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Abstract: Objective: To evaluate the application of sputum suction by fiberoptic bronchoscope to patients with se-
vere pneumonia and its effect on inflammatory factors. Methods: One hundred and three patients with severe 
pneumonia were randomly divided into the control group (n=52) and the observation group (n=51). Both groups 
were given anti-infection, antitussive and expectoration treatment. The observation group was treated with sputum 
suction by fiberoptic bronchoscope. The control group was treated with a vibration sputum extractor. The clinical 
efficacy, clinically related indexes, inflammatory factors, blood gas indexes and the Acute Physiology and Chronic 
Health Evaluation (APACHE II) score of the two groups were compared. Results: After the treatment, the total effec-
tive rate of the observation group was higher than that of the control group; the length of stay in ICU, mechanical 
ventilation time and duration of antibiotics of the observation group were shorter than those of the control group (all 
P<0.05). After the treatment, the serum levels of CRP, TNF-α and PCT and APACHE II scores in the two groups were 
all decreased, while PaO2, SaO2 and OI were increased; the changes in the observation group were more significant 
than the control group (all P<0.05). Conclusion: Sputum suction and lavage by fiberoptic bronchoscope can signifi-
cantly control the body’s inflammatory reaction state in patients with severe pneumonia, improve their blood oxygen 
and promote the treatment effect.
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Introduction

Severe pneumonia, a respiratory infectious dis-
ease, is difficult to treat clinically. The disease 
progresses very fast, and the mortality rate is 
high, especially for elderly patients. They are 
often accompanied by other basic diseases, 
which increase the difficulty of treatment [1, 2]. 
Patients with severe pneumonia have a large 
amount of sputum in their respiratory tract, 
mostly viscous, and patients often find it not 
easy to cough out the sputum. Once the vis-
cous sputum blocks the airway, patients may 
have obvious dyspnea and dysfunction of pul-
monary ventilation and gas exchange. In severe 
cases, it can even cause death due to respira-
tory failure [3, 4]. Therefore, timely discharge of 
sputum is vital to improve the clinical symp-
toms, such as dyspnea, so as to improve the 
prognosis of patients with severe pneumonia.

Vibration expectoration is a conventional expec-
toration measure. Although it can promote par-
tial sputum excretion, its effect is limited [5]. In 
contrast, sputum suction by fiberoptic broncho-
scope can effectively promote the discharge of 
airway secretions in patients with severe pneu-
monia, help keep the patient’s respiratory tract 
unobstructed and reduce the symptoms of dys-
pnea [6].

Dhungana et al. showed that sputum suction  
by fiberoptic bronchoscope could effectively 
shorten the mechanical ventilation time and 
the duration of antibiotics in patients with se- 
vere pneumonia and improve patients’ pulmo-
nary function [7]. However, research about the 
impact of different sputum suction methods on 
patients’ blood gas and inflammatory state is 
rare. The goal of this study is to investigate the 
effect of sputum suction by fiberoptic broncho-
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scope in patients with severe pneumonia and 
to analyze its effect on serum inflammatory fac-
tors and blood gas. The results of this study are 
reported as follows.

Materials and methods

Baseline information

In this prospective study, 103 patients with 
severe pneumonia in our hospital from Sep- 
tember 2018 to February 2020 were divided 
into the control group (n=52) and the observa-
tion group (n=51) according to the method  
of random number. On the basis of drug thera-
py, a vibration sputum extractor was used in 
the control group to promote expectoration, 
and a fiberoptic bronchoscope was used in the 
observation group for sputum suction.

The inclusion criteria were: patients aged from 
25 to 70 years old; patients who met the diag-
nostic criteria for severe pneumonia in the Dia- 
gnosis and Treatment of Community-Acquired 
Pneumonia in Adults (2016 clinical practice 
guidelines by the Chinese Thoracic Society, 
Chinese Medical Association) and were diag-
nosed with severe pneumonia by clinical exami-
nations [8]; patients whose chest CT showed 
patchy and cloudy shadows in both lungs; pa- 
tients with large amounts of purulent secre-
tions in lungs. The exclusion criteria were: pa- 
tients who could not tolerate bronchoscopy 
treatment; patients with insufficiency or failure 
of heart, liver, kidney and other organs; patients 
with mental illness; pregnant or breastfeeding 
women; patients allergic to the drugs used in 
the study. All patients signed an informed con-
sent. This study was approved by the Ethics 
Committee of our hospital.

