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Objective: Flexible bronchoscopy is widely used in infants and it plays a crucial role. The aim of this study was to investigate the value and clinical safety of flexible bronchoscopy in a neonatal intensive care unit.

Methods: A retrospective analysis was performed on the clinical data of 116 neonates who underwent flexible bronchoscopy and the outcomes of 147 procedures. A correlation analysis was performed on the relationship between flexible bronchoscopy findings, microscopic indications, and clinical disease.

Results: The 147 procedures performed were due to the following reasons: problems related to artificial airways, 58 cases (39.45%); upper respiratory problems, 60 cases (40.81%) (recurrent dyspnea, 23 cases; upper airway obstruction, 17 cases; recurrent stridor, 14 cases; and hoarseness, six cases), lower respiratory problems, 51 cases (34.69%) (persistent pneumonia, 21 cases; suspicious airway anatomical disease, 21 cases; recurrent atelectasis, eight cases; and pneumorrhagia, one case), feeding difficulty three cases (2.04%). The 147 endoscopic examinations were performed for the following reasons: pathological changes, 141 cases (95.92%); laryngomalacia, 78 cases (53.06%); mucosal inflammation/secretions, 64 cases (43.54%); vocal cord paralysis, 29 cases (19.72%); trachea/bronchus stenosis, 17 cases (11.56%) [five cases of congenital annular constriction of the trachea, seven cases of left main tracheal stenosis, one case of the right middle bronchial stenosis, two cases of tracheal compression, and two cases of congenital tracheal stenosis]; subglottic lesions, 15 cases (10.20%) [eight cases of subglottic granulation tissue, six cases of subglottic stenosis, one cases of subglottic hemangioma]; tracheomalacia, 14 cases (9.52%); laryngeal edema, five cases (3.40%); tracheoesophageal fistula, four cases (2.72%); rhinostenosis, three cases (2.04%); tracheal bronchus, three cases (2.04%); glossoptosis, two cases (1.36%); laryngeal cyst, two cases (1.36%); laryngeal cleft, two cases (1.36%); tongue base cysts, one case (0.68%); and pneumorrhagia, one case (0.68%). Complications were rare and mild.

Conclusion: Flexible bronchoscopy is safe and effective for diagnosing and differentiating neonatal respiratory disorders in neonatal intensive care units.
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Introduction

Respiratory disease is a predominantly observed problem in neonatal and pediatric intensive care units (ICUs) (1). It is challenging to explain the complex relationship between infection, lung immaturity, and ventilator-caused lung injury in ventilated patients. This poses a challenge to clinical management. Flexible bronchoscopy (FB) is an important tool for the diagnosis and treatment of various pediatric respiratory diseases (2–4). With the improvement of bronchoscopy equipment and technology, FB has gradually been applied to neonates, especially in the diagnosis and treatment of abnormal airways. The purpose of this study was to investigate flexible bronchoscopic findings and clinical data and discuss the diagnostic contribution and safety of FB in the neonatal ICU (NICU).



Materials and methods


Patients

A total of 116 patients underwent FB in the Children’s Hospital, Zhejiang University School of Medicine, NICU, between October 2015 and September 2021. In all, 147 FB procedures were performed in 116 patients. The inclusion criteria were based on the Pediatric Bronchoscopy Guidelines (5); they were as follows: neonates with recurrent pulmonary infection or atelectasis, with recurrent dyspnea or suspicious respiratory tract anomaly; neonates with suspicious tracheal stenosis in the radiological image [X-ray or computed tomography (CT)]; failure to be extubated and difficult intubation; or confirmed congenital esophageal atresia to clarify the presence and position of esophagobronchial fistula before surgery. The exclusion criteria were as follows: severe respiratory diseases with high values of ventilation, multiple organ failure, severe congenital heart disease (CHD) or cardiac dysfunction, coagulopathy, and present hyperthermia.

Data on sex, age on the day of the procedure, gestational age at birth, birth weight, length of NICU stay before FB, indications for bronchoscopy, bronchoscopy findings, and complications were retrospectively collected. All the patients’ parents voluntarily signed the informed consent before FB. This study was approved by the Ethics Committee of the Children’s Hospital affiliated with Zhejiang University School of Medicine, and informed consent was obtained from the child’s parents.



