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Abstract

Background: Non-invasive mechanical ventilation (NIMV) frequently involves the development of 
pressure ulcer (PU) secondary to face-masks. Its prevention considers the empirical use of protective 
patches between skin and mask, in order to reduce the pressure exerted by face-masks. Objectives: 
To evaluate the effect of protective patches on the pressure exerted by face-masks, and its impact on 
ventilatory parameters. Method: A simulated model of BiPAP using total face mask on a training 
phantom with a physiological airway model (ALS PRO+) in supine position was used. The pressure 
on the front, chin and cheek was measured using 3 types of patches commonly used versus a con-
trol group, using pressure sensors (Interlinks Electronics(R)). The values obtained with the model 
of mask-protective patches in the programmed variables (peak inspiratory flow (PIF), expired tidal 
volume (Vte) and inspiratory positive pressure (IPAP)) were evaluated with a Trilogy 100 ventilator, 
Respironics(R). The programming and recording of the variables were carried out in 8 opportunities 
in each group by independent operators. Results: Any decrease in facial pressure with the protective 
patches used was observed, compared to the control group. Moltopren(R) increased facial pressure 
at all support points (p < 0.001), increased leakage, decreased PIF, Vte and IPAP (p < 0.001). Hy-
drocolloid patches increased facial pressure only in the left cheek, increased leakage and decreased 
PIF. Polyurethane patches did not produce changes in facial pressure or ventilatory variables. Con-
clusion: The use of Moltopren(R), hydrocolloid and transparent polyurethane protective patches did 
not contribute to the decrease on facial pressure. A deleterious effect of Moltopren and hydrocolloid 
patches was observed on the administration of ventilatory variables, concluding that the non-use of 
the protective patches allowed a better administration of the programmed parameters.
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Introduction

The success of non-invasive mechanical ventilation 
(NIMV) depends, among other things, on an adequate 
interface or mask, as this directly influences the tole-
rance and comfort of the patient to the system, patient-
ventilator synchrony and correct delivery of the venti-
latory parameters1,2. The correct selection of the mask, 
associated to its adequate positioning, achieves in most 
cases an accurate delivery of the programmed parame-
ters and a decrease of complications associated to the 
NIMV interface3,4.

A common complication of NIMV is facial pressu-
re ulcers (PU), which affects up to 50%5,6. In normal 
clinical practice, masks used in NIMV are tightly fitted 
to the face of the patient to achieve a tight seal, which 
is capable of reducing leakage and thereby ensuring 
the delivery of pressures, fraction of inspired oxygen 
(FiO2) and programmed trigger sensitivity and cycling. 
This control of leakage through the fixation of the 
mask can cause points of overpressure, mainly in areas 
where there is little subcutaneous tissue (chin, cheek-
bones, forehead and nasal bridge), which predisposes 
to the generation of PU6-9. Additionally, in the pedia-
tric population, there are particular risk factors for de-
veloping PU, such as the presence of immature skin10, 
a poor variety of masks, and a difficult adaptation to 
the facial anatomy of each child, which in many cases 
requires an excessive adjustment to the face to achieve 
the proper seal11. In the case of PU, the constant and/
or elevated pressure that is exerted by the NIMV mask 
could generate tissue ischemia. They would only have 
two hours of pressure of 35 mmHg or 47.6 cmH2O on 
the skin to produce occlusion of the microcirculation 
and generate regional tissue ischemia12-14. In addition 
to generating aesthetic problems and impairing the 
patient’s quality of life, hospitalization costs increa-
se, with potential medical and legal implications for 
health professionals15.

