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Summary
Chapter 1 is the general introduction and provides the outline of the thesis. In the last 
decades, the beneficial effects of heat and moisture exchangers (HMEs) on the respiratory 
symptoms after laryngectomy have been well established, and these devices have become 
a generally recognized rehabilitation tool for laryngectomized individuals. In contrast, 
the underlying basic physiologic parameters that account for these improvements are 
relatively underexposed.

The aim of the research presented in this thesis was to improve our knowledge of the 
changes in physiologic parameters after laryngectomy, i.e., to what extent are airway 
humidity and temperature affected by total laryngectomy and to what extent are they 
restored by an HME? Furthermore, can any beneficial influence on respiratory physiology 
be ascribed to the additional breathing resistance of the HME? Finally, can the obtained 
data of this thesis give direction to further improvements in future versions of this 
postlaryngectomy pulmonary rehabilitation device?

In chapter 2, the relevant available literature at the start of this research project was 
reviewed. The three physical properties of the HME, i.e., the heat and moisture exchange 
capacity, the respiratory load and the particle filtration, were discussed separately 
with respect to their influence on in vitro and in vivo measurements. Because of the 
limited amount of in vivo data on airway climate in laryngectomees, and the technical 
complexity and diversity of the humidity measurements, these data have to be interpreted 
with some caution. Nevertheless, it was concluded that the heat and moisture exchange 
capacity of the HME seems substantial, although the physiological values may not be 
reached. Although the resistive loading of the HME has been reported to improve the 
transcutaneous oxygenation values, we do consider the interpretation of these data, and 
therefore an HME related effect, not beyond any doubt. It was argued that the ability of 
an HME to filter out pathogens is presumably poor and clinically irrelevant.

Chapter 3 deals with the reproduction and verification of an earlier published report, 
in which the authors concluded that wearing an HME with a relatively high-resistance 
for 4 hours increased the transcutaneous or tissue oxygenation (tcpO2) values in 
laryngectomized individuals considerably. The authors hypothesized that the resistive 
load of the HME caused the collapsed lower airways to open, thereby improving 
the ventilation-perfusion ratio. However, no control group – in which 4-hour tcpO2 
measurements were performed without an HME – was included. In a randomized 
crossover study, we aimed to reproduce and verify the reported tcpO2 increase due to the 
presence of an HME. In contrast to the earlier report, we could conclude that there is no 
evidence of increased tcpO2 levels in laryngectomized individuals that can be ascribed 
to the presence of a high-resistance HME. As a consequence, because high-resistance 



104

HMEs negatively influence user comfort and thus compliance, we consider HMEs with a 
convenient breathing resistance the first choice.

Systems for intra-tracheal temperature and humidity measurement are not commercially 
available. In Chapter 4 the design, construction and verification of a newly developed 
measuring system, the “Airway Climate Explorer” (ACE), is described in detail. The 
ACE consists of a thermally isolated small diameter, internally heated, catheter which is 
proximally connected to a heated sensor house containing a humidity sensor. In the distal 
tip of the catheter, that is placed in the trachea of the laryngectomee, a thermocouple 
is placed for the temperature measurements. Air is continuously sampled through the 
catheter and sensor house by a controlled-flow pump. Over the clinically relevant range 
of humidity values the signal output of the ACE highly correlated with the readings of a 
reference sensor. The 1 – 1/e response times for temperature and humidity steps were all 
< 0.5 s. In a first in vivo measurement the ACE appeared suitable for the assessment of 
end-tidal intra-tracheal temperature and humidity values during normal breathing.

In chapter 5, the clinical applicability of the ACE, and the influence of an HME on 
airway climate were assessed under room temperature and humidity conditions in 
10 laryngectomized patients, in a randomized crossover study. It was shown that the 
assessment of intra-tracheal temperature and humidity, and the evaluation of HME 
effectiveness were practically and technically feasible with the ACE. However, it also 
became clear that a continuous awareness is required when interpreting the obtained 
data because of their sensitivity to instrumental errors. In presence of an HME on the 
tracheostoma, the inspiratory intra-tracheal humidity values increased, whereas the 
inspiratory intra-tracheal temperature values decreased; the latter probably because 
of evaporative cooling of the inspired air. Calculations indicate that, with the HME 
present on the tracheostoma, the intra-tracheal relative humidity remains around 100% 
throughout the whole breathing cycle. This suggests that not the moisture retention but 
the thermal capacity is the limiting factor for the heat and moisture exchange efficiency. 
It is hypothesized that an increase in the thermal capacity may further improve the 
clinically beneficial effect of the tested HME.

Because in wintertime the incidence of pulmonary complaints, severe tracheitis and 
lung function deterioration is increased in laryngectomized individuals, we analyzed in 
chapter 6 how an HME performs under these circumstances, and how its efficiency under 
these environmental conditions might be improved. Hereto, intra-tracheal temperature 
and humidity were measured in 10 laryngectomized patients with and without HME, 
in a cold and dry room, in a randomized crossover setting. It was observed that under 
these environmental circumstances, the presence of an HME significantly increased 
both inspiratory and expiratory temperature and humidity values. In the majority of 
patients, the calculated relative humidity values appeared to reach well above 100% 
during inspiration without an HME, suggesting the formation of condense droplets. As 
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in the study under room temperature, calculations show that with an HME in situ, the 
intra-tracheal relative humidity remains around 100% during the whole breathing cycle. 
Therefore, also under cold circumstances, to further increase the HME ś effectiveness, 
improvement of its thermal capacity should be aimed for.
 
In chapter 7, the results obtained in this thesis are discussed in general.




