The Clinical Effect of Bronchoscopic Alveolar Lavage with Acetylcysteine and Budesonide in the Treatment of Refractory Mycoplasma Pneumonia in Children
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【Abstract】Objective To investigate the clinical effect of bronchoscope alveolar lavage (BAL) combined with different drugs in the treatment of refractory Mycoplasma pneumoniae pneumonia（RMPP）. Methods Eighty-two patients with RMPP who were admitted to Pediatrics of The First People's hospital of Zhengzhou from July 2017 to July 2019 were retrospective analyzed. All the patients were given BAL. The patients were divided into three groups according to the different drugs added by BLA, namely Budesonide group, Ambroxol+budesonide  group, and acetylcysteine+budesonide group. The changes of laboratory examination indexes, the improvement of pulmonary imaging, the total effective rate and the occurrence of adverse reactions were analyzed. Results The laboratory test indexes of the 3 groups were more to improve than that before treatment, the difference was statistically significant. There was no significant difference in white blood cell (WBC), Ｃ-reactive protein(CRP) and erythrocyte sedimentation rate (ESR) among the three groups after treatment. There were significant differences in serum lactate dehydrogenase (LDH) and serum ferritin (SF) among the three groups (P<0.05). The rate of pulmonary imaging absorption and clinical effective rate in acetylcysteine +budesonide group were better than another two groups (P＜0.05) .There were no significant differences in the incidence of adverse reactions among the three groups (P>0.05). Conclusions BLA with acetylcysteine+ budesonide is more effective than another two groups in improving the efficacy of treatment of children with RMPP, it could promote the absorption of the opacity, and reduce the inflammatory response of the lungs.
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Introduction
Respiratory illnesses are a leading cause of morbidity and mortality in children worldwide[1]. Mycoplasma pneumoniae（MP）is one of the most common respiratory infection pathogen in children. The incidence is high in school-age children. Generally, macrolides have better therapeutic effect. However, in some pediatric cases, it may develop into a severe, life-threatening infection, resistant to conventional macrolide treatment [2,3]. Bronchoscopy is a real revolution in the treatment of respiratory diseases，it was the first time to apply in pediatrics in 1978[4],and it is an important diagnostic tool for children to evaluate the structure of the airway[5]. Bronchoscopic alveolar lavage (BAL) is a valuable diagnostic and therapeutic tool for children's respiratory diseases caused by different etiologies (such as immunity, inflammation and infection) [6-8].Bronchoscopy can reach the segmental bronchus or sub segmental bronchus, and can get the purpose of treatment by flushing or injecting medicine[9].there is no uniform clinical standards for what drugs are chosen in BAL irrigation solution for RMPP. In this study, the effect of different BAL fluids under bronchoscope in the treatment of RMPP was retrospectively analyzed to provide reference for clinical practice.

