with PCV-VG mode in 

comparison to VCV mode. 

 

Table 1: Demographic characteristics of the patients, ASA status and duration of surgery. 

(n=30). 

 Mean ± SD 

Age 38.8  ± 7.6 

BMI 39.2 ± 2.8 

ASA 1.3 ± .47 

Duration of surgery in minutes 124.3 ± 24.3 

Data are presented as means ± SD. 
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Table 2: Hemodynamic parameters. (n=30) 

 VCV PCV-VG P-value 

MAP (mmHg) at 20 min 93.3 ± 9.3 93.1 ± 7.2 .963 

MAP (mmHg) at 40 min 89.2 ± 12.6 91.9 ± 6.8 .071 

HR (beats/min) at 20 min 85.7 ± 11.5 85.7 ± 12.1 .907 

HR (beats/min) at 40 min 85.7 ± 13.4 86.4 ± 11.7 .494 

Data are presented as means ± SD. MAP:mean arterial blood pressure, HR: heart rate, VCV: 

volume-controlled ventilation, PCV-VG: pressure-controlled ventilation-volume guaranteed. 

 

Table 3: Ventilatory parameters (n=30) 

 VCV PCV-VG P-value 

Ppeak (cmH2O) at 20 

min 

19.7± 2.6 18.7 ± 2.3 .000* 

Ppeak (cmH2O) at 40 

min 

19.4 ± 2.6 18.6 ± 1.9 .003* 

Pmean (cmH2O) at 20 

min 

8 ± 1 8.7± 0.6 .002* 

Pmean (cmH2O) at 40 

min 

8.1 ± 0.8 9 ± 0.7 .000* 

 

Data are presented as means ± SD.Ppeak=peak inspiratory pressure, Pmean=mean inspiratory 

pressure VCV: volume- controlled ventilation, PCV-VG: pressure-controlled ventilation-

volume guaranteed, (*): Statistically significant difference (P 0.05). 

 

Table 4: ETCO2 and arterial blood gases (n=30) 

 VCV PCV-VG P-value 

ETCO2 (mmHg) at 20 min 39.2 ± 4.5 39.4 ± 3.9 0.838 

ETCO2 (mmHg) at 40 min 38.2 ± 2.8 39.2 ± 3.5 0.172 

PH at 20 min 7.38 ± 0.04 7.38 ± 0.04 0.809 

PH at 40 min 7.38 ± 0.03 7.39 ± 0.02 0.071 

PaO2 (mmHg) at 20 min 168.2 ± 20.2 181.2 ± 13.3 0.000* 

PaO2 (mmHg) at 40 min 164 ± 32.01 185.13 ± 10.8 0.001* 

PaCO2 (mmHg) at 20 min 43.3 ± 4.1 42.4 ± 2.8 0.063 

PaCO2 (mmHg) at 40 min 42.9 ± 2.9 42.9 ± 2.3 0.922 

OI Oxygenation index at 20 

min 

1.94 ± 0.36 1.92 ± 0.19 0.753 

OI Oxygenation index at 40 

min 

1.94 ± 0.24 1.95 ± 0.2 0.921 

Data are presented as means ± SD.ETCO2: end-tidal CO2, PaO2=arterial oxygen tension, 

PaCO2=arterial carbon dioxide tension; OI: Oxygenation index, VCV=Volume controlled 

ventilation; PCV-VG: Pressure controlled ventilation volume guaranteed (*): Statistically 

significant difference (P 0.05). 

 



 
 

Ph ton                                                                                                                                                                 150 
 

Discussion  

 

This work was planned to compare PCV-

VG ventilation and VCV in the 

management of obese patients undergoing 

major abdominal laparotomy in terms of 

hemodynamics and airway pressures.  

 

In this study, no significant difference in 

heart rate was detected intra or 

postoperatively between both groups. 

However, regarding intraoperative mean 

blood pressure it was lower in VCV group 

at all times but difference was not 

statistically significant. Postoperatively all 

hemodynamic variables were comparable 

between the two groups. Therefore PCV-

VG had no effect on intra-operative or 

postoperative hemodynamics.  

 

Other studies compared these two modes of 

ventilation in other clinical settings such as 

Trendelenburg position (Assad et al., 

2016), elderly patients with COPD (Chang 

et al., 2016) and in patients with respiratory 

failure (Shehata et al., 2012) revealing no 

significant changes in hemodynamic 

parameters which is the same of our results.  

As regards peak inspiratory pressure, in our 

study PCV-VG mode showed statistically 

significant lower peak airway pressure than 

VCV. This is in agreement with many 

studies. Pu et al., 2014 explored the effects 

of ventilatory mode PCV-VG and VCV on 

the inspiratory pressures, oxygenation 

parameters and hemodynamics of patients 

during OLV for thoracic surgery. He 

concluded that in patients undergoing 

thoracic surgery with OLV, PCV-VG mode 

of ventilation may have better effects by 

decreasing peak inspiratory pressure 

parameters than VCV (Pu et al., 2014). Lin 

et al., 2015 also concluded the same result 

when he compared three ventilatory modes 

during one-lung ventilation in elderly 

patients. Also, Song et al., 2014 showed 

significantly reduced peak airway pressure 

with the PCV-VG mode compared with the 

VCV mode in a group of patients 

undergoing thoracic surgery with OLV in 

the lateral decubitus position. The same 

results were concluded by Hu et al., 2014 

who studied the effects of VCV and PCV-

VG mode during OLV. Also, Dion et al., 

2014 compared the three ventilation modes 

(VC, PC and PCV-VG) in patients 

undergoing laparoscopic bariatric surgery 

where each patient received the 3 modes of 

ventilation in a random order. Both the 

PCV-VG and PCV modes of ventilation 

resulted in a significantly lower PIP than 

VCV mode.  

 

In ICU, Guldager et al., 1997 and Alvarez 

et al., 1998 compared PRVC to VCV in of 

acute respiratory distress syndrome and 

reported in a series of publications. All 

concluded that PRVC had lower airway 

pressures and slightly better gas exchange 

than VCV with a constant inspiratory flow.  

 

As regards effect of PRVC and VCV on 

oxygenation, our study revealed that there 

was statistically significant difference being 

better with PCV-VG mode. This was in 

agreement with Pu et al., 2014 and Lin et 

al., 2015.  

In contrary, Dion et al., 2014 and Song et 

al., 2014 failed to demonstrate any 

significant difference between the two 

modes.  

 

These results indicated that PCV-VG, 

which provide a decelerating inspiratory 

flow and constant inspiratory pressure to 

the alveoli in the lungs thereby improving 

ventilation to alveoli with varying time 

constants related to altered resistance and 

compliance. These physiologic changes 

may be further magnified by supine 

position, reverse Trendelenburg position, 

and the administration of intravenous and 

inhalational general anesthetic agents. 

Under these circumstances, pressure 

mediated ventilation may inflate the 

atelectatic alveoli without causing 

barotrauma to those prone to over-inflation 

more effectively than volume controlled 

ventilation.  
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So the final conclusion of our study is 

superiority of PRVG mode compared to 

VCV mode in obese patients undergoing 

major abdominal laparotomy by reducing 

the respiratory pressures, improving 

pulmonary compliance and oxygenation 

with hemodynamic stability.  
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