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Background: COPD is the third leading cause of death worldwide. Acute exacerbations of 

COPD may cause respiratory failure, requiring intensive care unit admission and mechanical 

ventilation. Intensive care unit patients with acute exacerbations of COPD requiring 

mechanical ventilation have higher mortality rates than other hospitalized patients. Although 

mechanical ventilation is the most effective intervention for these conditions, invasive ventila-

tion techniques have yielded variable effects.

Objective: We evaluated pressure-regulated volume control (PRVC) ventilation treatment 

efficacy and preventive effects on pulmonary barotrauma in elderly COPD patients with respi-

ratory failure.

Patients and methods: Thirty-nine intubated patients were divided into experimental 

and control groups and treated with the PRVC and synchronized intermittent mandatory 

ventilation – volume control methods, respectively. Vital signs, respiratory mechanics, and 

arterial blood gas analyses were monitored for 2–4 hours and 48 hours.

Results: Both groups showed rapidly improved pH, partial pressure of oxygen (PaO
2
), and PaO

2
 

per fraction of inspired O
2
 levels and lower partial pressure of carbon dioxide (PaCO

2
) levels. 

The pH and PaCO
2
 levels at 2–4 hours were lower and higher, respectively, in the test group 

than those in the control group (P,0.05 for both); after 48 hours, blood gas analyses showed 

no statistical difference in any marker (P.0.05). Vital signs during 2–4 hours and 48 hours of 

treatment showed no statistical difference in either group (P.0.05). The level of peak inspira-

tory pressure in the experimental group after mechanical ventilation for 2–4 hours and 48 hours 

was significantly lower than that in the control group (P,0.05), while other variables were not 

significantly different between groups (P.0.05).

Conclusion: Among elderly COPD patients with respiratory failure, application of PRVC 

resulted in rapid improvement in arterial blood gas analyses while maintaining a low peak 

inspiratory pressure. PRVC can reduce pulmonary barotrauma risk, making it a safer protective 

ventilation mode than synchronized intermittent mandatory ventilation – volume control.

Keywords: COPD, respiratory failure, invasive mechanical ventilation, pressure-regulated 

volume control, synchronized intermittent mandatory ventilation

Introduction
The clinical manifestations of acute exacerbations of COPD (AECOPD) with hyper-

capnic respiratory failure include a partial pressure of carbon dioxide (PaCO
2
) in 
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the arterial blood .45 mmHg and pH ,7.35.1 Ventilatory 

support is one of the main interventions for AECOPD with 

respiratory failure in the intensive care unit. It is indicated 

when patients do not tolerate or fail to respond to treat-

ment, or have contraindications to noninvasive ventilation 

support.1–3

Synchronized intermittent mandatory ventilation (SIMV) 

is a ventilation mode commonly used in the treatment of 

COPD respiratory failure. Many clinical trials have dem-

onstrated that this ventilation mode can effectively improve 

hypoxemia, mitigate hypercapnia, and correct excessive 

respiratory acidosis. However, when SIMV without pressure 

support is applied in elderly patients with lung infection and 

bronchial and lung damage, barotrauma can be caused by 

increased peak pressure from increased airway resistance, 

resulting from their weakened systematic functions and 

multiple preexisting diseases.4,5 Synchronized intermit-

tent mandatory ventilation – volume control (SIMV-VC), 

another volume control (VC) form of ventilation, can reduce 

barotrauma.6

Pressure-regulated volume control (PRVC) is a ventila-

tion mode that is timed and pressure controlled with continu-

ous airflow and continuous capacity control. It combines the 

advantages of both VC and pressure control (PC). While 

ensuring an improvement in ventilation, it can simultaneously 

lower inspiratory positive airway pressure and peak airway 

pressure, thereby reducing the incidence of barotrauma.7 Our 

aim was to evaluate the effects of treating respiratory failure 

by comparing the PRVC ventilation mode to the SIMV mode 

in elderly COPD patients with respiratory failure.

Patients and methods
We conducted a prospective, double-blind, randomized 

controlled trial. The participants were randomly assigned to 

the “control” SIMV or “experimental” PRVC mode groups. 

Randomization was performed by using sealed envelopes 

containing a piece of paper with either “A” (for SIMV) or “B” 

(for PRVC), which were opened by the physician in charge 

at the beginning of the trial. The study was approved by the 

ethics committee of The Fifth People’s Hospital of Shanghai. 

Written informed consent was obtained from all the individual 

participants included in the study and their family members.

