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        Abstract



        
          Background:


          High-resolution computed tomography (HRCT) correlates with clinical symptoms, respiratory function, and quality of life in bronchiectasis.

        


        
          Objective:


          We aimed to investigate the relationship between macrolide and acute exacerbation (AE) in idiopathic bronchiectasis classified by the Bronchiectasis Radiologically Indexed CT Score (BRICS).

        


        
          Methods:


          We retrospectively reviewed the medical records of patients diagnosed with idiopathic bronchiectasis between April 2014 and December 2020 at a single hospital. Overall, 115 patients with idiopathic bronchiectasis were selected and divided into three groups, according to the BRICS. Each group was divided into subgroups with and without macrolide therapy, and the number of patients with AE in each group was retrospectively compared.

        


        
          Results:


          About 45, 48, and 22 patients were included in the mild, moderate, and severe groups, respectively. In the mild group, the subgroup with macrolide therapy had significantly fewer patients with single AE than those without macrolide ( P = 0.029). There was no significant difference in the moderate and severe groups ( P = 1.00 and 0.64, respectively). In the multiple AE, the subgroup with macrolide therapy had significantly fewer patients than those without macrolide therapy in the mild, moderate, and severe groups ( P = 0.024, 0.029, and 0.026, respectively).

        


        
          Conclusion:


          HRCT severity assessment might be useful in predicting treatment efficacy in patients with idiopathic bronchiectasis without previous AEs. Further large-scale clinical trials are required on the usefulness of HRCT in the future.
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      1. INTRODUCTION


      Bronchiectasis causes chronic lower respiratory tract infections due to persistent inflammation [ 1-3]. However, secondary bronchiectasis often results from some other inflammatory diseases or infections, such as rheumatoid arthritis, ulcerative colitis, nontuberculous mycobacteriosis, and diffuse panbronchiolitis (DPB), idiopathic bronchiectasis [ 4, 5], accounting for about 50% of all cases [ 6-8]. Long-term, low-dose macrolide therapy, originally performed for DPB by Kudo et al. [ 9], was applied to bronchiectasis and was reportedly effective in several randomized controlled trials [ 10-12]. They indicated various anti-inflammatory and anti-microbial effects of macrolide therapy, including prevention of inflammatory cell migration, decrease of active oxygen production, Pseudomonas aeruginosa biofilm formation, and excessive airway mucus. In 2017, the European Respiratory Society guidelines recommended long-term antibiotic treatment for adults with bronchiectasis with three or more acute exacerbations (AEs) per year without P. aeruginosa infection [ 13]. In the latest meta-analysis, however, macrolide antibiotics reduced the frequency of AE in patients with P. aeruginosa and patients with one to two exacerbations per year. Furthermore, this treatment improved the time to first exacerbation and quality of life measured by the St. George’s Respiratory Questionnaire [ 14]. Therefore, in contrast to current guidelines, macrolides may also be effective in patients who are not indicated for this treatment.


      High-resolution computed tomography (HRCT) is the gold standard for diagnosing bronchiectasis. In 1991, Bhalla et al. suggested an HRCT scoring system that used nine radiological categories [ 15]. A recent study developed the bronchiectasis radiologically indexed CT score (BRICS) using bronchial dilatation parameters and the number of bronchopulmonary segments with emphysema. BRICS demonstrated that radiological appearances alone could reflect the severity of the disease [ 16].


      There is no consensus regarding indications of using long-term, low-dose macrolide therapy in bronchiectasis. Moreover, no studies have investigated the relationship between the effect of macrolide therapy and the severity assessment performed by HRCT in idiopathic bronchiectasis. In contrast, HRCT correlates with clinical symptoms, respiratory function, and quality of life in patients with bronchiectasis [ 17]. In short, unlike patients with mild bronchiectasis, we assume that the therapeutic effects in patients with severe bronchiectasis, for whom a wide range of airways is irreversibly destroyed, are limited. We classified patients with idiopathic bronchiectasis by severity based on the BRICS system and compared the effects of long-term, low-dose macrolide therapy with AEs.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Study Population and Selection Criteria


        We retrospectively reviewed the medical records of patients diagnosed with idiopathic bronchiectasis between April 2014 and December 2020 at a single hospital. Patients were enrolled through a hospital database, and we extracted clinical data from their electronic medical records.


        The inclusion criteria were as follows: (1) patients who had bronchial dilatation, visibility of peripheral airways, bronchial wall thickening, and small airway abnormality on HRCT confirmed by multiple radiologists and pulmonologists; (2) patients who had regular outpatient clinic visits for at least 2 years; and (3) patients who had continuous macrolide therapy for 2 years regardless of the therapeutic effect. In contrast, the exclusion criteria were as follows: (1) patients with secondary bronchiectasis due to rheumatoid arthritis, ulcerative colitis, DPB, nontuberculous mycobacteriosis, and cystic fibrosis were ruled out by clinical symptoms, serological test, bacteriological examination, and/or endoscopy; (2) patients who were under macrolide therapy for other diseases; (3) patients who discontinued macrolide therapy due to dropouts or adverse events; (4) in cases where disagreements between pulmonologists and radiologists regarding patients’ HRCT findings were not resolved by consensus; (5) patients with interstitial pneumonia and malignant tumors; and (6) patients who had AE in the past. The Atsugi City Hospital Ethics Committee approved this study. All patient records were anonymized before analysis, and all patients obtained informed consent (approval number, R2-02). This committee approved the verbal consent procedure. We used an opt-out method and disclosed this to the patients.

