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Airway Obstruction Caused by Sputa in Heat and Moisture Exchange Filter
During Ventilation Using Supra-Laryngeal Mask Airway: A Case Report
Naoya Kobayashi1, Masanori Yamauchi1

Abstract
Introduction: Supra-laryngeal mask airway (LMA) is widely accepted as an alternative to the tracheal tube. However, compared to the use of a
tracheal tube, it may take longer to identify the many different causes of sudden respiratory distress. In particular, heat and moisture exchange
filters are one of the most overlooked causes.
Case presentation: The case was that of a 76-year-old male Japanese patient (161.9 cm, 66.5 kg) who underwent an open renal biopsy. He
presented with chronic obstructive pulmonary disease, with a Hugh–Jones dyspnea score of 2. The patient did not discontinue smoking prior to
the operation. Anesthesia was induced using propofol (100 mg), fentanyl (100 μg), and remifentanil (0.3 μg/kg/min). I-gel™ #4 was inserted
following neuromuscular blockade with rocuronium (40 mg). Anesthesia was maintained with 3–6% desflurane under positive pressure
ventilation. After induction in the left lateral and jackknife positions, the following ventilator settings were used: volume-controlled ventilation
with tidal volumes of 450 mL, respiratory rate of 12 breaths per minute, an inspiratory:expiratory ratio of 1:2, and a positive end expiratory
pressure of 5 cm H2O. With these settings, the peak inspiratory pressure was 16 cm H2O. Five minutes after initiating the operation, the peak
inspiratory pressure steadily increased to 30 cm H2O. Although we administered rocuronium, the peak inspiratory pressure and end-tidal carbon
dioxide concentration increased over time. When we disconnected the heat and moisture exchange filter and LMA, we noticed a large quantity of
sputa. A suction catheter was passed down the LMA and the sputa was removed, but the LMA was not obstructed. The peak inspiratory pressure
continued to increase with tidal volumes of only 20–30 mL. Despite a normal external appearance of the heat and moisture exchange filter, we
replaced it with a new one. The ability to ventilate improved immediately and the SpO2 recovered from 92% to 100%.
Conclusions: A heat and moisture exchange filter obstruction can be fatal during the usage of LMA. A combination of factors caused delays in
the diagnosis.
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Background
LMA were introduced in the 1980s and gained wide acceptance as
alternatives to tracheal tubes. I-gel™ (Intersurgical Ltd, Workingham,
UK) is a disposable Supra-laryngeal device with a non-inflatable cuff
composed of thermoplastic elastomer gel that eliminates the need for
cuff inflation and therefore prevents potential complications related to
high intra-cuff pressures. In addition, it has a symmetrical, widened,
elliptical, and laterally flattened stem, which may facilitate easier
insertion and improved stabilization during maintenance of
anesthesia. Since then, it has gained popularity for airway management
in both anesthesia and resuscitation owing to its ease of use [1-4].
However, compared to the use of a tracheal tube, it may take longer to
identify the many different causes of sudden respiratory distress.
While a wide variety of causes must be considered, including patient
factors such as tracheal obstruction due to sputum, asthma, and
laryngospasm, and mechanical factors such as device malposition,
leaks, and ventilator problems, the time allowed between unventilated
and ventilated is only a few minutes at most. Heat and moisture
exchange filters (HMEF) are particularly dangerous because they are

