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Abstract
Anapnoguard endotracheal tubes and control unit were used in 15 patients with COVID-19 acute
respiratory distress syndrome. Anapnoguard system provides suction, venting, rinsing of subglottic space
and controls cuff pressure detecting air leakage through the cuff. Alpha-amylase and pepsin levels, as
oropharyngeal and gastric microaspiration markers, were detected from 85 tracheal aspirates.

Oropharyngeal microaspiration occurred in 47 cases (55%). Episodes of gastric microaspiration weren’t
detected. There wasn’t correlation in enzyme levels between prone and supine positioning. Ventilator-
associated pneumonia (VAP) rate was 40%. 

The use of the AG system provided effective Pcuff control and SS drainage. Nevertheless, the role of
Anapnoguard system in VAP prevention is worthy to be further investigated.

Introduction
During the Coronavirus disease 2019 (COVID-19) outbreak, a high number of patients with acute
respiratory distress syndrome (ARDS) underwent invasive mechanical ventilation (IMV), being
complicated by many respiratory infectious events (1).

Microaspiration of secretions contaminated with oropharyngeal and gastric pathogens is observed in up
to 88% of mechanical ventilated intensive care unit (ICU) patients, representing a key factor in the
pathogenesis of ventilator-associated pneumonia (VAP) (2).

This phenomenon can be identi�ed using pepsin and alpha-amylase dosage in tracheal secretions.
Indeed, the presence of pepsin in tracheal aspirates (TA) is the biochemical marker of microaspiration of
gastric content, with abundant microaspiration de�ned by the presence of pepsin at a signi�cant
concentration (> 200 ng/ml) in more than 30% of TAs. Conversely, abundant microaspiration of
oropharyngeal secretions is de�ned by the presence of alpha-amylase at a signi�cant concentration (> 
1685 IU/mL) in more than 30% of TAs (3,4).

During the last years, among the strategies developed to prevent microaspiration, many efforts have been
focused to optimise subglottic secretion (SS) drainage and continuous cuff pressure (Pcuff) control.

SSs are the secretions collected in the space between endotracheal tube (ET) cuff and vocal cords. They
represent a bacterial reservoir and keeping this space tidy appears to be a useful strategy to reduce the
incidence of bacterial microaspiration (5).

Likewise, Pcuff control allows a signi�cant reduction of the incidence of overin�ation and underin�ation
of the tracheal cuff. Underin�ation is a recognized risk factor for microaspiration of contaminated
oropharyngeal secretions and gastric contents, and Pcuff hyperin�ation may lead to mucosal damage as
a direct consequence of tracheal mucosal hypoperfusion.
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In a pilot randomised trial, we showed that a new integrated airway system (Anapoguard 100 ET and
control unit) was safe and effective in terms of Pcuff control and SS evacuation, in patients without
pneumonia, with a strong trend in reducing microbiologically con�rmed VAP (6).

We designed this observational study with the aim at assessing the rate of microaspiration, as de�ned by
the dosage of alpha-amylase and pepsin in tracheal secretions, collected from patients with COVID-19
ARDS undergoing pronation.

Materials And Methods
15 patients with COVID-19 ARDS were intubated with AnapnoGuard (AG) polyvinyl chloride ETs (ID
8.0/7.5 mm), equipped with a thin wall polyurethane, ellipsoidal shape cuff. After intubation, patients
were connected to the AG 100 control unit (Hospitech Respiration LTD).

AG ETs are designed with three lines: two simultaneous and dedicated suction lines, and an extra line
which provides venting and rinsing of subglottic space. This extra line also permits air samples and
incorporates a high-sensitivity low-level capnograph, which detects carbon dioxide (CO2) levels above the
cuff with cycles of a few minutes.

The user is asked to set upper and lower pressure limits, with the optimal target pressure set by the
system within the pre-set limits, then the AG 100 control unit adjusts Pcuff in two layers. The �rst control
layer consists of keeping the target pressure constant, similarly to standard Pcuff controllers. With the
second control layer, the device automatically adjusts the target pressure based on the CO2 levels/leaks
above the cuff.

