
Introduction

ostlaryngectomy, HME is a simple and Peffective method that helps to restore a 

normal physiological balance in the lower 

respiratory tract in an attempt to minimise 

the effect of lost upper airway function. It 

is designed to provide humidified, warm 

and filtered air either the patient is in dry 
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Abstract

Objective: To summarise and evaluate the influence of heat-moist-exchanger(HME) 

device on pulmonary functions in laryngectomied individual with the view of making 

recommendations for future research.

Data Sources: Literature was reviewed with the use of relevant key words such as 

total laryngectomy, HME, airway climate, temperature, humidity, airway resistance, 

transcutaneous blood gas monitoring. The search was limited to English language 

publications on human subjects. A manual cross reference search of the 

bibliographies of relevant papers was carried out to identify publications for possible 

inclusion and was performed in the following databases: Medline, pub-med, Ovid-sp 

from 1966 to 2007.

Data Synthesis: The various studies either prospective and/or randomised 

crossover studies done on HME system fulfilled one or more of our inclusion criteria 

with the parameters like a postlaryngectomy airway climate explorer for assessment 

of intratracheal temperature and humidity and of influence of HME; HME resistance, 

particle filtration; investigate long term compliance of patients by means of a 

structured questionnaire and the cost effectiveness of the device were studied.

Conclusion: HME cannot completely restore the physiological functions. However it 

makes a significant difference in reducing cough and mucus production. It delivers a 

better quality of air to the lungs and makes a noticeable improvement in voice. 

Problems with earlier devices such as plaster adherence, skin irritation and handling 

of the device were clearly diminished with newer specialised HME device. Thus 

considerably increases the longterm compliance of the patients.

Rajan Palav*, Shailesh Khode**, Nitin Deore***, Sourav Datta**, 
Rajen Shah****, Manmohan V. Jagade*****, Aseem Mishra******

Role of Heat Moist Exchanger in Pulmonary 
Rehabilitation after Total-Laryngectomy

or humid surroundings: indoor or outside. 

Thus it helps to restore many functional 

aspects of nasal airway.

Lost upper airway functions lead to an 

increase in the chronic pulmonary 

problems like frequent involuntary 

coughing, sputum production and 

shortness of breath. It can have a profound 

impact on the life of the patient. In 

addit ion, changes in pulmonary 

physiology have been reported with a 

decrease of the pressure gradient between 
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the alveoli and the trachea, leading to a 

shift of the equal pressure point toward the 

more peripheral, smaller airways, 

resulting in suboptimal intrapulmonary 
1, 2, 3gas exchange.

At present, the only effective 

nonpharmaceut ical  treatment of  

pulmonary problems is the regular use of 

HME. In several earlier studies, HME were 

developed in an attempt to compensate for 

the lost functions of the upper airway, 

could clearly assessed. Recently it has 

been shown that the use of HME resulted 

in an increase in tracheal temperature of 

almost 9ºC and of the relative humidity of 
4more than 20%.  It has been generally 

accepted that the resistive load of the HME 

causes the collapsed lower airways to 

open; thereby improving the ventilation-

perfusion ratio so that currently a 

relatively high HME resistance is proposed 

to optimise pulmonary function in 

laryngectomees. Furthermore, longterm 

patient compliance for HME is reported to 

be around 80%. To that end, the primary 

objective of this article is to assess the 

efficacy of influence of HME device on 

p u l m o n a r y  f u n c t i o n s  a m o n g  

laryngectomee. It helps to elucidate 

meaningful directions for future research 

on HME design and its physical properties.

Methods of Literature Analysis

The role of HME device was explored 

systemat ica l ly  to  determine i ts  

s ign i f i cance  in  laryngectomised  

individual. Following key words used for 

search strategy: total laryngectomy, heat 

and moist exchanger (HME), airway 

climate, temperature, humidity, airway 

resistance, transcutaneous blood gas 

monitoring. Using these key words, an 

electronic bibliographic search was 

conducted to find relevant literature from 

1966 to 2007.