      


      
        

        2.2. Data Analysis and Comparison Factors


        First, we divided all patients who met the study criteria into three groups according to the severity assessment score by BRICS (Table 1) (score 1 indicates mild disease, score 2–3 indicates moderate disease, and score >3 indicates severe disease). Then, each group was divided into subgroups with and without long-term, low-dose macrolide therapy (Fig. 1). We compared the clinical characteristics and the number of cases of single and multiple AE between the groups with and without macrolide therapy, and the same comparison was retrospectively performed between the subgroups with and without macrolide therapy in mild, moderate, and severe groups. Sex, age, body mass index, smoking status, clinical symptoms, forced vital capacity, and forced expiratory volume in the first second of expiration percent predicted, bacterial colonization, treatment, and comorbidities were the variables set for comparison from the electronic medical records at the start of observation.

      


      
        

        2.3. Review of Radiology


        All patients underwent HRCT, and the radiologists’ reports were available. Abnormal findings were described as bronchial dilatation, bronchial wall thickening, visibility of peripheral airway, and small airway abnormality by multiple pulmonologists and radiologists (Fig. 2). Bronchial dilatation was defined when the ratio between the diameter of the bronchus and the pulmonary artery running parallel (broncho-arterial ratio) was more than one. The visibility of the peripheral airway was optimal when the bronchus was within 1cm of the pleura. Small airway abnormalities included tree-in-bud appearance, centrilobular granular shadows, and mosaic attenuation. HRCT evaluated all patients within three months from the start of the observation period.

      


      
        

        2.4. Definition of Long-term, Low-dose Macrolide Therapy, and AE


        Low-dose macrolide therapy in all patients consisted of 400–600 mg erythromycin or 200–400 mg clarithromycin. All patients who underwent macrolide therapy received macrolide antibiotics for at least 2 years, except for dropout or discontinuation cases due to side effects.


        AE presenting with acute deterioration (usually over several days) with worsening local symptoms (cough, increased sputum volume or change of viscosity, increased sputum purulence with or without increasing wheeze, breathlessness, and hemoptysis) and/or systemic upset. For ancillary diagnosis, the elevation of serum CRP, detection of bacteria in sputum culture test, shadows suggestive of pneumonia by radiologic image, and improvement of abnormal shadow by antibiotic treatment were confirmed.


        [image: ]
Fig. (1)

        Patient selection flow.

        Legend: Of the 115 eligible patients diagnosed with idiopathic bronchiectasis, 45, 48, and 22 were included in the mild, moderate, and severe groups, respectively. Of the 45 patients in the mild group, 21 and 24 were assigned to the with and without macrolide subgroups, respectively. Of the 48 patients in the moderate group, 26 and 22 were assigned to the with and without macrolide subgroups, respectively. Of the 22 patients in the severe group, 14 and 8 were assigned to the with and without macrolide subgroups, respectively.

        [image: ]
Fig. (2)

        HRCT in a case of severe bronchiectasis.

        Legend: Bronchial dilatation (thin arrow), visibility of peripheral airway (thick arrow), bronchial wall thickening (triangle), and small airway abnormality (circle) were found in both lungs.
      


      
        

        2.5. Severity Classification on HRCT


        In 1991, the Bhalla score was calculated by scoring nine radiological categories (severity of bronchiectasis, peribronchial thickening, number of bronchopulmonary segments involved, the extent of mucus plugging, sacculations or abscesses, generations of bronchial divisions involved, number of bullae, number of bronchopulmonary segments with emphysema, and collapse of consolidation), which were then added up to the total score. In this score, bronchial dilatation and the number of bronchopulmonary segments with emphysema were the two components that were significantly associated with the disease severity markers. BRICS was developed with these two parameters, and it could be used as an adjunct to clinical parameters to predict disease severity in patients with idiopathic and post-infective bronchiectasis. The score ranges from 0 to 5, and a higher score indicates increasing disease severity (1 indicates mild disease, 2–3 indicates moderate disease, and >3 indicates severe disease) (Table 1). This study classified all patients into three groups (mild, moderate, and severe groups) using this scoring system.

      


      
        

        2.6. Statistical Analysis


        The average, standard deviation, median, 25 th, and 75 th percentile points, and range were calculated for continuous variables. Frequency and ratio were calculated for discrete variables. For intergroup comparisons, Fisher’s exact test was used for discrete variables and the Bonferroni correction for pairwise comparisons. All groups were compared using analysis of variance and pair comparisons by t-test in the case of the parametric method for comparison of continuous variables. All groups were compared using the Kruskal–Wallis test for the nonparametric method, and pair comparisons were made using the Mann–Whitney U test. A logistic regression analysis investigated the relationship between macrolide therapy and AE, and a value of P < 0.05 indicated statistical significance. Statistical analyses were performed using SPSS software, version 23.0 (IBM Japan, Ltd., Tokyo, Japan).