Bronchoscopy

Flexible bronchoscopy was performed using Olympus (BF-XP 60, BF-XP 260 F, or BF-XP 290) bronchoscopes. To prevent vomiting and aspiration, patients did not consume for 2 h before FB. FB was performed at the bedside in the NICU. Midazolam, injected intravenously at a dose of 0.1 mg/kg, was used for sedation. Local anesthesia with 1% lidocaine was administered. All FBs were performed by two senior pediatric pulmonologists. Depending on the patient’s clinical condition, the bronchoscopy was performed transnasally via a laryngeal mask or an endotracheal tube. Stable ventilated newborns were extubated in the process of the procedure so as to evaluate any upper airway anatomic and dynamic disease. Pulse rate, electrocardiogram, and arterial oxygen saturation (SaO2) were recorded continuously during the procedure, and non-invasive blood pressure was monitored every 3–5 min. Supplemental oxygen was given by nasal tube on demand. If the SaO2 fell below 90%, FB was suspended and attempted again after SaO2 recovery.



Statistical analysis

Data were analyzed using the SPSS Statistics 23.0 software (IBM SPSS Statistics). The values of continuous variables were presented as the mean ± standard deviation. The median and range were presented as non-parametric data. The categorical variables were expressed as quantities and percentages (%). Differences between normally distributed values of two groups were analyzed by an unpaired Student’s t-test. Data enumeration was performed using the χ2 test and Fisher’s exact probability method. Statistical significance was assumed when P < 0.05.




Results


General data

A total of 147 FBs were performed in 116 neonates. Among the 116 neonates, 66 were males and 50 were females, with a ratio of 1.32:1. Of 147, 67 (46.58%) were premature babies. At the time of the procedure, the median age ranged from 1 day to 180 days (41.33 ± 36.95 days). Gestational age ranged from 188 days to 291 days (252.18 ± 29.44 days). The birth weight ranged from 750 g to 4,000 g (2,388.68 ± 893.49 g). Concomitant CHD was observed in 104 (70.74%) cases. The median length of NICU stays before FB ranged from 1 day to 180 days (23.87 ± 29.50 days).

The indications for FB were as follows: problems related to artificial airways, 58 cases (39.45%) (extubation failure, 48 cases, and difficulty intubations, 10 cases); upper respiratory problems, 60 cases (40.81%) (recurrent dyspnea, 23 cases; upper airway obstruction, 17 cases; recurrent stridor, 14 cases; and hoarseness, six cases); lower respiratory problems, 51 cases (34.7%) (persistent pneumonia, 21 cases; suspicious airway anatomical disease, 21 cases; recurrent atelectasis, eight cases; and pneumorrhagia, one case); and feeding difficulty, 3 cases (2.04%). The general characteristics of the patients are detailed in Table 1.


TABLE 1    General characteristics of the patient (n: 147).
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Results of flexible bronchoscopy

Flexible bronchoscopy helped reveal at least one abnormality in 141 cases (95.92%). Among 147 FBs performed, upper respiratory disease accounted for 103 cases. The most common findings were laryngomalacia and vocal cord paralysis (VCP) (53.06% and 19.72% of the patients, respectively). Lower respiratory disease accounted for 71 procedures. Mucosal inflammation/secretions were observed in 64 cases (43.54%), while trachea/bronchus stenosis was observed in 17 cases (11.56%). The biggest proportion of trachea/bronchus stenosis was stenosis of the left main trachea, followed by congenital annular constriction of the trachea. Stenosis of the right middle bronchus, external pressure stenosis of the trachea, and congenital tracheal stenosis were observed in one, two, and two cases, respectively (Figures 1–6 and Tables 2, 3). Both upper and lower respiratory diseases were observed in 32 cases (21.77%), and congenital respiratory malformations were observed in 78 cases (53.06%). In addition, both upper and lower respiratory malformations were observed in 11 cases (7.48%).
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FIGURE 1
Tongue base cysts. Arrow indicates the Tongue base cysts.
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FIGURE 2
Laryngomalacia. Arrow indicates both sides of epiglottis cartilage curl inward and throat cavity.
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FIGURE 3
Bilateral vocal cord paralysis. Both arrows indicate the bilateral vocal cord paralysis.
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FIGURE 4
Subglottic hemangioma. Arrow indicates right subglottic hemangioma.
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FIGURE 5
Subglottic stenosis. Arrow indicates subglottic stenosis because of endotracheal intubation.
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FIGURE 6
Congenital annular constriction of trachea. Arrow indicates congenital annular constriction of trachea.



