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Objective: To analyse the guiding value of procalcitonin (PCT) for the selection of ventilation switching points in sequential 
mechanical ventilation for patients with acute exacerbation of chronic obstructive pulmonary disease (COPD) and respiratory failure, 
and to provide a reference for the optimisation of mechanical ventilation for patients with COPD and respiratory failure.
Methods: The study included 160 patients with an acute exacerbation of COPD complicated by respiratory failure who received 
sequential mechanical ventilation treatment. They were divided into two groups of 80 participants. The critical point of the pulmonary 
infection observation window (PIC) was used as the switching point for sequential mechanical ventilation treatment in the control 
group, and PCT clinical node was used as the switching point for sequential mechanical ventilation treatment in the observation group. 
The invasive ventilation time, non-invasive mechanical ventilation time, total mechanical ventilation time, intensive care unit (ICU) 
treatment time, complication rate and prognosis were compared for the two groups.
Results: (1) There was no significant difference in the respiratory rate, heart rate, arterial systolic pressure, arterial oxygen partial 
pressure, arterial carbon dioxide partial pressure or pH value between the two groups after 1 day of treatment, and (2) invasive 
mechanical ventilation time, non-invasive mechanical ventilation time, total mechanical ventilation time, ICU treatment time and the 
incidence of complications were significantly different in the two groups (P = 0.0001).
Conclusion: Detecting PCT can guide the selection of ventilation switching points in sequential mechanical ventilation therapy for 
patients with COPD with respiratory failure in the acute exacerbation stage, effectively reduce the misevaluation of PIC switching 
points so that patients can obtain stable criteria for judgement and effectively improve the efficiency and safety of mechanical 
ventilation treatment for patients in the acute exacerbation stage.
Keywords: acute exacerbation of chronic obstructive pulmonary disease, respiratory failure, sequential mechanical ventilation, 
selection of ventilation mode switching point, procalcitonin, observation window of pulmonary infection, clinical value

Introduction
Chronic obstructive pulmonary disease (COPD) is one of the most common chronic respiratory diseases among elderly 
patients. Its clinicopathological manifestations are pathological changes in the airways, lung parenchyma and pulmonary 
vasculature. Patients exhibit the clinical symptoms of airflow limitation, such as dyspnoea, cough and expectoration, 
accompanied by shortness of breath, panting and fatigue, which have serious impacts on patients’ daily lives, work and 
study.1 Patients with an acute exacerbation of COPD combined with respiratory failure have progressed to a critical 
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condition, and admission to an intensive care unit (ICU) for monitoring and mechanical ventilation treatment is one of 
the most important elements of clinical treatment. Mechanical ventilation is divided into two types: non-invasive and 
invasive.2 Invasive mechanical ventilation is of great value in clinical practice for the rescue of critically ill patients. It 
has many advantages, such as good airtightness, ease of achieving airway management goals, good human–machine 
cooperation and rapid improvement of airway symptoms, but its long-term use can also produce substantial complica-
tions and adverse events such as ventilator dependence. Sequential mechanical ventilation is the most common treatment 
for acute exacerbation of COPD combined with respiratory failure, and its efficiency and safety have been clinically 
proven to be much higher than that of conventional mechanical ventilation.3 However, how to switch from invasive 
mechanical ventilation to non-invasive ventilation smoothly and safely is an important clinical issue. In this study, 
procalcitonin (PCT) was used as a criterion to guide the selection of the switching point, and the feasibility and clinical 
value of PCT for guiding the switching point were investigated by comparing it with the commonly used pulmonary 
infection control (PIC) window.

