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The present thesis investigates the outcome 
of long-term tracheostomized patients, as well 
as the care and wear of tracheostomy tubes. 
Tracheostomy is one of the oldest surgical ope-
rations. An opening in trachea is made to facili-
tate breathing and a tracheostomy tube inserted. 
The indications today for long-term tracheostomy 
could be upper airway obstruction, chronic hypo-
ventilation, or post trauma complications. 

Most persons with long-term tracheostomy 
lead a normal life, but do they need more hos-
pital care than others? Which cleaning method 
is most appropriate for inner cannulae? Are 
tracheostomy tubes changed for rational re-
asons?

There is clearly a lack of evidence based re-
search in the field and clinical guidelines are 
often based on local hospital traditions. 

The research was conducted at the National  
Respiratory Centre (NRC) and Karolinska Institu-
tet, Danderyd Hospital, Stockholm, in collabora-
tion with Sophiahemmet University College, and 
The Royal Institute of Technology, Stockholm, 
Sweden.

The National Respiratory Centre  
(NRC)

The NRC, previously known as the Respiratory 
Unit, started running officially in 1982. Dr Gillis 
Andersson had, however, long since together 
with medical technician, Roland Friberg, given 
patients with respiratory problems support and 
individualized solutions, such as customized 
tracheostomy tubes. The goal was to help 
people with respiratory disability lead a more 
active lifewith improved quality. The NRC is a 
national referral clinic, which also receives pa-
tients from other countries. It has authorization 
from the Medical Products Agency, Sweden, 
to design tracheostomy tubes or nasal masks 
for each patient. A multi professional team, 
consisting of physicians, nurses, respiratory 
therapists, assistant nurses, and medical 
technicians are involved in the care.
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A wise old owl lived in an oak 
The more he saw the less he spoke 
The less he spoke the more he heard. 
Why can't we all be like that wise old bird? 
~Unknown

    To Jonas and my children 





ABSTRACT
Do people with long-term tracheostomy need hospital care? Which cleaning method is most 
appropriate for decontamination of inner cannulae? Are tracheostomy tubes changed for 
rational reasons? There is clearly a lack of evidence based research in this field and the 
clinical guidelines available are often based on local practice. A tracheostomy is a created 
opening in trachea to facilitate breathing. It is a direct entry to the deeper airways, e.g. for 
micro-organisms causing a potential risk for lung infections. Indications for long-term 
tracheostomy can be, e.g. upper airway obstruction, malformations, or chronic 
hypoventilation, when ventilation via nasal mask is not possible. The research of the present 
thesis was conducted at the National Respiratory Centre (NRC) at Danderyd Hospital in 
Stockholm, Sweden. This unit opened in 1982, with the expressed goal of supporting 
outpatients with long-term tracheostomy. The overall aims of the thesis were to evaluate the 
outcome of patients with long-term tracheostomy and to conduct evidence based studies 
concerning their care.  
      
A comparison was made for the number of days in hospital care during the 2-year periods 
before and after the tracheostomy was established. The life expectancy of the general 
population and the observed life span of a cohort of tracheostomized patients from the start of 
NRC in 1982 were also compared. Interestingly enough, the need for hospital care was 
unchanged despite of the tracheostomy. The patients’ observed life spans were remarkably high 
and for many patients not lower than the life expectancy of Swedish people in general.  

To find a practical and safe decontamination method for inner cannulae we compared two 
different cleaning methods; detergent followed by chlorhexidine-alcohol, or detergent alone. 
Samples for bacterial culture were taken before and after cleaning and the numbers of bacteria 
colonies were counted. The effectiveness of both cleaning methods was greater than expected 
and the results showed a nearly total elimination of organisms. Thus, the methods investigated 
were equivalent in achieving decontamination. 

The duration of use in our unit for polymeric tracheostomy tubes, i.e. silicone (Si), polyvinyl 
chloride (PVC), and polyurethane (PU) was determined and compared. We found, that Si tubes 
were used for longer periods (three months) than tubes made of PU or PVC (both two months).  