Methods

Both groups were given treatment such as an- 
ti-infection, relieving cough and expelling phle- 
gm, maintaining fluid and electrolyte balance 
and mechanical ventilation for 12 to 14 con-
secutive days. Patients in the control group 
were given treatment with a vibration sputum 
extractor (Anhui Feinaer Technology Co., Ltd.; 
model: FPT-Q1500; place of origin: China) to 
promote the expectoration, twice a day. Pa- 
tients in the observation group were given 
treatment with a fiberoptic bronchoscope for 
sputum suction [9]. Midazolam (Jiangsu Jiuxu 

Pharmaceutical Co. Ltd.; specification: 3 mL, 
15 mg; place of origin: China) was injected 
intravenously for sedation. The trachea cannu-
la was cut open, and the fiberoptic broncho-
scope (Shanghai Sanwei Medical Equipment 
Co., Ltd.; model: ABF-5; place of origin: China) 
was inserted slowly into the cannula. 2% lido-
caine (Yabao Pharmaceutical Group Co., Ltd.; 
specification: 5 mL, 86.5 mg of lidocaine; pla- 
ce of origin: China) was injected for local anes-
thesia. Airway secretions were suctioned under 
negative pressure. 0.9% sodium chloride solu-
tion at 37°C was used to lavage the lesions in 
the lungs, 10 mL per time, repeating the lavage 
until the suctioned fluid was clear, once every 
three days. Blood oxygen saturation (SpO2) was 
closely observed during the sputum suction 
and lavage by fiberoptic bronchoscope. If the 
SpO2 was less than 85%, the operation was 
stopped immediately.

Outcome measures

Primary outcome measures: The clinical effica-
cy after the treatment was appraised according 
to the Diagnosis and Treatment of Community-
Acquired Pneumonia in Adults (2016 clinical 
practice guidelines by the Chinese Thoracic 
Society, Chinese Medical Association) [8]. Sig- 
nificantly effective: dyspnea and other symp-
toms completely disappeared or significantly 
improved; chest CT showed that inflammation 
disappeared. Effective: symptoms improved 
partially; chest CT showed that the scope of 
inflammation significantly reduced. Ineffective: 
the patient’s condition did not meet the above 
standard. Total effective rate (%) = (significantly 
effective cases + effective cases)/total cases * 
100.

The clinically related indexes, such as the leng- 
th of stay in ICU, mechanical ventilation time 
and duration of antibiotics, were compared 
between the two groups.

Five milliliters of venous blood were extracted 
before and after the treatment, and the serum 
was separated by centrifugation. The serum 
levels of tumor necrosis factor-α (TNF-α), C- 
reactive protein (CRP) and procalcitonin (PCT) 
were detected by ELISA.

Secondary outcome measures: Before and 
after the treatment, 3 mL of radial or femoral 
artery blood were extracted from the patients. 
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The arterial partial pressure of oxygen (PaO2) 
and saturation of oxygen (SaO2) were detect- 
ed by a blood gas analyzer (Shanghai Huanxi 
Medical Instrument Co., Ltd.; model: RAPID- 
POINT 500; place of origin: China). Oxygena- 
tion index (OI) = PaO2/FiO2. FiO2: the fraction of 
inspired oxygen.

The Acute Physiology and Chronic Health Eva- 
luation (APACHE II) scores before and after the 
treatment were compared between the two 
groups, including acute physiology score (APS, 
60 points), age (6 points) and chronic health 
status (CPS, 5 points) [10]. The total score was 
71 points. Higher scores corresponded to a 
worse prognosis.