Patients
Patients selected for the study were those older than 80 years 

from February 2007 to February 2010 and treated on the 

respiratory intensive care unit of The Fifth People’s Hospital 

of Shanghai. A total of 42 cases, including 24 men and 

18 women, aged 80–102 years (average, 86.4±6.0 years), who 

matched the COPD diagnosis and treatment standards of the 

2007 Chinese Medical Association for respiratory diseases8 

and type II respiratory failure diagnostic criteria with a blood 

oxygen partial pressure (PaO
2
) ,60 mmHg and blood carbon 

dioxide partial pressure (PaCO
2
) .50 mmHg were included. 

The COPD patients recruited responded poorly to noninva-

sive ventilation. All cases were severe enough to warrant 

immediate implementation of endotracheal intubation and 

mechanical ventilation and met the criteria for intubation at 

the time of presentation.

All patients had a variety of comorbidities, with up to 

four kinds of underlying diseases, mainly including high 

blood pressure, coronary heart disease, cerebral infarction, 

diabetes, arthritis, and fractures. We screened 864 patients, 

and 42 patients were enrolled in our study. They were ran-

domly divided into the experimental group (21 cases) and 

the control group (21 cases). We excluded patients with 

serious heart, liver, or kidney failure; severe arrhythmia or 

acute myocardial ischemia; pneumothorax or mediastinal 

emphysema; intracranial hypertension; severe multiple 

organs dysfunction; end-stage malignant carcinoma; and 

immunosuppression conditions. We also excluded three 

patients in the control group: one because of death caused 

by pneumothorax and two because of withdrawal.

Thirty-nine study subjects with AECOPD and respiratory 

failure were finally recruited, as shown in Figure 1. The dif-

ferences between the sex ratios; average ages; course of the 

diseases; Acute Physiology and Chronic Health Evaluation II 

scores; pH, PaCO
2
, PaO

2
, and bicarbonate (HCO

3
−) levels; 

and respiratory rates (f) of the two groups were not statisti-

cally significant (P.0.05), as shown in Table 1.

Methods
general management
All patients admitted to the respiratory intensive care unit 

were managed with electrocardiographic monitoring, blood 

pressure monitoring, and transcutaneous pulse oxygen satu-

ration (SpO
2
) monitoring, followed by zealous treatment for 

infection, bronchospasm, and mucolysis. A complete history 

was obtained, and physical examination was performed. 

Maintenance of water and electrolyte balances, optimal 

nutritional support, and airway humidification were also 

administered promptly.

Mechanical ventilation
All patients who were treated with the above general man-

agement therapy because of their critical condition were 
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simultaneously in need of oral (nasal) intubation using a Maquet 

Servo-i (Maquet Medical Equipment, Shanghai, People’s 

Republic of China) ventilator for mechanical ventilation.

The experimental group was treated with the PRVC 

method, while the control group was treated with SIMV-VC 

mode without pressure support. The preset values for both 

groups were as follows: a tidal volume (VT) of 6–10 mL/kg, 

respiratory frequency (f) of 12–16 times/min, inspiratory time 

(T
insp

) of 1.0–1.3 seconds, inhaled gas oxygen concentration 

(fraction of inspiration O
2
 [FiO

2
]) of 0.3–0.6, and positive 

end-expiratory pressure of 3–5 cmH
2
O.

sedative use
For patients who showed significant irritation and could not 

cooperate with the ventilator and for whom assisted breathing 

by bag valve mask proved ineffectual during the intubation and 

mechanical ventilation process, a small amount of short-term 

intravenous sedatives can guarantee an effective collabora-

tion between them and the ventilator. The use of sedation or 

analgesia may help to reduce a patient’s respiratory rate and 

dyspnea. Moreover, they may improve patient comfort and 

reduce breathing work during mechanical ventilation. However, 

the long-term, heavy use of sedatives should be avoided.9

Observation index
The vital signs, including heart rate, systolic blood pressure, 

diastolic blood pressure, and respiratory rate, and respiratory 

Figure 1 Study flow and randomization of patients to the intervention and control groups.
Abbreviations: PaO2, partial pressure of oxygen in arterial blood; PaCO2, partial pressure of carbon dioxide in arterial blood; PrVC, pressure-regulated volume control; 
sIMV, synchronized intermittent mandatory ventilation; h, hours.

