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	 Background:	 The aim of this study was to assess the clinical efficacy and safety of mechanical ventilation combined with fi-
beroptic bronchoalveolar lavage in patients with severe pulmonary infection.

	 Material/Methods:	 We randomly divided 81 patients with severe pulmonary infection into a control group (n=40) and an obser-
vation group (n=41). Both groups were treated using mechanical ventilation, and observation group addition-
ally received assistive fiberoptic bronchoalveolar lavage.

	 Results:	 The cure rate and effectiveness rate in the observation group were higher than in the control group (P<0.05, 
c2=3.2), and the incidence of ventilator-associated pneumonia in the observation group was significantly lower 
than that in the control group (P<0.05, c2=9.4). The partial pressure of oxygen (PaO2) and oxygen saturation 
(SaO2) were higher in the observation group than in the control group (P<0.05, t=3.862, t=33.595), whereas 
the partial pressure of carbon dioxide (PaCO2) and respiratory rate were lower in the observation group than 
in the control group (P<0.05, t=3.307, t=5.043). The levels of C-reactive protein (CRP), tumor necrosis factor-a 
(TNF-a), interleukin-6 (IL-6), and interleukin-8 (IL-8) in the 2 groups were lower after treatment than before 
treatment (all P<0.05), and the levels in the observation group were lower than those in the control group (all 
P<0.05). Hospital stay, infection control window appearance time, invasive mechanical ventilation time, and to-
tal mechanical ventilation time in the observation group were shorter than those in the control group (P<0.05, 
t=13.990, t=8.643, t=9.717, t=8.980).

	 Conclusions:	 Mechanical ventilation combined with fiberoptic bronchoalveolar lavage can effectively improve the curative 
effects and the blood gas and inflammation indicators in patients.
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Background

Severe pulmonary infection is the most common form of se-
vere pneumonia, which is serious because of its rapid devel-
opment, long disease course, predisposition to cause respi-
ratory failure, the involvement of many other organs, and its 
effects on the patient’s quality of life [1,2]. The mortality rate 
of patients with severe pulmonary infection (approximately 
20% to 50%) is the highest among those with infectious dis-
eases. High-permeability edema, hyperemia, inflammatory ex-
udation, and increased respiratory secretions in patients with 
severe pulmonary infection have a great effect on their respi-
ratory function [3,4].

Mechanical ventilation is a very important assistive method 
in the treatment of patients with severe pulmonary infection, 
and can effectively improve pulmonary ventilation and gas ex-
change ability of patients [5,6]. However, owing to the serious 
condition of some patients and the poor therapeutic effect of 
mechanical ventilation, the mechanical ventilation time, inci-
dence of ventilator-associated pneumonia, and mortality rate 
of patients have increased [7]. Fiberoptic bronchoalveolar la-
vage can allow clinicians to instantaneously evaluate the pa-
tients’ lung conditions, sufficiently absorb airway excretions, 
restore airway smoothness, relieve bronchial obstruction, 
improve respiratory function, and more precisely determine 
the location of airway lesions; therefore, it is as an effective 
method for treatment of severe pneumonia [8]. Moreover, 
the microbiological analysis of alveolar lavage fluid can help 
identify pathogenic bacteria in the early clinical stage and fa-
cilitates targeted anti-microbial treatment [9]. Recently, some 
scholars have started preliminary explorations of whether me-
chanical ventilation combined with fiberoptic bronchoalveolar 
lavage can improve the curative effects in patients with severe 
pulmonary infection [10,11]. However, their findings have not 
been extensively verified by clinical experiments.

Therefore, we conducted a randomized controlled trial to study 
the clinical efficacy and safety of mechanical ventilation com-
bined with fiberoptic bronchoalveolar lavage in patients with 
severe pulmonary infection.

Material and Methods

Study subjects

Eighty-one patients (ages 48–75 years) with severe pulmo-
nary infection were selected from our hospital. They were 
randomly divided into a control group (n = 40) and an ob-
servation group (n=41). Both groups were treated using me-
chanical ventilation, and the patients in the observation group 
additionally received assistive fiberoptic bronchoalveolar lavage. 

The inclusion criterion was that the study subjects meet the di-
agnostic criteria of the “Guidelines for the diagnosis and treat-
ment of community-acquired pneumonia (CAP) for adults in 
China (2016 edition).” The exclusion criteria were as follows: 
patients with unstable coronary heart disease, patients with 
intermittent myocardial infarction, patients with severe pul-
monary hypertension, patients with severe osteoarthritis or 
fracture, patients with concomitant liver and kidney dysfunc-
tion, patients with concomitant genetic and metabolic diseases, 
patients with concomitant endocrine system diseases, patients 
transferred midway, patients and relatives who do not co-oper-
ate with treatment, and patients with mental or learning dys-
functions (Figure 1). This study was approved by the Hospital 
Ethics Association, and informed consent forms were signed 
by the patients or their relatives (dated 13 September 2012).

