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Abstract  

Objective  

 This study aimed to evaluate the change in the waveform pattern of the electrical activity 

of the diaphragm (Edi) following the administration of doxapram in extremely preterm 

infants ventilated with neurally adjusted ventilatory assist (NAVA).  

Study Design 

We conducted this retrospective cohort study in our neonatal intensive care unit 

between November 2019 and September 2021. The study participants were extremely 

preterm infants under the gestational age of 28 weeks who were ventilated with NAVA 

and administered doxapram. We collected the data of the Edi waveform pattern and 

calculated the proportion. To analyze the change in the proportion of the Edi waveform 

pattern, we compared the proportion of the data for 1 hour before and after doxapram 

administration.  

Results  

 Ten extremely preterm infants were included. Almost all the patients’ respiratory 

condition improved after doxapram administration. The ventilatory parameters—Edi 

peak, Edi minimum, peak inspiratory pressure, time in backup ventilation, and number of 

switches to backup ventilation—did not change significantly. However, the proportion of 

phasic pattern significantly increased (before: 46% vs. after: 72%; p < 0.05), whereas the 

central apnea pattern significantly decreased after doxapram administration (before: 31% 

vs. after: 8.3%; p < 0.05). The proportion of irregular low-voltage patterns tended to 

decrease, albeit with no significant changes.  

Conclusion 

Our results indicated that the proportion of Edi waveform patterns changed following 
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doxapram administration. Edi waveform pattern analysis could be a sensitive indicator of 

effect with other intervention for respiratory conditions. 

 

  

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp



INTRODUCTION  

 Recently, an increasing number of studies have reported on the effect of neurally 

adjusted ventilatory assist (NAVA) to prevent brochopulmonary dysplasia (BPD) 1-4. 

Successful ventilation with NAVA depends on the patients’ spontaneous breathing. 

However, as extremely preterm infants have only poor spontaneous breathing 5, there 

were some cases in which NAVA did not work effectively even though the ventilator 

settings were adjusted precisely 6.  

Doxapram has been known to be effective for reducing apneic spell and invasive 

mechanical ventilation days by stimulating peripheral and central chemoreceptors in the 

respiratory center 7. Many studies on doxapram have focused on preventing apnea in 

infants supported with noninvasive mechanical ventilation 8-10. However, we speculated 

that doxapram could also be effective in infants supported with intubation and invasive 

mechanical ventilation, particularly NAVA. 

Previously, we reported that the electrical activity of the diaphragm (Edi) waveform 

pattern was associated with peripheral oxygen saturation (SpO2) of the infants ventilated 

with NAVA 11. In that report, we did not consider the effect of any medications, such as 

caffeine citrate or doxapram. Furthermore, no reports have described the association 

between doxapram and Edi waveform pattern. Hence, in this study, we analyzed the Edi 

waveform patterns and evaluated the mechanism of the effect of doxapram on the Edi 

waveform pattern of infants ventilated with NAVA. We hypothesized that in addition to 

stimulating the respiratory center, altering the Edi waveform pattern could be a 

mechanism underlying the effect of doxapram.  
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 This study aimed to evaluate the change in the proportion of the Edi waveform pattern 

following doxapram administration. 
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MATERIALS AND METHODS 

Patients 

We conducted this retrospective cohort study in a single level III neonatal intensive care 

unit (Kyoto University Hospital, Kyoto, Japan). We included extremely preterm infants 

born at our hospital between November 2019 and September 2021 who were under the 

gestational age of 28 weeks, ventilated with NAVA delivered by Servo-n® (Maquet, 

Critical Care AB, Solna, Sweden), and administered doxapram.  

 

Indication and dosing of doxapram 

The ventilator settings of NAVA were adjusted according to the methods described in 

our previous study 11. When the infants demonstrated any instability in their respiratory 

function despite being supported with precisely adjusted ventilator settings of NAVA, we 

resorted to administering doxapram. In addition, we administered doxapram a few days 

before extubation to prevent reintubation due to the patients’ poor spontaneous breathing.  

Accorting to our unit protocol based on pharmaceutical reference in Japan, doxapram 

was administered intravenously with 0.3–0.4 mg/kg/hour (as nearly as close to 0.4 

mg/kg/hour). At our institution, we routinely administer caffeine citrate on the 4th or 5th 

days of life in extremely preterm infants; hence, all patients were already administered 

caffeine citrate before doxapram administration.  

