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which is usually collected in a glass bottle in ECMO centers. As
there are currently no studies in the literature proving that con-
densation is not contaminated by the SARS-CoV-2, it may be rea-
sonable to collect moisture and exhalate gas from membrane
lung into a single-chamber chest drainage system with a HEPA fil-
ter on the air exit port, allowing for proper gas filtering and a
closed system for moisture drainage.

On the basis of these considerations and available literature on
this topic, Institutional Guidelines for airway management and
other high-risk procedures in these patients were developed. These
recommendations include:

1) Manage non-intubated patients requiring positive end-expi-
ratory pressure with Helmet CPAP.

2) Apply a HEPA filter to the helmet outlet. Tag the HEPA filter
with the date and time of installation into the breathing
circuit;

3) For patient requiring mechanical ventilation, use only venti-
lators which feature dual-limb circuits

4) Do not perform routine change of the ventilator circuit (i.e.
unless visibly soiled);

5) Use of a heated humidification with HH to minimize airway
dead space and provide optimal humidification;

6) Apply an active scavenging system (usually utilized for
anesthetic gases) to the ventilator gas outlet, to minimize
ICU air contamination;

Fig 1. High efficiency particulate filters placed after ventilator expiratory valve (A: Drager Evita XL, B: Gettinge Maquet Servo I).

Fig 2. 72-hours closed suction system with a valve side port for bronchoscopy. Fig 3. Single-chamber thoracic drainage system with a high efficiency particulate
filter on the membrane lung air exit port.

2 Letter to the Editor / Intensive & Critical Care Nursing xxx (xxxx) xxx
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High efficiency particulate air filters and heat &
moisture exchanger filters increase positive end-
expiratory pressure in helmet continuous positive
airway pressure: A bench-top study
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Abstract
Background: Helmet continuous positive airway pressure (CPAP) has been widely used during the
COVID-19 pandemic. Specific filters (i.e. High Efficiency Particulate Air filter: HEPA; Heat & Mois-
ture Exchanger Filter: HMEF) were used to prevent Sars-CoV2 environmental dispersion and
were connected to the CPAP helmet. However, HEPA and HMEF filters may act as resistors to expi-
ratory gas flow and increase the levels of pressure within the hood.

Methods: In a bench-top study, we investigated the levels of airway pressure generated by
different HEPA and HMEF filters connected to the CPAP helmet in the absence of a Positive End
Expiratory Pressure (PEEP) valve and with two levels of PEEP (5 and 10 cmH2O). All steps were
performed using 3 increasing levels of gas flow (60, 80, 100 L/min).

Results: The use of 8 different commercially available filters significantly increased the pressure
within the hood of the CPAP helmet with or without the use of PEEP valves. On average, the

KEYWORDS
Helmet;
NIV;
CPAP, Airway
pressure;
HEPA;
PEEP

Abbreviations: CPAP, Continuous Positive Airway Pressure; HEPA, High Efficiency Particulate Air Filter; HMEF, Heat and Moisture Exchange
Filter; ICU, Intensive Care Unit; NIV, Non-Invasive Ventilation; PEEP, Positive End Expiratory Pressure; ZEEP, Zero End Expiratory Pressure.
The present study was performed at the General Intensive Care Unit, Emergency Department and Intensive Care, San Gerardo Hospital ! ASST
Monza, Via Pergolesi 33 ! Monza (MB), Milan-Bicocca University ! Italy.
* Corresponding author at: General Intensive Care Unit - San Gerardo Hospital ! ASST Monza, Milan-Bicocca University ! Italy, Via Pergolesi

33, Monza, MB, Italy.
E-mail addresses: alberto.lucchini@unimib.it, a.lucchini@asst-monza.it (A. Lucchini).
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NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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PEEP valves (i.e. valve 1 and valve 2). Using valve 1, as com-
pared to set airway pressure at 5 cmH2O, the absence of
HEPA and HMEF filters resulted in a DPEEP ranging from 0 to
1.5 cmH2O at increasing flow rates. The use of HEPA and