Therapeutic methods

All patients received routine treatment, including spasmolytic 
and anti-asthmatic drugs, expectorants, broad-spectrum an-
tibiotics, and anti-infective medications, as well as nutritional 
supplements. The artificial airway and tracheal intubation were 
established for invasive ventilation. The ventilation mode was 
synchronous intermittent forced ventilation combined with 
pressure support. After the control window of pulmonary in-
fection appeared, tracheal intubation was discontinued and 
non-invasive ventilation was performed. The ventilator model 
used was BiPAP (Philips Respironics). The patients in the ob-
servation group underwent fiberoptic bronchoalveolar lavage 

145 patients with severe pulmonary infection

81 patients were selected according to inclusion and
exclusion criteria and randomly divided

Control group (N=40) received
mechanical ventilation

Observation group (N=41) received
assistive �beroptic bronchoalveolar
lavage combined with mechanical

ventilation

OMain outcome measures: The curative
e�ects and complications

secondary outcome measures: C-reactive
protein, IL-8, TNF-α, and IL-6, etc.

Figure 1. Flow chart of the study.
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as follows. The patients fasted and stopped drinking fluids 4 h 
before the operation. Thereafter, 3–5 mL of 2% lidocaine was 
administered through the tracheal tube for local anesthesia. 
Once anesthesia was induced, alveolar lavage was conducted 
using either an Olympus BF-3C30 or BF-P40 bronchofibro-
scope with 0.5–1 mL/kg of fluid collected each time, and the 
procedure was repeated 2–3 times. The alveolar lavage fluid 
was collected at 15-min intervals. During the course of fiber-
optic bronchoalveolar lavage, an oxygen concentration of 30–
50% and a negative pressure of no more than 200 mmHg 
were maintained.

Outcome measures

Main Outcome Measures: The curative effects and complica-
tions in the 2 groups were compared after 2 weeks of treatment.

Secondary Outcome Measures: The index changes in blood 
gas and blood routine indicators were observed. The levels of 
C-reactive protein (CRP), interleukin-8 (IL-8), tumor necrosis 
factor-a (TNF-a), and interleukin-6 (IL-6) were compared be-
tween the 2 groups. The differences in hospital stay, infection 
control window appearance time, invasive mechanical venti-
lation time, and total mechanical ventilation time were also 
compared between the 2 groups.

Evaluation methods

The therapeutic effect evaluation criteria were as follows. Cured: 
The patients’ lesions and symptoms disappeared completely, 
and the blood gas, blood routine, body temperature, and other 
physiological indicators returned to normal levels. Markedly 
effective: The patients’ lesions and symptoms almost disap-
peared, body temperature returned to normal, and the blood 
gas, blood routine, and other indicators returned to almost nor-
mal levels. Ineffective: The patients’ lesions did not decrease 
or even showed expansion; the symptoms were not alleviated 
or even showed aggravation; and the blood gas, blood routine, 
body temperature, and other physiological indicators did not 
improve. Effective rate=(number of cured+number of mark-
edly effective)/total number of patients in the group×100%.

Blood gas and blood routine analyses were performed in the 
clinical laboratory of our hospital by using a fully automatic 
blood gas analyzer GEM3000 (Shanghai Yuyan Scientific 
Instrument Co.) and a fully automatic blood cell analyzer DS-580 
(Xi’an Dongao Biological Technology Co.).

CRP, IL-8, TNF-a, and IL-6 were all detected using ELISA. The kits 
were purchased from Shanghai Jingkang Bioengineering Co. 
and their serial numbers were JK-EA00186, IC-IL8-p, JKSJ-1857, 
and JKSJ-2176, respectively. The tests were performed accord-
ing to the manufacturer’s instructions.

Statistical analysis

IBM SPSS Statistics for Windows/Macintosh, Version 19.0 
(IBM Corp.) was used to process the data. Numerical data are 
expressed as [n (%)], and the rates were compared using c2 
tests. Measurement data are expressed as x±sd. The indepen-
dent-samples t test was used to compare the 2 groups, and 
the paired-samples t test was used for performing pre- and 
post-treatment comparisons. P<0.05 was considered to indi-
cate statistical significance.