Materials and Methods
Clinical Data
A total of 160 patients with acute exacerbation COPD combined with respiratory failure who underwent sequential 
treatment with mechanical ventilation in Hengshui People’s Hospital between January 2019 and June 2020 were selected 
as the study subjects. They were numbered according to their order of enrolment, with odd numbers allocated to the 
observation group and even numbers allocated to the control group, with 80 participants in each group. There were 75 
male participants and 85 female participants, all aged 38–74 years. This study was approved by the Medical Ethics 
Committee of our Hospital.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) All patients met the diagnostic criteria for an acute exacerbation of COPD according to the 
“Guidelines for the Diagnosis and Treatment of Chronic Obstructive Pulmonary Disease” (2013 Revision)4 as well as 
the indications for admission to the ICU for treatment: a. severe dyspnoea with poor improvement of clinical symptoms 
after initial treatment, b. drowsiness or coma and other impairments of consciousness at the time of consultation, and c. PaO 
< 50 mmHg and/or PaCO2 > 70 mmHg after oxygen inhalation or non-invasive simultaneous treatment and continued 
deterioration, and/or pH < 7.30 or even deteriorated; (2) the consultation occurred less than 8 hours after the acute attack; (3) 
no serious cardiac, hepatic, renal, metabolic or haematologic diseases; (4) normal cognitive and neurological functions and 
able to understand and cooperate with medical staff in the assessment of relevant indicators and scales; (5) met the 
indications for sequential mechanical ventilation; and (6) patients and/or family members understood the advantages and 
disadvantages of participating in this study and signed an informed consent form. Exclusion criteria: (1) Those with 
a history of thoracic or abdominal surgery within 1 year prior to enrolment; (2) those with other factors that the investigator 
believed would affect the study’s results; or (3) those with incomplete clinical data collection.

Methods
All patients were given the conventional treatment for acute exacerbation of COPD combined with respiratory failure 
after the diagnosis and assessment of the indications for ICU admission, including drug therapies such as antibiotics, 
prednisolone or anticholinergics, expectoration, airway clearance and drainage, and correction of water-electrolyte 
disorders according to the patient’s condition. At the same time, invasive mechanical ventilation was performed using 
a low-level pressure support mode, with inspiratory pressure ≥25 cmH2O and expiratory pressure ≤5 cmH2O, 
maintaining positive end-expiratory pressure ventilation and inhaled oxygen concentration in a constant range. The 
control group used the PIC window threshold as the switching point of sequential mechanical ventilation treatment, 
and the observation group used the PCT clinical node as the switching point of sequential mechanical ventilation 
treatment.
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PCT Detection Guided the Ventilation Switching Point in the Observation Group
Patients received daily bedside chest X-rays after the invasive ventilation treatment, and peripheral blood was collected to 
measure the PCT level in the serum using a double antibody sandwich enzyme-linked immunosorbent assay (Procalcitonin 
Human ELISA Kit, Invitrogen). When the PCT in peripheral blood was less than 0.25 μg/L, the sputum volume became thin, 
and the chest radiograph showed significant absorption of lung infection, the PCT window was judged, and the patient was 
switched to non-invasive ventilation treatment. Patients were readmitted to invasive mechanical ventilation if they experi-
enced respiratory or cardiac arrest, their consciousness was impaired, PaCO2 > 45 mmHg after oxygen therapy, pH ≤ 7.2, 
breath rate ≥ 140 breaths/min or ≤7 breaths/min occurred after non-invasive ventilation.

PIC Assessment Guided the Ventilation Switching Point in the Control Group
During the invasive ventilation period, patients received daily bedside chest X-rays, patients’ body temperatures were 
monitored, peripheral blood was collected for leukocyte counts and daily sputum volume and appearance traits were observed 
by trained and experienced clinicians. A rebounded complex temperature, decreased white blood cell count, X-rays showing 
absorption of infection, significantly reduced sputum volume and whitened or less viscous sputum were judged to be 
a window of control for pulmonary infection, and conversion to non-invasive ventilation was performed. Patients were 
converted to invasive ventilation if they presented with the indications for invasive ventilation mentioned in 1.3.1.

Observation Indexes and Methods
The blood and hemodynamic indexes of the two groups were compared after 1 day of sequential mechanical ventilation 
treatment, and the invasive ventilation time, non-invasive mechanical ventilation time, total mechanical ventilation time, ICU 
treatment time, complication rate and patient mortality of the two groups were statistically analysed and compared. Blood gas 
and hemodynamic monitoring: Patients’ hemodynamic indexes, including respiratory rate, heart rate and arterial systolic 
pressure, were collected as observation indexes at fixed times after 1 day of treatment, and their arterial partial pressure of 
oxygen, arterial partial pressure of carbon dioxide and pH were collected as observation indexes for blood gas indexes.

Statistical Analysis
All data were processed and analysed using SPSS 20.3. The measurement data that conformed to a normal distribution 
were described by mean ± standard deviation (x ± SD), and the t-test for independent samples was used for a comparison 
of the two groups. The count data were described by the rate or composition ratio (%), and a chi-square test was 
performed to compare the groups; P < 0.05 was considered a statistically significant difference.

Results
Comparison of Hemodynamic Indexes and Blood Gas Indexes After 1 Day of 
Treatment
The differences in arterial oxygen partial pressure, arterial carbon dioxide partial pressure and pH after 1 day of treatment 
were not statistically significant in either group (P > 0.05), as shown in Table 1.