TABLE 2    The findings of flexible bronchoscopy.
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TABLE 3    The indications and findings of FB.
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Correlations

The incidence of laryngomalacia was higher in newborns with CHD than in those without CHD (58.65% vs. 37.78%, P = 0.046). While the incidence of subglottic lesions, mucosal inflammation/secretions, trachea/bronchus stenosis, and tracheomalacia was higher, there was no statistical difference. The length of stay did not significantly differ between the two groups. The prevalence rates of laryngomalacia, vocal cord paralysis, and trachea/bronchus stenosis were significantly higher among premature infants. Mature infants had a significantly shorter length of hospital stay. The correlations between the FB findings and other diseases are presented in Table 4.


TABLE 4    The correlations between CHD and non–CHD, premature and mature.
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Complications

In 35 (23.8%) procedures, mild hypoxemia (80% < SaO2 < 90%) was observed. One case had bradycardia and severe hypoxemia (approximately 60%) during the bronchoscopy. After a brief pause, oxygen suction was provided. The patient quickly returned to his baseline respiratory support following the procedure. No significant complications, such as severe airway trauma, pneumothorax, serious hemorrhage, shock, or death, occurred during the procedures.




Discussion

The incidence of respiratory diseases in neonates is relatively high and is responsible for most neonatal hospitalizations. Over the years, due to its diagnostic and therapeutic value, FB has grown quickly in pediatrics (5, 6). In addition, it has a high safety profile. A regular radiological examination cannot give a confirmatory diagnosis (7). FB serves as an alternative way to diagnose anomalies of the respiratory tract in such patients. FB helps diagnose many unexplained lung problems that cannot be dealt with clinical regular examinations and treatment (8). Several studies have reported the contribution of FB in the diagnosis and therapeutic process in different patient groups. In a review that involved 27 pediatric studies, Ridley et al. reported that FB helped diagnose 82% of the patients (9). This rate was even higher among patients with suspected airway disease and those who were dependent on ventilators (10). Our results also emphasize the high diagnostic contribution of FB.

Mechanical ventilation has mostly been proven to be very important for the survival of extremely premature neonates and continues to play a major role in NICU (11, 12). However, ventilator dependence is an important issue in these patients, and FB helps evaluate the airways and develop necessary interventions (13, 14). The most common indication for bronchoscopy in our study was extubation failure, accounting for 32.65% of the patients. Two other significant indications for FB in newborns are recurrent dyspnea and suspicious airway disease. The largest series reporting on neonatal FB included 599 procedures, and the most common indications were nosocomial pneumonia (28.2%), ventilator dependence (13.3%), and unilateral lung disease (13.3%) (15).

Other common indications for FB in our study were pneumonia and atelectasis. Previous studies have reported a rate of 22–77% for pneumonia and atelectasis as indications for FB (15–17). Due to the anatomical features of the airways, excessive airway secretions, and lack of secondary surfactants, newborns are prone to atelectasis. FB helps determine the underlying cause of persistent pneumonia and recurrent atelectasis (18).

Our study reported that FB revealed at least one positive finding in 95.92% of the patients admitted to NICU. Previous research reported that 79–98% of patients in the NICU have at least one abnormality detected using FB (16, 19, 20). Herein, the high rate of abnormal findings may be secondary to infants’ reluctance to perform early FB, resulting in severe and persistent symptoms that precede FB.

