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it significantly impairs the immune function of 
patients and their ability to expel phlegm from 
the airways. Accumulation of lung secretions 
may lead to rapid growth and reproduction of 

INTRODUCTION  Lung cancer (LC) is a malignant 
tumor frequently observed in clinical practice. It 
is associated with high mortality and morbidity.1 
Surgery is a common treatment for LC; however, 
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ABSTRACT

INTRODUCTION  Patients undergoing lung cancer (LC) surgery often develop pulmonary infection (PI) due 
to poor sputum excretion ability leading to accumulation of secretions. Bronchoalveolar lavage (BAL) 
during fiberoptic bronchoscopy can be used to clear respiratory secretions and serve as a vehicle to 
locally deliver antibiotics that fight infection.
AIM  This study explored the clinical efficacy of BAL‑assisted mechanical ventilation (MV) in patients 
with postoperative PI and its influence on inflammatory parameters.
MATERIALS AND METHODS  A total of 90 LC patients with postoperative PI were enrolled and divided into 
an MV group (n = 45) and a BAL‑assisted MV group (n = 45). Therapeutic effects, respiratory mechanics, 
lung function parameters, blood gas indices, and levels of inflammatory parameters in peripheral blood 
were compared between the groups.
RESULTS  In comparison with the MV group, the PI control time, MV duration, temperature recovery 
time, and Clinical Pulmonary Infection Score of patients in the BAL‑assisted MV group were greatly 
reduced. In both groups, airway resistance, peak airway pressure, and work of breathing decreased, 
while lung compliance increased. Maximum minute ventilation, total lung capacity, forced expiratory 
volume in 1 second, and maximum mid‑expiratory flow were substantially enhanced following each 
treatment. In addition, post‑treatment arterial oxygen pressure and saturation, pH value, and the ratio of 
partial pressure of oxygen in arterial blood to the fraction of inspiratory oxygen concentration increased, 
while partial pressure of carbon dioxide decreased in both groups. The levels of inflammatory markers 
(high‑sensitivity C‑reactive protein, procalcitonin, tumor necrosis factor α, high‑mobility group box 1, 
interleukin 6, and macrophage inflammatory protein 1α) in peripheral blood were decreased regardless 
of the treatment method (all P <0.05). All these findings were more pronounced in the BAL‑assisted MV 
group. Clinical effective rate in the BAL‑assisted MV group was higher than in the MV group (93.33% 
vs 77.78%; P <0.05).
CONCLUSIONS  BAL‑assisted MV can achieve better results in treating postoperative PI than MV alone, 
effectively improving respiratory function and reducing systemic inflammatory response.
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(SD) age was 61.9 (4.7) years (range, 50–75 years), 
and their mean (SD) body mass index (BMI) was 
21.4 (2) kg/m2. In the BAL‑assisted MV group, 
there were 26 men and 19 women, the mean (SD) 
age was 62.5 (4.4) years (range, 53–72 years), and 
the mean BMI was 21.7 (1.6) kg/m2. The groups 
did not differ with respect to general character‑
istics. All participants voluntarily signed an in‑
formed consent, and the study protocol was ap‑
proved by the Medical Ethics Committee of West 
China Hospital, Sichuan University (WCH024).

