
EXPERIMENTAL AND THERAPEUTIC MEDICINE  17:  1952-1958,  20191952

Abstract. Mechanical ventilation support is commonly 
required in abdominal compartment syndrome (ACS). In 
the present study, pressure-regulated volume control ventila-
tion (PRVCV) was compared to pressure control ventilation 
(PCV) in patients with ACS. The prospective study included 
40 patients with ACS who were randomized into the PCV 
or PRVCV groups and subjected to the different modes of 
ventilation. After 6 h of ventilation, arterial blood gas, respira-
tory mechanics and hemodynamics parameters, as well as the 
intra-abdominal pressure (IAP) and Sequential Organ Failure 
Assessment (SOFA) scores were calculated. Compared to the 
PCV mode, mechanical ventilation with PRVCV lead to a 
significant decrease in the partial pressure of carbon dioxide, 
the peak inspiratory pressure, the mean inspiratory pressure, 
the central venous pressure, the heart rate and the extravascular 
lung water index. In addition, a marked improvement in pH, 
partial pressure of oxygen, oxygenation index and pulmonary 
static compliance was noted. However, no significant differ-
ences in airway resistance, mean arterial pressure, or IAP 
and SOFA scores were obtained. In conclusion, the PRVCV 
mode is better than the PCV mode in ventilation patients 
with ACS, and should therefore be used as a lung protec-
tive strategy. The present study was registered at Chictr.org 
(no. ChiCTR1800016869).

Introduction

Intra-abdominal pressure (IAP) is normally atmospheric or 
sub‑atmospheric, and when it exceeds 10 cmH2O, it results 
in a condition referred to as intra-abdominal hypertension 
(IAH) (1). The blood flow to and the perfusion pressure of 
organs in the abdominal cavity decrease with increasing 
IAP (2). Abdominal compartment syndrome (ACS) refers to 
organ dysfunction and ischemia resulting from IAH, which 
triggers a systemic inflammatory response by releasing 
cytokines, including tumor necrosis factor-α, interleukin-6 
and oxygen free radicals. The inflammatory response in turn 
causes capillary leakage leading to bowel edema, thus further 
increasing the IAP and resulting in multiple organ dysfunc-
tion syndrome. An IAP of >12 cmH2O is associated with an 
increased risk of mortality (3).

The lung is one of the first organs to be damaged due to 
IAH, since the increased IAP leads to a decreased lung volume 
and lung compliance, and increased airway resistance, which 
results in acute respiratory distress syndrome, ultimately 
requiring mechanical ventilation support (4).

Pressure-regulated volume control ventilation (PRVCV) 
uses the tidal volume as a feedback control for continuously 
adjusting the pressure limit (5-7). It enables satisfactory and 
stable ventilation at the lowest possible pressure level, which 
reduces injury by positive pressure ventilation and increases 
safety (8).

Therefore, the objective of the present study was to deter-
mine whether the PRVCV mode has a protective effect on 
patients with ACS compared with pressure control ventilation 
(PCV).

Materials and methods

Patients and selection. A prospective study was performed, 
including consecutive patients hospitalized for >3 days at the 
intensive care unit (ICU) between January 2015 and December 
2017. In the current study, 60 patients were enrolled, 20 were 
excluded, as 18 did not match the inclusion criteria and two 
refused to be involved. A total of 40 patients (25 males 
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and 15 females) who matched the diagnostic criteria and 
managed according to the treatment standards for Abdominal 
Compartment Syndrome (ACS) of the World Society of the 
ACS (WSACS) (1), and with the diagnostic criteria for respi-
ratory failure with a partial pressure of oxygen (PaO2) of 

<60 mmHg or a partial pressure of carbon dioxide (PaCO2) of 
>50 mmHg, were included.

Pediatric patients, patients with lung diseases, including 
acute exacerbation of chronic obstructive pulmonary disease, 
severe pneumonia and pulmonary hypertension, and patients 
with heart diseases, including congenital heart disease, acute 
coronary syndrome and malignant arrhythmia, were excluded. 
Patients with severe multiple organ dysfunction, end-stage 
malignant carcinoma and immunosuppression conditions 
were also excluded.