Whether or not surface changes could be observed on the tracheostomy tubes after 30 days’, 
three and six months’ exposure in the trachea were investigated in collaboration with the Royal 
Institute of Technology and Sophiahemmet University College in Stockholm, Sweden. The 
analyzing methods were Scanning Electron Microscopy, Attenuated Total Reflectance Fourier 
Transform Infrared Spectroscopy, and Differential Scanning Calorimetry. All tubes, except one, 
showed changes in the surface after 30 days’ exposure. The surface changes had progressed 
significantly after three and six months' exposure, compared to the changes detected after 30 
days.  
The SF-36 questionnaire and a study specific questionnaire were used to describe the patients’ 
health-related quality of life and experiences of long-term tracheostomy. The results show that 
all patients were satisfied with their tracheostomy and demonstrated a numerically mean mental 
health status score above that of the general population. 

In summary, long-term tracheostomy does not increase the need for hospital care nor does it 
reduce a patient’s life span. Cleaning the tracheostomy inner cannula with detergent and water 
is sufficient to achieve decontamination. Si tracheostomy tubes are used longer compared to 
those made of  PVC or PU. The polymeric material investigated suffered evident surface 
changes after 30 days’ use. Clinical use of polymeric tracheostomy tubes beyond three months 
cannot be recommended, as we found extensive surface changes and degradation of the 
polymeric chains. All patients were, in general content, with their tracheostomy. The findings 
from the present thesis contribute to making the care of long-term tracheostomized patients 
evidence based. 
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1 INTRODUCTION 

The present thesis investigates the outcome of long-term tracheostomized patients as 

well as care and wear of tracheostomy tubes. It may hopefully contribute to increased 

evidence based care for these patients.  The research was carried out at the National 

Respiratory Centre (NRC), Danderyd Hospital, Stockholm, Sweden. 

1.1 A BRIEF HISTORY 

Long-term tracheostomy can today be used for patients with for instance, upper airway 

obstruction, chronic hypoventilation due to - neuromuscular disease, trauma including 

spinal cord injury, surgery in the face/neck region, or post stroke complications1-3.

Tracheostomy is an age-old operation, resulting in the trachea being surgically opened 

in the anterior wall to facilitate ventilation. It is one of the oldest surgical procedures 

described and the indication was probably airway obstruction4-7. The word 

tracheostomy comes from the Greek meaning “ I cut the trachea”8. According to 

Dorland’s illustrated medical dictionary a tracheotomy is commonly referred to the 

surgical incision into the trachea and tracheostomy the creation of the stoma and the 

stoma itself9. The tracheostomy procedure was described in the Rig Veda, a sacred 

book of Hindu medicine that was published approximately 2000 BC10. The procedure 

is also depicted on two slabs dating from the beginning of the first dynasty of the 

ancient Egypt (2 920-2 770 BC). It has also been told that Alexander the Great, (4th

century BC), had to, with the point of his sword, puncture the trachea of a soldier who 

was choking from a bone lodge in his throat11. Early indications for tracheostomy were 

upper airway obstruction due to infection, trauma or foreign body. In modern time, 

until the poliomyelitis epidemics in the 1950s, the major indication was diphtheria12. As 

the development of the intensive care units (ICU) progressed the need for intermittent 

positive-pressure ventilation grew and effective life support was conducted13. A 

successful mechanical ventilation of the poliomyelitis patients began in Copenhagen 

195214 and as there were not enough mechanical ventilators available, patients were 

hand-ventilated by nurses and medical students. Gradually the ventilators improved and 

long-term support by ventilator and tracheostomy helped thousands of patients15.
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1.1.1 The National Respiratory Centre (NRC) 

In the beginning of the 1970s an intensive care physician at the ICU at Danderyd 

Hospital, Stockholm, became especially interested in the care of patients with post-

polio syndrome and other patients needing tracheostomy with or without mechanical 

ventilation. He provided the patients with customized silver tracheostomy cannulae and 

the patients were followed up on an outpatient basis. The majority of them needed 

nocturnal mechanical ventilation and many suffered from severe impairments, 

especially regarding mobility. In order to minimize the complication rate and to support 

patients living at home, a management routine was developed, including at least one 

monthly visit to the clinic. In 1982 NRC, previously known as the Respiratory Unit, 

was established as a separate unit of the ICU. The goal was to help people with 

respiratory disability live a more active life and to improve their quality of life16. NRC 

provides a multi professional team, including physicians, nurses, respiratory therapists, 

assistant nurses, and medical technicians for the customization of the tubes.  

