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Children treated with home continuous positive airway pressure 
(CPAP) or non-invasive ventilation (NIV) should be followed in 
order to check the tolerance and efficacy of the treatment 1. 
Whether the monitoring of home CPAP/NIV is performed 
at home or in-hospital, the assessments should be done on  
a regular basis according to the clinical practice, ideally using 
the same monitoring resources.

Monitoring options for paediatric 
patients treated with CPAP/NIV
Regular monitoring of long-term CPAP/NIV in children should 
ideally include a poly(somno)graphy (P(S)G) with CPAP/NIV, or 
at least the recording of nocturnal pulse oximetry (SpO2) and 
capnography (CO2). The ventilator built-in software data should 
be downloaded at each patient visit/hospitalization to review 
the effectiveness of ventilation and objective adherence to 
treatment. The follow-up strategy depends on the underlying 
condition, the age of the child, the medical stability, and  

socio-economic factors, as there are no validated guidelines. 
Figure 1 presents our follow-up practice during the first year of 
patients treated with CPAP or NIV. 

The possibility to stop CPAP or NIV treatment should be 
assessed on a regular basis but, again there are no validated 
criteria for timing and procedure.

POLY(SOMNO)GRAPHY (P(S)G)

Polygraphy (PG) records the SpO2, heart rate, nasal flow, 
thoraco-abdominal movements via respiratory inductance 
plethysmography, snoring, body movements, body position, 
allowing for identification of sleep disordered breathing. 
Poly(somno)graphy (P(S)G) records all these cardiorespiratory 
data, together with electroencephalographic recordings (EEG), 
as well as eye, chin and leg movements, and electrocardiogram 
during the study, enabling full sleep staging and diagnosis sleep 
pathologies (including sleep disordered breathing). In children 
treated with CPAP or NIV, a periodic reassessment with P(S)G  

HOW TO

How to monitor paediatric patients under CPAP/NIV
Sonia Khirani, ASV Sante and Pediatric noninvasive ventilation and sleep unit, Necker University Hospital, Paris, France

FIGURE 1 SHOWS THE FIRST-YEAR FOLLOW-UP IN OUR CENTER.

Following hospital discharge, a phone call to the family is done after 1 week by our staff (usually by a nurse specialized in therapeutic education) to ensure the correct 
comprehension of the treatment, check and manage the potential problems with the device and interface. A home visit is also performed by the homecare provider. 

A ventilator data report and nocturnal gas exchange are performed by the homecare provider and sent to the hospital staff prior to the outpatient hospital visit at  
1 month following discharge. The same pattern is usually repeated at 3, 6, and 10 (for NIV patients) months following discharge. For patients with CPAP, nocturnal gas 
exchange monitoring is not necessary at each homecare provider visit if the patient had no residual respiratory events under CPAP with a correction of gas exchange at 
1 month follow-up. Moreover, transcutaneous carbon dioxide monitoring is not mandatory in patients under CPAP if they were not hypercapnic at the 1-month visit.  
In this case, only nocturnal SpO2 may be performed at home if necessary for the follow-up visits.

Supplementary homecare provider or outpatients' visits may be necessary in severe patients or in families with difficulties. And in-hospital admission may be necessary in case 
of clinical deterioration or if CPAP/NIV adjustments require a P(S)G.

This plan is applicable for children who do not require surgery within the first year or who are not weanable, otherwise CPAP/NIV should be stopped and P(S)G and/or 
nocturnal gas exchange should be scheduled after the requested time following surgery or CPAP/NIV discontinuation due to spontaneous improvement.

D: day; M: month; Homecare: homecare provider visit; Outpatient: outpatient hospital visit; SpO2: pulse oximetry; PtcCO2: transcutaneous carbon dioxide; P(S)G: poly(somno)graphy. 
In red: homecare services; In blue: hospital services.
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and CO2 monitoring should be scheduled according to the 
child's age, underlying disease and clinical stability, and should 
be at least annual 2-4. Whether P(S)G should be done during an 
overnight hospitalization or alternatively at home remains an 
unresolved question 3,5,6. However, not all centers are able to 
perform a P(S)G to assess CPAP/NIV efficacy, and even when 
P(S)G is available, it is not performed regularly on all patients 4.

NOCTURNAL PULSE OXIMETRY AND 
CAPNOGRAPHY MONITORING

Overnight SpO2 and CO2 recordings should at least be 
available to assess the effectiveness of ventilation 3,7. However, 
criteria to determine if ventilation is efficient are not defined 8. 
Overnight CO2 monitoring is fundamental as normal SpO2 may 
not be sufficient to indicate effective ventilation 9-11. There is 
also no consensus for the timing for nocturnal gas exchange 
monitoring, however it should be checked after each respiratory 
event (such as a respiratory exacerbation) and/or change in 
ventilatory settings. Overnight SpO2 with transcutaneous CO2 
(PtcCO2) recording should be performed more frequently in 
patients with NIV as they may remain hypercapnic despite NIV 
use, or because of disease progression. Regular assessment of 
the nocturnal gas exchange at home, by homecare providers or 
institutional care staffs, is consensual 3,4.

VENTILATOR BUILT-IN DATA 

Data from CPAP/NIV devices are widely used in clinical practice, 
as they can be manually downloaded from the device via data 
card, USB, or data cable during the in-hospital or outpatient 
visits 12,13. But once again, no timing has been defined for the 
assessment of these data. The available data vary according to 
the device 14. However, one has to be aware of the technical 
specificities of the devices, as all the devices have manufacturer 
recommendations concerning the minimal weight of the 
patient. The device may therefore not detect the child’s 
breathing, and thus may underestimate the real ventilator use 
by the patient and display incorrect data (Figure 2).