HMEF filters led to a gradual increase in DPEEP across increas-
ing levels of gas flow ranging between 1.9-4.3 cmH2O, 3.9-6.4
cmH2O, to 5.4-8.8 cmH2O, at 60, 80 and 100 L/min of fresh
gas flow, respectively (Fig. 3a). We observed a similar effect

Fig. 1 Helmet CPAP in vitro configuration. A) Helmet CPAP; B) Pneumotachograph place at the inlet of the helmet; C) Gas flow gen-
erator; D) Mechanical PEEP valve with HEPA/HMEF filter; E) Manometer; F) Pressure transducer; G) Acquisition system and pressure
and flow tracings; H) airway pressure reading point.

Fig. 2 Change in airway pressure within the hood of the helmet CPAP (DZEEP) without and with different HEPA and HMEF filters
across increasing gas flows and in the absence of a mechanical PEEP valve. Increasing flow rates are reported in from panel A ! 60 L/
min; to panel B ! 80 L/min; to panel C, 100 L/min. Description of HEPA and HMEF (i.e. from F1 to F8) filters are reported in Table 1.
Histobars summarize median and interquartile range.

Table 2 Change in airway pressure (DPressure, cmH2O) over increasing gas flows and without using any PEEP valve and by using 2
different commercially available PEEP valves (PEEP valve 1 and 2).

Tested condition Gas flow 60 L/min Gas flow 80 L/min Gas flow 100 L/min p-value

No PEEP valve 2.2 (1.9-2.6) 3.9 (3.6-4.5)* 5.3 (5.0-6.1)*# <0.001
PEEP valve 1
" Set at 5 cmH2O 2.8 (2.2-3.8) 4.9 (4.4-5.4)* 6.7 (5.9-7.1)*# <0.001
" Set at 10 cmH2O 3.0 (2.4-3.4) 4.5 (3.9-5.4)* 6.3 (6.0-6.7)*# <0.001
PEEP valve 2
" Set at 5 cmH2O 5.2 (4.5-6.1) 7.5 (6.9-8.0)* 9.8 (9.0-10.3)*# <0.001
" Set at 10 cmH2O 5.7 (5.6-6.3) 7.7 (7.3-8.7)* 10.1 (9.2-10.8)*# <0.001

DPressure are reported in cmH2O as median and interquartile range. p-value of the Friedman’s test. * p < 0.05 versus 60 L/min. # p < 0.05
versus 80 L/min.
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Materials and methods
!is study was conducted in the research and development laboratory of Air Liquid 
Medical Systems (Bovezzo, Italy). A mechanical ventilator (Monnal T 75: Air Liquide 
Medical Systems, Antony, France) was connected to ETTs with internal diameter 
(ID) of 6, 7 and 8 mm (Shiley, Covidien llc, Mansfield, USA). For each experiment the 
ETT was connected to a high-fidelity simulator of the respiratory system (ASL 5000, 
Ingmar inc., Pittsburgh, USA) via a 1.6 m long 22 mm smoothbore circle breathing 
circuit (Intersurgical, Wokingham, UK). We used an analogue manometer (VBM 
Medizintechnik GmbH, Sulz am Neckar, Germany) to set optimal ETTs cuff pressure. 
!e ventilator settings were as follows: volume-controlled ventilation (VCV), tidal 
volume (TV) 360 ml; PEEP 10 cm  H2O; respiratory rate (RR) 20 breaths per minute; 
inspiration time 1 s.

!ree different types of clamps were tested:

1. Rochester-Pèan Forceps straight 14 cm (Promedical AG, Glarus, Switzerland); thus 
named “Klemmer”; (Fig. 1A).

2. Tubing Clamp Forceps 20  cm (Promedical AG, Glarus, Switzerland); thus named 
“Chest-Tube”; (Fig. 1B).

3. Tubing Clamp Forceps 18  cm (Promedical AG, Glarus, Switzerland), thus named 
“ECMO”, (Fig. 1C).

Efficacy of the clamping maneuver was defined as the ability to maintain an alveolar 
pressure during disconnection of at least 10 cm  H2O. A Palv < 10 cm  H2O and lung vol-
ume < 300 ml were considered critical values for clamping failure.