In 1998, NRC was authorized by the Medical Products Agency in Sweden to customize 

tracheostomy tubes for the patients. The fenestration is considered very important to 

allow for production of sound, thereby speech. With the customization of the 

tracheostomy tubes the manufacturer’s responsibility is transferred to NRC. The 

monthly routine visit still takes place and includes a tracheostomy tube change, tracheal 

and stoma inspection with or without bronchoscopy, removal of granulation tissue, 

inspection of the tracheostomy tube, and it’s fit in the trachea16,17. There have been very 

few complications after tracheostomy at NRC. Patients’ self-estimated quality of life 

(QoL) is high18 and there are no finding of decreased life expectancy or increased need 

for hospital care. Being the single clinic customizing tracheostomy tubes in Sweden, 

NRC has a responsibility for education of staff, students, and caregivers in 

tracheostomy and ventilation management and to conduct research in the field. 
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1.2 INDICATIONS AND COMPLICATIONS 

1.2.1 Indications and Diagnoses 

The most common reasons for performing a tracheostomy are to assist long-term 

ventilation in critically ill patients or in those requiring prolonged respiratory support, 

to relieve upper airway obstruction, to support bronchial toilette, to prevent aspiration 

of oral or gastric secretions, or as an adjunct to head, neck and thoracic surgery1,3,11,12,19-

24. See Table I. A tracheostomy permits speech and oral eating, it eases suction, and 

secures the patient’s airway. These factors are believed to help reduce ventilator 

complications25. Many of the patients, requiring prolonged respiratory support, receive 

home mechanical ventilation (HMV)26.

Table I. Diagnoses for patients with long-term tracheostomy  
at NRC in 1997, n = 106 
Diagnoses                                                 Percent 
Children incl. congenital malformations 
and tracheal stenosis  

23  

Post-polio/scoliosis 19  
Tumors 14  
Upper airway obstruction  
incl. tracheomalacia 

11  

Neuromuscular diseases 10  
Spinal cord injury 8  
Tuberculosis, COPD and asthma 6  
Other diseases incl. stroke 6  
Infections 3  

There are several surgical techniques for performing a tracheostomy. The most 

common method is currently a percutaneous dilatational technique (PDT) performed at 

the bedside, a procedure previously most commonly performed in the operation unit19-

21,27,28. PDT is performed by anesthesiologists, intensivists, as well as ear, nose, and 

throat (ENT) specialists and is considered safe for the patients11,29,30. The technique is 

also associated with lower risk for long-term complications, such as e.g. tracheal 

stenosis31,32. There is no difference in complication rate for the different PDT 

techniques33, but the patient’s individual characteristics must be taken into 

consideration33,34. There are also indications that an early elective tracheostomy reduces 

the duration of mechanical ventilation or shortens the stay at the ICU25,34-37.
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1.2.2 Complications  

There are some complications due to tracheostomy. Early complications are related to 

the insertion of the cannula and occur in connection with the operative procedure or 

soon after. Late complications may occur at any time after the procedure or even after 

decannulation38-42. See Table II. 

Table II. Potential complications due to tracheostomy
Complications Early Late 
Haemorrhage  X  
Subcutaneous emphysema X  
Pneumothorax X  
Pneumonia  X 
Tube obstruction X X 
Tube displacement X  
Tube/cuff malfunction  X 
Skin breakdown  X 
Tracheal stenosis  X 
Granulation tissue  X 
Tracheomalacia  X 
Fistula formation  X 
Accidental decannulation X X 
Cannula fracture  X 

It should be pointed out that late complications may be prevented by a regular tube 

change and follow up12,17,43. A customized tube has also been proven to lower the 

incidence of complications and infections in long-term tracheostomized patients43. A 

recently conducted study has also shown that the presence of a tracheostomy tube does 

not influence the swallowing function or cause aspiration, provided the patient’s 

swallowing function was normal before tracheostomy44. Tracheostomy has also proven 

to be independently associated with decreased risk for ventilator associated pneumonia 

(VAP) in an ICU during a five-year period45.