Currently, measures to prevent PU consider the use 
of suitable masks, with strong evidence for the use of 
the total face mask model, as well as periodical revision 
of the skin and the placement of facial patches between 
the skin and the mask in risky areas10,16-18. The protecti-
ve patches are intended to create a physical barrier bet-
ween the mask and the skin, in order to theoretically 
attenuate the pressure exerted on the skin, in an effect 
that we could call “meniscus effect”, given the functio-
nal similarity achieved by the cartilaginous (meniscus) 
joint in the knee19. The meniscus biomechanically ex-
press properties that allow it to adapt to withstand the 
forces exerted on them, acquiring a crucial role in the 
absorption of the impact, support and transmission 
of load towards the underlying bone20. The interac-
tion between sustained pressure and tissue tolerance 

to pressure is essential prior to necrosis, as the exter-
nal pressure in the blood vessels causes an increase 
in irrigation through the activation of self-regulation 
mechanisms21. This meniscus effect would be achie-
ved through 3 mechanisms: 1) Achieve congruence of 
the surface system (mask-skin); 2) Increase the area of 
contact between surfaces, and 3) Distribute the force 
between the mask and the skin20. Despite this theoreti-
cal benefit and the massive use of these patches, there 
is no evidence to sustain its use.

Our objective was to evaluate the effect of the pro-
tective patches on the pressure exerted by the face 
mask, and its impact on the delivery of the ventilatory 
parameters.

Equipment and Methods

We used a simulation model consisting of a ma-
nikin with a physiological airway (ALS PRO+), which 
was connected to a non-invasive mechanical venti-
lator model Trilogy 100, Respironics (R), through a 
total face mask (PerforMax size S, Respironics (R)). 
The mask was fixed with a headgear; model Softcap, 
Respironics(R). Between the face of the simulation 
manikin and the mask were placed protective patches 
of 2 cms of surface and simultaneously pressure sen-
sors in 4 key points: forehead (facial pressure on fo-
rehead = FPF), chin (facial pressure on chin = FPC), 
right cheek (facial pressure on right cheek = FPRC) 
and left cheek (facial pressure on left cheek = FPLC). 
Facial pressure was measured with pressure sensors 
model FSR 402 round, Interlinks Electronics(R) with 
0.5 cms of sensitive diameter, attached to an Arduino 
UNO-R3 card, a 640 distribution x 200 power distribu-
tion protoboard and an alphanumeric display of 16x2 
(MCI00154) according to the connection diagram re-
commended by the manufacturer of the sensor (Inter-
links Electronics(R))22. In this way a mask-patch-sen-
sor-surface interface of the manikin was created for the 
experimental groups, unlike the control group whose 
interface did not use protective patches.

The simulation manikin was placed in supine po-
sition with a head height of 13.5 cm above the support 
surface. The frontal sensor was located in the midline 
at 2.5 cm above the eyebrows, the chin sensor was in 
the midline at 2 cm under the lower lip and finally the 
right and left sensors were 3 cm anterior to the external 
auditory canal (figure 1).

The fixation force of the mask was determined by 
clinical criteria of “congruence of the mask with the sur-
face of the face that allows a slight play of the mask with 
the least possible leakage”. Once the clamping force was 
determined, it was standardized for all measurements 
(constant clamping force) by 24 cms in length for the 
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two upper straps and 20 cms for the two lower straps 
of the headgear.

During the measurements all parameters of the 
mechanical ventilator were maintained constant: 
mode Timed, IPAP 14 cmH2O, EPAP 8 cmH2O, bac-
kup respiratory rate of 12/min, inspiratory time of 0.85 
sec, FiO2 of 21%.

The study groups were divided according to the type 
of patch used: group with patch of Moltopren, group 
with waterproof hydrocolloid dressing (Duoderm(R) 
Convatec) and group with transparent polyurethane 
dressing (Tegaderm(R) IV, 3M).

A study group was measured per day in a randomly 
defined order, with 8 daily measurements being per-
formed for each group. This number of measurements 
was determined by performing a previous reliability 
study, averaging a number of facial pressure measu-
rements where it did not score significant differences 
with respect to the previous averages (< 0.5 cmH2O).

The interface mask-patch-sensor-surface of the 
manikin was applied by an operator other than the one 
who made the measurements, both unrelated to the 
investigation. Each measurement was obtained after 1 
minute, after having fixed the mask with the headgear 
and at the moment of delivering the IPAP. For the next 
measurement, the interface (mask, patch, sensor) was 
disconnected, the sensor was repositioned by inserting 
a new protective patch at each support point and the 
mask was reattached. This sequence was applied for 
each of the following measurements, using a total of 
32 protective patches per group. For the control group 
the same sequence was used. The critical pressure was 
defined as that greater than 47.6 cmH2O12.