Methods  All patients received conventional 
treatment, including antitussive and expecto‑
rant agents, enteral and parenteral nutrition‑
al support, oxygen mask, anti‑infection medica‑
tions, and correction of water and electrolyte im‑
balance. In the MV group, the patients received 
conventional treatment and ventilation under 
an assist‑control mode. If the hypoxia status of 
a patient improved, they were switched to syn‑
chronized intermittent mandatory ventilation 
under the pressure support mode for contin‑
ued ventilation. The working mode was main‑
ly the spontaneous / timed (S/T) mode. The ini‑
tial values of inspiratory and expiratory pressure 
were 6–8 cm H2O and 0–2 cm H2O, respectively. 
After 10 to 20 minutes, they were appropriately 
increased to 14–18 cm H2O and 4–6 cm H2O, re‑
spectively. The treatment time and ventilation pa‑
rameters were adjusted according to disease sever‑
ity, as well as based on ventilation performance 
and blood gas indicators. After continuous ven‑
tilation lasting for 2 to 3 hours, the patient rest‑
ed for 1 to 30 minutes. During MV, intermittent 
subglottic aspiration was performed to prevent 
ventilator‑associated pneumonia. The patients 
included in the BAL‑assisted MV group under‑
went BAL in addition to receiving convention‑
al treatment and MV. Under a direct guidance of 
bedside fiberoptic bronchoscopy, an endotrache‑
al catheter was placed into the endoscope body, 
which was extended into the corresponding lung 
lobe or bronchial opening for secretion absorp‑
tion, according to computed tomography (CT) and 
fiberoptic bronchoscopy visualization results. If 
the secretions were sticky and difficult to suck 
out, lavage with 10 to 20 ml of warm saline was 
repeated until their complete removal, with nega‑
tive pressure not exceeding 200 mm Hg. The lung 
tissue was then washed with 20 ml of antibacte‑
rial drugs. BAL was performed every 3 days until 
the total amount of accumulated lavage fluid was 
between 60 ml and 120 ml. Each procedure lasted 
for 15 to 25 minutes, and the patients were close‑
ly monitored for changes in vital signs.

Observation indicators  General patient data were 
recorded, including PI control time, MV duration, 
temperature recovery time (TRT), and the Clini‑
cal Pulmonary Infection Score (CPIS).12

The lung function of patients before and after 
treatment was evaluated. The assessed parameters 
included maximum voluntary ventilation (MVV), 

pathogenic bacteria, and, finally, to pulmonary in‑
fection (PI) development.2,3 PI after LC increases 
surgical trauma of patients, which, in turn, pro‑
longs infection, leading to a vicious cycle.4 PI is 
a common critical disease in respiratory medi‑
cine, mainly manifesting as excessive sputum 
volume, asthma, etc. If not controlled in time, it 
may cause multiple organ failure or even death.5

With the development of fiberscopy technolo‑
gy, bronchoalveolar lavage (BAL) performed dur‑
ing fiberoptic bronchoscopy can allow for injec‑
tion of antibiotics into infection foci, thus playing 
a direct anti‑infection role. It can also effectively 
clear inflammatory secretions from the airways 
and improve the airway ventilation function.6,7 
BAL has become an effective method for diagno‑
sis and treatment of severe pneumonia.8 It con‑
sists in clearing the interior of the alveoli through 
perfusion of saline or other solutions. Combined 
with mechanical ventilation (MV), it can reduce 
the accumulation of pathogens and inflammato‑
ry mediators, thus reducing the incidence of in‑
fection and inflammation and the risk of post‑
operative complications.9,10 However, the actual 
effects of BAL‑assisted MV on postoperative in‑
fection and levels of inflammatory markers in pa‑
tients undergoing LC surgery have not been sys‑
tematically and comprehensively studied.

AIM  This study aimed to evaluate the effects of 
BAL‑assisted MV on postoperative PI and levels 
of inflammatory parameters in patients undergo‑
ing LC surgery. It provides new ideas and strat‑
egies for improving the treatment of postopera‑
tive patients and sheds light on the mechanism 
of inflammation and infection after LC surgery.