!e lung model was set in passive ‘ARDS like’ conditions with a respiratory system 
compliance (Crs) of 30 ml/cm  H2O and resistance of 8 cm  H2O/L/sec. !e model was 
connected via a standard ethernet connection to a personal computer containing the 

Fig. 1 Type of clamp tested. Rochester-Pèan forceps straight 14 cm (A) thus named “Klemmer”, tubing Clamp 
Forceps 20 cm (B) thus named “Chest-Tube” and Tubing Clamp Forceps 18 cm (C) thus named “ECMO”

E!cacy of endotracheal tube clamping 
to prevent positive airways pressure loss 
and pressure behavior after reconnection: 
a bench study
Enrico Bulleri1, Cristian Fusi1, Stefano Bambi2, Luigi Pisani3,5, Alice Galesi4, Enrico Rizzello5, Alberto Lucchini6,10, 
Paolo Merlani1,7 and Alberto Pagnamenta1,8,9*   

Abstract 
Background: Endotracheal tube (ETT) clamping before disconnecting the patient 
from the mechanical ventilator is routinely performed in patients with acute respira-
tory distress syndrome (ARDS) to minimize alveolar de-recruitment. Clinical data on the 
effects of ETT clamping are lacking, and bench data are sparse. We aimed to evaluate 
the effects of three different types of clamps applied to ETTs of different sizes at differ-
ent clamping moments during the respiratory cycle and in addition to assess pressure 
behavior following reconnection to the ventilator after a clamping maneuver.

Methods: A mechanical ventilator was connected to an ASL 5000 lung simulator 
using an ARDS simulated condition. Airway pressures and lung volumes were meas-
ured at three time points (5 s, 15 s and 30 s) after disconnection from the ventilator 
with different clamps (Klemmer, Chest-Tube and ECMO) on different ETT sizes (internal 
diameter of 6, 7 and 8 mm) at different clamping moments (end-expiration, end-inspi-
ration and end-inspiration with tidal volume halved). In addition, we recorded airway 
pressures after reconnection to the ventilator. Pressures and volumes were compared 
among different clamps, different ETT-sizes and the different moments of clamp during 
the respiratory cycle.

Results: The efficacy of clamping depended on the type of clamp, the duration of 
clamping, the size of the ETT and the clamping moment. With an ETT ID 6 mm all 
clamps showed similar pressure and volume results. With an ETT ID 7 and 8 mm only 
the ECMO clamp was effective in maintaining stable pressure and volume in the res-
piratory system during disconnection at all observation times. Clamping with Klemmer 
and Chest-Tube at end inspiration and at end inspiration with halved tidal volume was 
more efficient than clamping at end expiration (p < 0.03). After reconnection to the 
mechanical ventilator, end-inspiratory clamping generated higher alveolar pressures as 
compared with end-inspiratory clamping with halved tidal volume (p < 0.001).

Conclusions: ECMO was the most effective in preventing significant airway pres-
sure and volume loss independently from tube size and clamp duration. Our findings 
support the use of ECMO clamp and clamping at end-expiration. ETT clamping at 
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Discussion
In the present study, aiming at assessing the effects of three different types of clamps 
on ETT of different sizes and at different clamping moments, we found that pressure 
and volume losses are affected by the type of clamp, the size of the ETT, the duration of 
clamping and the clamping moment during the respiratory cycle. Moreover, the recon-
nection to the mechanical ventilator after a clamping maneuver is associated with the 
development of high airway pressures.

Fig. 3 Alveolar pressure distribution 30 s after disconnection from the mechanical ventilator according to 
type of clamp and to the clamping moment during the respiratory cycle for ETT ID 7 mm (A) and 8 mm (B). 
Chest-Tube, tubing clamp forceps 20 cm; ECMO, tubing clamp forceps 18 cm; Klemmer, Rochester-Pèan 
forceps; end-expiration, clamping during end-expiratory occlusion; end-inspiration, clamping during 
end-inspiratory occlusion; 50%-end-inspiration, clamping during end-inspiratory occlusion with tidal volume 
halved
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