1 Materials and Methods
1.1 general statistics Children with RMPP who were selected to Pediatrics of The First People's hospital of Zhengzhou, China, from July 2017 to July, meanwhile it needs to be excluded: (1)Immunodeficiency disease, heart disease, recurrent respiratory infection, bronchopulmonary dysplasia, bronchiolitis obliterans. (2)the patients who took immunosuppressive drugs for long time.(3)the Patients who were infected with Mycobacterium tuberculosis, adenovirus, syncytial virus, rhinovirus, fungi, bacteria and other pathogens. Eighty-two patients were selected who fulfilled the research criteria[3,10],According to the diagnostic criteria of RMPP:(1)After 7 days of anti infective treatment with macrolides, the fever continued and clinical symptoms worsened.(2) The imaging findings of the lung deteriorated, the imaging findings showed that the lobular opacity enlarged to lobar pneumonia, even bilateral lung inflammation, atelectasis, consolidation, pleural effusions etc.(3) Diagnosis of MP infection, the titer of MP Antibody(Ab) IgG in two serum samples increased more than 4 times within 4 weeks. One serum MP Antibody IgM is positive, and the MP PCR DNA of nasopharyngeal swab or bronchoalveolar lavage fluid is positive. If two of them are positive, the MP infection can be made. This study was approved by the Ethics Committee of the The First People,s Hospital of Zhengzhou , and informed written consent was obtained from guardian of all the patients at the beginning of admission to our department. All patients were given bronchoscopy alveolar who divided into budesonide group 24 cases, ambroxol+budesonide group 28 cases, acetylcysteine + budesonide group 30 cases.
1.2 Methods
1.2.1 Retrospective analysis Eighty-two children with RMPP who got bronchoscopic alveolar lavage were selected. The clinical data of them were retrospectively analyzed by electronic medical records, including gender, age, hospitalization days, etc . Chest CT examination was performed in all patients on the day of admission, complete blood count, C-reactive protein（CRP）,erythrocyte sedimentation rate（ESR）,lactate dehydrogenase（LDH）and serum ferritin(SF) of children were completed in the morning of the second day after hospitalization. All children were given intravenous drip of azithromycin injection (10mg/kg/day) for 7-10 days to anti-MP infection and combined with relieving cough and expectoration. Some of them were MP combined with bacterial infection, the second or third generation of cephalosporins were used to anti bacterial infections, the patients with rapid disease progression were given methylprednisolone injection (2mg /kg/day, twice one day). The changes of laboratory indexes before and after BLA with different drugs, the improvment rate of pulmonary iconography, the improvment rate of clinical symptoms and the incedence of adverse reactions were analyzed.

1.2.2 BLA methods Bronchoscopy examination and BLA were performed in 82 cases, preoperative preparations were performed according to the requirements of bronchoscopy, all patients fasted 6-8 hours before bronchoscopy. Olympus BF-P26F and BF-XP26F of bronchoscopy were used to examine and treat the children with RMPP. Different diameter bronchoscopy were selected according to the age of the children. Olympus BF-P26F bronchoscope was used after1 year old and Olympus BF-XP26F bronchoscope was used within 1 year old. Before the BLA, 2 ml lidocaine + 1 ml ipratropium bromide atomization solution were given for atomization. 2% lidocaine injection was used to clean the nasal cavity of the children. 2-4 L/ min oxygen was inhaled, midazolam 0.3mg/kg was given intravenously slowly. After the children were sedated, 2% lidocaine(1ml) was given to glottis, trachea, left and right bronchus respectively by "anesthesia while entering", the total amount of 2% lidocaine was not more than 7 mg / kg. BLA fluid was performed according to inflammation or atelectasis indicated by lung imaging. The BLA fluid was randomly selected. BLAF preparation methods: 20ml Normal saline + 2 ml Budesonide, 20 ml Normal saline+2 ml Budesonide+15 mg Ambroxol Hydrochloride Injection or 20 ml Normal saline+2 ml Budesonide+6 ml Acetylcysteine Solution for Inhalation, 5 ml～10 ml lavage solution was given each time, and the maximum dose was not more than 5ml / kg, the BALF was collected by suction with a negative pressure of 100～200 mmHg. The resorption rate of BALF was about 60%～80%. For the sticky secretions attached to the bronchial wall, it is difficult to wash, the bronchoscope cleaning brush was used to brush the bronchial wall and then lavage. During the operation, blood oxygen saturation, heart rate, respiration, complexion and circulation were monitored continuously. During hospitalization, BLA was performed 1～3 times according to the patient's condition. BLA fluid was performed for routine examination.

1.3 Outcome measures
1.3.1 General clinical effect   The treatment effect was judged according to the symptoms, signs and lung CT results. Judgment criteria[11,12]: (1) Remarkable effect: fever, cough, expectoration and other clinical symptoms disappeared, Respiratory sounds and body temperature returned to normal, lung rales disappeared, and pulmonary imaging showed that the inflammatory was absorbed completely. (2) Effective: the symptoms of cough, expectoration and shortness of breath were improved, the body temperature was normal, the lung rales were reduced, and the breath sounds were enhanced. The pulmonary imaging showed that the inflammatory was partially absorbed. (3) Invalid: the symptoms of cough, expectoration and shortness of breath were not improved even worsening, the body temperature was normal or rising, the pulmonary imaging showed that the inflammatory was not absorbed.