Statistical methods

SPSS 20.0 software was exploited to analyze 
the data. The count data were exhibited as n 
(%) and analyzed by the chi-square test. The 
paired-sample t-test was exploited to compare 
the data before and after the treatment. The 
independent-sample t-test was exploited to 
compare the data between the two groups. 
P<0.05 was reckoned significantly different.

Results

Baseline information

No significant difference was found in base- 
line information between the observation group 
and the control group (P>0.05). See Table 1.

Clinical efficacy

After the treatment, the total effective rate of 
the observation group was higher than that of 

After the treatment, the serum levels of CRP, 
TNF-α and PCT in the two groups were de- 
creased, and those in the observation group 
were lower than the control group (all P<0.05). 
See Table 4.

Blood gas indexes

Before the treatment, no significant difference 
in PaO2, SaO2 and OI was found between the 
two groups (all P>0.05). After the treatment, 
PaO2, SaO2 and OI in the two groups all in- 
creased, and those of the observation group 
were higher than the control group (all P<0.05). 
See Table 5.

APACHE II scores

Before the treatment, the APACHE II scores of 
the observation group and the control group 
were 25.38±4.03 and 25.75±4.85, respective-
ly. After the treatment, the APACHE II scores of 
the observation group and the control group 
were 13.36±3.27 and 16.64±3.55, respective-
ly. Before the treatment, no significant differ-
ence was observed in the APACHE II scores 
between the two groups (P>0.05). The APACHE 
II scores in the two groups were decreased 
after the treatment, and those of the observa-
tion group were lower than those of the control 
group (all P<0.05). See Figure 1.

Discussion

Cough, phlegm and dyspnea are common clini-
cal symptoms of severe pneumonia. If not tre- 
ated in time, it can lead to systemic inflamma-
tion. In severe cases, it can even induce multi-
ple organ failures and cause death [11]. Me- 
chanical ventilation and endotracheal intuba-

Table 1. Comparison of baseline information between the two 
groups (n, 

_
x±sd)

Observation group 
(n=51)

Control group 
(n=52) χ2/t P

Gender (n) 0.782 0.377
    Male 27 23
    Female 24 29
Age (year) 48.7±5.4 47.9±6.2 0.699 0.486
BMI (kg/m2) 22.20±2.27 22.54±2.40 0.739 0.462
Complication (n) 0.796 0.672
    Hypertension 8 11
    Hyperlipidemia 2 4
    Diabetes 4 3
Note: BMI: body mass index.

the control group (P<0.05). See 
Table 2.

Clinically related indexes

The length of stay in ICU, mechani-
cal ventilation time and duration of 
antibiotics in the observation group 
were shorter than the control group 
(all P<0.05). See Table 3.

Inflammatory factors

Before the treatment, there was no 
significant difference in the levels 
of serum CRP, TNF-α and PCT bet- 
ween the two groups (all P>0.05). 
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tion are the treatment measures to maintain 
the vital signs of patients and save their lives, 
which can save time for fighting infection. 
However, a large amount of viscous sputum in 
the respiratory tract seriously affects the lungs’ 
ventilation function. If the viscous sputum can-
not be effectively discharged, the treatment 
effect will be significantly reduced [12].

Sputum suction by fiberoptic bronchoscope 
can effectively clear a large number of secre-
tions in the airway and restore the airway 
patency. Repeated lavage with normal saline 
can dilute the exudates and make them easier 
to discharge. Moreover, repeated lavage with 
normal saline can reduce inflammatory fac- 
tors, alleviate local inflammation and enhance 
the effect of anti-infection treatment [13, 14]. 
In this study, the total effective rate after  
the treatment in the observation group was 
94.12%, higher than the control group. The 
mechanical ventilation time, length of stay in 
ICU and duration of antibiotics in the observa-
tion group were shorter than those in the con-
trol group. The above results indicate that on 
the basis of conventional treatment, sputum 
suction and lavage by fiberoptic bronchoscope 
can significantly shorten the length of stay in 
ICU, mechanical ventilation time and duration 
of antibiotics, and its treatment effect is bet- 
ter than that of vibration expectoration. These 
are similar to the results of Chen et al., which 
also pointed out that for patients with severe 
pneumonia, the effect of sputum suction by 
fiberoptic bronchoscope was significantly bet-
ter than that of conventional sputum suction 
tube, and the length of stay in ICU was signifi-
cantly shortened [15]. It is speculated that 

tum, so the sputum suction effect is extraordi-
nary [16].