MATERIALS AND METHODS  Materials  We en‑
rolled patients treated at the West China Hospi‑
tal, Sichuan University between March 2021 and 
March 2023 who underwent LC surgery compli‑
cated with postoperative PI. The inclusion cri‑
teria comprised 1) LC confirmed by fiberoptic 
bronchoscopy and punitive biopsy, removed us‑
ing a minimally invasive technique (including 
thoracoscopic surgery or minimally invasive lo‑
bectomy); 2) confirmed postoperative PI meet‑
ing the diagnostic criteria outlined in the Guide‑
lines for Diagnosis and Treatment of Hospital
‑Acquired Pneumonia11; 3) age of 18 to 75 years; 
and 4) indications for MV therapy. The patients 
were excluded if they met any the following cri‑
teria: 1) pulmonary tuberculosis, pulmonary fi‑
brosis, or atelectasis; 2) preoperative PI; 3) oth‑
er concomitant infectious diseases; 4) LC compli‑
cated by other malignant tumors, immune defi‑
ciency, or mental disorders; 5) severe liver and / or 
kidney dysfunction; 6) a recent history of immu‑
nosuppressant use; and 7) missing clinical data.

A total of 90 patients were eventually enrolled 
and randomly divided into 2 groups (45 patients 
in each group), according to the treatment meth‑
od (MV vs BAL‑assisted MV). In the MV group, 
27 men and 18 women were included; their mean 
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The  treatment was deemed effective when 
the clinical symptoms improved and the lesion 
was absorbed by 20% to 50%, based on chest im‑
aging data. If the clinical symptoms and chest im‑
aging findings showed no improvement or exac‑
erbation of the infection focus, the treatment 
was considered ineffective. Clinical effective rate 
(CER) was calculated using the following formu‑
la: CER = (number of cured + number of obvious 
effective + number of effective) / total number of 
patients × 100%.

Statistical analysis  Statistical analysis was per‑
formed using SPSS 22.0 (IBM Corp., Armonk, 
New York, United States). Count and measure‑
ment data were presented as frequency or per‑
centage and mean with SD, respectively. Variables 
were compared with the χ2 test and the t test, as 
appropriate. A P value below 0.05 was assumed 
as significant.

RESULTS  Ventilation strategy  Differences in 
treatment efficacy between MV and BAL‑assisted 
MV are shown in FIGURE 1. The PI control time, MV 
duration, and TRT in the BAL‑assisted MV group 
were substantially shorter, and CPIS was lower 
than in the MV group (P <0.05).

Parameters of respiratory mechanics  A comparison 
of parameters reflecting respiratory mechanics be‑
fore and after treatment is illustrated in FIGURE 2. 
Post‑treatment Raw, PIP, and WOB values were 
significantly reduced in both groups, while Cdyn 
values were increased, as compared with those be‑
fore treatment. Furthermore, the post‑treatment 

total lung capacity (TLC), forced expiratory vol‑
ume in 1 second (FEV1), maximum mid‑expiratory 
flow (MMEF), lung compliance (Cdyn), airway re‑
sistance (Raw), peak inspiratory pressure (PIP), 
and work of breathing (WOB).

Blood gas analysis was performed before and 
after treatment to evaluate blood gas indices, in‑
cluding arterial oxygen saturation (SaO2), arteri‑
al oxygen pressure (PaO2), partial pressure of car‑
bon dioxide in the artery (PaCO2), pH value, and 
the ratio of partial pressure of oxygen in arterial 
blood to the fraction of inspiratory oxygen con‑
centration (PaO2/FiO2).

A total of 3 ml of fasting venous blood was 
collected before and after treatment and cen‑
trifuged at 1000 rpm for 10 minutes to collect 
the supernatant. High‑sensitivity C‑reactive pro‑
tein (hs‑CRP), procalcitonin (PCT), tumor necro‑
sis factor α (TNF‑α), high‑mobility group box 1 
(HMGB1), interleukin 6 (IL‑6), and macrophage 
inflammatory protein 1α (MIP‑1α) concentra‑
tions were measured by enzyme‑linked immuno‑
sorbent assay (ELISA). All ELISA kits were pur‑
chased from Shanghai Enzyme‑linked Biotech‑
nology Co., LTD. (Shanghai, China), and the mea‑
surements were carried out according to the man‑
ufacturer’s instructions.