Data such as adherence, unintentional/intentional leaks, tidal 
volume, respiratory rate, pressure level, and residual respiratory 
events may be available for CPAP or autoset CPAP devices. Breath-
by-breath airflow and pressure curves can be downloaded from 
the majority of devices and reviewed, ideally with the display 
of SpO2 directly in the software, facilitating the optimization 
of the ventilatory settings 15. However, the residual respiratory 
events and the apnea-hypopnea indexes data in children should 
be carefully reviewed as the built-in algorithms are not based 
on pediatric AASM recommendations 15,16. Additional data such 
as patient-ventilator asynchronies may also be documented on 
the breath-by-breath data review for NIV devices 12. Residual 

FIGURE 2 SHOWS BUILT-IN SOFTWARE DATA.

Daily use of NIV in an infant. Note that the bars representing the daily use are discontinued. This is not due to a low adherence but to the fact that NIV device 
is not capable to detect the airflow of the patient (see the absence of airflow, volume and pressure), probably because the weight of the baby is lower than the 
recommended weight of the device. This can explain the falsely high number of respiratory events and thus AHI given by the device built-in software.

AHI: apnea-hypopnea index; AI: apnea index; RR: respiratory rate.
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respiratory events and patient-ventilator asynchronies may be 
managed by adapting the ventilator settings without P(S)G 
recording, but in some cases P(S)G may be necessary 13. The 
review of the ventilator data should be associated with at least 
SpO2 monitoring (at best SpO2 and transcutaneous CO2, which 
can now be connected to some CPAP/NIV devices). The efficacy 
of leaks correction, correction of residual respiratory events or 
asynchronies following setting adjustments should be confirmed 
by the normalization of nocturnal gas exchange 13. 

TELEMONITORING

The access to the ventilator data is getting easier, as many devices 
have the ability to wirelessly transfer data to a cloud-based 
software program on a daily basis 14,17,18. Currently, detailed data 
such as breath-by-breath airflow and pressure curves are not 
available through telemedicine for many devices, which may 
limit its usefulness. But, telemonitoring of adherence is clinically 
useful, provided that the child’s breathing is correctly detected. 
Telemonitoring of leaks is also important as leaks may cause 
discomfort, nocturnal awakenings, poor adherence, patient-
ventilator asynchrony and suboptimal correction of respiratory 
events. Telemonitoring of respiratory rate or ventilation may 
be valuable to predict respiratory exacerbation or clinical 
deterioration in adult patients but further studies are needed 
in pediatric patients 19.

Where and when to monitor paediatric 
patients treated with CPAP/NIV
Following hospital discharge, the first visit should occur 
within the first month and not later than three months after 
discharge 4,20. After the first visit, the frequency of subsequent 
visits will depend upon the status of the child and the disease 
progression. Reassessment is recommended at least every six 
to twelve months 21,22, even though many infants and young 
children may need more frequent assessments with additional 
scheduled and unscheduled visits.

IN-HOSPITAL AND OUTPATIENT VISITS

Frequency of hospital follow-up may range from every 1 to 6 
months, depending on the patient’s condition 11,23. Overnight 
hospitalizations should be proposed only for follow-up 
sleep studies (with the exception of acute exacerbations), 
with the assessment of the patient’s ventilator use and the 
review of training/education of the patient and family when 

necessary 11,24-26.Based on our experience in children with 
CPAP, in-hospital P(S)G on CPAP are usually limited to children 
with persistent symptoms of obstructive sleep apnea or 
when the nocturnal gas exchange and ventilator data are not 
conclusive or not interpretable (Figure 1) 27. In-hospital P(S)G 
should be more systematic in patients with NIV 26,28, even 
though nocturnal gas exchange and ventilator data (with 
breath-by-breath analysis) monitoring may be sufficient for the 
follow-up in a majority of patients 29.

Outpatient hospital visits aim at checking the patient’s 
clinical condition, the adherence to treatment, and reviewing 
the ventilator data and needs for CPAP/NIV retraining and 
education 23-25,27,30,31. However, outpatient visits rely on the 
availability of homecare providers or dedicated healthcare staff 
to visit the patient at home in order to transmit to the hospital 
team the overnight recordings of nocturnal gas exchange, 
which may enable the adaptation of the CPAP/NIV settings 
during the outpatient visit when necessary 7.

HOME VISITS

According to the local, regional or national health care 
facilities, teams of professionals (nurses, respiratory therapists, 
physicians) may visit the child at home between hospital visits, 
or some services may be performed at home by healthcare 
providers 4,23,25,27,30,31. The different services comprised regular 
ventilator’s check, ventilator compliance/adherence assessment, 
overnight or daytime oximetry, overnight transcutaneous CO2 
monitoring, spirometry and P(S)G. However, most patients 
may not be followed exclusively at home for their CPAP/NIV 
treatment.

TELEMEDICINE

There is an increasing interest in telemedicine for the follow-up 
care of children on home CPAP/NIV 17,18,23,32-37. The telemedicine 
procedure combines real-time discussions with the patient, 
the family and professionals, the transmission of clinical 
data, nocturnal gas exchange monitoring, and ventilator 
data 32,33,37. However, before considering telemedicine for the 
management of home ventilated children, improvements in the 
telemonitoring of CPAP/NIV devices are necessary. Moreover, 
comprehensive understanding of its impact, advantages, and 
limitations is mandatory. According to the ERS statement on 
telemonitoring of ventilator-dependent patients, “much more 
research is needed before considering telemonitoring a real 
improvement in the management of these patients” 33.
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