Table 1 Comparison of Hemodynamic Indexes and Blood Gas Indexes After 1 Day of Treatment Between the Two Groups (n=80)

Group Respiratory 
Rate  

(Times/Min)

Heart Rate  
(Beats/Min)

Arterial Systolic 
Pressure (mmHg)

Arterial Partial Pressure 
of Oxygen (mmHg)

Arterial Carbon Dioxide 
Partial Pressure  

(mmHg)

pH

Control group 21.23±3.87 97.89±10.37 124.35±18.42 88.42±12.48 43.23±6.62 7.24±0.03

Observation group 20.86±3.91 98.06±10.41 125.32±18.39 87.86±12.36 42.89±6.55 7.25±0.03

t-value 1.024 0.895 1.336 1.537 1.217 0.216

P-value 0. 974 0.213 0.079 0.068 0.831 0.895
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Comparison of the Duration of Different Treatment Phases
The invasive mechanical ventilation time (7.59 ± 2.45 vs 13.35 ± 3.37), non-invasive mechanical ventilation time (6.78 ± 
1.97 vs 12.63 ± 2.32), total mechanical ventilation time (16.73 ± 4.42 vs 21.52 ± 5.73) and ICU treatment time (18.28 ± 
4.53 vs 26.15 ± 5.94) were lower in the observation group than in the control group, and the differences were statistically 
significant (P < 0.05). See Table 2.

Comparison of Complication Rates Related to Mechanical Ventilation During 
Treatment
A comparison of the complication rates related to mechanical ventilation during treatment shows that more patients in the 
control group had ventilator-associated pneumonia (five cases) and airway obstruction (four cases), whereas some 
patients in the observation group had hypoventilation (four cases). The complication rate in the observation group was 
lower than that in the control group (P < 0.05), as shown in Table 3.

Comparison of the Prognosis of Patients
The mortality rate was 6.25% in the control group and 5.00% in the observation group, and there was no statistically 
significant difference in the quality of prognosis between the two groups (P > 0.05), as shown in Table 4.

Table 2 Comparison of Duration of Different Treatment Phases Between the Two Groups (n=80)

Group Duration of Invasive 
Mechanical Ventilation (d)

Duration of Non-Invasive 
Mechanical Ventilation (d)

Total Mechanical 
Ventilation Time (d)

ICU Treatment 
Time (d)

Control group 13.35±3.37 12.63±2.32 21.52±5.73 26.15±5.94

Observation group 7.59±2.45 6.78±1.97 16.73±4.42 18.28±4.53
t-value 15.703 21.359 8.603 7.634

P-value <0.001 <0.001 <0.001 <0.001

Table 3 Comparison of Complication Rates Related to Mechanical Ventilation During Treatment in the Two Groups (n=80)

Group Ventilator-Associated 
Pneumonia

Airway 
Blockage

Pulmonary Air 
Pressure Injury

Pulmonary 
Atelectasis

Inadequate 
Ventilation

Complication 
Rate

Control group 5 4 3 2 3 17 (21.25)

Observation group 2 2 1 2 4 11 (13.75)
χ2Value 6.493

P-value <0.001

Table 4 Comparison of the Mortality of Patients in the Two Groups 
(n=80)

Group Number of Deaths Mortality

Control group 5 6.25

Observation group 4 5.00
X–value2 1.205

P-value 0.894
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Discussion
With the ageing of the population, the deterioration of environmental air, and unhealthy dietary and behavioural 
habits, the incidence of COPD is on the rise,5 and COPD has been assessed to be the third deadliest disease in the 
world by the Global Burden of Disease Research Project. According to the World Bank and World Health 
Organization, COPD ranked fifth among global diseases and burdens in 2020. The goals of COPD prevention and 
treatment are to reduce patient pain, improve quality of life and reduce the rate of death and disability.6 Patients with 
COPD can be divided according to the course of the disease into those with acute exacerbations and those in chronic 
stable phases. Patients with COPD are clinically considered to be in an acute exacerbation stage if they present with 
a continuous deterioration of respiratory symptoms compared with the daily variation range, and they require drug 
therapy to change the course of deterioration, with aggravations of coughing, shortness of breath and/or wheezing, 
purulent mucus in sputum and fever in a short period of time.7 The most common causes of acute exacerbation of 
COPD are viral and bacterial infections of the airways and bronchi.8 Patients with COPD with acute exacerbation are 
more likely to develop respiratory failure as their disease progresses, and those with PaO < 60 mmHg and/or PaCO2 

