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Abstract
Background: Few guidelines exist to guide pulmonary clearance therapies for children receiving invasive mechanical ventilation. In our institution, we have used sodium bicarbonate solution instilled via tracheal tube to assist with secretion clearance and improve atelectasis. Despite reports of its use, there is very little literature to characterize sodium bicarbonate via tracheal tube in clinical practice.
Methods: We performed an IRB-approved, retrospective chart review in a single center of all patients who received sodium bicarbonate via tracheal tube over a 5-year period. We collected data on how sodium bicarbonate was used and analyzed for any reported improvement in respiratory status after its use.
Results: Fifteen patients were reviewed. Most received 2.4% sodium bicarbonate via tracheal tube for an average of three doses of an average of 3.1 mL instilled. Most patients had documented improvement in chest radiograph appearance, and several were able to be significantly weaned from mechanical ventilator settings immediately following use of sodium bicarbonate. Most had thinner, smaller, and clearer secretions following use of sodium bicarbonate. There were no adverse events related to use of sodium bicarbonate.
Conclusions: Sodium bicarbonate given via tracheal tube was safe in our group of patients. There was improvement in chest radiograph appearance, secretion tenacity, and ventilatory needs in most of our patients. This was a small, retrospective study of pediatric patients with very complex medical conditions, and most were also receiving other forms of pulmonary clearance concomitant with sodium bicarbonate. Further study is warranted in the form of prospective, randomized, blinded trials.
Introduction

There is limited research analyzing best practices and effective methods for pulmonary clearance for mechanically ventilated children. Sodium bicarbonate is one of many therapies reported as being used to aid in secretion clearance from patients who are mechanically ventilated or have difficulty clearing their own secretions1-4. Despite anecdotal usage and personal reports of effectiveness, there are little data to support the use of sodium bicarbonate. A proposed mechanism of action is via airway alkalinization, which is speculated to improve ciliary beating and effectiveness of albuterol and possibly acts to thin mucous in the airways2. However, none of these mechanisms have been proven by evidence-based medicine, and, thus, sodium bicarbonate is not recommended for routine use as a mucolytic agent by the AARC (American Association of Respiratory Care)5. We have had experience using sodium bicarbonate via endotracheal tube for children with thick, tenacious secretions, and this review will further characterize how and why this therapy was used and whether it was effective in our patients.
Our research question is under what circumstances and how was sodium bicarbonate used via endotracheal tube. We also sought to review charts to determine if there was any subjective benefit to the use of sodium bicarbonate in patients who received it as a pulmonary therapy. Most importantly, we sought to examine whether any potential harm was noted.
Methods
This study was performed at a 200-bed pediatric hospital (Level 1 Trauma Center, Level 4 Neonatal Intensive Care Unit [NICU]) and received approval from our Institutional Review Board. We developed an interdisciplinary team including pharmacists, respiratory therapists, and pediatric intensivists. Together, the interdisciplinary team completed a retrospective data analysis on pediatric patients who received instilled sodium bicarbonate. Patients were identified for inclusion in the study based on reports in the electronic medical record that indicated instilled sodium bicarbonate was given. Fourteen (N=15) patients in our hospital were identified in this search from January 2015 to October 2019. Patients qualified for the study analysis by having a documented dose of instilled sodium bicarbonate given within the study period. There were no exclusion criteria for this study. A data collection tool was created and included the following parameters: age, sodium bicarbonate administration date, sodium bicarbonate strength/concentration and amount (mLs) given, the frequency ordered, number of doses, inpatient unit, patient primary diagnosis, airway type and size, intensive care unit (ICU) length of stay (either pediatric or cardiac), hospital length of stay, length of stay after sodium bicarbonate administration, concurrent medications given that affect secretions, positive end-expiratory pressure (PEEP) pre and post administration, concurrent airway clearance treatments, ventilator-associated pneumonia status, chest radiograph readings pre and post administration, and any documented relevant adverse events. Secretion details were quantified using a scoring tool as shown in Table 1. Chest radiograph results were graded based on improvement (+1), no change (0), or worsening (-1) using the radiology reports from +/- 1 day before the start of sodium bicarbonate administration and +/- 1 day after the last dose of sodium bicarbonate. These results were reviewed and agreed upon by our multidisciplinary group for consistency. Information on any use of concurrent medications that affect secretions was collected including ketamine, atropine, glycopyrrolate, scopolamine, nebulized hypertonic saline, acetylcysteine, albuterol, dornase alpha, and antimicrobials. 
Results