Treatment efficacy was evaluated as follows: 
a patient was considered cured when the clini‑
cal symptoms and pulmonary rales disappeared, 
and chest CT imaging showed no signs of infec‑
tion. When the clinical symptoms improved sub‑
stantially and the chest imaging findings indicat‑
ed that the lesion was absorbed by at least 50%, 
treatment was considered obviously effective. 

FIGURE 1�  Comparison 
of treatment efficacy 
a  P <0.05 vs the MV 
group 
Abbreviations: BAL, 
bronchoalveolar lavage; 
CPIS, Clinical Pulmonary 
Infection Score; MV, 
mechanical ventilation
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FIGURE 2�  Parameters 
of respiratory mechanics 
a  P <0.05 vs 
pretreatment values 
b  P <0.05 vs the MV 
group 
Abbreviations: Cdyn, lung 
compliance; PIP, peak 
airway pressure; Raw, 
airway resistance; WOB, 
work of breathing; others, 
see FIGURE 1
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parameters following 
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before and after the treatment is illustrated in 
FIGURE 4. The postoperative PaO2, SpO2, pH, and 
PaO2/FiO2 levels in both groups were significant‑
ly increased, while PaCO2 was significantly de‑
creased, as compared with the preoperative lev‑
els. The increase in post‑treatment PaO2, SpO2, 
pH, and PaO2/FiO2 levels and the decrease in 
the PaCO2 level in the BAL‑assisted MV group 
were greater than those observed in the MV group 
(P <0.05).

Peripheral blood inflammatory markers  Differ‑
ences in the levels of inflammatory parameters 
are shown in FIGURE 5. Post‑treatment levels of 
hs‑CRP, PCT, TNF‑α, HMGB1, IL‑6, and MIP‑1α 
in both groups were significantly reduced, as com‑
pared with the pretreatment levels. In compar‑
ison with the patients treated with MV alone, 

Raw, PIP, and WOB values in the BAL‑assisted 
MV group were lower, while the Cdyn value was 
greater than the values observed in the MV group 
(all P <0.05).

Parameters of lung function  Lung function param‑
eters before and after treatment were compared in 
both groups (FIGURE 3). The postoperative values of 
MMV, TLC, FEV1, and MMEF in all patients were 
significantly increased, as compared with the pre‑
operative values. Furthermore, the MMV, TLC, 
FEV1, and MMEF values in the BAL‑assisted MV 
group exhibited a greater increase than in the MV 
group (P <0.05).

Parameters of blood gas function  A comparison 
of the differences in blood gas indices between 
the MV group and the BAL‑assisted MV group 
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of blood gas indices 
before and after treatment 
a  P <0.05 vs 
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group 
Abbreviations: PaO2, 
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cured (6.67%); thus, the CER reached 93.33%. 
Overall, the CER among the patients treated with 
BAL‑assisted MV was higher than in the patients 
treated with MV alone (P <0.05).

DISCUSSION  The postoperative respiratory func‑
tion of patients undergoing thoracic surgery can 
be reduced to varying degrees, and the probabil‑
ity of respiratory insufficiency is increased for 
a short period of time, as is the risk of compli‑
cations, such as respiratory failure, PI, and atel‑
ectasis. All these factors affect the rehabilitation 
process.13,14 The course of postoperative PI in pa‑
tients treated with LC surgery is more complex, 
and the disease progresses more rapidly than in 

the post‑treatment levels of hs‑CRP, PCT, TNF‑α, 
HMGB1, IL‑6, and MIP‑1α in the BAL‑assisted 
MV group were significantly lower.