Table 1 Comparisons between the two groups in sex, age, 
respiratory rate, and arterial blood gas analysis indexes before 
treatment

Group PRVC group  
(21 cases)

SIMV group  
(18 cases)

Men/women (cases) 13/8 11/7
age (years) 87.3 (4.8) 85.4 (7.6)
Course of the disease (years) 30.5 (10.2) 31.6 (7.4)
aPaChe II score 18.2 (9.4) 17.5 (8.9)
f (times/min) 37 (9) 36 (10)
ph 7.20 (0.11) 7.21 (0.23)
PaCO2 (mmhg) 105 (26) 102 (28)
PaO2 (mmhg) 50 (15) 52 (14)
hCO3

− (mmol/l) 22.3 (8.6) 21.7 (5.8)

Note: all results are expressed as mean (sD).
Abbreviations: PrVC, pressure-regulated volume control; sIMV, synchronized 
intermittent mandatory ventilation; aPaChe II, acute Physiology and Chronic health 
evaluation II; f, respiratory rate; ph, hydrogen ion concentration; PaCO2, partial 
pressure of carbon dioxide in arterial blood; PaO2, partial pressure of oxygen in arterial 
blood; hCO3

−, bicarbonate concentration in arterial blood; sD, standard deviation.
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mechanics, including peak inspiratory pressure (PIP), 

mean airway pressure, pulmonary dynamic compliance, 

ventilator for power, VT, and minute ventilation (MV), of 

the two groups were observed during mechanical ventilation 

treatment for 2–4 hours and 48 hours. Simultaneously, the 

pH, PaCO
2
, PaO

2
, and HCO

3
− levels of arterial blood were 

determined (GEM Premier 3000 blood gas analyzer; GEM 

Premier 3000, Shanghai, People’s Republic of China), and 

then, the oxygenation index (PaO
2
/FiO

2
) was calculated.

statistical analysis
Using the Statistical Program for Social Sciences Version 17.0 

software (SPSS Inc., Chicago, IL, USA), all data were 

expressed as mean ± standard deviation (SD) by using the 

independent samples t-test. A P-value of #0.05 was consid-

ered to be statistically significant.

Results
The changes in vital signs, blood gas analysis, and indexes 

of breathing mechanics 2–4 hours and 48 hours after treat-

ment are shown in Table 2. The pH, PaCO
2
, and PIP of 

the experimental group showed significant improvements 

compared with those of the control group 2–4 hours after 

treatment, as shown in Figures 2–4. However, only the PIP 

of the experimental group significantly improved 48 hours 

after treatment (P,0.05).

Complications
During mechanical ventilation, hyperinflation should be 

prevented while improving oxygenation and reducing the 

work of breathing. Hyperinflation can induce barotrauma and 

further injury to the lungs, which may prolong the duration 

of mechanical ventilation.10 Barotrauma is a type of lung 

damage caused by the application of high airway pressure.11 

The most common form of barotrauma is pneumothorax, 

which can be detected on a chest radiograph when the lateral 

lung regions collapse.12 Other forms of barotrauma include 

gaseous embolism and pneumomediastinum, which may 

extend to the neck, face, trunk, and scrotum.13 In our study, 

there was one case of pneumothorax in the control group and 

no case of barotrauma in the treatment group.

Discussion
Since elderly patients often suffer from multiple organ dys-

function, malnutrition, and many other complications during 

AECOPD, they have a higher risk for asphyxia. In addition, 

in patients with severe pulmonary infection, the possi-

bilities of respiratory failure and pulmonary encephalopathy 

increase.

As a main method for rescuing patients with respiratory 

failure, noninvasive mechanical ventilation is always difficult 

Table 2 The vital signs, blood gas analysis, and indexes of 
breathing mechanics 2–4 hours and 48 hours after treatment in 
the two groups

Index 2–4 hours 48 hours

PRVC  
(21 cases)

SIMV  
(18 cases)

PRVC  
(21 cases)

SIMV  
(18 cases)

hr (times/min) 132 (23) 125 (19) 83 (9) 82 (11)
sBP (mmhg) 116 (26) 110 (29) 127 (10) 124 (12)
DBP (mmhg) 73 (12) 68 (13) 71 (6) 69 (5)
ph 7.34 (0.17)* 7.38 (0.20) 7.44 (0.06) 7.43 (0.06)
PaCO2 (mmhg) 61 (15)* 45 (9) 46 (12) 44 (8)
PaO2 (mmhg) 113 (27) 120 (31) 126 (15) 124 (22)
hCO3

