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The Application of a Novel Non-Invasive Respiratory
Monitor (ExSpiron™) in the Extubation of a Patient
With Persistent Upper Airway Swelling
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Abstract

A 45-year-old female s/p right-sided cerebropontine angle tumor
resection had a post-operative course which was complicated by
severe sub-lingual swelling and required urgent post-operative
intubation. Due to pharyngeal swelling, intubation failed with a
Glidescope® requiring a laryngeal mask airway (LMA) facilitated
fiberoptic-Aintree exchange. When the patient was extubated 3
days later, monitoring for respiratory deterioration was necessary
to avoid the morbidity of urgent re-intubation. The ExSpiron™ was
utilized for 2.5 hours following extubation, displaying her tidal vol-
ume, respiratory rate and minute ventilation. Following extubation,
the patient’s neuroscience intensive care unit course was unevent-
ful.
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Introduction

Respiratory mechanics (i.e. minute ventilation (MV), tidal
volume (TV) and respiratory rate (RR)) are important mea-
sures used in the assessment of respiratory function and
readiness for extubation. They serve as a guide in the deci-
sion-making process regarding extubation as well as poten-
tial requirement for long-term ventilation support. Modern
ventilators can display such figures to facilitate the extuba-
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tion process [1]. However, following extubation, there is
no device which can measure tidal volume to further guide
patient management. Currently available protocols use only
clinical assessment of the aforementioned variables, end tid-
al/transcutaneous CO, monitoring or frequent arterial blood
gas analysis post extubation for decision-making, sometimes
leading to delayed recognition of high arterial pCO, levels or
even CO, “narcosis” in few patients [2-5]. Furthermore, the
cost of some of the available monitors is prohibitive to their
selection in many hospitals. We present a case report of a pa-
tient whose extubation was guided device ExSpiron™. The
ExSpiron™ is a noninvasive, continuous respiratory moni-
tor which has received FDA clearance to graphically display
lung volumes against time. It provides the real time display
reporting quantitative values of MV, TV and RR [6]. It is
clinically accurate and precise when compared to the gold
standard spirometer [7]. IRB and patient permission were
obtained.

Case Report

A 45-year-old female with a past medical history signifi-
cant for recurrent migraine headaches presented with right-
sided hearing loss to Memorial Hermann Hospital Mischer
Neuroscience Institute. She had occasional imbalance with
quick motions, no vertigo or dysphagia, and hearing loss.
Magnetic resonance imaging (MRI) scan revealed a right-
sided cerebropontine angle tumor located in the posterior pe-
trous involved with the internal auditory meatus. This tumor
was about 2 X 1.8 x 1.8 cm. The plan was made for surgical
resection in view of large size of the tumor with brainstem
compression with the involvement of the internal auditory
meatus, and the pattern of the tumor was most suggestive
of meningioma. Her surgery took place under an unevent-
ful general anesthetic, with a right retro sigmoid craniotomy,
right posterior petrous meningioma resection and right-sided
posterior petrosectomy. The intraoperative procedure was
uneventful. She was extubated in the operating room and
transferred to the neuroscience intensive care unit (NSICU)
for further management. In the NSICU later the same after-
noon, the patient complained of tongue numbness with a
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Figure 1. ExSpiron case, post intubation MRI image POD 0.

neck and tongue swelling; she remained drowsy but arous-
able, obeyed commands and remained hemodynamically
stable with normal oxygenation. The post-operative course
was complicated by severe sub-lingual swelling and required
urgent intubation that same evening. Figure 1 shows the
post-operative MRI which reveals the swelling of the tongue
and complete obliteration of the oropharynx. The anesthesi-
ologist on call obtained a grade II view with the Glidescope®
but tube could not cannulate the trachea due to pharyngeal
swelling. Subsequently, an LMA 4 was placed and patient’s
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trachea was intubated with a 7.0 mm ID endotracheal tube
via fiberoptic-Aintree exchange. She was started on intrave-
nous dexamethasone and mechanically ventilated with daily
pressure support ventilation (continuous positive airway
pressure) over the next 2 days. The oral swelling decreased
significantly and she was extubated on post-operative day 3.
She saturated well on 2 L/min nasal cannula oxygen without
notable increased work of breathing, though the oral swell-
ing persisted with obvious drooling. In view of her difficult
intubation, it was crucial to monitor her closely so should
any intervention be required, steps could be taken earlier be-
fore respiratory failure. The patient was monitored with the
ExSpiron™ for 2.5 h following extubation, displaying her
TV, RR and MV.