Treatment efficacy  A  comparison of clini‑
cal outcomes between the MV group and the 
BAL‑assisted MV group is demonstrated in 
FIGURE 6. In the MV group, 15 patients were cured 
(33.33%), 15 were obviously effectively treated 
(33.33%), 5 were effectively treated (11.11%), and 
10 individuals were ineffectively treated (22.22%), 
yielding a CER of 77.78%. In the BAL‑assisted MV 
group, 23 patients (51.11%) were cured, 17 were 
obviously effectively treated (37.78%), 2 were 
effectively treated (4.44%), and 3 patients were 

FIGURE 5�  Inflammatory 
factors in peripheral blood 
a  P <0.05 vs 
pretreatment values 
b  P <0.05 vs the MV 
group 
Abbreviations: hc-CRP, 
high-sensitivity C-reactive 
protein; HMGB1, high-
mobility group box 1; IL-6, 
interleukin 6; MIP-1a,  
macrophage inflammatory 
protein 1α; PCT, 
procalcitonin; TNF-α, 
tumor necrosis factor α; 
others, see FIGURE 1
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neutrophils and lymphocytes, enhance vascular 
endothelial cell permeability, and promote syn‑
thesis and release of other cytokines.24 HMGB1 
is a receptor for end‑product of advanced glyca‑
tion program and a member of the toll‑like recep‑
tor family. It plays a potential role in mediating 
late inflammatory response and increases rapid‑
ly in the first 24 hours of PI.25 IL‑6 is an inflam‑
matory factor that can be used for early diagno‑
sis, disease assessment, treatment efficacy mon‑
itoring, and prognosis evaluation in infectious 
diseases.26 In acute and chronic inflammatory 
responses, MIP‑1α binds to its receptors and in‑
duces changes in the functional activity of various 
target cells through signal transduction, thereby 
promoting the recruitment of proinflammatory 
cells to the site of the lesion.27 In our study, post-
treatment serum levels of hs‑CRP, PCT, TNF‑α, 
HMGB1, IL‑6, and MIP‑1α were significantly de‑
creased in both study groups. However, treat‑
ment with BAL‑assisted MV resulted in a greater 
decrease of inflammatory factor levels than MV 
alone. This shows that BAL‑assisted MV could 
help locally reduce inflammation by monitoring 
inflammation in the lung, diluting and cleaning 
inflammatory secretions, reducing the action of 
bacterial toxins, and inhibiting synthesis and se‑
cretion of inflammatory factors.

Patients who develop PI after LC surgery ex‑
perience severe respiratory dysfunction, mainly 
manifested as dual dysfunction of lung ventilation 
and air exchange.28 We showed that respiratory 
mechanics (Raw, PIP, and WOB) decreased, and 
Cdyn increased in individuals with post‑LC sur‑
gery PI after both MV and BAL‑assisted MV treat‑
ment. Analysis of lung function parameters sug‑
gested that post‑treatment MMV, TLC, FEV1, and 
MMEF values increased in both groups; however, 
BAL‑assisted MV was associated with a greater 
improvement in respiratory mechanics and lung 
function indices than MV alone. BAL‑assisted 
MV can completely clear sticky secretions gener‑
ated in the airway of PI patients, maintain airway 
patency, reduce airway resistance, enhance MV, 
and thus improve alveolar ventilation and com‑
pliance.29,30 Secondly, analysis of blood gas func‑
tion parameters indicated that PaO2, SpO2, pH, 

patients with ordinary pneumonia. This results 
in a more significant decline in respiratory func‑
tion and greater difficulty of managing patients 
requiring assisted MV treatment.15,16 Treatment 
strategies in LC patients with postoperative PI 
usually comprise MV combined with routine anti
‑infection treatment. However, clinical symptom 
control is often poor, and drug‑resistant strains 
are easy to form, which increases the in‑hospital 
infection rate and prolongs the rehabilitation pro‑
cess of patients.17 Moreover, conventional spu‑
tum aspiration can cause bronchial mucosal in‑
jury and increase the amount of secretions in 
the lower lobe bronchi.18 Therefore, improvement 
of therapeutic efficacy, respiratory function, and 
long‑term prognosis of patients who develop PI 
following LC surgery has become a focus of cur‑
rent research.