      

    


    
      

      3. RESULTS


      Of the 115 patients with idiopathic bronchiectasis, 61 (53%) and 54 (47%) were included in the groups with and without macrolide therapy. There were no significant differences in clinical characteristics, as presented in Table 2.


      Additionally, as shown in Table 3, there was no significant difference in a single AE between the groups with and without macrolide therapy [Odds ratio (OR)= 0.65; 95% confidence interval (CI): 0.72–3.22; P = 0.34]; however, patients in the macrolide group had significantly lower multiple AEs compared to the group without macrolide therapy (OR = 0.18; 95% CI: 0.07–0.47; P = 0.0003).


      
        Table 1 Severity assessment by the BRICS.

        
          
            
              	Score

              	0

              	1

              	2

              	3
            


            
              	Bronchial dilatation

              	Absent

              	Mild (lumen just > diameter of adjacent vessel)

              	Moderate (lumen 2–3 times > diameter of adjacent vessel)

              	Sever (lumen > 3 times the diameter of adjacent vessel)
            


            
              	No. of bronchopulmonary segments with emphysema

              	Absent

              	1–5

              	>5

              	-
            

          
        


      


      
        Table 2 Comparison of characteristics between the groups with and without macrolide therapy at the time of registration.

        
          
            
              	Variable

              	With Macrolide

              	Without Macrolide

              	P
            


            
              	(N = 61)

              	(N = 54)
            

          

          
            
              	Age

              	71.2 ± 6.9

              	72.7 ± 7.8

              	NS
            


            
              	Male

              	30 (49)

              	25 (46)

              	NS
            


            
              	BMI

              	22.8 ± 2.2

              	21.2 ± 3.3

              	NS
            


            
              	Smoking history

              	-

              	-

              	NS
            


            
              	Prior smoker

              	25 (41)

              	25 (46)

              	-
            


            
              	Current smoker

              	12 (20)

              	14 (26)

              	-
            


            
              	Non-smoker

              	24 (39)

              	15 (28)
            


            
              	Symptoms

              	-

              	-

              	-
            


            
              	Cough

              	45 (74)

              	45 (83)

              	NS
            


            
              	Sputum

              	42 (69)

              	35 (65)

              	NS
            


            
              	Bloody sputum

              	19 (31)

              	12 (22)

              	NS
            


            
              	Dyspnea

              	16 (26)

              	10 (19)

              	NS
            


            
              	Bacterial test

              	-

              	-

              	-
            


            
              	P. aeruginosa

              	23 (38)

              	16 (30)

              	NS
            


            
              	H. influenzae

              	12 (20)

              	7 (13)

              	NS
            


            
              	S. aureus

              	8 (13)

              	4 (7)

              	NS
            


            
              	FEV 1% pred

              	-

              	-

              	-
            


            
              	≥80% pred

              	10 (16)

              	6 (11)

              	NS
            


            
              	≥50–<80 % pred

              	21 (35)

              	21 (39)

              	NS
            


            
              	≥30–<50 % pred

              	24 (39)

              	22 (41)

              	NS
            


            
              	<30% pred

              	6 (10)

              	5 (9)

              	NS
            


            
              	Treatment

              	-

              	-

              	-
            


            
              	ICS/LABA

              	14 (23)

              	9 (17)

              	NS
            


            
              	ICS alone

              	9 (15)

              	6 (11)

              	NS
            


            
              	LABA alone

              	11 (18)

              	8 (15)

              	NS
            


            
              	LAMA

              	13 (21)

              	8 (15)

              	NS
            


            
              	L-carbocisteine

              	39 (64)

              	33 (61)

              	NS
            


            
              	Comorbidities

              	-

              	-

              	-
            


            
              	Asthma

              	4 (7)

              	3 (6)

              	NS
            


            
              	heart disease

              	7 (11)

              	4 (7)

              	NS
            


            
              	CVD

              	6 (10)

              	4 (7)

              	NS
            


            
              	Diabetes mellitus

              	8 (13)

              	6 (11)

              	NS
            

          
        


        
          Note: Values are presented as no. (%) or mean ± standard error. BMI, body mass index; CVD, cerebrovascular disease; FEV 1, forced expiratory volume in 1 second; % pred, percentage of predicted; ICS, inhaled corticosteroid; LABA, long-acting beta-2 agonists; LAMA, long-acting muscarinic antagonists; NS, not significant.
        


      


      
        Table 3 Comparison of the number of patients with AE between the groups with and without macrolide therapy.


        
          
            
              	Variable

              	With

              Macrolide

              (N = 61)

              	Without

              Macrolide

              (N = 54)

              	OR

              	95% CI

              	P
            


            
              	N

              	%

              	N

              	%
            


            
              	Number of patients with AE
            


            
              	Single AE

              	39

              	64

              	29

              	54

              	1.52

              	0.72–3.22

              	0.34
            


            
              	Multiple AE

              	8

              	13

              	24

              	44

              	0.18

              	0.07–0.47

              	0.0003
            

          
        


        
          Note: Values are presented as no. (%). AE; acute exacerbation; CI, confidence interval; OR, odds ratio.
        