− (mmol/l) 27.3 (7.8) 26.5 (9.7) 32.4 (5.8) 30.9 (5.0)
PaO2/FiO2 256 (74) 287 (78) 309 (57) 338 (83)
PIP (cmh2O) 27.1 (9.2)* 35.3 (15.1) 23.5 (7.1)* 33.5 (11.1)
MaP (cmh2O) 12.2 (3.1) 13.0 (2.5) 9.7 (2.0) 9.9 (2.6)
Cdyn (ml/cmh2O) 33.1 (12.1) 30.2 (12.2) 30.2 (13.0) 26.6 (11.9)
VT (ml) 463 (36) 474 (36) 451 (23) 443 (22)
MV (l/min) 7.95 (2.69) 8.87 (1.58) 6.19 (1.17) 5.96 (0.66)
WOBV (J/l) 3.35 (0.89) 3.11 (1.41) 2.73 (1.31) 3.11 (1.41)

Notes: all results are expressed as mean ± (sD). Compared with the control 
group, *P,0.05.
Abbreviations: PrVC, pressure-regulated volume control; sIMV, synchronized 
intermittent mandatory ventilation; hr, heart rate; min, minutes; sBP, systolic 
blood pressure; DBP, diastolic blood pressure; ph, hydrogen ion concentration; 
PaCO2, partial pressure of carbon dioxide in arterial blood; PaO2, partial pressure 
of oxygen in arterial blood; hCO3

−, bicarbonate concentration in arterial blood; 
PaO2/FiO2, oxygen index (partial pressure of oxygen in arterial blood/fraction of 
inspired oxygen); PIP, peak inspiratory pressure; MaP, mean airway pressure; 
Cdyn, pulmonary dynamic compliance; VT, tidal volume; MV, minute ventilation; 
WOBV, ventilator for power; sD, standard deviation.

Figure 2 Changes in ph over time (2–4 h and 48 h) in the intervention and control 
groups.
Notes: The black bar represents the intervention group, and the gray bar represents 
the control group. *P,0.05.
Abbreviations: ph, hydrogen ion concentration; h, hours; PrVC, pressure-
regulated volume control; sIMV, synchronized intermittent mandatory ventilation.
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to implement in elderly patients with COPD because of the 

increased occurrence of tooth loss, facial marasmus due to 

severe malnutrition, and subsequent facial anomalies or par-

tial defects leading to poor sealing of the mask.14 Therefore, 

establishing an artificial airway with assistive ventilation 

needs to be prioritized to make the most of an early treat-

ment and diagnostic plan and reduce the mortality rate in 

these patients.15

The viewpoints of articles on mechanical ventilation 

for severely obstructed patients are controversial. Some 

authors prefer pressure-controlled ventilation,16–18 some favor 

volume-controlled ventilation,19 and others suggest that both 

VC and PC have similar outcomes in COPD patients with 

acute respiratory failure.20 Nevertheless, the latest trends 

recommend that newer modes such as PRVC ventilation 

may be the most favorable option, as it allows patients to 

receive the most desired VT at the lowest attainable PIP. 

In addition, PRVC could provide the advantages of both PC 

and VC, including minimizing airway pressure and providing 

excellent inspiratory flow and a guaranteed VT.21

Thus far, SIMV-VC is still the most commonly used 

ventilation mode in treating COPD patients with respiratory 

failure, and a large number of clinical studies have proven its 

reliability.22 This mode ensures that patients receive a suf-

ficiently effective ventilatory capacity or ventilation volume 

through respiratory support by mechanical ventilation and 

an organic combination of two different ventilation modes: 

spontaneous breathing and intermittent positive pressure 

ventilation.

Because of severe pulmonary infection, elderly patients 

with COPD can have complications of hypoxemia 

and/or hypercapnic acidosis, in which case the application 

of SIMV-VC can improve hypoxemia and/or hypercapnic 

acidosis by triggering the ventilator and enhancing ventila-

tion through spontaneous breathing.

During the acute stage of COPD (AECOPD), the pres-

ence of airway inflammation exacerbates airway resistance 

through airway spasm and sputum retention. Meanwhile, 

if large VTs are utilized during SIMV-VC mechanical 

ventilation, they tend to cause hyperventilation and overly 

high pressure in the local airway, resulting in mediastinal 

emphysema, subcutaneous emphysema, pneumothorax, and, 

ultimately, barotrauma.