BAL‑assisted MV is a treatment method that 
involves thorough cleaning of the lung segment 
and the bronchi below under direct vision; thus, 
it can effectively clear mucus secretions from 
the lungs.19 In addition, direct administration 
of antibiotics through a fiberscope can signifi‑
cantly improve lung tissue ventilation and air ex‑
change.20 BAL‑assisted MV combines airway ob‑
struction removal, local high‑concentration drug 
therapy, sputum culture, and other functions. Per‑
fusion with normal saline does not cause adverse 
effects in the lung tissue.21 This study compared 
the effects of fiberoptic BAL‑assisted MV treat‑
ment vs MV alone on inflammatory response and 
respiratory function in post‑LC surgery patients 
with PI. Postoperative PI exacerbates the sys‑
temic inflammatory response and is associated 
with elevated levels of various proinflammato‑
ry indices due to great trauma and stress caused 
by the LC operation. hs‑CRP is the most sensi‑
tive indicator of inflammation; its level is signifi‑
cantly increased in the early stage of inflammato‑
ry response, and can reflect the progression and 
outcome of the disease.22 PCT levels increase in 
the acute stage of inflammation and can be used 
to evaluate the activity of inflammatory response 
in the body.23 TNF‑α is an important proinflam‑
matory factor whose level increases gradually 
with the progression of the disease. It can activate 

FIGURE 6�  Clinical effective rate following different treatments 
Abbreviations: see FIGURE 1
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and PaO2/FiO2 values were increased, while PaCO2 
was decreased in LC patients with PI after both 
MV and BAL‑assisted MV treatment; however, 
the latter method resulted in a greater improve‑
ment of blood gas function indices. Reduction of 
inflammatory parameter levels can quickly elim‑
inate alveolar edema, prevent adhesion, prolifer‑
ation, and calcification of endothelial cells, fibrin, 
and epithelial cells of lung tissue, protect alveo‑
lar and airway function, and promote lung func‑
tion rehabilitation.31 In addition, BAL‑assisted 
MV can optimize microcirculation of the body, 
relieve local hypoxic‑ischemia state and blood 
circulation at the infection focus, inhibit patho‑
gen activity, improve clinical symptoms, and pro‑
mote lung function recovery.32 In the process of 
BAL‑assisted MV treatment, local blood circula‑
tion function can be quickly restored with anti‑
bacterial drugs. Additionally, such treatment re‑
duces the amount of drugs required and prevents 
low local blood concentration in the focal area.

The CERs in the MV and BAL‑assisted MV 
groups were 77.78% and 93.33%, respectively. 
Such results indicate that BAL-assisted MV is 
more efficient in eliminating and reducing me‑
diastinal oscillation and improving the respirato‑
ry function of patients. At the same time, it can 
quickly correct hypoxemia, improve tissue oxy‑
genation level, separate atrophied and collapsed 
alveoli, increase lung gas exchange area, and ac‑
celerate gas dispersion.33,34 BAL‑assisted MV al‑
lows for accurate suction of secretions in the dis‑
eased areas of the lung under direct vision. Di‑
luting secretions with normal saline before aspi‑
ration can improve clearance effectiveness and 
ventilation function of the lungs. However, liquid 
lavage can stimulate airway and lung mucosa, in‑
duce cough, and promote sputum discharge.35 By 
absorbing deep sputum and lavage solution for 
pathogen culture, the culture results are more ac‑
curate, which is conducive to improved guidance 
and symptomatic treatment.

CONCLUSIONS  We showed that BAL‑assisted 
MV treatment can effectively control the respira‑
tory symptoms in post‑LC surgery patients with 
PI. The improvement of respiratory mechanics, 
lung function, and blood gas indices was reflective 
of systemic inflammatory response inhibition. 
However, to prevent potential treatment compli‑
cations, close patient monitoring and intensive 
nursing care during fiberoptic BAL‑assisted MV 
are indicated. In conclusion, BAL‑assisted MV 
can be applied in treating LC patients with post‑
operative PI, and is associated with better treat‑
ment outcomes than MV alone.
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