Comprehensive searches were 

performed in the following databases: 

medline, pub-med and Ovid-sp. The 

selection criteria( i.e. inclusion and 

exclusion criteria) for published article on 

the role of HME device on pulmonary 

functions in laryngectomised individual 

are mentioned in Table-1.

Fifty four references were obtained of 

which 18 described the influence of Heat-

Moist-Exchanger (HME) device on 

pulmonary functions in laryngectomised 

individuals. 7 more articles were included 

in review article to briefly describe the 

normal pathophysiology of upper airway 

and the basic design and component of 

HME. Remaining 29 papers were excluded 

on the basis of  pre-defined criteria given 

in Table-1. All selected articles and 

potentially relevant abstracts were studied 

thoroughly by reviewers' regards reference 

lists, Tables, and texts in the pertinent 

articles.

Results

 An HME is similar to that of the human 
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Inclusion criteria Exclusion Criteria

1. Influence of HME on 1. Anaesthesiological

intratracheal temperature. HME devices.

2. Influence of HME on 2. Non-English citations

intratracheal humidity. 3. Non human subjects.

3. HME resistance.

4. Role of HME in particle 

filtration.

5. Investigate long-term 

compliance of patients by 

means of a structured 

questionnaire.

6. Cost effectiveness of the 

HME device.

Table 1: Selection criteria for published article on the 

role of HME device on pulmonary functions in 

laryngectomised individual.
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airways, in addition to convective heat 

exchange; the condensation and 

evaporation of water are accompanied by 

temperature variations due to release and 

consumption o f  thermal  energy 
5respectively.  To explore the efficacy of 

HME on pulmonary functions in 

laryngectomised patients, various 

prospective and/or a randomised 

crossover 18 studies were systematically 

reviewed (see flow chart).

Criteria I & II- The End Inspiratory 

Temperature(T) 7 Relative Humidity 

(RH):

Considering humidity measurements 

are technically complex to perform and 

also non availability of appropriate 

commercial system, most investigators 

have constructed humidity measurement 

system themselves. They are trying to 

optimise sensor response time and 

overcome the problem like condensation 

within the device. Only few study referred 

to, or include, valuable reports regards the 

accuracy and response time of the device. 

The end inspiratory temperature (T) and 

relative humidity (RH) values during rest 

breathing in normal and laryngectomised 
6-10individuals is given in Table 2. 

Two studies evaluated the influence of 

an HME for laryngectomised individuals 

on intra-airway temperature and humidity 

(Table 2). The tabulated data by Tilman 
11 12Keck et al  and McRae et al  showed that 

in laryngectomised individuals, typically 

air of 22ºC/40% RH (8 mg/l, 8 g/Kg) is 

conditioned to 27-28ºC /50% RH (13 mg/l, 

14 g/Kg) at the level of upper trachea 

without HME and to 29-30ºC /70% RH (21 

mg/l, 22 g/Kg) with HME. While in the 
13study of Ingelstedt et al,  during nasal and 

oral breathing end-inspiratory values at 
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Computerised/Electronic Bibliographic searches

Medline,Pubmed and Ovid-sp

total 54 references obtained

Apply inclusion and exclusion criteria

See Table No. 1

Search terms

Total laryngectomy, HME, airway climate, temperature, 

humidity, airway resistance, transcutaneous blood gas 

monitoring

29 parers excluded

18 articles 

fulfilled

the criteria 

7 more articles focussed the 

normal pathophysiology of upper 

airway and the basic design and 

component of HME

Total 25 articles studied by 

reviewers (second screening

Table 2: End inspiratory temperature and relative 

humidity( RH) Values according to different authors 

during rest breathing in normal and laryngectomized 

individuals.