 The total effective rate(%) = (Remarkable plus Effective ) /total numbers of the patients×100%.

1.3.2 Changes of the pulmonary imaging The pulmonary imaging was reexamined one week and one month after BLA. Pulmonary imaging showed that the inflammatory completely absorption was remarkable, partial absorption was effective, and not absorbed was invalid. Total  effective rate(%) =（remarkable + effective）/total numbers of the patients×100%.  

1.4 Statistical analysis  SPSS 19.0 software was used for data analysis. The measurement data was expressed as mean ± standard deviation ((x ± s). Paired t test was used before and after treatment in each group. One way ANOVA was used for comparison among groups. Chi square test was used for counting data.
Results

2.1 General information Table 1 shows that there was no significantly difference in age and gender between the three groups(F=0.565,P＞0.05).The difference of hospitalization stay among the three groups was statistically significant(F=3.61,P＜0.05).The length of hospitalization stay of acetylcysteine+budesonide group was shorter than that the other two groups , and there was no significant difference between the other two groups, P＞0.05.There was no significant difference in imaging data among the three groups. The lavage frequency of acetylcysteine+budesonide group was less than that of the other two groups, and the difference was statistically significant.
2.2 Comparison of laboratory examination indexes  After BLA with different drugs, there were statistically significant in the changes of laboratory examination indexes of three groups before and after treatment (P＜0.01). There was no significant difference in laboratory examination indexes among the three groups. Before and after hospitalization, among the three groups of laboratory indicators, the difference of LDH and SF was statistically significant (Table2).
2.3 Pulmonary imaging changes After one week of BLA treatment, there were significant difference in the absorption area of lung lesions in the three groups（X2=11.75，P＜0.05）, the improvement rate of acetylcysteine+budesonide group was higher than the other two groups (P＜0.05). There were no difference between the other two groups (P＞0.05). After one month of BLA treatment, The pulmonary imaging showed that most inflammation were completely absorbed in acetylcysteine+budesonide group. However, the budesonide group and ambroxol+Budesonide group each had one case with no improvement in pulmonary imaging. The clinical symptoms of 1 case in budesonide group got improved after discharged from hospital, however, the pulmonary imaging showed that the inflammation of bilateral lungs were not absorbed. Where after the patients were given BLA with budesonide and ambroxol injection twice, and the inflammation was completely absorbed 2 months later. In ambroxol+budesonide group, 3 cases were complicated with atelectasis. One case still had atelectasis after BLA, the patients were given BLA with acetylcysteine and budesonide atomization solution. Sputum embolus was removed and treated with aerosol inhalation of acetylcysteine injection and budesonide atomization solution, whose pulmonary imaging showed that the inflammation of bilateral lungs were completely absorbed after 3 months. After one week of BLA treatment, there were significant difference in pulmonary imaging absorption among the three groups（X2=11.75，P＜0.05）. The paired comparison showed that there were significant differences between the 3 groups（P＜0.05）, and there was no significant difference between budesonide group and ambroxol+budesonide group (P> 0.05).

2.4 Comparasion on clinical efficacy  There was significant difference in clinical efficacy between the three groups, the clinical efficacy of acetylcysteine+budesonide group was higher than that of the other two groups (X2=9.78, P<0.05), and there was no difference between the other two groups (P＞0.05).       
2.5 Comparison of the incidence of adverse reactions The incidence of adverse reactions was 25% in budesonide group, 21.4% in ambroxol+budesonide group, 26.6% in acetylcysteine+budesonide group, with no statistically significant difference between the three groups (X2=2.087,P＞0.05).                         