IAH is divided into 4 stages according to the IAP: Stage I, 
12‑15 mmHg; stage II, 16‑20 mmHg; stage III, 21‑25 mmHg; 
and stage VI, >25 mmHg. ACS is defined as a sustained IAP at 
>20 mmHg, with or without an abdominal perfusion pressure 
of <60 mmHg, which is consistent with the definition of organ 
dysfunction/failure published in 2013 by the WSACS (1). The 
IAP was measured every 6 h and patients were required to have 
stable hemodynamics for >12 h. Therefore, their mean arterial 
pressure (MAP) was maintained at >60 mmHg by continuous 
intravenous administration of vasoactive drugs. In the present 
study, the sedation score on the Sedation-Agitation Scale was 
maintained between 3 and 4 using a sedative (9). The patients 
were randomized into two groups: i) In the PCV group, 
patients were ventilated using the PCV mode with an inspira-
tory pressure of 8-15 mmHg, inspiratory time of 0.8-1.2 sec, 
inhaled gas oxygen concentration [fraction of inspired oxygen 
(FiO2)] of 0.3‑0.6 and positive end expiratory pressure (PEEP) 
of 6‑12 mmHg; and ii) in the PRVCV group, patients were 
ventilated using the PRVCV mode with a tidal volume of 
5-12 ml/kg, respiratory rate of 12-18 times per minute, upper 
pressure limit (Pmax) of 35 mmHg, inspiratory:expiratory of 
1:2, FiO2 of 0.3-0.6 and PEEP of 6-12 mmHg. Parameters 
were adjusted based on disease severity, lung compliance 
and arterial blood gas (ABG), in order to maintain an oxygen 
saturation of 90-95%.

Conventional and active ICU management included disin-
fection, fasting, gastrointestinal decompression, abdominal 
drainage and correction of any electrolyte imbalances. All 
patients required invasive mechanical ventilation; the Dräger 
Evita 4 ventilator (Drägerwerk AG & Co. KGaA, Lübeck, 
Germany) was used for the PCV group and the MAQUET 
Servo‑i ventilator (MAQUET Ltd., Tyne & Wear, UK) for the 
PRVCV group.

Measurement of IAP. The IAP was measured in the urinary 
bladder by using a Foley Manometer device with the patient 
in a supine position (10). The bladder was first emptied of 
intra-vesical urine and then injected with 50 ml saline through 
a catheter. Using the symphysis pubis as a zero-reference point, 
the end expiration pressure was measured. A measurement 
protocol was drafted and performed by experienced staff.

Data collection. ABG parameters, including pH, PaO2, 
PaCO2 and oxygenation index (PaO2/FiO2), were recorded. 
Respiratory mechanics indices, including peak inspiratory 

pressure (PIP), mean inspiratory pressure (Pmean), pulmonary 
static compliance (Cst) and airway resistance (R) were moni-
tored by a detection system in the ventilator. Hemodynamic 
values, including the HR, MAP, central venous pressure (CVP) 
and extravascular lung water index (ELWI) were measured 
by the PiCCO2 system (Pulsion Co., Glasgow, UK). All data 
were collected after 6 h of ventilation and each parameter was 
measured 3 times.

Statistical analysis. All values are expressed as the 
mean ± standard deviation unless otherwise stated and 
analyzed using SPSS version 19 (IBM Corp., Armonk, NY, 
USA). Numerical data were compared using Student's unpaired 
t-test. Categorical data were analyzed with a Chi-square test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Patient characteristics. A total of 60 patients were initially 
screened, of which 18 did not match the inclusion criteria and 
2 refused to participate. The remaining 40 patients completed 
the weaning procedure (Fig. 1). There were no significant 
differences between the two groups (n=20 each) in terms of 
their clinical characteristics (Table I).