      


      
        Table 4 Comparison of characteristics between the subgroups with and without macrolide by severity classification at the time of registration.


        
          
            
              	-

              	Mild Group

              	-

              	Moderate Group

              	-

              	Severe Group

              	-
            


            
              	Variable

              	With

              	Without

              	P

              	With

              	Without

              	P

              	With

              	Without

              	P
            


            
              	(N = 21)

              	(N = 24)

              	(N = 26)

              	(N = 22)

              	(N = 14)

              	(N = 8)
            

          

          
            
              	Age

              	71.2 ± 7.1

              	70.9 ± 8.0

              	NS

              	72.7 ± 6.3

              	72.2 ± 8.2

              	NS

              	73.3 ± 8.1

              	73.1 ± 7.2

              	NS
            


            
              	Male

              	11 (52)

              	13 (54)

              	NS

              	13 (50)

              	---9 (41)

              	NS

              	---6 (43)

              	---3 (8)

              	NS
            


            
              	BMI

              	21.7 ± 1.6

              	21.9 ± 3.0

              	NS

              	21.7 ± 2.2

              	22.2 ± 2.4

              	NS

              	20.2 ± 2.8

              	21.1 ± 2.4

              	NS
            


            
              	Smoking history

              	-

              	-

              	NS

              	-

              	-

              	NS

              	-

              	-

              	NS
            


            
              	Prior smoker

              	9 (43)

              	11 (46)

              	-

              	12 (46)

              	11 (50)

              	-

              	4 (29)

              	---3 (38)

              	-
            


            
              	Current smoker

              	5 (24)

              	7 (29)

              	-

              	4 (15)

              	5 (23)

              	-

              	3 (21)

              	2 (25)

              	-
            


            
              	Non-smoker

              	7 (33)

              	6 (25)

              	10 (39)

              	6 (27)

              	7 (50)

              	3 (38)
            


            
              	Symptoms

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-
            


            
              	Cough

              	11 (52)

              	17 (71)

              	NS

              	20 (77)

              	20 (91)

              	NS

              	14 (100)

              	8 (100)

              	NS
            


            
              	Sputum

              	9 (43)

              	10 (42)

              	NS

              	19 (73)

              	17 (77)

              	NS

              	14 (100)

              	8 (100)

              	NS
            


            
              	Bloody sputum

              	2 (10)

              	---2 (8)

              	NS

              	---9 (35)

              	---5 (23)

              	NS

              	8 (57)

              	5 (63)

              	NS
            


            
              	Dyspnea

              	---1 (5)

              	---1 (4)

              	NS

              	6 (23)

              	3 (14)

              	NS

              	9 (64)

              	6 (75)

              	NS
            


            
              	Bacterial test

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-
            


            
              	P. aeruginosa

              	2 (10)

              	---2 (8)

              	NS

              	9 (35)

              	9 (41)

              	NS

              	12 (86)

              	5 (63)

              	NS
            


            
              	H. influenzae

              	2 (10)

              	---1 (4)

              	NS

              	4 (15)

              	---2 (9)

              	NS

              	6 (43)

              	4 (50)

              	NS
            


            
              	S. aureus

              	---1 (5)

              	---1 (4)

              	NS

              	3 (12)

              	---1 (5)

              	NS

              	4 (29)

              	2 (25)

              	NS
            


            
              	FEV 1% pred

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-
            


            
              	≥80% pred

              	8 (38)

              	6 (25)

              	NS

              	---2 (8)

              	---0 (0)

              	NS

              	---0 (0)

              	---0 (0)

              	NS
            


            
              	≥50–<80 % pred

              	12 (57)

              	16 (67)

              	NS

              	---6 (23)

              	4 (18)

              	NS

              	3 (21)

              	1 (12)

              	NS
            


            
              	≥30–<50 % pred

              	---1 (5)

              	---2 (8)

              	NSNS

              	17 (65)

              	16 (73)

              	NS

              	6 (43)

              	4 (50)

              	NS
            


            
              	<30% pred

              	---0 (0)

              	---0 (0)

              	-

              	---2 (8)

              	---2 (9)

              	NS

              	4 (29)

              	3 (38)

              	NS
            


            
              	Treatment

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-
            


            
              	ICS/LABA

              	3 (14)

              	4 (17)

              	NS

              	5 (19)

              	---2 (9)

              	NS

              	6 (43)

              	3 (37)

              	NS
            


            
              	ICS alone

              	4 (19)

              	3 (13)

              	NS

              	3 (12)

              	---1 (5)

              	NS

              	2 (14)

              	2 (25)

              	NS
            


            
              	LABA alone

              	2 (10)

              	4 (17)

              	NS

              	4 (15)

              	---2 (9)

              	NS

              	5 (36)

              	2 (25)

              	NS
            


            
              	LAMA

              	3 (14)

              	---2 (8)

              	NS

              	5 (19)

              	3 (14)

              	NS

              	5 (36)

              	3 (38)

              	NSNS
            


            
              	L-carbocisteine

              	4 (19)

              	10 (42)