  

 

Data collection  

Patient characteristics and clinical course were collected from medical records. Edi 

waveforms and pressure and flow supplied from the ventilator were recorded 
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continuously using the software SERVO CONNECT (Fukuda Denshi Co. Ltd., Tokyo, 

Japan). We defined the valid timing for analysis when the infants had not been 

manipulated and the ventilator setting had not been changed for at least 3 hours. The 

collected data were analyzed for 1 hour before and after doxapram administration in each 

patient. For the data collected before doxapram administration, we analyzed the data just 

before doxapram administration in those who met the abovementioned valid timing. For 

the data collected after doxapram administration, we analyzed the data of the first hour 

after at least 3 hours had passed since doxapram administration in those who met the 

abovementioned valid timing. No interventions, including changing ventilator settings 

and prescribing medication, were performed in the time between the two data collection 

points. 

We collected the ventilatory parameters at the same time points as mentioned above 

from the data stored in the ventilator. These parameters were Edi peak, Edi minimum, 

peak inspiratory pressure, time in backup ventilation, and the number of switches to 

backup ventilation.  

SpO2 was recorded using a central monitoring system (Phillips Information 

Management System®; Phillips Japan, Japan) every minute. We defined desaturation as 

a decrease in SpO2 < 85% because our setting of the lower limit of SpO2 was routinely 

85% as part of our respiratory strategy.  

 

Data analysis 

To evaluate the clinical effect of doxapram, we compared median SpO2, frequency of 

desaturation, and fraction of inspired oxygen concentration (FiO2) before and after 

doxapram administration in each patient. 
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As described in a previous report, the collected data of Edi waveform patterns were 

classified into four patterns as follows: 1) phasic pattern, 2) central apnea pattern, 3) 

irregular low-voltage pattern, and 4) tonic burst pattern 11 (as shown in Figure 1). Edi 

waveforms were indicated in 1 window every 10 seconds. The classification of Edi 

waveform patterns shown in each window was performed by one investigator (blinded 

clinical data). We calculated the proportion of each waveform pattern for every collected 

hour. 

 To evaluate the change in the proportion of Edi waveform pattern caused by doxapram 

administration, we compared the proportion of each waveform pattern before and after 

doxapram administration. In addition, we compared the collected ventilatory parameters 

before and after doxapram administration.  

The study protocol was approved by the local medical ethics committee (reference 

number R2154). 

 

Statistical analysis  

 Statistical analysis was performed using R statistical software version 4.0.3 (R 

Foundation for Statistical Computing, Vienna, Austria) using the EZR application. 

Collected data were expressed as median (interquartile range [IQR]) and n (%). 

Continuous variables were analyzed using Mann–Whitney U test. A p-value of <0.05 

indicated statistical significance. 
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RESULTS 

Patient characteristics  

 Ten extremely preterm infants ventilated with NAVA and administered doxapram were 

included. The patient characteristics are shown in Table 1 (detailed data of each patient 

are presented in E-table 1). The median gestational age and birth weight of the included 

infants were 25.1 weeks (IQR: 24.4–25.4 weeks) and 631 g (IQR: 521–747 g), 

respectively. The median day and postconceptional age at the initiation of doxapram 

administration on ventilation with NAVA were 26 days (IQR: 22–29 days) and 29.1 weeks 

(IQR: 28.6–29.5 weeks), respectively. The median dose of doxapram was 0.38 

mg/kg/hour (IQR: 0.37–0.4 mg/kg/hour). 

 

Effect of doxapram on SpO2, FiO2, and frequency of desaturation 

 A comparison of SpO2, frequency of desaturation, and FiO2 before and after doxapram 

administration is shown in Figure 2. In 8 of the 10 patients, SpO2 increased, frequency of 

desaturation decreased, and FiO2 decreased after doxapram administration. Unfavorable 

changes in SpO2 and frequency of desaturation were observed in two and one patients, 

respectively (detailed data are shown in E-table 2)  

We did not observe any severe adverse reactions with doxapram, such as necrotizing 

enterocolitis. But, eight of ten infants had presented hypokalemia and needed correction 

with oral potassium preparation administration. 

 

Comparison of the proportion of Edi waveform pattern 

 A comparison of the proportion of Edi waveform pattern before and after doxapram 

administration is shown in Table 2. The proportion of phasic pattern was significantly 
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increased after doxapram administration [before: 46% (IQR: 40%–63%) vs. after: 72% 

(IQR: 64%–76%); p = 0.006]. Conversely, the proportion of central apnea pattern was 

significantly decreased after doxapram administration [before: 31% (IQR: 9.7%–43%) vs. 

after: 8.3% (IQR: 8.3%–15%); p = 0.03]. The proportion of irregular low-voltage pattern 

was also decreased, albeit not significantly [before: 3.8% (IQR: 0%–5.6%) vs. after: 0% 

(IQR: 0%–4.2%); p = 0.28]. A comparison of the proportion of each Edi waveform pattern 

in each patient is shown in Figure 3 (detailed data are shown in E-table 3). 

 

Comparison of ventilatory parameters 

A comparison of the ventilatory parameters before and after doxapram administration is 

shown in Table 3. Time in backup ventilation was decreased, albeit not significantly. 