Outcomes regarding ABG parameters. All ABG parameters 
improved following treatment in the two groups (all P<0.05). 
Compared with those obtained using the PCV mode, significant 
improvements in pH (7.33±0.81 vs. 7.39±0.57, P=0.017), PaO2 

(75.05±12.31 vs. 83.50±15.89 mmHg, P=0.012) and PaO2/FiO2 

(169.85±23.53 vs. 190.75±39.72 mmHg, P=0.012), and a signif-
icant decrease in PaCO2 (46.05±11.14 vs. 41.10±5.68 mmHg, 
P=0.039) were noted after 6 h of using the PRVCV mode 
(Fig. 2).

Outcomes regarding respiratory mechanics. PIP, Pmean and Cst 
were ameliorated following treatment (all P<0.05). Compared 
with those obtained using the PCV mode, the PRVCV mode 
achieved a notably reduced PIP (23.75±1.77 vs. 19.85±2.70 mmHg, 
P=0.008) and Pmean (12.75±2.24 vs. 11.15±2.03 mmHg, P=0.043), 
and an increased Cst (41.35±4.99 vs. 45.95±5.71 ml/cmH2O, 
P=0.003). However, no significant difference was obtained in 
R (8.11±1.38 vs. 8.06±1.34 cmH2O/l/sec, P>0.05) between the 
two groups (Fig. 3).

Outcomes of hemodynamics. HR, CVP and ELWI in the 
PRVCV and PCV groups were significantly decreased 
following treatment (all P<0.05), and MAP in the PRVCV 
group was significantly increased following treatment 
(P<0.01). Compared with those in the PCV group, the 
PRVCV group exhibited a significantly decreased CVP 
(17.70±3.50 vs. 15.15±3.13 mmHg, P=0.037), ELWI 
(9.35±1.27 vs. 7.75±2.49 ml/kg, P=0.012) and HR (99.65±9.76 
vs. 92.60±8.17 beats/min, P=0.036), while the MAP was not 
significantly different (70.00±8.38 vs. 71.30±6.13 mmHg, 
P=0.594; Fig. 4).

Outcomes regarding IAP and SOFA scores. No significant 
differences in IAP (22.55±2.28 vs. 21.60±2.19 mmHg, 
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P=0.222) and SOFA scores (17.55±1.88 vs. 16.95±2.93, 
P=0.386) were observed between the PRVCV and PCV groups 
(Fig. 5). However, the IAP was reduced in the two groups 
following treatment (both P<0.05).

Discussion

ACS is a critical condition requiring mechanical ventilation. In 
the present study, it was indicated that compared with those in the 
PCV group, patients that received PRVCV exhibited a significant 
decrease in respiratory parameters, including PaCO2, airway PIP, 
Pmean, CVP, HR and ELWI. In addition, significant improvements 
in pH, PaO2, oxygenation index and Cst were achieved by using 
PRVCV as compared to PCV. However, no significant differences 
were observed in R, MAP, IAP and SOFA scores between the two 
groups. Thus, PRVCV provides satisfactory and stable ventilation 
at the lowest possible pressure level, which relieves injury by 
positive pressure ventilation and increases safety. It is therefore 
more suitable for patients with ACS, and may be used as a lung 
protective strategy.

ACS refers to organ dysfunction and ischemia-reperfusion 
injury resulting from IAH, which may be a consequence of 
abdominal trauma, intestinal obstruction or severe acute 
pancreatitis (11,12). ACS affects the normal functioning of the 
cardiovascular, respiratory and urinary systems. The synergy 
between these organ systems further increases the IAP, which 
results in a vicious cycle of organ damage and IAH, finally 
leading to multiple organ failure (13-15). A recent multi-center 
prospective study reported that 32.1% of ICU patients were 
diagnosed with IAH and 4.2% with ACS (16). The IAP acts on 
the diaphragm and constricts the pulmonary segment, leading 
to alveolar collapse and a decreased ventilation to blood flow 
ratio, which causes hypoxemia, hypercarbia and ultimately 
respiratory failure (17,18). Patients with mechanical ventila-
tion and ACS have a higher risk of developing IAH than those 
without ACS (19,20).

