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A Personalized, 3-Dimensionally Printed, Oronasal Noninvasive 
Ventilation Mask for an Infant with Acute Respiratory Failure

N 
oninvasive ventilation (NIV) is a first-line treat-

ment for acute respiratory failure in the intensive

care unit (ICU), but interface selection poses a 
major challenge. 1 Commercial masks are not well adapted 
to the wide variety of facial dimensions of young children, 
resulting frequently in large, unintended air leakage, skin-

pressure injuries, patient-ventilator asynchrony, and 
discomfort. 1 As such, mask fit is a potentially modifiable 
factor to increase NIV treatment success in pediatric acute 
respiratory failure, underscoring the need for personalized 
strategies.

We report a 3-week-old infant (3400 g) who experienced 
acute respiratory failure after extubation in our ICU. The pa-

tient had been treated with invasive mechanical ventilation 
for respiratory syncytial virus bronchiolitis complicated by 
methicillin-resistant Staphylococcus aureus septic shock and 
pneumothorax. This disease episode occurred 1 day before 
scheduled immunization with anti-respiratory syncytial virus 
monoclonal antibodies (nirsevimab). After extubation, com-

plete right lung atelectasis (Figure, A) necessitated NIV to 
prevent reintubation. However, commercial oronasal NIV 
masks in various sizes, including a simple anesthetic mask 
placed in a holder as previously developed and described, 2 

were found to be grossly inappropriate for this small infant. 
The only available total face mask by which NIV could be 
delivered was associated with major skin pressure injuries 
(Figure, B), requiring rotation with an alternative interface.

To optimize patient-mask fitting during NIV, we have 
established an in-house process for the development of 
personalized masks with a fully 3-dimensional (3D) 
printable, modular design, shown in Figure, C and D. 
This mask exists of a size-based frame, in which a 
personalized, soft cushion is placed and secured with a 
frame ring, as described previously during bench and 
simulation testing. 3 Given intended use in an acute 
clinical setting as the ICU, we developed a 
semiautomated workflow incorporating rapid 
(<30 seconds) handheld 3D scanning, a 3D modeling 
software plugin for generating patient-specific cushions, 
and a 3D printing station for production of all materials 
used (approved by the local medical device regulation 
committee for in-house production and all mask 
materials comply with ISO-10993 and ISO-18562). 
Using this novel workflow, we 3D-printed a 
personalized oronasal NIV mask for this infant within 
6 hours after scanning. The patient was supported by 
NIV with a Hamilton C5 ventilator set on mode NIV

spontaneous/timed, with positive end-expiratory 
pressure of 8 cm H 2 O and peak inspiratory pressure of 
20 cm H 2 O. Mean air leak was 25% (0.5 L/min) using 
the personalized mask and 43% (2.1 L/min) using the 
total face. The patient was successfully weaned from 
NIV in the subsequent days, alternating both masks per 
local protocol. We want to share this original use of a 
fully 3D-printed oronasal NIV mask for personalized 
support in an acute pediatric critical care setting. n
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Figure. A, Radiograph of the chest showing complete right lung atelectasis and pneumatocele 1 day after extubation after a 
complicated course of invasive mechanical ventilation. B, Example of skin-pressure injuries (arrows) resulting from tightening 
a commercial total face mask to minimize air leaks during NIV. C, 3D-modeling of a personalized cushion for an oronasal NIV 
mask using semiautomated software (Rhinoceros plugin; nSize). D, A rendering of the fully 3D printed personalized oronasal 
NIV mask, which consists of a size-based mask with a frame (material: MED 9851; Henkel), frame ring, and holder (material: 
PC-ISO; Stratasys). The mask holder is attached to commercial headgear (Respireo SOFT from Air Liquide Healthcare) and 
placed around the mask to secure the mask to the face. In this size-based mask, a personalized, soft cushion is placed (material: 
MED 414; Henkel). E, A photograph, obtained with permission, of NIV treatment using the personalized oronasal NIV mask in the 
infant with postextubation acute respiratory failure. Arrows depict the skin-pressure injuries from the commercial total face mask 
that are still visible from its previous use. F, The ventilator mode was set on NIV Spontaneous/Timed, with positive end-expiratory 
pressure of 8 cmH 2 O and peak inspiratory pressure of 20 cmH 2 O.
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