Other parameters showed only a slight difference before and after doxapram 

administration. 
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DISCUSSION 

 We indicated that the proportion of phasic pattern was significantly increased, whereas 

that of central apnea pattern was significantly decreased after doxapram administration.  

Our previous report highlighted the association between the proportion of Edi waveform 

pattern and SpO2. Stable SpO2 was represented by a high frequency of the phasic pattern. 

This pattern was increased after doxapram administration. Conversely, unstable SpO2 was 

represented by a high frequency of the central apnea pattern or irregular low-voltage 

pattern, which may ultimately result in failure to ventilate with NAVA 11. These patterns 

were decreased after doxapram administration in the present study. Therefore, it can be 

assumed that the improvement in the respiratory conditions following doxapram 

administration resulted from the associated changes in the proportion of Edi waveform 

pattern.  

 In a previous report, the effects of doxapram were analyzed via transcutaneous 

electromyography of the diaphragm 12. However, this study did not report a significant 

difference in diaphragmatic activity following doxapram administration. Thus, the report 

concluded that doxapram only regulates respiratory drive and does not affect respiratory 

muscle activity. In our study, although there was no significant difference, the proportion 

of irregular low-voltage pattern tended to decrease after doxapram administration. We 

considered that the decreased proportion of irregular low-voltage pattern could have 

changed to the phasic pattern. Therefore, doxapram administration significantly affected 

the respiratory drive (as demonstrated by the decreased central apnea pattern) and Edi 

waveform patterns (as evidenced by the increased phasic pattern and decreased irregular 

low-voltage pattern). 

Ventilatory parameters did not reveal any significant difference before and after 
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doxapram administration. This suggests that evaluating Edi waveform patterns could be 

a sensitive indicator of the effect of interventions to improve the respiratory condition. 

However, the other parameters, including Edi peak, Edi minimum, peak inspiratory 

pressure, time in backup ventilation, and number of switches to backup ventilation, may 

not serve as substitute indicators. 

In our study, there were only two patients who were not improved their respiratory 

conditions with doxapram administration (case1 and 9). They had some notable features 

in the proportion of Edi waveform pattern. The proportion of phasic pattern before 

doxapram administration was relatively higher in these patients than in others who 

showed improvement in respiratory conditions. The proportion of central apnea pattern 

before doxapram administration was relatively lower in these patients than in others who 

showed improvement in respiratory conditions. These results indicated that the favorable 

effect of doxapram is more evident in patients who had a lower proportion of phasic 

pattern or higher proportion of central apnea pattern. However, although some patients 

had a high proportion of phasic pattern and low proportion of central apnea pattern, they 

showed improvement in their respiratory conditions following doxapram administration. 

Therefore, there is a need for further research to evaluate the different effects of doxapram 

administration. This may facilitate the prediction of the effect of doxapram before its 

administration. In addition, the effects of other interventions on respiratory conditions 

could be evaluated by analyzing the Edi waveform pattern. 

 Our study had several limitations. The small number of patients was the main limitation. 

Furthermore, because this was a retrospective study and we defined the valid timing for 

the analysis, we could only collect and analyze the data for each participant at two time 

points only: 1 hour before and after doxapram administration. To increase the reliability 
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of our results, more patients should be analyzed. There is a need to conduct a prospective 

study. Also, the study population was limited to only infants supported with invasive 

ventilation (NAVA). Infants who were supported with noninvasive NAVA (NIV-NAVA) 

were not included. Hence, the study results may not be generalizable to all infants under 

ventilatory support. Considering that the frequency of doxapram administration in infants 

supported with noninvasive ventilation is greater, there is a need for the same analysis in 

infants supported with NIV-NAVA.  

 

Conclusion 

Our results indicated that the proportion of Edi waveform patterns changed following 

doxapram administration. This change may demonstrate improvement in the respiratory 

condition of extremely preterm infants. We concluded that the Edi waveform pattern 

analysis could serve as a sensitive indicator of the effect with other interventions in 

patients ventilated with NAVA. 
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Image legends 

Figure 1. Representative waveforms for four Edi waveform patterns. 

Pressure curves are shown in each upper row and Edi waveforms are shown in each lower 

row. A: Phasic pattern, B: central apnea pattern, C: tonic bursts pattern, D: irregular low-

voltage pattern.   

 

Figure 2. Comparison of SpO2, frequency of desaturation, and FiO2 before and after 

doxapram administration.  

(a) SpO2 (%), (b) frequency of desaturation (/hour), and (c) FiO2 (%).  

 

Figure 3. Change in the proportion of each Edi waveform pattern before and after 

doxapram administration in each patient.  

(a) Phasic pattern, (b) central apnea pattern, (c) irregular low-voltage pattern, and (d) tonic 

burst pattern. 
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