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General discussion
The aim of the research presented in this thesis was to improve our knowledge of the 

changes in postlaryngectomy pulmonary physiology, i.e., to what extent are airway 

humidity and temperature affected by total laryngectomy and to what extent are they 

restored by a heat and moisture exchanger (HME)? Furthermore, can the in the literature 

reported increase in tissue oxygenation values due to the use of an HME be confirmed? 

Finally, can the obtained data of this thesis give direction to further improvements in 

future versions of this essential postlaryngectomy pulmonary rehabilitation device?

Measuring intra-tracheal temperature and humidity
As discussed in chapter 2, measuring intra-airway climate is technically extremely 

challenging. Because the equipment to perform these measurements is not commercially 

available, the investigators have to build these systems themselves, thereby being 

confronted with demanding technical issues, which are further detailed in chapter 4: 

First, fast response time characteristics are required to assure a reliable registration of 

the temperature and humidity changes during a breathing cycle of approximately 3 – 

4 seconds. Second, when performing extra-corporal humidity analyses of relatively 

warm and humid breathing air, the risk of condense formation in the measuring system 

must be minimized. Last, when humidity sensors have been built in a device, the signal 

output of the total assembly must be verified against reference values. Because the 

response characteristics of in particular capacitive humidity sensors may vary with the 

length of exposure to high humidity values, the response times should be verified with 

block functions of varying frequencies. In chapter 4, the design, the construction and 

the verification of our own measuring system, the “Airway Climate Explorer” (ACE) is 

described. With the ACE, we were able to achieve one of our most important goals, i.e., 

to reliably assess the intra-tracheal climate and the influence of an HME. However, as 

described in chapter 5 and 6, it also became clear that performing these measurements 

and interpreting the data requires a continuous awareness to prevent errors. To eliminate 

these errors, the ACE needs a dedicated operator, and consequently the system is not 

as yet suitable for use by clinicians, relatively unfamiliar with the subject, as a matter of 

daily routine. In this respect, the ACE is not as “easy” to use as was initially thought.

The influence of an HME on intra-tracheal temperature and humidity
In chapter 5, the influence of an HME on intra-tracheal climate was assessed under 

room conditions. It was observed that, in presence of an HME, the end-inspiratory 

humidity values significantly increased while the end-inspiratory temperature values, 

slightly, but significantly, decreased. In chapter 6, the influence of a similar type of 

HME on the intra-tracheal climate was assessed in a cold and dry environment. Under 

these conditions it appeared that, in presence of an HME, both the end-inspiratory and 

end-expiratory humidity and temperature values, respectively, increased. This was in 

contrast to the findings in the study under room conditions. The observed change in the 
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end-inspiratory temperature values is most probably predominantly determined by the 

result of a balance between two processes: the direct heating by the HME surface and 

the indirect cooling caused by evaporation. Apparently, under room circumstances the 

heat exchange is dominated by the evaporative cooling, while under cold conditions it is 

dominated by the direct heat gain. In both environmental circumstances, the HME is 

substantially less effective than the upper airway. As indicated by the relative humidity 

calculations, to improve the heat and moisture exchange of the tested HME, increasing 

its thermal capacity should be aimed for.

One should realize that in our studies assessing the influence of an HME on tracheal 

climate, only one type of HME was used: the Provox Regular (originally: “Provox 

stomafilter”, Atos Medical, Sweden). The reason that this particular HME was studied, 

is that it is the most frequently used HME in our institute and in the Netherlands (two-

thirds of the annual HME ‘consumption’; information by Atos Medical). Furthermore, 

in the literature, this HME has a proven positive influence on pulmonary complaints. 

Most results are therefore only applicable to this specific HME. However, the obtained 

data also give rise to a more general hypothesis on the relation between intra-tracheal 

temperature and humidity values and pulmonary symptoms: because there is no rationale 

to believe that a beneficial effect on pulmonary symptoms can be ascribed to a decrease 

in airway temperature, it is suggested that the clinical improvements, due to using an 

HME (predominantly) under room conditions, are primarily related to the increased 

intra-tracheal humidity values.

The influence of an HME on tissue oxygenation
As described in chapter 3, in contrast to earlier suggestions, we found no evidence of 

increased tcpO2 levels due to the use of a high-resistance HME. The type of HME that we 

used in this study was comparable, if not identical to the HME used in the earlier study 

we aimed to re-evaluate. In our opinion the most likely explanation for the results of the 

earlier report is that a tcpO2 electrode drift was mistakenly interpreted as an increase in 

tissue oxygenation. 

Nevertheless, as argued in chapter 2 and 3, an increase in tissue or arterial oxygenation 

might in theory still be achievable in a small subpopulation of laryngectomees, namely 

in those who suffer from severe COPD, in analogy to the increased oxygenation levels 

that these patients may experience when performing pursed lip breathing. Accordingly, 

the HME should only increase the breathing resistance during expiration, because in 

particular patients with severe COPD cannot sustain high inspiratory resistances for a 

prolonged period of time. However, our clinical impression is that, despite the overall 

percentage of obstructive pulmonary disease of around 80% in laryngectomees, the 

number of those suffering from severe COPD is very small. Therefore only very few would 

potentially profit from such a device, making both the development and validation of the 

theory unlikely.
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Future HMEs and studies
Consistent use of an HME diminishes the severity of pulmonary complaints after 

total laryngectomy. However, as the symptoms improve, but do not disappear, and 

a physiological tracheal climate is approached, but not reached, the aim for further 

improvements of this rehabilitation device is justified. 

The design of future HME versions should focus on improved heat and moisture exchange 

capacities and not on breathing resistance, because no evidence of a short-term effect of 

a high-resistance HME on (tissue) oxygenation levels exists. Increasing HME resistance 

will only decrease patient compliance. 

To further improve the heat and moisture exchange of the most commonly used HME 

in the Netherlands, its thermal capacity -or more specifically, the ability to easily absorb 
and subsequently deliver thermal energy- should be increased, as it is limiting the 

moisture content of the intra-tracheal breathing air under both room climate, and cold 

and dry conditions. In general, the obtained data in this thesis suggest that the clinical 

improvement in pulmonary symptoms due to the consistent use of an HME is rather 

related to increased intra-tracheal humidity values than to changes in intra-tracheal 

temperature values.