Additionally, the rapid shallow breathing index was cal-
culated using these values. Figure 2 shows the TV, RR and
MV values during this period. Following extubation, the pa-
tient’s NSICU course was uneventful. The patient was start-
ed on a liquid diet after the oral swelling further decreased
and she was discharged on post-operative day 9.

Discussion

This patient had a known difficult intubation which, in an
emergency situation, can result in a “cannot ventilate/cannot
intubate” situation. Expeditious extubation is also necessary
in awake patients who are otherwise doing well to decrease
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Figure 2. A graph demonstrating the patient’s absolute values of minute ventilation, tidal volume and respiratory
rate when plotted against time. MV: minute ventilation; TV: tidal volume; RR: respiratory rate.
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the risk of ventilator associated events and overall hospital
length of stay. This patient had uneventful surgery and neu-
rologically and hemodynamically stable. The primary issue
was the risky extubation secondary to an obvious oral mass.
As a result, we planned to use the novel device ExSpiron™
which allowed continuous post extubation monitoring of re-
spiratory mechanics. We were able to accurately measure the
patient’s TV, RR and MV in a real time; furthermore, this
monitor provided a respiratory curve similar to ECG suitable
for advanced analysis. The patient was intermittently drowsy
and could not swallow easily during her recovery phase, but
having a monitor to confirm normal respiratory mechanics
and absence of apneic events was crucial. Similar patients
monitored using this device could be saved from the mor-
bidity of re-intubation and/or repeated blood gas analysis.
The patient was discharged home when the oral swelling de-
creased to the point that she could tolerate a liquid diet well.

Challenges remain in the monitoring of the respiratory
mechanics. To date only the subjective clinical assessment,
oxygen saturation and end-tidal or transcutaneous CO,
monitor are the only noninvasive means to monitor any de-
terioration and the need of any respiratory intervention. He-
ine et al observed a good correlation between end tidal (et)
CO, and PaCO,; however, they suggested that etCO, mea-
surements were not valid to estimate PaCO, [8]. In another
study performed by Nishiyama et al, it was concluded that
transcutaneous PCO, might be useful as noninvasive moni-
tors of CO, status during general anesthesia, but the absolute
values are not interchangeable with PaCO, [9]. However,
these methods provide a lagging indication of pulmonary
function without measurement of lung volumes. Patients
with impending respiratory failure or not tolerating the post
extubation phase will sometimes exhibit CO, narcosis and
unconsciousness before any intervention can be taken. This
is because apneic events are often unrecognized without the
objective data and SpO, values are masked when supple-
mental oxygen is delivered. Ventilation monitoring and pat-
tern assessment is not routine in most institutions. In a study
done in surgical/trauma intensive care unit (STICU) patients,
a multivariate model predicted increases in risk of intuba-
tion in the following 24 h based on vital sign data available
currently on bedside monitors and suggested that further
refinement could allow for earlier detection of respiratory
decompensation and intervention to decrease preventable
morbidity and mortality in STICU patients [10]. Hence ven-
tilation monitoring is increasingly recommended as oxygen
saturation levels inadequately predict ventilatory distress [2,
10]. The ExSpiron™ system is an innovative and accurate
approach to quantitative assessment of respiratory function.
By passing a small amount of electrical current across sev-
eral vectors through the lung, and exploiting the large con-
ductivity difference between air and tissue, it is able to ac-
curately quantify the amount of air moving in and out of the
lung in real time. This monitor has been shown to measure
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TV accurately in patients with upper airway obstruction and
can help in detection of any prolonged apnea episodes [11]
facilitating respiratory intervention before actual desatura-
tion. MV is an early indicator of respiratory compromise
and is the best way to assess respiratory competence [12].
These valuable data, previously only available for intubated
patients receiving mechanical ventilation, are now available
noninvasively to assess respiratory function in a wide variety
of patients. This may serve not only reduce complications,
but also reduce cost of care [13]. When used for monitor-
ing in traumatic chest injuries, it was found that it provides
quantitative evaluation of unilateral lung function in real
time which may aid in the evaluation of the effectiveness
of interventions [14]. Panasyuk et al used this monitor in el-
derly patients and concluded that it can be used to accurately
determine RR, TV and MV in ambulatory older adults. Real-
time monitoring of older post-operative patients may allow
for more accurate titration of analgesics with the potential
to reduce the risk of consequent respiratory depression [15].
The ExSpiron monitor has the potential to bridge the moni-
toring gap in non-intubated patients, as it provides an indica-
tor of respiratory deterioration to help in directing for timely
therapeutic intervention.

Conclusion

The ExSpiron™ monitor can be used to monitor post extu-
bation respiratory mechanics in a patient with upper airway
mass and a known difficult airway in order to facilitate or
rule out the need for early respiratory intervention.
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