Verzilli et al (21) reported that the fluctuation range of the 
IAP was lowest when the PEEP was between 6 and 12 mmHg 
in patients requiring mechanical ventilation. In the present 
study, the PEEP was maintained between 6 to 12 mmHg, since 

Table I. Baseline characteristics of the study groups.

Characteristic Normal value PCV group (n=20) PRVCV group (n=20) P-value

Age (years)      67.05±10.85     58.55±15.39 0.051
  Sex (M/F)  13/7 12/8 0.833
  Height (cm)  167.00±6.59 166.15±7.05 0.696
  Weight (kg)    62.80±5.91   63.80±8.05 0.657
  BMI (kg/m2) 18.50-25   21.80±2.26   21.15±1.66 0.307
  IAP (mmHg) 5-7   23.40±2.37   24.20±2.86 0.341
  SOFA 0   17.10±2.10   16.75±1.55 0.552
  pH 7.35-7.45     7.24±0.08     7.29±0.09 0.071
  PaO2 (mmHg) 60-90   65.40±4.01   64.40±3.63 0.762
  PaCO2 (mmHg) 35-45   51.00±7.22   49.20±3.75 0.448
  PaO2/FiO2 (mmHg) 400-500   146.15±16.42   148.35±16.10 0.788
  PIP (mmHg)   7-12   27.00±4.54   26.85±7.23 0.917
  Pmean (mmHg)   4-11   14.65±2.60   15.30±2.85 0.405
  Cst (ml/cmH2O)   60-100   37.35±3.51   36.90±4.48 0.765
  R (cmH2O/l/sec) 1-3     7.96±1.39     8.05±1.43 0.829
  HR (beats/min)   60-100 107.70±9.31   111.95±13.73 0.203
  MAP (mmHg)   70-105   65.90±8.26   63.45±7.74 0.316
  CVP (mmHg) 4-9   20.90±4.01   22.60±4.43 0.182
  ELWI (ml/kg) 3-7   12.00±2.07   12.05±1.82 0.936
Etiology
  Intestinal obstruction/necrosis  6 (30) 10 (50) 0.333
  Severe multiple trauma  7 (35) 4 (20) 0.480
  AP  3 (15) 2 (10) 0.999
  Septic shock  1 (5) 2 (10) 0.999
  Hepatobiliary disease  3 (15) 2 (10) 0.999

Values were expressed as mean ± standard deviation, range or n (%). BMI, body mass index; AP, acute pancreatitis; M, male; F, female; PCV, 
pressure control ventilation; PRVCV, pressure‑regulated volume control ventilation; IAP, intra‑abdominal pressure; SOFA, Sequential Organ 
Failure Assessment; HR, heart rate; MAP, mean arterial pressure; CVP, central venous pressure; ELWI, extravascular lung water index; PIP, 
peak inspiratory pressure; Pmean, mean inspiratory pressure; Cst, pulmonary static compliance; R, airway resistance; PaO2, partial pressure of 
O2; PaCO2, partial pressure of CO2; FiO2, fraction of inspired O2; n/a, not applicable.
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the optimum PEEP value reduces the extravascular lung water 
content and improves chest wall compliance. In PCV mode, 
the pressure is fixed, which results in insufficient ventilatory 
capacity. Similarly, the ventilatory capacity in the volume 
control ventilation (VCV) mode is also fixed, but a lack of 
pressure control further increases the risk of pressure-induced 
injury. Since an excessive tidal volume results in repeated 

alveolar folding, the alveolar epithelium and endothelium are 
frequently deteriorated in patients with IAH.

PRVCV is a dual-control ventilation mode that avoids the 
high peak airway pressures of volume ventilation, as well as 
the variation in tidal volume that may occur with pressure 
ventilation. The compliance of thorax and lung are calcu-
lated during the first ventilation, followed by the inspiratory 

Figure 2. Differences in arterial blood gas parameters between the PRVCV and PCV modes. (A) pH, (B) PaO2, (C) PaO2/FiO2 and (D) PaCO2. *P<0.05, 
**P<0.01, ***P<0.001. T0, at the beginning of mechanical ventilation; T1, 6 h after ventilation; PCV, pressure control ventilation; PRVCV, pressure‑regulated 
volume control ventilation; PaO2, partial pressure of O2; PaCO2, partial pressure of CO2; FiO2, fraction of inspired O2.

