
Larynx: The Complex Gateway to the Lungs

The role played by the upper airways when using cough-
enhancement techniques in patients with neuromuscular
disorders has been subject to increasing interest in recent
years. The work by Lachal and colleagues,1 published in
this issue of RESPIRATORY CARE, contributes significantly to
these discussions.

The upper airways are part of a comprehensive and
vitally important system ensuring efficient passage of air-
flow to the lungs at the lowest possible energy cost, while
simultaneously preventing liquids and solids from entering
the bronchial tree. In respiratory therapy, the larynx has
become increasingly recognized as an important potential
source for air-flow obstruction; thus, a malfunctioning lar-
ynx might set the agenda for restricted air-flow delivery to
the lungs.2

Surprisingly, researchers and clinicians alike have tended
to ignore the importance of the larynx in the respiratory
system, appearing to see it merely as a passive opening at
its inlet. We need to acknowledge that the larynx is a
highly complex valve that carefully modulates and safe-
guards the entrance to the bronchial tree. It is abundantly
equipped with afferent sensory nerves, complex neuro-
muscular interactions, and reflex mechanisms ensuring
fine-tuned motor responses to a variety of potential expo-
sures. The larynx plays a key role in controlling air-flow
resistance during exercise, it protects the lungs from aspi-
ration, it performs precise movements in phonation and
singing, and it is crucially important to perform effective
cough.3-6

It is in this context that we read the work by Lachal and
colleagues.1 The authors have constructed an in vitro model
to explore the role played by the upper airways while
using the mechanical insufflation-exsufflation (MI-E)
cough-enhancement technique. MI-E is widely used in pa-
tients with neuromuscular disorders to assist and augment
cough mechanically by applying positive and negative pres-
sure changes to the airways. The rapid conversion from
positive to negative pressures simulates the changes in

air-flow that occur during normal cough, thereby increas-
ing peak cough air-flow and facilitating clearance of se-
cretions in the airways.7-13 Difficulties relating to upper
airway function are frequently encountered when applying
MI-E in patients with amyotrophic lateral sclerosis (ALS)
with bulbar innervated muscular dysfunction,14-17 and these
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patients have been particularly challenging to treat,10,13,18,19

allegedly due to disturbed laryngeal responses.20-22 Lachal
and colleagues constructed their model with the intent to
simulate upper airway air-flow responses to MI-E by in-
serting a collapsible latex tube (15 cm long, 18 mm wide,
and 1 mm thick) into a circuit between the MI-E device
and a lung model with adjustable resistance and compli-
ance.1 They hypothesized that the collapsible tube would
reduce peak expiratory flow (PEF) during the exsufflation
phase. They used several resistance-compliance models to
imitate a number of conditions in the respiratory system.
Key findings were that for every compliance-resistance
condition tested, PEF was higher with the collapsible tube
inserted than without, and that the generation of PEF oc-
curred within the first 100 ms of the exsufflation phase.1

Flow is movement of matter within a confined config-
uration, induced by pressure differences. For example, air-
flow is created by an air pressure at one end, and another
air pressure at the other end. As air-flow exceeds a critical
velocity, or if the air-flow geometry becomes more turbu-
lent, the pressure will drop and the air-flow will cause
deformations in the structure within which it takes place.
Furthermore, deformations in that structure will affect the
air-flow, and these processes can be categorized as “fluid
(or gas)-structure interactions.”23 This is what Lachal and
colleagues examined in their study.1 The pressures from
the MI-E device creates air-flow in the latex tube, which
deforms the structure of the tube and thus affects the air-
flow. The authors illustrate this phenomenon nicely with
figures and a video, and they show us that these dynamic
changes in the configuration of the tube increased the PEF
measured at the other end. Thus, structural changes caused
by the air-flow generated a new geometry for the air-
flow.23

Normal cough is a highly dynamic and compound ma-
neuver that strongly involves the upper airways. As the
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authors point out, normal cough starts with an initial la-
ryngeal abduction that allows air to enter the lungs during
a deep inspiration, followed by a rapid laryngeal closing
phase to enable an increase in intrathoracic driving pres-
sure (see Fig. 1 for illustrations of open and closed glottis
during normal cough). A secondary abrupt laryngeal ab-
duction will then result in a high expiratory air-flow,24

which will create “fluid-structure interactions” within the
upper airway. In healthy individuals, the laryngeal cough
responses to MI-E are basically as described above.20 Sev-
eral “fluid-structure interactions” have been described in
the upper airways during MI-E maneuvers, such as retro-
flex movements of the epiglottis that more or less cover or
flutter over the laryngeal inlet during the positive pressure
cycles, hypopharyngeal constriction during the negative-
pressure cycles, as well as adduction of supraglottic struc-
tures during positive-pressure cycles in bulbar ALS pa-
tients.20,21 How these dynamic laryngeal movements affect
air-flow geometry in the large conductive airways is yet to
be explored.