CO2 level thresholds, which were set through extensive animal studies (7), correlate to leaks. If measured
CO2 levels above the cuff are below the threshold, the device reduces the target pressure by 1 mmHg. If
the CO2 levels are above the threshold, the system increases the target pressure by a formula. In case the
system reaches the upper pressure limit, and a leak is still detected, then a visual and audio alert is
activated.

Samplings of TA in the �rst 72 h after connection to the AG 100 system were collected, centrifuged at
4000 rpm for 5 minutes and the supernatants were stored at − 80°C until quantitative measurements of
alpha-amylase and pepsin. Salivary alpha-amylase activity was calculated by the difference between
total and pancreatic amylase activity, assayed by commercially available kits (Atellica, Siemens
Healthcare Diagnostics, USA); pepsin was assayed by kit ELISA (Cusabio, China). All tracheal aspirates
were considered as positive if the level of salivary α-amylase was > 1685 UI/L and of pepsin > 200 ng/mL.

The study was performed in accordance with the Declaration of Helsinki and was approved by the Ethics
Committee of the Fondazione Policlinico “A. Gemelli IRCCS” (reference number ID3141, “Prot.2019-
nCoV_ICU”, date of approval 16/04/2020). A written informed consent or proxy consent was waived, due
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to the observational nature of the study, according to committee recommendations. All data were
anonymous and identi�ed with an admission code number.

All statistical analyses were performed using MedCalc Statistical Software version 16.4.3 (MedCalc,
Ostend, Belgium).

Results
Baseline characteristics of patients and results are shown in Table 1.
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Table 1
Baseline, ventilation and outcome details of 15 enrolled patients
Baseline Characteristics

Age 65 [56–76]

Gender (male) 12 (80)

SAPS II 35 [29–44]

SOFA 4 [4–4]

CCI 3 [2–4]

Cardiovascular Disease 2 (13)

COPD 0 (0)

Diabetes 5 (33)

Liver Disease 2 (13)

CKD 1 (7)

Ventilation and airway management during AG connection

AG connection, days 7 [5–10]

Cuff pressure, cmH2O 27.3 [26.8–28.1]

SS volume per patient, mL 170 [150–275]

SS volume per day, mL 31 [21.5–37]

ETI P/F ratio 84 [79–89]

Pronation cycles per patient 4 [2–5]

IMV, days 9 [6–19]

PEEP, cmH20 9 [8–10]

Shock during AG 7 (47)

CRRT during AG 2 (13)

Pts treated with antibiotics during AG 12 (80)

Antibiotic therapy during AG, days 5 [3–8]

Outcome measures

Alpha-amylase level, IU/L* 1905 [1132–3145]

Pepsin level, ng/mL** 7,8 [7.8-21.45]
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Baseline Characteristics

Oropharyngeal microaspiration 47 (55)

Gastric microaspiration 0 (0)

Abundant oropharyngeal microaspiration 9 (60)

VAP (n) 6 (40)

Late VAP (n) 6 (100)

Time between ETI and VAP (days) 8.5 [7.25–9.75]

Extubation 8 (53)

Tracheostomy 4 (27)

Stridor 2 (13)

ICU LOS (days) 16 [13–24]

28-day mortality (n) 4 (27)

*85 samples ** 75 samples

Categorical variables are expressed in count and percentage; continuous variables are expressed in
median and interquartile range.

Legend
TA, tracheal aspirate; CCI, Charlson Comorbidity Index; COPD, Chronic Obstructive Pulmonary Disease;
CKD, Chronic Kidney Disease; ETI, Endotracheal Intubation; IMV, Invasive Mechanical Ventilation; CMV,
Controlled Mechanical Ventilation; PEEP, Positive End-Expiratory Pressure; AG, AnapnoGuard; CRRT
Continuous Renal Replacement Therapy; Pts, Patients; VAP, Ventilator-Associated Pneumonia; ETI,
EndoTracheal Intubation; ICU, Intensive Care Unit; LOS, Length of Stay.