2. Discussion

An increased number of refractory, severe, and even fatal Mycoplasma pneumoniae pneumonia (MPP) cases have been reported in recent years[13].Although the body temperature of the children can return to normal after treatment, airway and pulmonary lesions are still severe in some refractory MPP (RMPP) patients. Some RMPP children have adverse sequelae, including atelectasis, pulmonary consolidation[10].
The bronchoscope has been widely used as both a diagnostic and therapeutic tool in the children's respiratory diseases. Particularly, BLA fluid therapy has been paid more and more attention[14].This research was to search the clinical effect of BAL combined with different medicine in the treatment of children with RMPP, observe the changes of clinical laboratory examination(WBC、CRP、ESR、LDH、SF)，as well as pulmonary imaging changes, comparison of the clinical efficacy, comparison of the incidence of adverse reactions before and after BLA with different drugs. BLA with different drugs showed that hospitalization stay in acetylcysteine+budesonide group was shorter than budesonide group and ambroxol+budesonide group, and no significant difference between the last two groups. WBC, CRP, ESR, LDH and SF were all decreased after treatment in the three groups, indicating that BLA can reduce inflammatory reaction. The changes of WBC, CRP and ESR in the three groups after treatment were not statistically significant, while the changes of LDH and SF were statistically significant. Tamura[15] found that serum LDH and SF increased in children with RMPP. Inamura[16] and other researchers considered that LDH, IL-18 and SF could be used as useful indicators to evaluate the therapeutic effect of RMPP. Young-Jin Choi[17]found that LDH and SF could be used as an indicator for the treatment of RMPP in children. This study found that LDH and SF decreased after BLA, but the effect of BLA with acetylcysteine+budesonide was more better than that of BLA with budesonide alone and with ambroxol+budesonide. It was considered that the effect of acetylcysteine and budesonide on reducing serum LDH and SF was better. Acetylcysteine solution can break the disulfide bond of glycoprotein in sputum, reduce the activity of alveolar proteinase, cleave mucus protein, quickly dissolve thick secretion. At the same time, as an antioxidant, it can promote the release of inflammatory factors, reduce the inflammatory reaction and mucosal irritation, which is conducive to the control of infection. Budesonide is an anti-inflammatory corticosteroid drug with strong glucocorticoid activity and weak halo corticoid activity, it can reduce bronchial mucosal congestion and edema. It has a wide range of inhibitory effects to many cells (such as mast cells, eosinophils, neutrophils, macrophages and lymphocytes) and mediators (inclusive of histamine, arachidonic acid and cytokines), Compared with intravenous medication, it has a faster local effect and reduces the side effects of systemic hormone therapy. Combination with acetylcysteine could reduce lung inflammation. The specific mechanism of action of LDH and SF in serum is not clear.

This study also found that there were statistical significance in pulmonary imaging changes of children with RMPP after BLA, and the clinical efficacy of with acetylcysteine+budesonide was better than that of with budesonide alone and with ambroxol+budesonide. It was considered that ambroxol injection was intravenous infusion drug, while acetylcysteine was atomization dosage form, which was easier to reduce sputum viscosity, dilute sputum and make sputum easier to cough up. Normal saline plays a role in flushing, but could not reduce the viscosity of sputum.
The main adverse reactions of BLA were tachycardia or bradycardia, slight bleeding, bronchospasm, laryngospasm, cough, dyspnea, sore throat and decreased blood oxygen, cough was the most common[18].

Some studies have found that the incidence of adverse events was 5%～35%, and less than 1% of serious adverse events[19,20]. This study found that there was no significant difference in the incidence of adverse reactions among the three groups, and in the process of BLA treatment, the common adverse reaction was cough, followed by increased heart rate, the adverse effects disappeared when BLA stoped, this indicated that BLA with the three kinds of drugs were safe.
Therefore, this study proved that BLA could improve the curative effect of RMPP in an early phase, effectively remove pathogens and the thick secretion of respiratory tract and even sputum embolism, which was conducive to the recovery of small airway structure and function and shorten the hospital stay. The effect of BLA with different drugs was different. The effect of BLA combined with acetylcysteine + budesonide was  superior than that of ambroxol plus budesonide and budesonide alone, which could shorten the length of hospital stay  and treatment course,  and was worthy of clinical application.
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