> 50 mmHg are clinically considered to be in respiratory failure. Admission to an ICU for mechanical ventilation and 
close monitoring is required when PaO < 50 mmHg and/or PaCO2 > 70 mmHg and pH < 7.30. Mechanical ventilation 
is an important measure for patients with acute exacerbation COPD combined with respiratory failure, and sequential 
mechanical ventilation is now widely used in clinical practice to improve the accuracy of treatment, reduce ventilator- 
related complications and reduce unnecessary additional harm to patients.9

The timing of switching from invasive to non-invasive ventilation has always been a challenge in sequential 
mechanical ventilation therapy, as prolonged retention of invasive ventilation increases the incidence of complications, 
whereas a premature change from invasive to non-invasive ventilation may result in secondary intubation caused by an 
inability to maintain ventilation.10 About 80–90% of acute exacerbations experienced by patients with COPD in China 
are caused by respiratory tract infections.11 Therefore, many clinical scholars have proposed the use of the PIC window 
as the switching point.12,13 When the patient’s pulmonary infection is effectively controlled, the condition is effectively 
relieved, and the patient can gradually resume spontaneous breathing. The transition to non-invasive ventilation at this 
stage is more conducive to the patient’s respiratory function recovery. However, the clinical application process shows 
that the PIC window is highly subjective, leading to great difficulties for clinical unification and standardisation.14 

Finding a more objective, convenient and accurate index to guide the switching point has become an important clinical 
issue.15

The levels of PCT, which is a small molecule, are elevated in plasma in severe bacterial, fungal and parasitic 
infections. PCT can therefore be used as a biomarker for bacterial infections, and it is also able to respond to the active 
level of inflammatory response in the body. Some studies have found that patients with acute exacerbation COPD 
combined with respiratory failure develop a systemic inflammatory response, and an elevated PCT level is an indicator of 
oxidative stress and an inflammatory immune response in patients, providing an effective guide for stopping or starting 
antibiotics in patients with acute respiratory infections.16–18 A meta-analysis also showed that PCT-based protocols used 
to guide the usage of antibiotics in patients with COPD with acute exacerbations appeared to be clinically effective and 
safe. In addition, the concentration of PCT in the normal human body is very small, is stable when secreted, is 
independent of age, sex and other factors, is not affected by systemic steroids and may be an objective indicator for 
determining the ventilation switching point. The results of previous studies have shown that using the change rate of PCT 
as an indicator to switch the ventilation mode can reduce the reintubation rate, duration of invasive ventilation support 
and total time of mechanical ventilation support.19,20 Furthermore, the duration of non-invasive mechanical ventilation is 
also reduced, which might occur because PCT levels improve the prediction of infection control and provide an enhanced 
recovery. Patients with invasive ventilation treatment should have peripheral blood collected daily to measure and 
monitor the PCT level Based on the above findings, this study further investigated the value of PCT in the selection of 
ventilation mode switching points in patients with acute exacerbation COPD combined with respiratory failure by 
studying hemodynamic and blood gas indexes, treatment duration and related complications.

The results showed that PCT was more advantageous than PIC switching point selection in improving the efficiency 
of treatment, effectively reducing the incidence of ventilator-related complications in patients and the duration of each 
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phase of treatment. Moreover, the PCT laboratory monitoring index is more objective, effectively reducing the influence 
of different physicians’ qualifications and experience levels on the results.

This was a single-centre non-randomised controlled study. This study has some limitations, such as small sample size, 
non-randomised grouping, non-blinded design and a lack of comparison of the distribution of underlying diseases 
between the two groups, which may lead to selection and admission rate bias, causing the results to be inconsistent 
with the true situation. It is expected that multi-centre randomised controlled trials and double-blind experiments will be 
conducted in the future, and the factors that influence PIC switching point selection will be explored to provide more 
adequate evidence for the application of PIC switching points in clinics.

In conclusion, it is important to detect PCT levels to guide the ventilation mode switching point for sequential 
mechanical ventilation therapy in patients with acute exacerbation COPD combined with respiratory failure. This method 
effectively reduces the arbitrariness of the subjective scoring of PIC switching point guidance, enables patients to obtain 
stable judgement criteria and effectively improves the efficiency and safety of mechanical ventilation therapy for patients.
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