PRVC can effectively correct acute respiratory failure 

while simultaneously protecting lung tissue from barotrauma 

and was proven to be effective in patients with AECOPD 

and respiratory failure.23 During the application of PRVC, the 

ventilator calculates the volume and pressure measurements 

for each respiration and modulates the next inspiratory pres-

sure level according to the measurement results to shorten 

the gap between the actual VT and the preset VT.

Compared with the SIMV-VC mode, the VT in the 

PRVC mode can change within a certain range with changes 

in lung compliance and airway resistance. However, the 

actual VT ultimately remains relatively stable at the preset 

level through the microcomputer’s pressure regulation. 

When severe airway obstruction occurs, the application of 

a deceleration wave in the PRVC mode increases laminar 

Figure 4 Changes in PIP (cmh2O) over time (2–4 h and 48 h) in the intervention 
and control arms.
Notes: The black bar represents the intervention group, and the gray bar represents 
the control group. *P,0.05.
Abbreviations: PIP, peak inspiratory pressure; h, hours; PrVC, pressure-regulated 
volume control; sIMV, synchronized intermittent mandatory ventilation.

Figure 3 Changes in PaCO2 (mmhg) over time (2–4 h and 48 h) in the intervention 
and control groups.
Notes: The black bar represents the intervention group, and the gray bar represents 
the control group. *P,0.05.
Abbreviations: PaCO2, partial pressure of carbon dioxide in arterial blood; 
h, hours; PrVC, pressure-regulated volume control; sIMV, synchronized intermittent 
mandatory ventilation.
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airflow components and reduces pressure consumption; thus, 

it requires lower pressure to maintain the same VT.24

The subjects of this research were elderly AECOPD 

patients with respiratory failure. The results showed a rapid, 

effective improvement in hypoxemia and oxygenation and 

reduction in PaCO
2
 in the experimental group and the control 

group in both ventilation modes within 2–4 hours. There was 

no significant difference in vital signs between the two groups 

after treatments of 2–4 hours and 48 hours.

The improvements in pH and PaCO
2
 within 2–4 hours 

of treatment in the experimental group were significantly 

lower than those in the control group; however, blood gas 

analysis indices in both groups returned to normal after 

48 hours of treatment. This phenomenon may be due to the 

presence of respiratory rhythm disturbances and subsequent 

patient–ventilator asynchrony in the early stage of endotra-

cheal intubation in mechanically ventilated patients, who 

may present additionally with inflammatory airway spasm, 

sputum retention, and increased airway resistance. During 

the application of the PRVC mode, a large change in the 

estimation of ventilation capacity makes it difficult to reach 

the preset VT, causing the alveolar ventilation volume to be 

lower than that in the control group. The improvement in 

ventilation in the first 2–4 hours of PRVC ventilation is not 

as obvious as it is in SIMV, but as airway pressure is simul-

taneously controlled while maintaining clinical efficacy, it 

prevents the occurrence of pulmonary barotrauma and thus 

has the advantage of being safer.

The PIP in the experimental group was distinctly lower 

than that in the control group during mechanical ventilation 

at 2–4 hours and 48 hours, while differences in mean airway 

pressure, pulmonary dynamic compliance, VT, MV, and 

ventilator for power were not statistically significant between 

the two groups, which illustrates that under the condition 

of ensuring a preset VT and MV volume, PRVC ventila-

tion can effectively reduce PIP, thereby reducing the risk of 

barotrauma. During treatment, one case of death caused by 

pneumothorax was observed in the control group, while no 

case of barotrauma was observed in the experimental group.

Conclusion
This study showed that using PRVC ventilation as a treat-

ment in elderly COPD respiratory failure patients can rapidly 

improve arterial blood gas analyses and simultaneously 

maintain a lower PIP, which effectively reduces the risk of 

barotrauma during 48 hours of mechanical ventilation. It is 

a safe and effective protective ventilation mode that should 

be prioritized in clinical practice.

However, the observation duration of this study was 

restricted to the implementation of mechanical ventilation 

intervention over 48 hours, which is considered the early 

stage of mechanical ventilation and does not cover the entire 

mechanical ventilation process. Therefore, clinical efficacy 

and barotrauma could not be fully observed in all phases of 

the mechanical ventilation process. It is vital to continue to 

evaluate new concepts in invasive mechanical ventilation 

in larger and long-term studies to optimize outcomes in 

COPD patients. Further clinical trials or meta-analyses are 

desired to determine the optimal management for AECOPD, 

particularly in severely ill patients admitted to the intensive 

care unit.
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