one of the most overlooked causes and can be too late if the blockage is
noticed after other causes have been considered.
Case Presentation
We present a case of unexpected airway obstruction due to the
occlusion of an HMEF by a large quantity of serous sputa. The case
was that of a 76-year-old male patient (161.9 cm, 66.5 kg) who
underwent an open renal biopsy for a more detailed examination of
chronic renal failure. He presented with hypertension and chronic
obstructive pulmonary disease, with a Hugh–Jones dyspnea score of
[2]. The patient did not discontinue smoking prior to the operation.
Written consent for publication was obtained from the patient.
Anesthesia was induced using propofol (100 mg), fentanyl (100 μg),
and remifentanil (0.3 μg•kg-1•min-1). I-gel® #4 was inserted following
neuromuscular blockade with rocuronium (40 mg). Anesthesia was
maintained with 3–6% desflurane under positive pressure ventilation.
A gastric tube (8 Fr) was inserted through the drainage port of the
LMA. After induction in the left lateral and jackknife positions, the
following ventilator settings were used: volume-controlled ventilation
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with tidal volumes (TVs) of 450 mL, respiratory rate of 12 breaths per
minute, an inspiratory:expiratory ratio of 1:2, and a positive end
expiratory pressure of 5 cm H2O. With these settings, the peak
inspiratory pressure (PIP) was 16 cm H2O. Five minutes after
initiating the operation, the PIP steadily increased to 30 cm H2O.
Because a sudden laryngospasm was suspected, rocuronium (25 mg)
was administered and the ventilator settings were changed from
volume-controlled to pressure-controlled ventilation with a PIP of 35
cm H2O. Although we administered rocuronium, the PIP and endtidal carbon dioxide concentration increased over time. Upon bilateral
auscultation of the chest, normal breath sounds were heard. The circle
system was disconnected from the HMEF (DAR Hygrobag-S®;
Covidien, Tokyo, Japan; dead space of 45 mL, recommended tidal
volume of 150–1200 mL) and found to be functioning normally,
thereby excluding mechanical obstruction upstream of the HMEF as a
cause of elevated PIP. When we disconnected the HMEF and LMA,
we noticed a large quantity of serous sputa on the patient-side of the
LMA. A suction catheter was passed down the LMA and the sputa was
removed, but the LMA was not obstructed. The PIP continued to
increase with tidal volumes of only 20–30 mL. Despite a normal
external appearance of the HMEF, it was replaced with a new HMEF.
The ability to ventilate improved immediately with a PIP of 16 cm
H2O that resulted in a TV of 480 mL and recovery of the SpO2 from
92% to 100%. The time from PIP elevation to SpO2 recovery was
about 10 minutes. The patient did not develop neurological
abnormalities and was fully awake after the operation.
Discussion
The main causes of dyspnea when using LMA are considered to be the
following.
The first is a laryngospasm, which causes a complete obstruction of
the upper airway and can lead to oxygen desaturation, negative
pressure pulmonary edema, and death [5]. The spasm is caused by
strong external stress, such as surgery or intubation. As treatment, a
muscle relaxant is effective. However, in our patient, rocuronium was
not effective.

The second is accidental swallowing. Patients who undergo the
insertion of LMA experience more accidental swallowing than
intubated patients. Although accidental swallowing occurred,
complete airway obstruction hardly occurred after suction. In this
case, we were still unable to ventilate despite the secretions being
suctioned out completely.
The third factor is the abnormal position of the LMA. Head and neck
movements change the shape of the pharynx [6]; this can displace the
LMA and cause peri-laryngeal leakage with changes in head positions
[7]. When respiration is compromised, we must change the LMA to a
tracheal tube.
However, the cause of airway obstruction in our case was the fourth
cause, which was sputa reaching the HMEF and obstructing it. if we
had converted to intubation, we might not have been able to ventilate
and the patient would have experienced serious hypoxia.
Airway obstruction due to sputum often occurs with tracheal tubes [811], but is considered rare with LMA. In particular, if phlegm reaches
the HMEF, the filter may take a long time to deal with, as it becomes
irreversibly blocked and must be replaced. An obstruction of the
HMEF is likely to occur when the patient is in the lateral or prone
position due to reversed flow of the secretions. When these positions
are used with LMA, we recommend being cautious about airway
obstructions and considering the possibility of HMEF obstruction.
This is one of the basic troubleshooting steps, but like checking vital
signs (12], it must be checked because it directly affects the life of the
patient.
In conclusion, an HMEF obstruction can be fatal during the usage of
LMA. It is important to consider HMEF malfunction because
troubleshooting requires multiple steps.
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