Among 15 patients, 12 (80%) were male; median age, SAPS II and SOFA score were 65 [56–76], 35 [29–
44] and 4 [4–4] respectively. All patients underwent IMV with a median positive end-expiratory pressure
(PEEP) of 9 [8–10] cmH2O, continuous neuromuscular blocking and at least one 18-hours pronation
cycle. Enteral nutrition was equally delivered during prone and supine positioning (at least 1500 mL per
day), without interruption. Alpha-amylase and pepsin were measured in 85 (100%) and 75 (88%) TAs,
respectively. The median number of tracheal samplings was 6 [4; 7] per patient and 21 (25%) TAs were
collected during prone positioning. Pcuff values were stable between 25 and 30 cmH20 with a median
volume of daily SS drainage of 31 mL Oropharyngeal microaspiration (alpha-amylase value > 1685 IU/L)
was diagnosed in 47 TA (55%). Conversely, no tracheal secretions samplings showed evidence of gastric
microaspiration (pepsin > 200 ng/mL). There was no correlation regarding alpha-amylase and pepsin
level between prone and supine positioning (1973 [1159–2983] IU/mL vs. 1899 [1092.75; 3156.25] IU/mL;
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7.7 [7.7–17.1] ng/mL vs 7.8 [7.8–23.7] ng/mL, p = 0.85 and p = 0.53, respectively), Fig. 1. The incidence
of VAP was 40%, with a median mechanical ventilation time to infection of 8.5 [7.25–9.75] days. Stridor
after extubation was observed in two patients. No ET misplacements occurred.

Discussion
We studied the occurrence of microaspiration in 15 COVID-19 ARDS patients intubated with AG ET and
connected to AG 100 control unit. We observed that this new technology for the management of
intubated patients provided a strict Pcuff control and e�cient SS drainage, with good potential to reduce
the incidence of oropharyngeal and gastric microaspirations, both in supine and prone position.

Previous randomised controlled trials showed the e�cacy of automatic Pcuff control to minimise ET cuff
underin�ation and microaspiration (6,8). However, available devices (either electronic or pneumatic) are
not able to identify the optimal Pcuff for the individual patient. Conversely, the AG 100 system, detecting
CO2 leaks above the ET cuff, was able to provide an accurate control of ET Pcuff, regardless of prone
positioning and variations in PEEP level, thus preventing the occurrence of aspiration and avoiding
excessive tracheal mucosa compression (6).

Patients’ SS intermittent drainage, either manual or automatic, is now considered an effective intervention
to reduce VAP (5). However, standard systems may harbour a suboptimal evacuation capability due to
line obstructions or ‘vacuum’ effect occurrence. Due to the presence of a double suction lumen and an
extra line for venting and rinsing the subglottic space, in our patients no obstructions were detected,
allowing the drainage of relevant amounts of SS (about 30 mL per day).

Despite the implementation of several methods to impede microaspiration, current literature shows rates
ranging from 0 to 50% for gastric content and from 50 to 80% for oropharyngeal content, according to the
study population and the adopted preventing measure (4,8).

Our results showed that neither prone positioning nor deep sedation and neuromuscular blocking agent
use, which are considered independent risk factors for abundant gastric microaspiration and VAP
occurrence (9), were associated with higher alpha-amylase or pepsin levels in TAs.

The use of the AG system has resulted in obtaining an incidence of oropharyngeal microaspiration of
55%, which was among the lowest data reported in current literature. Additionally, no relevant
microaspiration of gastric content was observed, even when patients were kept prone for many hours.
The absence of pepsin in TAs may be explained by the enteral nutrition effect on overall dilution of
gastric content and on pH-driven pepsin secretion, whilst �uid oropharyngeal secretions were more likely
to leak around, thus being detected in tracheal secretions (10).

Our study has some limitations. Mainly, the small sample size and the observational nature of the design
do not allow to generalise our results; in addition, no microbiological samples to detect bacterial
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tracheobronchial colonisation were collected, and clinical implications of oropharyngeal and gastric
microaspiration remain unclear.

However, this is the �rst study where oropharyngeal and gastric microaspiration was investigated in
COVID-19 ARDS patients using a new automatic ET Pcuff control and SS drainage, during supine and
prone position.

Conclusions
In COVID-19 ARDS patients undergoing pronation, the use of the AG system provided effective Pcuff
control and SS drainage, contributing to limit the amount of oropharyngeal and gastric microaspiration.
These preliminary results represent a proof of concept to investigate the e�cacy of this new technology
for VAP prevention.
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Figure 1

Alpha-amylase and pepsin levels in supine and prone position