Results

Demographic data

The control group included 40 patients, ages 60.3±11.3 years, 
including 24 men (60.00%) and 16 women (40.00%). The ob-
servation group included 41 patients, aged 63.4±11.7 years, 
including 22 men (53.66%) and 19 women (46.34%). No sig-
nificant difference was observed in sex and age between the 
2 groups (P>0.05), and no significant difference was observed 
in other data, such as body temperature and respiratory fre-
quency, between the 2 groups (P>0.05) (Table 1).

Curative effect evaluation

The cure rate and effective rate in the observation group were 
higher than those in the control group (P<0.05), and inefficiency 
was lower in the observation group than in the control group 
(P<0.05). No significant difference was observed in marked ef-
ficiency between the 2 groups (P>0.05) (Table 2).

Incidence of complications

The incidence of ventilator-associated pneumonia was 27.50% 
(11 cases) in the control group and 9.76% (6 cases) in the ob-
servation group. The incidence of ventilator-associated pneu-
monia in the observation group was significantly lower than 
that in the control group (P<0.05) (Figure 2).

Blood gas indicators detection results

No significant differences were observed in the PaO2, PaCO2, 
SaO2, and respiratory rate between the 2 groups before treat-
ment (P>0.05). After treatment, the PaO2 and SaO2 increased 
in both groups (P<0.05), and the PaCO2 and respiratory rate 
decreased in both groups (P<0.05). The PaO2 and SaO2 in 
the observation group were higher than those in the control 
group (P<0.05), but the PaCO2 and respiratory rate in the ob-
servation group were lower than those in the control group 
(P<0.05) (Table 3).
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Routine blood indexes detection results

No significant difference was observed in the white blood cell 
count between the 2 groups before treatment (P>0.05). After 
treatment, the white blood cell count decreased in both groups 
(P<0.05), but no significant difference was observed between 
the observation group and the control group (P>0.05) (Figure 3).

Cytokines detection results

No significant differences were observed in the levels of CRP, 
TNF-a, IL-6, and IL-8 between the 2 groups before treat-
ment (P>0.05). The levels of CRP, TNF-a, IL-6, and IL-8 in the 
2 groups after treatment were lower than those before treat-
ment (P<0.05). After treatment, the levels of CRP, TNF-a, IL-6, 
and IL-8 in the observation group were lower than those in 
the control group (P<0.05) (Table 4).

Control group (n=40) Observation group (n=41) c2/t P

Gender 0.332 0.565

Male 	 24	 (60.00) 	 22	 (53.66)

Female 	 16	 (40.00) 	 19	 (46.34)

Age (years) 	 60.3±11.3 	 63.4±11.7 1.213 0.229

Temperature (°C) 	 37.72±0.83 	 37.38±0.82 1.855 0.067

Respiratory rate (time/min) 	 29.13±8.96 	 28.46±9.31 0.330 0.742

Blood pH 	 7.23±0.06 	 7.25±0.07 1.379 0.172

PaCO2 (mmHg) 	 58.63±11.75 	 56.42±11.86 0.842 0.402

Oxygenation index 	 132.14±28.67 	 139.71±28.46 0.193 0.237

Procalcitonin (ng/L) 	 1.65±1.38 	 1.43±1.04 0.812 0.420

CRP (mg/L) 	 117.28±43.82 	 116.43±34.85 0.097 0.923

White blood count (×109/L) 	 13.62±5.33 	 14.88±5.75 1.022 0.310

Platelet count (×109/L) 	 155.42±10.32 	 152.63±11.49 1.149 0.254

Mean arterial pressure (mmHg) 	 82.50±14.10 	 81.50±12.10 0.343 0.733

Table 1. General data.

PaCO2 – arterial partial pressure of carbon dioxide; CRP – C-reactive protein.

Control group (n=40) Observation group (n=41) c2/z P

Cured 	 12	 (30.00) 	 23	 (56.10) 5.620 0.018

Marked effective 	 15	 (37.50) 	 16	 (39.02) 0.020 0.888

Ineffective 	 13	 (32.50) 	 2	 (4.88) 3.200 0.001

Effective rate 	 27	 (67.50) 	 38	 (92.68) 3.200 0.001

Table 2. Curative effect comparison.

Control group Observation group
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Figure 2. �Incidence of ventilator-associated pneumonia. 
* P<0.05.

5404
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Wang C. et al.: 
Mechanical ventilation combined with fiberoptic bronchoalveolar lavage

© Med Sci Monit, 2019; 25: 5401-5407
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Statistical results of the clinical indicators

Hospital stay, infection control window appearance time, inva-
sive mechanical ventilation time, and total mechanical venti-
lation time in the observation group were shorter than those 
in the control group (P<0.05) (Table 5).