              	NS

              	21 (81)

              	15 (68)

              	NS

              	14 (100)

              	8 (100)

              	-
            


            
              	Comorbidities

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-

              	-
            


            
              	Asthma

              	---1 (5)

              	---1 (4)

              	NS

              	---2 (8)

              	1 (5)

              	NS

              	---1 (7)

              	1 (12)

              	NS
            


            
              	Heart disease

              	---2 (10)

              	---1 (4)

              	NS

              	4 (15)

              	2 (9)

              	NS

              	---1 (7)

              	1 (12)

              	NS
            


            
              	CVD

              	2 (10)

              	---2 (8)

              	NS

              	3 (12)

              	1 (5)

              	NS

              	---1 (7)

              	1 (12)

              	NSNS
            


            
              	Diabetes mellitus

              	2 (10)

              	---1 (4)

              	NS

              	4 (15)

              	3 (14)

              	NS

              	2 (14)

              	2 (25)

              	-
            

          
        


        
          Note: Values are presented as no. (%) or mean ± standard error. BMI, body mass index; CVD, cerebrovascular disease; FEV 1, forced expiratory volume in 1 second; % pred, percentage of predicted; ICS, inhaled corticosteroid; LABA, long-acting beta-2 agonists; LAMA, long-acting muscarinic antagonists; NS, not significant.
        


      


      
        Table 5 Comparison of the number of patients with AE between subgroups with macrolide and without macrolide in mild, moderate, severe groups, respectively.


        
          
            
              	-

              	Mild Group

              	Moderate Group

              	Severe Group
            


            
              	With Macrolide

              (N = 21)

              	Without Macrolide

              (N = 24)

              	OR

              	95% CI

              	P

              	With Macrolide

              (N =26)

              	Without Macrolide

              (N = 22)

              	OR

              	95% CI

              	P

              	With Macrolide

              (N = 14)

              	Without Macrolide

              (N = 8)

              	OR

              	95% CI

              	P
            


            
              	N

              	%

              	N

              	%

              	-

              	N

              	%

              	N

              	%

              	-

              	N

              	%

              	N

              	%

              	-
            


            
              	Number of patients with AE
            


            
              	Single

              	4

              	19

              	13

              	54

              	0.19

              	0.05

              -0.77

              	0.029

              	12

              	46

              	10

              	45

              	1.02

              	0.32-3.21

              	1.00

              	6

              	43

              	2

              	25

              	2.25

              	0.33

              -15.3

              	0.64
            


            
              	Multiple

              	1

              	5

              	8

              	33

              	0.10

              	0.01

              -0.88

              	0.024

              	4

              	15

              	10

              	45

              	0.21

              	0.05-0.84

              	0.029

              	3

              	21

              	6

              	75

              	0.09

              	0.01

              -0.70

              	0.026
            

          
        


        
          Note: Values are presented as no. (%). AE; acute exacerbation; CI, confidence interval; OR, odds ratio.
        


      


      Regarding severity, 45 (mild group; 21 and 24 for with and without macrolide therapy, respectively), 48 (moderate group; 26 and 22 for with and without macrolide therapy, respectively), and 22 (severe group; 14 and 8 for with and without macrolide therapy, respectively) were assigned to each subgroup. As shown in Table 4, no significant difference in the clinical characteristics in the mild, moderate, and severe groups was observed. However, the complication rate of respiratory symptoms, severe respiratory dysfunction, and bacterial infections, including P. aeruginosa, were higher in proportion to the severity. Regarding the incidence of a single AE, the subgroup with macrolide therapy had significantly fewer patients with AEs than the mild group without macrolide therapy (OR = 0.19; 95% CI: 0.05–0.77; P = 0.029), as shown in Table 5. In contrast, no significant difference was found between subgroups in the moderate and severe groups, respectively (OR = 1.02 and 2.25; 95% CI: 0.32–3.21 and 0.33–15.3; P = 1.00 and 0.64, respectively), as shown in Table 5. On the other hand, the subgroup with macrolide therapy had significantly fewer patients with multiple AEs regardless of severity compared to the group without macrolide therapy (mild group; OR = 0.10, moderate; 0.21, severe; 0.09; 95% CI: 0.01–0.88, 0.05–0.84, and 0.01–0.70; P = 0.024, 0.029, and 0.026, respectively).

    


    
      

      4. DISCUSSION


      Bronchiectasis is a disease that causes repeated chronic respiratory tract infections, leading to gradual but irreversible lung distortion. The pathogenesis of this condition has been previously reported as follows. First, bacterial colonization weakens the bronchi, resulting in the induction of an excessive immune response. Second, persistent bronchial inflammation destroys bronchial elastic fibers, smooth muscle, and cartilage and promotes excessive mucus secretion, ciliary movement reduction, and airway macrophage dysfunction. This leads to lung distortion and bacterial colonization, which eventually facilitates a destructive inflammation cycle [ 3, 18]. The effects of genetic predisposition and environmental factors have both been considered in idiopathic bronchiectasis; however, specific details remain unclear [ 2, 3, 18]. Long-term, low-dose macrolide therapy has been proven to be an effective treatment for bronchiectasis [ 10-12]. Current European guidelines suggest that patients with three or more AE per year without P. aeruginosa infection should receive macrolide therapy [ 13]. In addition, the BLESS trial also reported that erythromycin did not significantly reduce AE in patients without P. aeruginosa [ 19]. On the contrary, a more recent study reported that erythromycin could significantly reduce the frequency of AE in patients with P. aeruginosa infection who experience one to two exacerbations per year [ 14]. However, there is still no solid, definitive evidence on the relationship between macrolide and the incidence of AE; thus, further research is necessary. In the present study, we retrospectively classified patients with idiopathic bronchiectasis according to the severity of the BRICS and investigated the differences in the effects of macrolides for AE.