In addition, the level of leakage of the mask (leaka-
ge), peak inspiratory flow (PIF), expired tidal volume 

(Vte) and inspiratory positive airway pressure (IPAP) 
were evaluated through a pneumotachograph incor-
porated into the Trilogy 100 ventilator. Continuous 
variables were represented by mean ± standard devia-
tion. A normality analysis was performed with the Sha-
piroWilk test. The variables FPF, FPRC, leakage and 
PIF variables had a normal distribution using the one-
way ANOVA test for repeated measures. For the varia-
bles without normal distribution (FPC, FPLC, IPAP, 
Vte) the Friedman test was used. Dunnett’s post-test 
(one-way ANOVA for repeated measures) and Dunn’s 
posttest (Friedman’s test) were used for the variables 
with statistically significant differences. The analyses 
were performed with a confidence level of 95% with 
a maximum error of 5%, considering an alpha error 
lower than 0.05. Data analysis was performed using the 
Graphpad Prism(R) computer statistical program.

Results

The Moltopren patch generated facial overpressure 
at all support points of (FPF 198 ± 58 cmH2O, FPC 244 
± 31 cmH2O, FPLC 76 ± 20 cmH2O and FPRC 78 ± 20 
cmH2O) with respect to the control group (FPF = 26 ± 
9.2 cmH2O, PFC = 44 ± 10 cmH2O, PFLC = 26 ± 5.8 
cmH2O and FPRC = 34 ± 12 cmH2O), exceeding criti-
cal pressure at all support points. In addition, it increa-
sed leakage, decreased Vte, PIF, and IPAP. The hydro-
colloid patch generated facial pressure only in the left 
cheek (FPLC of 36 ± 4.6 cmH2O) with respect to the 
control group. It also increased leakage and decreased 
PIF, but to a lesser extent with respect to Moltopren. 
The transparent polyurethane patch did not change 
the pressure with respect to the control group, and had 

Figura 1. a) Simulation manikin with sensors and patches. b) Pressure monitor.

a b
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no effect on the ventilatory parameters administered 
(Table 1).

In the control group the pressure was at all points 
of support under critical pressure.

Discussion

The results of our simulated model of BiPAP 
NIMV evidenced an inability of the protective patches 
to reduce facial pressure, and even the Moltopren and 
hydrocolloid patches generated overpressure. The use 
of the mask without any patches did not generate im-
mediate overpressure using a usual clamping force.

According to what was observed in this study, three 
scenarios would be generated with the use of protective 
patches: 1) A high leakage that does not allow to main-
tain the IPAP in the desired parameters, favoring the 
fall of the PIF and the decrease of Vte; 2) The compen-
sation of a moderate leak manages to keep the IPAP, 
but at the expense of a fall of the PIF and the Vte, and 
3) A decrease in the leak keeps the IPAP, increasing the 
PIF and Vte.

Scenario 1 (Moltopren) and 2 (hydrocolloid) 
would require a greater fixation force of the mask 
to achieve adequate adaptation and seal that favors 
a good patient-ventilator synchrony (trigger and 
cycling) and a correct delivery of ventilatory parame-

ters. This increased fixation force, however, would re-
sult in increased pressure on the surface of the skin, 
conditioning the genesis of facial PU. Because of these 
two scenarios, the use of protective patches not only 
increases the risk of facial PU, but also impairs the 
effectiveness of NIMV.

Scenario 3 (polyurethane), although it does not ge-
nerate meniscus effect, does not require increasing the 
fixation force to achieve a suitable adaptation and seal 
of the interface, so that it does not generate overpres-
sure in the patient’s skin nor worsen the effectiveness 
of the ventilator.