Similar to the findings of previous studies, respiratory malformation was the most common finding of FB (6, 21). The most common upper airway malformations in our study were laryngomalacia and glottis dysplasia. Tracheal stenosis, followed by tracheomalacia, is the most common lower airway abnormality. FB is recognized as an excellent diagnostic tool for laryngomalacia (22, 23). Our study revealed that laryngomalacia was the most common cause of upper airway obstruction, recurrent dyspnea, stridor, and hoarseness in newborns. In a retrospective report of 196 bronchoscopies, it was documented that airway malacia was found in 47.4% of cases (19). In addition, a 60–70% incidence of laryngomalacia was reported in neonates and children with stridor (24). About 51.7% of infants with laryngomalacia have developed secondary airway lesions, with subglottic stenosis and tracheomalacia being the most common lesions (25). In our study, subglottic stenosis and tracheomalacia occurred in 4.08% and 4.76% of the neonates with laryngomalacia, respectively.

Vocal cord paralysis accounts for the second most frequent laryngeal anomaly among infants. VCP is often manifested as stridor, hoarseness, respiratory distress, weak crying or dysphagia, and repeated aspiration pneumonia, which leads to growth and development disorders (26, 27). This study finds that VCP occurs with recurrent dyspnea, suspicious airway disease, stridor, hoarseness, difficulty intubations, extubation failure, and feeding difficulty. A similar distribution of bilateral (48%) and unilateral (52%) VCP was reported by a retrospective chart review of 102 VCP cases (28). The left recurrent laryngeal nerve is positioned lower and follows a longer path; therefore, the probability of damage to the left recurrent laryngeal nerve is much higher than that to the right recurrent laryngeal nerve (29). This finding was confirmed by our study (left VCP, 10 cases, and right VCP, one case), where the right VCP may have occurred due to nerve compression by the right laryngeal cyst.

In our study, the second most common finding was mucosal inflammation/secretions, particularly in neonates with extubation failure, pneumonia, and atelectasis. Bronchial mucosa swelling and hyperemia, bronchial inflammation, purulent secretions, and other bronchial mucosa inflammatory changes were revealed during endoscopy (30). This might be related to cough weakness, severe lung infection with hypersecretion, nervous system and/or muscle disease, muscle relaxants, sedatives, or the use of anesthesia after surgery or mechanical ventilation. Moreover, ventilator dependence may lead to ventilator-associated lung disease and ventilator-associated pneumonia (11, 31).

It has been reported that children with CHD may be accompanied by complications of airway malformation (32, 33). A prospective cohort study of 30 infants found significant airway narrowing in 50% of patients treated with FB (34). Billings et al. (35) reported that 30.2% of children with CHD and obstructive respiratory disease were diagnosed with tracheobronchomalacia and tracheal stenosis during FB. Long-term intubation was more commonly required in neonates with CHD. In this study, pulmonary artery sling along with tracheal stenosis was observed in one patient. Left main bronchial stenosis was observed in three patients with atrial septal defect, ventricular septal defect, and patent ductus arteriosus. One patient with pulmonary valve stenosis had left main bronchial stenosis. Chest CT needs to be performed before surgery in patients with abnormal cardiovascular disease to confirm the presence of suspected respiratory malformations (36, 37).

Some airway malformations may still go unnoticed even though multislice spiral CT can perform three-dimensional vascular and airway reconstruction to assess airway anatomy. Airway anatomy and airflow dynamics changes can be observed by FB under direct vision, thereby compensating for the defects of multi-slice spiral CT (7). Herein, CT and endoscopy helped diagnose eight and 18 cases of lower airway abnormalities, confirmed by CT, respectively. Therefore, preoperative pulmonary CT and FB examinations can be performed simultaneously in patients with CHD to better evaluate airway function, reduce perioperative respiratory complications, and improve the postoperative survival rate.

Common clinical complications of FB include nasal trauma and epistaxis, laryngeal spasm, laryngeal edema, cough and/or bronchospasm, pneumothorax or mediastinal emphysema, hemorrhage, hypoxemia, and fever and infections (5). FB has been reported to be safe, with no surgery-related mortality in pediatric ICU and NICU (19, 35, 38). Minimal complications were reported in our study (transient hypoxemia in 35 neonates), supporting the findings that FB is a safe procedure when performed by experienced operators under proper monitoring.

There are some limitations to our study. It may involve some repeated flexible bronchoscopies in the same patients, which may cause the same repeated results. Additionally, as it is a retrospective study, we could not assess the prognosis in detail.