      HRCT is the gold standard for the definitive diagnosis of bronchiectasis. Previous reports indicated that the severity of HRCT is significantly related to respiratory function and clinical symptoms [ 20-22]. Consistent with these reports, this study showed that patients in the severe group had more respiratory symptoms and lower respiratory function than patients in the mild and moderate groups (Table 4). Moreover, the prevalence of P. aeruginosa also increased in proportion to the severity, possibly reflecting bacterial changes secondary to repeated infections. The frequency of AE was set as a comparative factor, and significant differences in patients classified by HRCT were confirmed. In this study, no significant difference in the incidence of a single AE was observed between the moderate and severe groups. We hypothesized that the destructive inflammatory cycle may have reduced the therapeutic effectiveness of macrolides. However, a reduction in the incidence of multiple AE was observed regardless of severity, suggesting that continuation of macrolide therapy even after the occurrence of one AE may induce a variety of anti-inflammatory and anti-microbial effects. Also, our research excluded patients with any prior history of AE. We believe that while this selection had little effect on the results of the mild group with a low frequency of AE, it may have influenced the outcome for the incidence of AE in the severity group with a high frequency of AE and various symptoms. On the other hand, the selection of limited patients without a history of AE might indicate the probability of future occurrence of AE in each severity group.


      In this study, we adopted the BRICS score, and all patients were classified into three groups accordingly. Regarding the severity scoring system for bronchiectasis, since 1991, some studies have provided their systems, such as the Bhalla score, the modified Reiff score, the bronchiectasis severity index, and the forced expiratory volume in 1 s, age, chronic colonization, extension, and dyspnea (FACED) score [ 15, 23-25]. The latest BRICS system was categorized only by bronchial dilatation and the number of bronchopulmonary segments with emphysema, and its simplified radiological score was reported to be effective in assessing clinical disease severity in bronchiectasis [ 26]. Through this study, we found it reasonable to use this BRICS system, but close cooperation and discussion between pulmonologists and radiologists were essential regarding the evaluation of HRCT findings.


      Nonetheless, this study has some limitations. First, this was a retrospective study, and thus, the type and doses of macrolides were not completely consistent. Also, no patients were treated with azithromycin because its use for bronchiectasis was not permitted in Japan due to health coverage regulations. Second, long-term, low-dose macrolide therapy is also associated with the appearance of macrolide-resistant bacteria, such as drug-resistant oropharyngeal Streptococci, but drug-resistance tests were not routinely performed [ 12]. In short, the potential effects of the emergence of drug-resistant bacteria on the therapeutic effect could not be sufficiently ruled out. Third, although the frequency of AE was compared as a marker of therapeutic effect, therapeutic effects for respiratory symptoms and respiratory function were not compared. Additionally, this study was conducted at a single hospital with a limited number of registered patients.


      Despite these limitations, we strongly believe that this study has valuable implications for assessing the relationship between long-term, low-dose macrolide therapy and the frequency of AE in idiopathic bronchiectasis classified by severity of the BRICS. Further research regarding the relationship between macrolide therapy and bronchiectasis is recommended.

    


    
      

      CONCLUSION


      Long-term, low-dose macrolide therapy might reduce the incidence of multiple AEs, regardless of severity, in patients with idiopathic bronchiectasis without previous AEs. However, macrolide therapy might be less effective in reducing the occurrence of a single AE based on severity. Severity assessment by HRCT might be a useful tool to predict treatment efficacy. Further large-scale clinical trials should be considered to investigate the utility of HRCT in bronchiectasis.

    


    
      

      
        LIST OF ABBREVIATIONS


        
          
            	

            	
          


          
            	HRCT =

            	High-resolution computed tomography
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            	Acute exacerbation
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            	Bronchiectasis radiologically indexed CT score
          

        

      

    


    
      

      AUTHORS' CONTRIBUTIONS


      Dr. ZS designed the study and drafted the manuscript. Dr. KK made substantial contributions to the analysis and interpretation of data and editing of the final manuscript. Dr. MY, SU, SN, KT, and NT contributed to the data collection, analysis, and review of this manuscript.

    

  


  
    
      

      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      The Atsugi City Hospital Ethics Committie approved this study.

    


    
      

      HUMAN AND ANIMAL RIGHTS


      No animals were used that are the basis of this study. All the human procedures were performed in accordance with the Declaration of Helsinki and the Good Clinical Practice guidelines.

    


    
      

      CONSENT FOR PUBLICATION


      Informed consent was obtained from all participants.

