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General introduction

Cancer of the larynx, or laryngeal carcinoma, is the most frequent malignancy in the 
head and neck region in the Netherlands, with approximately 600 new cases annually 1. 
Preferably, laryngeal carcinoma is cured with radiotherapy or limited CO2 laser surgery, as 
these treatment strategies preserve the function of the organ and maintain the integrity of 
the upper airway. Radical surgical treatment by removal of the larynx (total laryngectomy) 
is generally carried out only in very advanced tumors or in case of a recurrence after 
radiotherapy 2. According to a survey by the Dutch Laryngectomee society, in 2003 
approximately 150 total laryngectomies were carried out in the Netherlands, a number 
decreasing in the last decade, in view of the 250 total laryngectomies that were carried 
out annually around 1990 3. In the Netherlands, the total number of laryngectomized 
individuals is estimated at 2500 4.

During total laryngectomy the larynx is removed completely. The trachea lumen is sutured 
to the skin, right above the sternum, resulting in a permanent tracheostoma (Figure 1). 
This procedure not only results in the loss of natural voice and deterioration of olfaction, 
it also affects pulmonary function 5: because the inspiratory breathing air is no longer 
conditioned (i.e., heated, moisturized and filtered) by the upper airway, an increase in 
pulmonary complaints (i.e., coughing, excessive mucus production and breathlessness) is 
observed, as well as a deterioration of pulmonary function parameters 6, 7. Climatologic 
influences have been reported as the pulmonary complaints increase during wintertime, 
and pulmonary function parameters and symptoms improve in a subtropical environment 
8-10. Because the pulmonary complaints correlate to psychosocial problems like (prosthetic) 
voice quality, fatigue, anxiety and depression 11, quality of life is severely affected, and 
therefore adequate pulmonary rehabilitation is warranted.

Figure 1. Intact upper respiratory tract (A). Situation after laryngectomy (B): the digestive tract and the 
respiratory tract are surgically separated and the patient breathes through a tracheostoma.
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Heat and moisture exchangers
In order to compensate for the lost air conditioning function of the upper airway, 
heat and moisture exchangers (HMEs) have been developed, which can be placed on 
the tracheostoma (Figure 2). The core of these rehabilitation devices consists of foam 
or another substance, which acts as a condensation and absorption surface. In order 
to enhance the water-retaining capacity, these elements are often impregnated with 
hygroscopic salts. Furthermore, they may have been impregnated with a bactericide 
solution in order to control bacterial colonization 12. 
Consistent use of an HME considerably diminished the severity of the pulmonary 
complaints after total laryngectomy 11, 13-16. HMEs, therefore, have become an 
indispensable rehabilitation tool for laryngectomized individuals, as is underlined in the 
consensus report on the treatment of laryngeal carcinoma in the Netherlands 2.

Figure 2. Tracheostoma without (A) and with HME (B) in situ. The HME fits in an adhesive, which is placed 
airtight around the stoma. In the posterior tracheal wall the anterior lumen of a silicone voice prosthesis is visible 
(A).

Pulmonary physiology and heat and moisture exchangers
Although the beneficial effect of HMEs on pulmonary symptoms has clearly been 
established, their influence on the basic physiologic parameters is relatively underexposed. 
Only 3 studies have addressed this issue so far 16-18. In summary, it was observed that the use 
of an HME considerably increased intratracheal temperature and humidity values, although 
physiological levels are not reached 17-19. Furthermore, it was suggested that the respiratory 
load of the HME, which partly compensates for the lost upper airway resistance, increases 
tissue oxygenation levels by reducing the pulmonary closing volume 17. However, intra-
tracheal temperature and humidity measurements are technically complex to perform, 
and the study on tissue oxygenation level changes due to application of an HME gave 
rise to some methodological questions. Therefore, and because of the absolute scarceness 
of literature concerning the influence of HME use on basic physiologic parameters, 
confirmation and expansion of the available data was clearly needed. 
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Outline of the thesis
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 an 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 important 
postlaryngectomy pulmonary rehabilitation device?

In chapter 2 the available relevant literature at the start of this research project is reviewed. 
Chapter 3 deals with the influence of HME resistance on tissue oxygenation levels. In this 
study we address the methodological issues that are related to transcutaneous oxygenation 
measurements, thereby re-evaluating the interpretation of the results of the earlier 
report. In chapter 4 the development and construction of the “Airway Climate Explorer” 
(ACE) is described. In order to prepare for intra-airway temperature and humidity 
measurements we had to design our own measuring system, as commercial equipment 
for this purpose is not as yet available. The design considerations, the construction of 
the assembly and the calibration and verification of its signal output against reference 
equipment are discussed in detail. In chapter 5, the short term influence of an HME on 
airway humidity and temperature under room conditions is evaluated. In chapter 6, the 
intra-airway heat and water preserving characteristics of the HME in cold environmental 
conditions are assessed. In chapter 7, the results of the previous chapters are discussed 
in general, i.e., what additional knowledge have we acquired about the changes in the 
pulmonary physiology after laryngectomy and about the influence of HMEs.
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