1.3 TRACHEOSTOMY CARE 

One of the most important aspects of tracheostomy care is prevention and management 

of complications, especially among those patients who are ventilator treated46. Routine 

tracheostomy care includes suction, inner cannula care, stoma site care, and stoma care 

with changing of the dressing and tie12,31,38,46-54. The majority of the routines, available 

for tracheostomy care, has not yet been scientifically evaluated and are based on local 
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tradition28,47,55-57. The methods for tracheostomy care vary from the use of sterile 

technique to using clean technique56-59.

1.3.1 Cannula Care 

Cleaning the stoma site and inner cannula are important factors in preventing infections 

in the patient’s airway38. A cannula system with an outer and an inner tube that can 

easily be exchanged, when clogged, is practical for long-term use. Many inner cannulae 

are reusable and their maintenance is essential in preventing tube occlusion. The 

cleaning should be performed at least twice a day or more often, if necessary38,52,54.

Several recommendations for decontamination of inner cannulae are available12,38,39,48-

54,60 and some may even be destructive for the tube material or may cause mucosal 

irritation59. No association was found between pneumonia and the disinfecting method 

of the tracheostomy inner cannula in a study of pediatric home care of children with 

tracheostomy. Few studies with adult patients are, however, available on the subject61.

The routines recommended might differ even between units in the same hospital, which 

is confusing both for patients and staff. Some examples are e.g. cleaning the inner 

cannula with hot, soapy water, using specially designed brushes and rinsing it under 

running tap water and leaving it to air dry54,56,59. Manufacturers’ recommendations for 

cleaning inner cannulae differ, even if the tubes are made of the same material. The 

most common recommendation is, however, cleaning with warm water and mild 

detergent. The current decontamination recommendation from national guidelines in 

Sweden, not based on scientific evidence, is to decontaminate the inner cannula with 

detergent and warm water, see Figure 1, immerse it in chlorhexidine-alcohol and 

afterwards rinse off the chlorhexidine-alcohol with sterile saline. The decision in the 

guideline to use chlorhexidine alcohol is in accordance with ISO/CEN (International 

Organisation for Standardization and Commitée Européen de Normalisation) standards, 

where hydrogen peroxide is not recommended as a surface disinfectant and, therefore, 

cannot be used for cleaning/disinfection of medical equipment in a validated process in 

the European Union. Cleaning the inner cannula with peroxide is still a common 

recommendation38. None of the methods mentioned, have been scientifically studied 

and uniform evidence based guidelines would simplify care and improve patient 

safety12,28,47,55.
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Figure 1. Mechanical cleaning of a tracheostomy tube 

 
Mechanical cleaning of a tracheostomy outer tube with detergent, warm 
water, and wet gauze pads.  

 

1.3.2 Tracheostomy Tube Change 

 
Indications for a tube change, both inner and outer cannula, vary12,38,62 and there is a 

lack of evidence based studies28,47,55. Post-operatively, the tube should not be changed 

before two to three days, ensuring the stoma to be well established. The first change is 

often performed by the surgeon62. To avoid the formation of granulation tissue and 

other complications when the stoma has been established, the tracheostomy tube should 

be frequently changed12,17,52,54,59,62. According to the Medical Products Agency in 

Sweden, a monthly tube change is recommended63. This means that once a month the 

tracheostomy tube should be removed and thoroughly cleaned. If the tube is found to be 

in an acceptable condition after visual inspection, it can be reinserted. As a result, there 

is no limit today as to how many times a specific tracheostomy tube can be reused by 

the same patient. There is clearly a lack of evidence on how long a specific 

tracheostomy tube can be used, i.e. the duration of a specific tube22,28,47,55.  
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1.3.3 Specialized Staff and Education of Caregivers and Families 

Patients with tracheostomy have special needs associated with their care to guarantee 

patient safety and well-being. As many persons with tracheostomy are living at home, it 

is very important to educate the patients, care-givers and families in tracheostomy 

management19,47,50,62,64. The patients living at home have reported high QoL18 and have 

had few complications65. There are special tracheostomy units with skilled staff, i.e. 

tracheostomy specialist nurses, providing care and education, but there is need for more 

such centers and staff education. A regular follow-up of the tracheostomized patient 

and a special education of caregivers will lower the incidence of complications. It is 

important that the care provided to the tracheostomised patient is of high standard to 

ensure patient safety41,46,47,51,66-68.