    


    
      

      STANDARDS OF REPORTING


      STROBE guidelines were followed.

    


    
      

      AVAILABILITY OF DATA AND MATERIALS


      The data that support the findings of this study are available on request from the corresponding author [Z.S]. The data are not publicly available due to ethical restrictions.

    


    
      

      FUNDING


      None.

    


    
      

      CONFLICT OF INTEREST


      The authors declare that they have no competing interests.

    


    ACKNOWLEDGMENTS


    The authors would like to thank Enago for the professional English language review.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Barker A.F.. Bronchiectasis., N. Engl. J. Med.. 2002; 346(18): 1383-1393.

        [CrossRef] [PubMed]
      


      
        	[2]

        	Boyton R.J., Altmann D.M.. Bronchiectasis: Current concepts in pathogenesis, immunology, and microbiology., Annu. Rev. Pathol.. 2016; 11(1): 523-554.

        [CrossRef] [PubMed]
      


      
        	[3]

        	King P.. Pathogenesis of bronchiectasis., Paediatr. Respir. Rev.. 2011; 12(2): 104-110.

        [CrossRef] [PubMed]
      


      
        	[4]

        	Weycker D., Edelsberg J., Oster G., Tino G.. Prevalence and economic burden of bronchiectasis., Clin. Pulm. Med.. 2005; 12(4): 205-209.

        [CrossRef]
      


      
        	[5]

        	Wilczynska M.M., Condliffe A.M., McKeon D.J.. Coexistence of bronchiectasis and rheumatoid arthritis: revisited., Respir. Care. 2013; 58(4): 694-701.

        [CrossRef] [PubMed]
      


      
        	[6]

        	Altenburg J., Wortel K., van der Werf T.S., Boersma W.G.. Non-cystic fibrosis bronchiectasis: Clinical presentation, diagnosis and treatment, illustrated by data from a Dutch Teaching Hospital., Neth. J. Med.. 2015; 73(4): 147-154.

        [PubMed]
      


      
        	[7]

        	Pasteur M.C., Helliwell S.M., Houghton S.J., Webb S.C., Foweraker J., Coulden R.A., Flower C.D., Bilton D., Keogan M.T.. An investigation into causative factors in patients with bronchiectasis., Am. J. Respir. Crit. Care Med.. 2000; 162(4): 1277-1284.

        [CrossRef] [PubMed]
      


      
        	[8]

        	Kadowaki T., Yano S., Wakabayashi K., Kobayashi K., Ishikawa S., Kimura M., Ikeda T.. An analysis of etiology, causal pathogens, imaging patterns, and treatment of Japanese patients with bronchiectasis., Respir. Investig.. 2015; 53(1): 37-44.

        [CrossRef] [PubMed]
      


      
        	[9]

        	Kudoh S., Keicho N.. Diffuse panbronchiolitis., Clin. Chest Med.. 2012; 33(2): 297-305.

        [CrossRef] [PubMed]
      


      
        	[10]

        	Wong C., Jayaram L., Karalus N., Eaton T., Tong C., Hockey H., Milne D., Fergusson W., Tuffery C., Sexton P., Storey L., Ashton T.. Azithromycin for prevention of exacerbations in non-cystic fibrosis bronchiectasis (EMBRACE): A randomised, double-blind, placebo-controlled trial., Lancet. 2012; 380(9842): 660-667.

        [CrossRef] [PubMed]
      


      
        	[11]

        	Altenburg J., de Graaff C.S., Stienstra Y., Sloos J.H., van Haren E.H.J., Koppers R.J.H., van der Werf T.S., Boersma W.G.. Effect of azithromycin maintenance treatment on infectious exacerbations among patients with non-cystic fibrosis bronchiectasis: The BAT randomized controlled trial., JAMA. 2013; 309(12): 1251-1259.

        [CrossRef] [PubMed]
      


      
        	[12]

        	Serisier D.J., Martin M.L., McGuckin M.A., Lourie R., Chen A.C., Brain B., Biga S., Schlebusch S., Dash P., Bowler S.D.. Effect of long-term, low-dose erythromycin on pulmonary exacerbations among patients with non-cystic fibrosis bronchiectasis: The BLESS randomized controlled trial., JAMA. 2013; 309(12): 1260-1267.

        [CrossRef] [PubMed]
      


      
        	[13]

        	Polverino E., Goeminne P.C., McDonnell M.J., Aliberti S., Marshall S.E., Loebinger M.R., Murris M., Cantón R., Torres A., Dimakou K., De Soyza A., Hill A.T., Haworth C.S., Vendrell M., Ringshausen F.C., Subotic D., Wilson R., Vilaró J., Stallberg B., Welte T., Rohde G., Blasi F., Elborn S., Almagro M., Timothy A., Ruddy T., Tonia T., Rigau D., Chalmers J.D.. European Respiratory Society guidelines for the management of adult bronchiectasis., Eur. Respir. J.. 2017; 50(3): 1700629.