Fifteen patients were identified for inclusion from 2015 to 2019. Fourteen of these patients were intubated with endotracheal tubes and one had a tracheostomy, and all were on ventilators with heated humidified circuits and received at least one dose of instilled sodium bicarbonate. Of the 15 patients who received instilled sodium bicarbonate, the average age was 4.8 years with a range of 2 days to 16 years. Of the patients, 73.3% received the 2.1% strength and 26.7% received the 4.2% strength solution. The amount of drug given ranged from 1 mL to 10 mL per dose, with an average of 3.1 mL given per dose. This was a range of 0.5 mEq per dose to 1.25 mEq per dose. The average mEq delivered was 0.9 mEq. The average mEq delivered was the same for patients receiving 2.1% as for those receiving 4.2% sodium bicarbonate solutions. The frequency of delivery ranged from only one dose given to being scheduled every 4 hours, with an average number of 3.6 doses given per patient (range 1 to 9 doses). Of the patients, 33% received treatment with sodium bicarbonate in the cardiac intensive care unit, and 67% of patients were located in the pediatric intensive care unit during administration. See Table 2 for more specifics on principal diagnoses. The average size of endotracheal tube for patients included in this study was 4.2 mm (range of 3.0 to 7.0 mm). The patient with a tracheostomy had a 5.0 adult-sized tracheostomy in place. The average hospital length of stay for our sample group was 94.21 days. The average ICU length of stay was 79.35 days. The length of stay after sodium bicarbonate administration was 33.71 days. One patient remains hospitalized at this time and was thus not included in length of stay calculations. Two of the patients died, both from complications of congenital cardiac disease, unrelated to the administration of sodium bicarbonate. One patient was on high-frequency oscillatory ventilation at the time of administration, and all other patients were on conventional mechanical ventilator support. The PEEP prior to instillation of sodium bicarbonate ranged from 5 cmH20 to 16 cmH20 with an average of 9.5 cmH20. The PEEP after instillation of sodium bicarbonate ranged from 5 cmH20 to 15 cmH20 with an average of 8.6 cmH20. The patient on high-frequency oscillatory ventilation was transitioned to conventional mechanical ventilation while receiving sodium bicarbonate. One patient was on extracorporeal membrane oxygenation during sodium bicarbonate instillation, had significant improvement while receiving bicarbonate, and was decannulated (Fig. 1). All patients were receiving at least one concurrent medication that could have a potential effect on airway secretions (see Table 3). In addition, 67% of patients included in the analysis also received additional airway clearance treatments to aid in the effective removal of secretions from the airway, with intrapulmonary percussive ventilation as the most frequent tool. The secretion score average for patients prior to sodium bicarbonate instillation was 5.07, and the post-bicarbonate average secretion score was 4.5 (see Table 4). After scoring the chest radiographs as described above, the average score was +0.5. Five patients (33%) scored a zero, with no changes to the chest radiograph pre or post administration of sodium bicarbonate. Nine patients (60%) scored a +1, which indicated some improvement in the patients’ chest radiographs, and one patient (7%) scored a -1, indicating worsening of the chest radiograph after sodium bicarbonate administration. This patient also had an open chest, which was closed during the patient’s time receiving bicarbonate instillation. None of the patients had ventilator-associated pneumonia during admission. No deaths, code events, or unplanned extubations occurred during the time of sodium bicarbonate instillation.
Discussion
We have reported a series of 15 critically ill pediatric patients who received sodium bicarbonate via endotracheal tube. All of the patients who received this therapy did so after already being given at least one other agent with the goal of secretion clearance, and all had significant parenchymal lung disease on chest radiograph. Most patients had prolonged, complex ICU courses with only two having a length of intubation of less than 2 weeks. While difficult to quantify, most patients had an improvement in the thickness and quantity of their endotracheal tube secretions after receiving sodium bicarbonate, and all but one chest radiograph demonstrated improvement following sodium bicarbonate administration. In at least three cases, use of endotracheal sodium bicarbonate was cited by the treatment team as leading to significant improvement in patient respiratory status. While literature about pulmonary clearance therapies makes brief mention of sodium bicarbonate, we have been unable to find any in-depth reports of its use in clinical care and no evidence-based reviews. Current AARC guidelines recommend against routine use of mucolytic agents and airway clearance therapies5. However, we have been unable to find studies or case reports focusing on patients such as these, with prolonged intubations, complex critical illness, and significant parenchymal lung disease. These patients also largely had small endotracheal tubes and were mostly deeply sedated, further complicating their secretion clearance. In all cases, at least one other type of pulmonary clearance therapy was tried prior to sodium bicarbonate, either pharmacologic or mechanical. The use of endotracheal sodium bicarbonate is limited in our hospital because of concerns regarding lack of data as well as concerns about increasing risk of ventilator-associated pneumonia. While our review is also limited, we found no adverse effects, including no ventilator-associated pneumonia, in a high-risk patient cohort with prolonged intubation and significant lung disease. There were no reports of induction of bronchospasm and no description of worsening respiratory status while patients were receiving sodium bicarbonate. Limitations of our review include its retrospective nature and small sample size. The included patients were given sodium bicarbonate because of difficulty in improving their secretions or lung disease or both with other airway interventions or medications. As sodium bicarbonate is only used in our facility after failed attempts with traditional airway clearance, there is a possibility that increased vigilance from the care team could have affected the outcomes, separately or in conjunction with the actual drug delivery. Given that this was not a controlled trial, it is impossible to fully separate any effect sodium bicarbonate may have had compared with other interventions. In a future study, we would like to establish a protocol for our pulmonary clearance regimen to standardize and determine the most useful therapies. This would also help identify whether certain patient populations would benefit most from sodium bicarbonate instillation given the large variety in size and disease process in our patient population.  
Conclusion

The instillation of sodium bicarbonate via endotracheal tube could potentially aid in secretion clearance, weaning of respiratory support, and improvement in chest radiograph. We found no adverse effects from its use in our patients. Future research is needed in the form of randomized controlled trials with larger patient populations to determine optimal dosing of and appropriate patient populations for use of instilled sodium bicarbonate.
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Image Legend

Figure 1. Chest radiograph pre and post multiple doses of sodium bicarbonate with intrapulmonary percussive ventilation.
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