1.4 BIOFILM 

A tracheostomy means a direct entry to the deeper airways for e.g. microorganisms 

leading to a potential risk of developing lung infections. Within 20 minutes bacteria 

start to adhere the surface of the tracheostomy tube, aggregate and encase themselves in 

a hydrated matrix of multiple layers of cell clusters, consisting of polysaccharides and 

proteins. This forms an extra cellular, slimy substance called biofilm, where the 

bacteria are hidden and become more resistant and less accessible to antibiotics and 

immune defenses69-73. A biofilm may be defined as a community of microorganisms, 

attached to a surface producing extra cellular polymeric substance (EPS), excreted by 

the cells, that is a slimy substance giving the biofilm stability and facilitates the 

adherence to the surface71,74,75. Bacteria use either flagella or type IV pili in order to 

move on a surface and form new micro colonies71,76. The biofilm exhibit an altered 

phenotype, as distinguished from the planktonic cells, and the organisms in the biofilm 

interact with each other. Once a biofilm has been formed, it is very difficult to remove 

and mechanical cleaning is often required71. It is organized as a unique society with its 

own metabolism and acts as a reservoir for bacteria, where infections can develop 

slowly. Long-term antibiotic treatment may be required and success is not guaranteed. 

The biofilm can act as a bacterial reservoir, from which occasional bacteria can 

dislodge and follow the air stream to the deeper airways and cause pneumonia74,75,77-79.

The presence of biofilm on endotracheal tubes in patients undergoing mechanical 



8

ventilation could, therefore, be a source for developing pneumonia80-83 and is also 

believed to play an important role in the development of tracheal stenosis in intubated 

neonates84. Especially Pseudomonas aeroginosa, which is a common pathogen in 

biofilm formation74, is often located in the respiratory tract, formatting a biofilm and 

has an extreme adaptability85. Biofilm was also found to be present on both sides of 

endotracheal tubes that had been in contact with the subglottis in neonates undergoing 

mechanical ventilation86. In order to minimize formation of biofilm in mechanically 

ventilated patients, studies have been conducted with using hexiditine-impregnated 

endotracheal tubes87 and also with nebulized gentamicin88, or silver coated 

endotracheal tubes89, showing good results. 

1.5 TRACHEOSTOMY TUBE MATERIALS 

An ideal tracheostomy tube should be comfortable for the patient, give as much enough 

air as possible, and fit the patient properly16,54,90. The tubes are made of different 

polymeric materials, such as silicone (Si), polyvinyl chloride (PVC), polyurethane 

(PU), or of metal, i.e. silver. 

1.5.1 Silicone 

Si is commonly used by the medical industry for different medical implants91. It 

consists of inorganic polymers, composed of silicone-oxygen chains, to which phenyl 

or methyl groups are bound. It has a hydrophobic structure and can be cross-linked to 

modify the surface properties92. The hydrophobic nature of Si prevents microbial 

formation. The surface can, however, be less hydrophobic or temporarily hydrophilic 

after environmental exposure, ageing, or chemical damage. The surface generally 

recovers by a mechanism, where the low molecular weight (LMW) compounds migrate 

from the bulk material to the surface, rendering the bulk material exhausted92.

1.5.2 Polyvinyl Chloride 

PVC still continues to be an important and widely used polymer for medical devices, 

despite that the use of PVC in other areas has proven to give environmental damages. 
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The use is also decreasing, as phthalates migrate from the polymer by usage93,94. Pure 

PVC is a stiff and unstable material, susceptible for degradation due to heat, UV light, 

and oxygen95. In order to increase flexibility plasticizer of phthalate type, i.e. stabilizers 

and plasticizer, are added to the material. The plasticizer is mixed with the polymer and 

not chemically bounded, which increases the risk for diffusion and release of phthalates 

to the surrounding environment during ageing95. The Shiley® PVC tube contains 

approximately 30 % (w) of the plasticizer di-2-ethylhexyl phthalate (DEHP) (oral 

information from the manufacture). When a biofilm is formed on a PVC material, the 

phthalates subsequently start to migrate and serve as nutrition to the biofilm, rendering 

the PVC a more brittle structure. The material also becomes more sensitive to 

environmental stress cracking96,97. See Figure 2. 