        [CrossRef] [PubMed]
      


      
        	[14]

        	Chalmers J.D., Boersma W., Lonergan M., Jayaram L., Crichton M.L., Karalus N., Taylor S.L., Martin M.L., Burr L.D., Wong C., Altenburg J.. Long-term macrolide antibiotics for the treatment of bronchiectasis in adults: An individual participant data meta-analysis., Lancet Respir. Med.. 2019; 7(10): 845-854.

        [CrossRef] [PubMed]
      


      
        	[15]

        	Bhalla M., Turcios N., Aponte V., Jenkins M., Leitman B.S., McCauley D.I., Naidich D.P.. Cystic fibrosis: Scoring system with thin-section CT., Radiology. 1991; 179(3): 783-788.

        [CrossRef] [PubMed]
      


      
        	[16]

        	Bedi P., Chalmers J.D., Goeminne P.C., Mai C., Saravanamuthu P., Velu P.P., Cartlidge M.K., Loebinger M.R., Jacob J., Kamal F., Schembri N., Aliberti S., Hill U., Harrison M., Johnson C., Screaton N., Haworth C., Polverino E., Rosales E., Torres A., Benegas M.N., Rossi A.G., Patel D., Hill A.T.. The BRICS (Bronchiectasis Radiologically Indexed CT Score)., Chest. 2018; 153(5): 1177-1186.

        [CrossRef] [PubMed]
      


      
        	[17]

        	Li L., Li Z., Bi J., Li H., Wang S., Shao C., Song Y.. The association between serum albumin/prealbumin level and disease severity in non‐CF bronchiectasis., Clin. Exp. Pharmacol. Physiol.. 2020; 47(9): 1537-1544.

        [CrossRef] [PubMed]
      


      
        	[18]

        	Morrissey B.M.. Pathogenesis of Bronchiectasis., Clin. Chest Med.. 2007; 28(2): 289-296.

        [CrossRef] [PubMed]
      


      
        	[19]

        	Rogers G.B., Bruce K.D., Martin M.L., Burr L.D., Serisier D.J.. The effect of long-term macrolide treatment on respiratory microbiota composition in non-cystic fibrosis bronchiectasis: An analysis from the randomised, double-blind, placebo-controlled BLESS trial., Lancet Respir. Med.. 2014; 2(12): 988-996.

        [CrossRef] [PubMed]
      


      
        	[20]

        	Lee J.H., Kim Y.K., Kwag H.J., Chang J.H.. Relationships between high-resolution computed tomography, lung function and bacteriology in stable bronchiectasis., J. Korean Med. Sci.. 2004; 19(1): 62-68.

        [CrossRef] [PubMed]
      


      
        	[21]

        	Eshed I., Minski I., Katz R., Jones P.W., Priel I.E.. Bronchiectasis: Correlation of high-resolution CT findings with health-related quality of life., Clin. Radiol.. 2007; 62(2): 152-159.

        [CrossRef] [PubMed]
      


      
        	[22]

        	Başaran A.E., Başaran A., Maslak I.C., Arslan G., Bingöl A.. Evaluation of noncystic fibrosis bronchiectasis using clinical and radiological scorings in children., Turk. Thorac. J.. 2018; 19(4): 159-164.

        [CrossRef] [PubMed]
      


      
        	[23]

        	Reiff D.B., Wells A.U., Carr D.H., Cole P.J., Hansell D.M.. CT findings in bronchiectasis: limited value in distinguishing between idiopathic and specific types., AJR Am. J. Roentgenol.. 1995; 165(2): 261-267.

        [CrossRef] [PubMed]
      


      
        	[24]

        	Chalmers J.D., Goeminne P., Aliberti S., McDonnell M.J., Lonni S., Davidson J., Poppelwell L., Salih W., Pesci A., Dupont L.J., Fardon T.C., De Soyza A., Hill A.T.. The bronchiectasis severity index. An international derivation and validation study., Am. J. Respir. Crit. Care Med.. 2014; 189(5): 576-585.

        [CrossRef] [PubMed]
      


      
        	[25]

        	Martínez-García M.A., de Gracia J., Vendrell Relat M., Girón R.M., Máiz Carro L., de la Rosa Carrillo D., Olveira C.. Multidimensional approach to non-cystic fibrosis bronchiectasis: The FACED score., Eur. Respir. J.. 2014; 43(5): 1357-1367.

        [CrossRef] [PubMed]
      


      
        	[26]

        	Saito Z., Yoshida M., Nishioka S.. 2021The relationship between long-term, low-dose macrolide therapy and acute exacerbation in idiopathic bronchiectasis classied by high- resolution computed tomography., Res. Square.. [CrossRef]
      

    

  


  

OEBPS/Images/tormj.jpg
Usefulness of High-resolution Computed
Tomography for Macrolide Therapy of
Idiopathic






OEBPS/Images/e187430642307250_F1.jpg
Incusion crtera (HRCT fndings)

AT ——
ey (V-4

Pt with dsrecmons rpring
HRCT T (3

Fr e p—
gt amors - 15)
s b d AL i

i r—
V=115 61w 4 it o)

Motk gy severe grop
w-is)

(i) s

1 -

Wi Wi Wik W Wb
e muide | mace e[| ol
ez W26 ez Wiy oy






OEBPS/Images/e187430642307250_F2.jpg