Discussion

The mortality rate of patients with severe pulmonary infec-
tion is very high. Moreover, the condition is serious because 
of its rapid development, long disease course, predisposition 
to cause respiratory failure, the involvement of many other 
organs, and its effects on the quality of life and prognosis of 
patients [12,13]. Mechanical ventilation is an indispensable 

Before treatment

Control group
Observation group

After treatment
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Figure 3. �Changes in the white blood cell count before and after 
treatment in the 2 groups. * P<0.05.

Control group 
(n=40)

Observation group 
(n=41)

t P

PaO2 (mmHg)
Before treatment 	 51.13±14.32 	 51.26±14.27 0.041 0.928

4 hours after the first treatment 	 70.16±13.22* 	 81.18±12.46* 3.862

PaCO2 (mmHg)
Before treatment 	 58.63±11.75 	 56.42±11.86 0.842 0.402

4 hours after the first treatment 	 34.37±4.52* 	 31.14±4.27* 3.307 0.001

SaO2 (%)
Before treatment 	 71.53±3.66 	 70.47±3.52 1.329 0.188

4 hours after the first treatment 	 81.13±2.03* 	 93.68±1.25* 33.595 <0.001

Respiratory rate 
(time/min)

Before treatment 	 29.13±8.96 	 28.46±9.31 0.330 0.742

4 hours after the first treatment 	 27.85±8.81* 	 20.39±3.44* 5.043 <0.001

Table 3. Detection results of blood gas indicators.

* Shows that the P value was <0.05 compared with the same group after treatment. PaO2 – arterial partial pressure of oxygen; 
PaCO2 – arterial partial pressure of carbon dioxide; SaO2 – blood oxygen saturation.

Control group 
(n=40)

Observation group 
(n=41)

t P

CRP (mg/L)
Before treatment 	117.28±43.82 	116.43±34.85 0.097 0.923

After treatment 	 27.49±8.25* 	 13.62±1.73* 10.532 <0.001

TNF-a (ng/L)
Before treatment 	 45.76±14.54 	 46.38±14.29 0.194 0.847

After treatment 	 26.63±8.22* 	 13.36±3.26* 9.594 <0.001

IL-6 (ng/L)
Before treatment 	 94.04±25.43 	 93.57±22.56 0.088 0.930

After treatment 	 33.28±9.13* 	 11.15±3.27* 14.593 <0.001

IL-8 (ng/L)
Before treatment 	309.24±79.59 	317.29±81.27 0.450 0.654

After treatment 	 83.16±21.16* 	 20.14±4.75* 18.5999 <0.001

Table 4. Detection results of cytokines.

* Shows that the P value was <0.05 compared with the same group after treatment. CRP – C-reactive protein; IL-8 – interleukin-8; 
TNF-a – tumor necrosis factor-a; IL-6 – interleukin-6.
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assistive method for the treatment of severe pneumonia, but 
it can easily cause lung injury or bacterial infection, and can 
prolong the mechanical ventilation time, which in turn affects 
the weaning and prognosis of patients. Since the first report 
of alveolar lavage in 1974 and the continuous improvements 
in bronchofibroscopy, fiberoptic bronchoalveolar lavage has 
become widely used in clinical practice. The reduction in the 
diameter of the bronchofibroscope and advancements in its 
application technology have enabled its synchronous use with 
mechanical ventilation [14,15]. Recent studies have reported 
the efficacy and promising results of mechanical ventilation 
combined with fiberoptic bronchoalveolar lavage in the treat-
ment of severe pneumonia [16,17]. However, these findings 
have not been extensively evaluated in the clinical setting. 
Therefore, this study re-validated the application of mechani-
cal ventilation combined with fiberoptic bronchoalveolar lavage 
in patients with severe pulmonary infection to provide a refer-
ence for the clinical treatment of severe pulmonary infection.

This retrospective study included 81 patients with severe pul-
monary infection. The findings showed no statistically signifi-
cant difference in the general data between the 2 groups, sug-
gesting that they were comparable and that the results of the 
study are credible. The curative effect analysis of the 2 treatment 
methods showed that the curative effect of mechanical ventila-
tion combined with fiberoptic bronchoalveolar lavage was sig-
nificantly better than that of mechanical ventilation alone, and 
the cure rate of the observation group was significantly higher 
than that of the control group. The analysis of blood gas indi-
cators also showed that the improvement in PaO2, PaCO2, SaO2, 
and respiratory rate was significantly better in the observation 
group than in the control group at 4 h after the first treatment.