 
 
Figure 2. Scanning electron microscopic images of two Shiley® tracheostomy tubes 

 
     To the left there is an image of a new unused tube, whereas the image to the right  
      exhibits a tube that has been used by a patient for approximately three months. The  
     tube material has become brittle due to the loss of additives. Magnification  X 1,000.     
 
 
 
1.5.3 Polyurethane 

 
Polyurethane (PU) has been used in medical application since the 70s. Poly(ester 

urethane) was the first generation of PU in this field, but it was susceptible for 

hydrolysis and was replaced by more stable poly(ether urethane) (PEU). To increase 

the oxidative stability, a new class of PU was later developed - a poly(carbonate 

urethane) (PCU)98. The tracheostomy tube Tracoe Twist® is made of PEU.  

The heterogeneous distribution of both soft and hard segments in the PU creates a 

complex polymeric system, in which the degradation processes occur at different rates 

and to different extent. Under normal conditions, PU is relatively stable towards 

oxidation due to various kinds of antioxidants supplied. In a complex environment the 

protection against oxidation is reduced98.  
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1.5.4 Silver 

Silver has been used for many years for manufacturing medical devices4. It is very 

durable and has an anti-microbial effect, when oxidation of the material occurs. The 

silver tracheostomy tubes are usually made of Sterling Silver consisting of 92.5 % 

silver and 7.5 % other metals such as copper, germanium, zinc, platinum, silicon and 

boron. These alloying elements are required to strengthen the pure silver material, 

although a pure silver tube would be less liable to the chemical erosion99.

1.5.5 Material Degradation 

The tracheostomy tubes in use are, as previously mentioned, exposed not only to 

bacteria but also the lining fluids, which is a first defence against toxicity in inhaled 

gases. It contains several antioxidants100. The complex bacteriological environment in 

the trachea, as well as the formation of a biofilm covering the tube surface, is believed 

to affect the mechanical and chemical properties of the tube material101,102. In the case 

of polymeric materials, the formation of a biofilm through colonization of bacteria has 

been recognized as a source of infection by playing an important role in the 

pathogenicity of the infecting organism82,103. It has also been found to affect the 

material in both peritoneal catheters and endotracheal tubes87,104-106.

As a result of the material degradation, substances from the tube dissolve and leave the 

material surface, leading to changes in its structure and as a result in the strength of the 

material96. See Figure 3. In contact with a liquid, the degradation of a polymeric 

material can be caused either by dissolution or swelling. Degradation may also occur by 

rupture of covalent bonds due to exposure to e.g. chemical agents96.
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Figure 3. A schematic image of biodegradation of a polymeric material caused by biofilm 

 

 

 

 

 

 

Effect     Change in surface         Loss of stability        Loss of stability         Conductivity,        Change in  
                     properties                             Swelling           appearance 
____________________________________________________________________________________ 
Wallström 2005                                                   Printed with permission form the Royal Institute of Technology, Sweden 

 

 

In the case of implanted metals,  microbial-influenced corrosion (MIC) can take place. 

The biofilm formed on the surface of the metallic material is believed to alter the 

interfacial electrochemical processes, leading to an increased MIC.  

There are, in general, two main effects of corrosion that can be observed on implanted 

metals; the strength of the material may decrease, which in turn may lead to failure of 

the device in question and  a discharge of corrosion products from the material to the 

body tissue107-109. See Figure 4.  

 

 

Figure 4. Scanning electron microscopic image of two tracheostomy tubes made of sterling 

silver.  

 
The image to the left exposes a new tube. Note the dark spots in the silver material  

that probably are the added copper. To the right there is an image of a silver tube that  

was used by a patient for several years. Clear fissures in the material surface indicate  

severe MIC. Magnification X 5,000. 
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Several reports of fractured tracheostomy tubes made of either polymeric materials or 

metals, some with fatal outcome, have been found in the literature110-116. Knowledge 

and understanding  concerning corrosion mechanisms of  sterling silver products used 

as medical devices is, however, very poor. What impact the reactions between the body 

fluids and/or tissues, as well as,  the release of products from the silver device has on 

the material properties, has not yet, by the knowledge of the present author, been 

investigated in detail. As pointed out in an official statement by the American Thoracic 

Society, there is also an extensive lack of knowledge, when it comes to the mechanisms 

involved in the ageing of the different polymeric materials, used in tracheostomy 

tubes47.