Figure 1. Study flow chart including the randomization of patients to the PRVCV and PCV groups. PCV, pressure control ventilation; PRVCV, pressure‑regulated 
volume control ventilation.
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Figure 4. Differences in hemodynamics between PRVCV and PCV modes. (A) HR, (B) MAP, (C) CVP and (D) ELWI. No change was seen in MAP. *P<0.05, 
**P<0.01, ***P<0.001. T0, at the beginning of mechanical ventilation; T1, 6 h after ventilation; PCV, pressure control ventilation; PRVCV, pressure‑regulated 
volume control ventilation; HR, heart rate; MAP, mean arterial pressure; CVP, central venous pressure; ELWI, extravascular lung water index.

Figure 3. Differences in respiratory mechanics (PIP, Pmean, Cst and R) between PRVCV and PCV modes. (A) PIP, (B) Pmean, (C) Cst and (D) R. There was no 
difference between the two groups in R. *P<0.05, **P<0.01, ***P<0.001. T0, at the beginning of mechanical ventilation; T1, 6 h after ventilation; PCV, pressure 
control ventilation; PRVCV, pressure‑regulated volume control ventilation; PIP, peak inspiratory pressure; Pmean, mean inspiratory pressure; Cst, pulmonary 
static compliance; R, airway resistance.
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pressure of the preset tidal volume in the next ventilation. 
The actual inspiratory pressure is 75% of the expected value, 
whereas the actual tidal volume is consistent with the preset 
value (5-7). The ventilator continuously monitors compli-
ance and automatically calculates the association between 
volume and pressure on the basis of the preset tidal volume. 
It regulates the next inspiratory pressure level according to 
anterior monitoring, thereby minimizing the airway pres-
sure. In other words, stable ventilation is provided at the 
lowest possible ventilation pressure to minimize the chances 
of bariatric injury due to positive pressure ventilation, and 
enhance the safety of the treatment. In the present study, the 
ABG parameters were distinctly improved in the PRVCV 
mode compared with those in the PCV mode. At the same 
PEEP level, the oxygenation index was improved and the 
PaCO2 was significantly declined with PRVCV as compared 
with PCV.

A great number of pathophysiological changes occur due 
to IAH, including an increase in thoracic pressure and CVP, 
a decrease in the returned blood volume and a compensatory 
increase in the HR, and finally respiratory failure, which calls 
for ventilatory support (22-24). The present study demon-
strated that compared with those obtained by PCV, the PIP, 
Pmean and Cst were significant improved, all which is beneficial 
to the respiratory system of patients, with PRVCV. The signifi-
cant decrease in CVP and ELWI in the PRVCV group may be 
due to improved compliance and reduced thoracic pressure. 
The HR was also lower in the PRVCV compared with that 
in the PCV group, partly because the increased compliance 
of lung and thorax lead to an augmentation of the returned 
blood volume. No significant difference was observed in MAP, 
a parameter that is influenced by multiple aspects, including 
treatment interventions.

Apart from ABG, significant improvements were also 
observed in respiratory mechanics and hemodynamics. 
However, the SOFA score was not improved in the present 
study, due to two possible reasons: First, the present study only 
assessed the respiratory and cardiovascular systems, whereas 
the SOFA score encompasses a total of six systems (25,26), 
and furthermore, an observation time of 6 h may not have 

been sufficient to improve the SOFA score. Therefore, a 
follow‑up experiment with longer post‑ventilation time is 
required. The present study was a prospective cohort study 
with a limited sample size, which may have affected the 
difference in outcome this was a limitation of the study. 
Additional randomized controlled trials may be helpful for 
comparing the two ventilation modes. It may be concluded 
that the PRVCV mode combines the advantages of VCV 
and PCV, and may provide stable tidal volume at the lowest 
possible peak airway pressure and MAP, and is a lung protec-
tive mode that may reduce the risk of barotrauma in patients 
with IAH or ACS.
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