Physical expectoration, wetting expectoration, and drug expec-
toration are common methods of expectoration applied dur-
ing mechanical ventilation for patients, and include techniques 
such as turning the patient over and patting the back as well 
as aerosol inhalation of a wetting solution containing expecto-
rant drugs. However, these methods often present difficulties 
in clinical application. Physical expectoration is not effective in 
patients with severe disease, and wetting expectoration has the 
risk of burning the respiratory tract mucosa and causing laryn-
gospasms [18,19]. Drug expectoration is an ideal method, but 

compared to conventional aerosol inhalation or oral adminis-
tration, bronchofibroscopy can help more accurately adminis-
ter drugs locally to airway lesions and can increase the drug 
concentration in a shorter time. Moreover, fiberoptic bronchoal-
veolar lavage can thoroughly remove bronchiolar and alveolar 
excretions, including viscous sputum and sputum bolt. Studies 
have also shown that physical expectoration is more difficult 
to achieve [16,20]. This may be why the curative effects in the 
observation group were better than those in the control group.

Compared with the control group, the observation group had 
significantly shorter time of invasive mechanical ventilation and 
total mechanical ventilation. The mechanical ventilation time 
was the main cause of ventilator-associated pneumonia [21]. 
Our results showed that the incidence of ventilator-associated 
pneumonia in the observation group was significantly lower 
than that in the control group, which was an important reason 
for the better curative effect in the observation group. During 
bacterial and other pathogenic infections, the immune response 
of patients with severe pulmonary infection was stimulated, 
and a variety of inflammatory factors were secreted [22]. CRP, 
TNF-a, IL-6, and IL-8 are the important proinflammatory fac-
tors secreted during the process of inflammation. The detec-
tion of these factors can help accurately evaluate the degree 
of inflammation reaction and infection control. Our results 
showed that the improvement in CRP, TNF-a, IL-6, and IL-8 
levels after treatment was significantly better in the observa-
tion group than in the control group. Some studies have also 
reported that detecting the expression of inflammatory fac-
tors in the bronchoalveolar lavage fluid can help identify bac-
terial infection, viral infection, and mixed infection [23], and 
this is very important in designing clinical treatment, because 
mixed infection and bacterial infection have a more serious 
impact on the prognosis of the patients [24].

The advantages of mechanical ventilation combined with fi-
beroptic bronchoalveolar lavage in the treatment of patients 
with severe pulmonary infections were reflected in our re-
sults [25]. However, owing to the retrospective nature of this 
study, there were some limitations, such as small sample size 
as well as the sputum expectoration method used in the con-
trol group and the inadequate control of the initial cause of 
severe pulmonary infection, which may lead to a bias in the 

Control group (n=40) Observation group (n=41) t P

Hospital stay 	 25.53±2.54 	 19.24±1.31 13.990 0.000

Infection control window appearance time 	 9.17±2.41 	 5.41±1.38 8.643 <0.001

Invasive mechanical ventilation time 	 15.33±3.26 	 9.35±2.18 9.717 <0.001

Total mechanical ventilation time 	 9.21±2.31 	 4.66±2.25 8.980 <0.001

Table 5. Statistical results of clinical indicators (days).
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results. In addition, from an economic perspective, fiberoptic 
bronchoalveolar lavage will increase medical costs. Although 
our results showed that the hospital stay of patients in the 
observation group was significantly shorter than that of pa-
tients in the control group, it is uncertain whether the reduced 
medical costs can make up for the treatment costs of fiber-
optic bronchoalveolar lavage. We plan to further control the 
experimental conditions and increase the sample size in fu-
ture multicenter randomized controlled trials. One study has 
reported that IL-33 can bind to ST2L on the surface of inflam-
matory cells, activate various biochemical pathways such as 
mitogen-activated protein kinase, and finally activate nuclear 
factor-kB kinase complex to exert the proinflammatory effect 
of nuclear factor-kB. There is a relationship between the im-
mune system cells, cytokines, and the ST2 expression. IL-6 pro-
duced by antigen-presenting cells can promote the expression 

of ST2 during Th2 differentiation [26]. Whether ST2 could be 
treated as potential targets should be explored further as well.

Conclusions

In conclusion, mechanical ventilation combined with fiberop-
tic bronchoalveolar lavage can effectively improve the thera-
peutic effect and the blood gas and inflammatory indicators in 
patients, while reducing the incidence of ventilator-associated 
pneumonia, mechanical ventilation time, and hospital stay, 
thereby making this technique worthy of clinical promotion.
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