Type of Tracheos HME for HME for Nasal Nasal Oral

Breathing tomy laryngecto- Laryngecto-

mized  mized

Patient Patient

T&RH Value T-27-28C T 29-30C T:29C T 32C T 32C T31C

RH-50% RH- 70% RH:63% RH RH RH-

99% 99% 90%

Authors Tilman Keck McRae Ingelstedt et

Name [12] et al[11] RD et al al[13]

Method of Thermocouple Thermistor Psygrometry

measurement capacitive or capacitive

RH sensor   RH sensor

Response <0.4 seconds Atleast <_0.4 seconds

time 9 seconds

Site of Upper part Upper part Subglottic 

measurement  of trachea of trachea space

Ambient Temperature: Temperature: T: 0-4 c T:23C

condition 22C 20C Humidity: Humidity:

Humidity: Humidity: 50-60 30%

41% 48%



738

the level of the subglottic space are 

32ºC/99% RH (34 mg/l, 36 g/Kg) and 

31ºC 90% RH( 29 mg/l, 31 g/kg), 

respectively. Thus, the HME cannot 

completely restore the physiological 

functions of the nose and upper airway to 

the pre laryngectomy state.

Criteria III- Resistance

One of the important properties of 

HME is to add a variable resistance to 

airway. Increase in the flow rate is 

accompanied by increased turbulence 

hence as a consequence of this turbulence 

pressure drops and flow is non linearly 
14related.  Depending on the brand, the 

resistance measurements of current 

commercially available HME are unlikely 
14, 15to exceed 3.6 cm H Os/l.  Some authors 2

have hypothesized that the loss of upper 

airway resistance exaggerates dynamic 

airway compression by shifting the equal 

pressure point towards a more peripheral 

airway region, where the airway has less 
1elasticity and is more easily flattened.  

Furthermore, the resistance of HME 

creates positive end expiratory pressure 

(PEEP), thereby reducing alveolar collapse 

and alveolar and improving lung 
16volumes.  Till date, these theories have 

not been approved in laryngectomised 

individuals because HME only establishes 

additional positive pressure during 

expiration (PEP). On the other hand, PEP 

by HME has been shown to improve 

arterial oxygenation values in patients 

with COPD, while it may decrease the 

arterial carbon dioxide content. Indirectly 

these laryngectomees suffering from 

COPD might have respiratory benefits 
16- 18from the resistive load the HME device.

12So far McRae et al  has evaluated a 

short-term HME resistance elated effect on 

respiratory physiology in layngectomees. It 

was hypothesised that the reverse 

pressure created by the HME reduces 

airway closure, thereby improving arterial 

oxygenation. A study conducted in 20 

laryngectomised patients wherein, 

t r a n s c u t a n e o u s  o x y g e n a t i o n  

measurements were performed in the 

absence of and 4 hours after the 

application of HME. The principle of 

transcutaneous or tissue oxymetry 

(tcpO2) is that it measures skin 

oxygenation tensions via a heated 

electrodes. Observation data by McRae et 

al showed a highly significant median 

increase of 10.5 mm Hg, suggestive of an 

HME resistance effect on transcutaneous 

oxygenation. Apart from this report on the 

short term influence of HME on tcpO2, the 

same research group also performed a 
16long-term tcpO2 study.  In contrast to the 

controls, an increase in tcpO2 was found 

after using HME for 6 months. There was 

generalised improvement in the mucosal 

condition which might be due to 

chronically increased intra-airway 

temperature and humidity values.

In contrast to earlier hypothetical 

suggestions, in a randomised crossover 

study of J. Karel Zuur et al came out with 

following observations. There is no 

evidence of increased tcpO2 levels due to 

presence of high resistance HME has been 

found to negatively influence the user 

comfort and thus the compliance. HME 

with a convenient breathing resistance 
19can be the first choice.

Criteria IV - Particle Filtration

The general patient experience is that 

in a heavily polluted environment dust 
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particles can be filtered out by the HME, 

this does not necessarily mean that 

substantial amount of particles do not 

enter the airway. Other way, due to its 

large pore size, the HME seems not to be an 

efficient barrier for micro-organisms. After 

6 months of use of HME, there was 

decrease in the rate of lower respiratory 

tract infection which might be addressed 

due to improved humidity values rather 
16than to sufficient pathogen filtration.  