Lachal and colleagues found that the generation of PEF
occurred within the first 100 ms of the exsufflation phase.1

Cough peak flow value has been the main outcome in
previous MI-E effect studies. Some years ago, Lacombe
et al25 proposed a new outcome for MI-E efficiency: ef-
fective cough time (ie, the time spent above a cough peak
flow that is required to move secretions effectively), thereby
suggesting that there might be a clinically relevant effi-
cacy factor that is time-dependent. This idea has unfortu-
nately received little attention in subsequent research. We

encourage future studies to explore whether the combina-
tion of duration and the level of the cough peak flow is
clinically important.

As Lachal and colleagues correctly point out, contrary
to the latex tube they used in their experiments, the upper
airways are complex and partially active structures, with
the larynx guarding the entrance to the bronchial tree.1

Structurally, the upper airways consist of several tissues of
varying solidity (ie, rigid cartilage skeletons, ligaments,
muscles, and soft mucous membranes).3 Functionally, la-
ryngeal muscles are under voluntary and involuntary (re-
flex) control.6,26 Important functions such as phonation,
swallowing, breathing, and coughing require synchronized
and fine-tuned movements, utilizing a shared innervation.
Moreover, the larynx moves upward and downward when
delivering on its varying tasks, and laryngeal structures
move in relation to each other and interact in a complex
manner, but always in concert.6,27 The vagal nerve ensures
the larynx and the diaphragm act in concert by stimulating
the abducting muscle of the larynx immediately before
diaphragmatic contraction.28 Neuromuscular disorders such
as ALS therefore impair laryngeal function due to mal-
functioning sensory afferent nerves and abnormal reflex
responses, as well as to poor muscle coordination or weak-
ness or spasms.14-17,29,30 We are far from understanding
these complex interplays, both in health and disease.

The work by Lachal and colleagues1 has set the stage
for development of future models that can simulate airway
flow in patients with devastating progressive and fatal neu-
romuscular disorders, aiming to improve the technical
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Fig. 1. Top view of the larynx. A: Open glottis during deep inspiration. B: Closed glottis during laryngeal closing phase to enable the build-up
of intrathoracic driving pressure.
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equipment we have at hand to enhance their ability to
cough. The authors and RESPIRATORY CARE are to be com-
plimented for bringing this issue to the research agenda.
As the authors point out, we need to acknowledge the high
degree of uncertainty embedded in their results. The model
is in no way capable of reproducing the complex and
dynamic structures that constitute the human upper air-
ways. Specifically, the model is unsuited to represent “fluid
(or gas)-structure interactions” in living human individu-
als. The human upper airways will be challenging to model
both in health and disease, including with attached animal
or human cadaver models as Lachal and colleagues sug-
gest in their article,1 or with 3-dimensional printing al-
ready available. To produce data that can be assumed to
reflect real-life clinical scenarios, we would need to know
the tissue properties of the relevant organ structures, such
as elasticity and compliance, and we would have to un-
derstand the reflex and muscle responses that are involved.
We do not have that kind of knowledge yet. In future
research, computer-based simulation will likely take the
place of physical experiments.

Our own clinical experience is mainly linked to the
larynx, and we are not experts on tracheal conditions. How-
ever, the latex tube model may apply to patients with
tracheomalacia, where “passive excessive collapsibility”
might be more relevant. MI-E has not been studied in
tracheomalacia, although it has been speculated that the
increased air-flow may result in an aerodynamically in-
duced collapse, and therefore caution is warranted. If a
collapsible trachea acts like the collapsible latex tube, one
may speculate that MI-E can increase cough peak flow and
potentially lead to better clearing of secretions. On the
other hand, higher inspiratory flow values could induce
inspiratory collapse and thus reduce pulmonary volume,
which of course would be counterproductive.

An important take-home message from the study by
Lachal and colleagues1 could be that complex “fluid-struc-
ture interactions” operate in the upper airways. As we
perform respiratory therapy in patients with neuromuscu-
lar disorders, we do not really know the significance of
such interactions, how they might obstruct treatment ef-
forts, or whether we may utilize them to the benefit of our
patients. Moreover, we should acknowledge that the upper
airways, and especially the larynx, must be seen as an
active and dynamic gateway to the lower airways, guard-
ing the entrance to the lungs in complex manners that we
still do not fully understand or pay much attention to. For
example, during noninvasive mechanical ventilation, we
are deeply concerned about mask leaks, but we tend to pay
less attention to what happens to the air-flow as it pro-
gresses through the airway. In a clinical context, flexible
laryngoscopy during ongoing noninvasive ventilation or
MI-E appears a reasonable approach to visualize the re-
sponse of the upper airway structures in patients who do

not respond to treatment as expected. Such visual infor-
mation has already guided the therapeutic approach to “dif-
ficult patients” in our own clinical units. Flow and pres-
sure measurements can be added to this setup and will aid
us in understanding the interplay between upper airway
structures and externally applied pressures and flows, and
specifically how upper airway responses to MI-E or non-
invasive ventilation might affect the air-flow geometry.
The ultimate goal would be to develop customized settings
based on proper understanding of these issues in individ-
ual patients.20-22,31,32 Until now, too many of our endeav-
ors in this arena have been based on presumptions and
so-called expert opinions, and not on solid evidence. We
strongly encourage future research in this area to the ben-
efit of patients afflicted by devastating and often progres-
sive neuromuscular disorders.
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