Conclusion

Flexible bronchoscopy plays an important role in diagnosing and differentiating neonatal respiratory diseases. FB is relatively safe in the NICU, with a rare occurrence of serious complications.
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Other

Feeding difficulty

66(56.89%)

50(43.11%)

41.33 4 36.95(1-180)
252.18 & 29.44(188-291)
2,388.68 £ 893.49 (750-4,000)
23.87 £ 29.50(1-180)
67(45.58%)
104(70.74%)

12(8.16%)
10(6.80%)
18(12.25%)
26(17.69%)
81(55.10%)

48(32.65%)
10(6.80%)

23(15.65%)

17(11.56%)
14(9.52%)
6(4.08%)

21(14.29%)
21(14.29%)
8(5.44%)
1(0.68%)

3(2.04%)

EB, flexible bronchoscopy; HENC, high flow nasal cannula; NCPAP, nasal continuous

positive airway pressure.
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FB findings (147)
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Upper Respiratory Disease
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Glossoptosis

Tongue base cysts
Laryngomalacia

Laryngeal edema

Laryngeal cyst

Laryngeal cleft

Vocal cord paralysis

unilateral

bilateral

Subglottic lesions

Subglottic granulation tissue
Subglottic stenosis

Subglottic hemangioma

Lower Respiratory Disease
Mucosal inflammation/secretions
Trachea/bronchus stenosis
Congenital Annular Constriction of Trachea
Stenosis of the left main trachea
Stenosis of the right middle bronchus
Tracheal compression
Congenital tracheal stenosis
Tracheomalacia
Tracheoesophageal fistula
Tracheal bronchus

Pneumorrhagia

N(%)

6(4.08%)
103(70.06%)
3(2.04%)
2(1.36%)
1(0.68%)
78(53.06%)
5(3.40%)
2(1.36%)
2(1.36%)
29(19.72%)
11(7.48%)
18(12.24%)
15(10.20%)
8(5.44%)
6(4.08%)
1(0.68%)
71(48.30%)
64(43.54%)
17(11.56%)
5(3.40%)
7(4.76%)
1(0.68%)
2(1.36%)
2(1.36%)
14(9.52%)
4(2.72%)
3(2.04%)
1(0.68%)
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Length of NICU stay[day,median(range)]

CHD vs. non-CHD

2(1.92%) vs. 1(2.33%)
3(2.88%) vs. 0(0%)
61(58.65%) vs. 17(37.78%)
4(3.84%) vs. 1(2.33%)
1(0.96%) vs. 1(2.33%)
2(1.92%) vs. 0(0%)
19(18.27%) vs. 10(23.26%)
12(11.53%) vs. 4(9.30%)
50(48.08%) vs. 14(32.56%)
14(13.46%) vs. 3(6.98%)
12(11.53%) vs. 2(4.65%)
2(1.92%) vs. 2(4.65%)

10.50(1,180) vs. 15.00(1,130)

%2/Z value

0.025
1.266
4.465
0.214
0.422
0.838
0.478
0.157
2.980
1.251
1.675
0.855
—0.657

CHD, congenital heart diseases; FB, flexible bronchoscopy; NICU, neonatal intensive care unit.

*Means the difference is statistically significant.

P

1.000
0.556
0.035*
1.000
0.501
1.000
0.501
0.916
0.084
0.404
0.324
0.581
0.511

Premature vs. Mature

2(2.99%) vs. 1(1.25%)
0(0%) vs. 3(3.75%)
45(67.16%) vs. 33(41.25%)
2(2.99%) vs. 3(3.75%)
2(2.99%) vs. 0(0%)
2(2.99%) vs. 0(0%)
8(11.94%) vs. 21(26.25%)
7(10.44%) vs. 9(11.25%)
29(43.28%) vs. 35(43.75%)
10(14.95%) vs. 7(8.75%)
11(16.42%) vs. 3(3.75%)
0(0%) vs. 4(5.00%)
38.00(1,180) vs. 17.00(1,90)

% 2/Z value

0.549
2.565
9.831
0.065
2.412
2.412
4.715
0.024
0.003
1.360
6.791
3.444
—3.572

P

0.459
0.310
0.002*
1.000
0.206
0.206
0.030*
0.876
0.955
0.244
0.009*
0.178
0.000*