Consequently, due to improvement in 

mucociliary transport, the removal of 

intra-airway pathogens might be 

improved.

Criteria V- Compliance of Patients

Several studies have evaluated 

respiratory physiology after laryngectomy 
3 , 1 6 , 2 0 , 2 1with lung funct ion tests.  

Considering inclusion criteria of review 

articles, three studies on the long-term 

influence of HME on pulmonary symptoms 

like cough, mucus production, frequency 

of forced expectoration, shortness of 

breath and chest infections were 

significantly improved with the use of 
6,20,21HME. 

I n  A c k e r s t a f f  e t  a l  s t u d y ,  

approximately 65% of the patients 

reported that the stoma filter (Mean period 

of use : 160 days) had a positive effect on 

their respiratory problems. Complaints 

about coughing (P < 0.07), sputum 

production (P < 0.05), and forced 

expectoration (P < 0.01) clearly diminished 

(statistical analysis by Pearson's 

correlation coefficient; a two-tailed P value 

below 0.05 was considered significant). 

The longer the stoma filter had been used, 

the  more  p ronounced  was  the  

improvement in respiratory symptoms, 

hygienic aspects, facilitation of voicing and 
4the filtering of the respired air. 

D i f f e rent  op in ions  regard ing  

significant improvement in pulmonary 

symptoms as well as insignificant changes 

in forced expiratory flow values due to the 

use of an HME is remarkable. An 

explanation for this is that a shorter 

duration of study period and/or patient 

variable pulmonary function parameters. 

So, long-term spirometric study on large 

number of subjects might be the answer 

for all these questions in different 
16studies. 

Discussion

Normal Pathophysiology of Upper 

Airway:

During normal respiration, the upper 

airway warms, humidifies, and filters 

inspired gases. Location wise in the 

nasopharynx, oropharynx and conducting 

airways also contribute to this process, 

but are less efficient compared to the 

typical architecture of the nose. Normaly 

in a day, the respiratory tract loses 

approximately 1470J of heat and 250 ml of 

water due to water escaping through 
22expired gases. 

The efficacy of the normal upper 

airway is very much remarkable because 

even at extremes of inspired temperature 

an humidity, gas reaching the alveolar 

level is 100% saturated at body 

temperature. It is generally accepted that 

after passing through the nasopharynx, 

inspired gases are at a temperature of 29-

32ºC and nearly 100% relative humidity. 

At the carina, gases are  at 32-34ºC and 

nearly 100% relative humidity. The point 

at which gases reach alveolar conditions 
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(37ºC and 100% relative humidity) is 

known as the isothermic saturation 

boundary (ISB). Under normal conditions, 

the ISB resides in the 4th to 5th generation 

of subsegmental bronchi. The position of 

the ISB is fairly constant, even at the 

extremes of environmental conditions. 

Similarly, lung pathologies and fluid 
22status can also affect the ISB.

Prior to the laryngectomy, the nose 

provided approximately 80% of the 

resistance to breathing: rest being 

provided by the mouth, larynx and trachea 

so that it helps to maintain lung capacity, 

and facilitates an efficient exchange of 

gases in the lungs (O  added to the blood 2

stream and CO  removed). And also it 2

helped to saturate inhaled air with 

moisture and maintain temperature close 

to body temperature ( 98ºFahrenheit).

In a layngectomee, as the normal heat 

and moisture exchanging structures of the 

upper airway are bypassed, the ISB is 

shifted down the respiratory tract. This 

burdens the lower respiratory tract to 

maintain optimum heat and moisture 

from the respiratory mucosa and in 

extreme cases can damage the respiratory 

epithelium which can have clinical 
22implications.