Consequently, if a suitable mask is being used, it 
may not be necessary to use protective patches, unless 
only its lubricating, moisturizing and / or antifriction 
properties are sought. In this way, the preventive stra-
tegy of the facial PUs would only involve the use of 
suitable masks, fixed to an optimal pressure and the 
periodic revision of the skin. For this reason, the arran-
gement of an apparatus for measuring the fixation 
pressure level of the mask, such as the one used in this 
study, would allow for the future application of a the-
rapeutic approach, based on the mechanical equation, 
that describes the pressure as directly proportional to 
the fixation force of the mask and inversely propor-
tional to the area of contact of the mask with the skin 
(P = F/A), resulting in a rational preventive measure 
of facial PU in those users of NIMV. There is no doubt 

Table 1. Effect of protective patches on the pressure exerted by the facial mask and its impact on ventilatory para-

meters programmed in simulated model of non-invasive mechanical ventilation

Control Moltopren patch Hydrocolloid patch Polyurethane patch

FPF cmH2O
CV

26 ± 9.2
35.40%

198 ± 58*
29.56%

55 ±  13
23.01%

37 ± 6.6
18.17%

FPC cmH2O
CV

44 ± 10
23.08%

244 ± 31*
12.53%

57 ± 13
22.01%

41 ± 8.1
19.81%

FPLC cmH2O
CV

26 ± 5.8
22.33%

76 ± 20*
26.47%

36 ± 4.6*
12.66%

28 ± 4.7
16.72%

FPRC cmH2O
CV

34 ± 12
37.28%

78 ± 20*
25.08%

44 ± 12
27.43%

31 ± 8
25.75%

Leakage l/min
CV

46 ± 1.5
3.25%

171 ± 6.3*
3.66%

67 ± 2.6*
3.87%

40 ± 1.9
4.80%

Vte ml
CV

45 ± 1.2
2.76%

13 ± 5.5*
43.11%

27 ± 1.4
5.05%

48 ± 0.99
2.06%

PIF l/min
CV

19 ± 0.23
1.19%

 2.6 ± 0.61*
23.74%

15 ± 0.98*
6.36%

20 ± 0.19
0.95%

IPAP cmH2O
CV

14 ± 0.046
0.33%

11 ± 0.52*
4.90%

14 ± 0.074
0.53%

14 ± 0.092
0.66%

FPF= facial pressure on forehead; FPC= facial pressure on chin; FPlC= facial pressure on left cheek; FPRC= facial pressure on 

right cheek; Vte= expired tidal volume; PIF= peak inspiratory flow; IPAP= inspiratory positive airway pressure; CV= Coefficient of 

variation. Values expressed as mean ± standard deviation. *P < 0.05 with respect to control.
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that the development of induced skin ulcers depends 
on the magnitude of the pressure, individual factors 
and the time of continued use of the mask, so that con-
tinuous monitoring would also seem even more desi-
rable in this context8,13,14,19,21,23-29.

The limitations of this study include the use of 
patches only at critical points and not the entire face, 
the use of only 3 types of protective patches and one 
type of mask. The limitations inherent to the use of a 
simulated model are also added: absence of skin and 
/ or mechanical properties similar to this, absence of 
movement in the simulation manikin, which makes 
mask fixation and seal difficult, as well as variability in 
respiratory volumes and flows. Two variables not con-
sidered in this study and of vital importance in future 
investigations are the exposure time between protecti-
ve patches-mask and the temperature inside the mask. 
Both two variables could influence the physical-mole-
cular properties of force distribution and congruence 
of a patch. Despite the limitations described, we be-
lieve it is relevant to question the empirical use of the 
commonly used protective patches in the prevention 
of facial PU secondary to the adjustment of the NIMV 
mask.

Conclussion

The use of protective patches of Moltopren, hydro-
colloid and transparent polyurethane did not contri-

bute to the decrease of the facial pressure in a simula-
ted model of NIMV. A deleterious effect of the Molto-
pren and hydrocolloid patches on the administration 
of ventilatory variables was observed, concluding that 
the non-use of the protective patches allowed a better 
administration of the programmed parameters.
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