Anti-infection treatment is important for severe 
pneumonia. However, with the irrational use of 
antibiotics, drug-resistant strains have gradu-
ally increased, and the effect of simple anti-
infection treatment is extremely limited [17].  
In patients with severe pneumonia, the lung 
inflammation is obvious. Many inflammatory 
mediators gather in the lung tissue, and the 
increase of viscous sputum further aggravates 
the lung inflammation. Anti-infection alone can-
not achieve the ideal therapeutic effect [18]. 
CRP, TNF-α and PCT are commonly used indi- 
cators to evaluate the body’s inflammatory  
state. Higher levels of TNF-α, CRP and PCT indi-
cate a more serious inflammatory state [19, 
20]. In this study, after the treatment, the 
serum levels of TNF-α, CRP and PCT in the 
observation group were lower than the control 
group, suggesting that on the basis of conven-
tional treatment, sputum suction and lavage 
with fiberoptic bronchoscope can more signifi-
cantly control the inflammatory reaction in pa- 
tients with severe pneumonia. This is because 
sputum suction by fiberoptic bronchoscope can 
discharge a large amount of sticky sputum, 
which is not easy to cough up in patients’ respi-
ratory tract, reducing the inflammatory stimula-
tion of sputum on the respiratory tract. Also, 
repeated lavage with normal saline dilutes the 
inflammatory exudate, so sputum suction by 
fiberoptic bronchoscope helps control the bo- 
dy’s inflammation [21]. A large number of infla- 
mmatory mediators in the airway of patients 
with severe pneumonia can damage airway epi-
thelial cells, lead to lung ventilation dysfunc-

Table 2. Comparison of clinical efficacy between the two groups (n, %)
Group Significantly effective Effective Ineffective Total effective rate
Observation group (n=51) 18 (35.29) 30 (58.82) 3 (5.88) 48 (94.12)b

Control group (n=52) 12 (23.08) 29 (55.77) 11 (21.15) 41 (78.85)
Note: Compared with the control group, bP<0.05.

Table 3. Comparison of clinically related indexes between the 
two groups (day, 

_
x±sd)

Group Length of 
stay in ICU

Mechanical  
ventilation time

Duration of 
antibiotics

Observation group (n=51) 10.84±2.20b 8.77±2.05b 7.03±2.14b

Control group (n=52) 13.37±3.17 11.28±2.64 9.20±2.01
Note: Compared with the control group, bP<0.05.

because the fiberoptic broncho-
scope can look directly at the 
lesions and avoid blind suction, 
resulting in a more obvious suc-
tion effect. Besides, repeated la- 
vage with normal saline can di- 
lute the respiratory tract exudate 
and sputum, which is more con-
ducive to the discharge of spu-
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tion, block the exchange of CO2 and external O2 
and quickly lead to hypercapnia [22]. In this 
study, after the treatment, PaO2, SaO2 and OI of 
the observation group were higher than those 
of the control group. The APACHE II scores of 
the observation group were lower than those  
of the control group. The above results suggest 
that sputum suction and lavage with fiberoptic 
bronchoscope can more significantly improve 
the blood gas index and prognosis of patients 
with severe pneumonia, consistent with the 
results of Ma et al. [23].

However, this study is a single-center clinical 
study with a limited sample size. Only the 
changes of relevant indexes before and after 
the treatment were investigated. The effect of 
sputum suction by fiberoptic bronchoscope on 
pulmonary function and blood gas after hospi-
tal discharge still needs further investigation.

To sum up, conventional treatment combined 
with sputum suction and lavage by fiberoptic 
bronchoscope can significantly control the in- 
flammatory state of patients with severe pneu-
monia, improve their blood gas and promote 
the treatment effect, which is worthy of clinical 
promotion.
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