Basic Design and Component

Considering all these different patho-

physiological parameters, the concept of 

Heat and Moisture Exchanger filters was 

conceived. The basic component of a heat 

and moisture exchanger is foam, paper or 

any other substance, which acts as a 

condensation and absorption surface. For 

improving water retaining capacity, these 

components are impregnated with 

hygroscopic salts like CaCl , AlCl , MgCl  2 3 2

23or LiCl.  Also to control the bacterial 

colonisation, HME elements have been 

impregnated in a bactericide solution like 
1 5chlorhex id ine .  Recent ly ,  many 

laryngectomised patients use voice 

prosthesis that require airtight occlusion 

of the stoma. Therefore, some HME's have 

an inbuilt mechanism for easier digital or 

pressure-triggered stoma occlusion  and 

recently free hand HME has also been 

invented which automatically closes 
24, 25tracheostoma during speech.  Even one 

of the foam filters under a cotton turtle 

neck or mock turtle neck will do a pretty 

good job, as will many of the other 

types/brands of stoma covers/filters.

Several authors have shown that use 

of HME in patients with tracheostomy 

reduces sputum production, number of 

coughing episodes per day, symptoms of 

fatigue and malaise. This allows the 

patient improved sleep habits and greater 

confidence in travelling outside the home.

Criteria VI- Cost Effectiveness

As far as cost effectiveness of the HME 
15device, Grolman et al  measured efficiency 

and airflow resistance and calculated the 

costs of four HME used in laryngectomised 

patient. The HME were measured 

according to a modified International 

Standards Organisation (ISO) 9360 

standard. The airflow resistance was 

measured at flow rates of 15, 30 and 60 L/ 

min. the measurements were repeated 

three times. Costs were calculated with 

two realistic scenarios. The study found 

that there were significant differences in 

moisture output and airflow resistance 

between the HME tested. There are major 

daily cost differences between these 

devices. This study shows that filter 
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material and size influences the HME's 

moisture output efficiency and airflow 

resistance considerably. The construction 

difference and filter and housing types 

have a great influence on HME's daily cost.

Considering the significant issues of 

working patterns, standard of living and 

literacy of patients from a developing 

country like India, presently available 

design of HME system is not markedly 

compatible. So, the design should be 

modified accordingly and it should be easy 

to wear, non adhesive, washable, 

reusable, easy to  carry and low cost.

Conclusion

To conclude, HME cannot completely 

restore the physiological functions of the 

nose and upper airway to the pre-

laryngectomy state but, does play a major 

role in pulmonary rehabilitation after total 

laryngectomy. It can, however, make a 

significant difference in reducing cough 

and mucus production, and deliver a 

better quality of air to the lungs than the 

alternative stoma covers. It can also make 

a noticeable improvement in voice for 

many and can help to maintain the lung 

function. With respect to the pathogen 

filtration property of HME which is 

presumably poor, this certainly does not 

have any beneficial influence on the 

respiratory symptoms and physiological 

function.

In contrast to earlier suggestions, 

there is no evidence of increased tcpO2 

levels due to the presence of a high-

resistance HME in laryngectomised 

individuals. Since high-resistance HME 

has been found to negatively influence 

user comfort and thus compliance, HME 

with a convenient breathing resistance 

should be considered the first choice. 

Variable opinion regarding significant 

improvement of pulmonary symptoms as 

well as insignificant changes in forced 

expiratory flow values due to the use of an 

HME is remarkable. Hence, long-term 

spirometric study on the large number of 

subject is required. In a developing 

country like India, most of the patients are 

below poverty level, illiteracy, depend on 

daily wages and are road side labourers by 

occupation. So, the design and component 

of an HME should be individualised and be 

made more cost effective to make this 

technique of pulmonary rehabilitation in a 

laryngectomee a success
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Telaprevir for Previously Untreated Chronic Hepatitis C Virus Infection

In phase 2 trials, telaprevir, a hepatitis C virus (HCV) genotype 1 protease inhibitor, in combination 
with peginterferon-ribavirin, as compared with peginterferon-ribavirin alone, has shown improved 
efficacy, with potential for shortening the duration of treatment in majority of patients.
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