1.6 HEALTH-RELATED QUALITY OF LIFE 

Health-related quality of life (HRQL) is stated as the patient’s optimum levels of 

mental- and physical health. Broader measures of health status generally focus on 

individual’s subjective perceptions of health117. According to a declaration made by 

The World Health Organization (WHO) in 1948, health is “a state of complete 

physical, mental, and social well-being and not merely the absence of disease or 

infirmity”. The theoretical framework for HRQL is based on this declaration. HRQL 

determines how patients’ perceptions of mental and physical health status impact on 

different areas of their lives117. It could also measure patients’ level of satisfaction with 

a treatment, outcome following an intervention, its effect on their lives, and future 

perspective of health118 . 

1.7 RESEARCH AREA 

The care of patients with long-term tracheostomy is still based on local tradition and the 

recommendations can sometimes be contradictonary. The lack of evidence based 

studies is obvious and there is a clear need for clinical treatment recommendations, 

which are evidence based12,28,47,55.
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2 AIMS 

2.1 GENERAL AIMS 

General aims of the present thesis were to evaluate the outcome of long-term 

tracheostomy and to conduct evidence based studies concerning the care of patients 

with long-term tracheostomy. 

2.2 SPECIFIC AIMS 

The specific aims were: 

To compare the need for hospital care in long-term tracheostomized patients 

during a 2-year period before and after the tracheostomy (I) 

To determine whether the long-term tracheostomy influenced life expectancy of 

the patients (I) 

To compare two different decontamination procedures, i.e. decontaminating the 

inner cannula with detergent and afterwards disinfecting it in chlorhexidine 

alcohol compared with detergent only (II) 

To compare the duration of use of polymeric tracheostomy tubes, i.e. Si, PVC 

and PU in a major outpatient clinic (III) 

To determine whether surface changes could be observed after 30 days of 

clinical use (III) 

To determine the material wear of polymeric tracheostomy tubes after three and 

six months of clinical use and compare the obtained results with previously 

reported data (IV) 

To study patients’ health-related quality of life (HRQL), as well as their 

experiences of long-term tracheostomy (IV)
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3 METHODS 

3.1 STUDY DESIGN (I-IV) 

The designs used in this thesis were descriptive, comparative design (I), randomized, 

single blinded, comparative, crossover design (II), descriptive design (I, III and IV), 

and prospective design (II, III, and IV). Study II was a collaboration project between 

Karolinska Institutet, Danderyd Hospital, Uppsala University Hospital, Karolinska 

University Hospital, and Sophiahemmet University College, and study III and IV were 

a collaboration between Karolinska Institutet, Danderyd Hospital, Royal Institute of 

Technology (KTH), and Sophiahemmet University College. 

3.2 PATIENTS (I-IV) 

All patients were selected from an outpatient clinic for tracheostomized patients at 

NRC, Danderyd Hospital in Stockholm, Sweden. The patients included in the studies 

were at least 18 years of age and not suffering from severe cognitive dysfunction. In 

study I, the inclusion criteria were that the patient attended NRC at 1982 or at 1997 and 

that the patient was tracheostomized for at least four years after the creation of the 

stoma. In study III and IV, the maximum age was 80 years. All patients were 

tracheostomized more than one month previously. In study II, the participants had a 

dual tracheostomy cannula, i.e. a tracheostomy tube consisting of both an inner and an 

outer tube and were not treated by any antibiotics during the study period. In study III 

and IV, only patients with a tracheostomy tube made of Si, PVC, or PU were eligible to 

participate. Another inclusion criteria was that only patients wearing a Shiley®, a 

Bivona TTS®, or a Tracoe Twist® tracheostomy could participate in the studies of 

material wear. Exclusion criteria for study III and IV were smoking, hematological 

diseases, or a life expectancy of less than 12 months. See Table III. 
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Table III. The demographical data of patients included in study I-IV. 
No. of patients No. of Females No. of Males Mean age  

in years 
50 Study I      Group 1 

                 Group 2 
27 
106 

15 
52 

12
54 57 

Study II 50 26 24 60 
Study III Clinical use 
                 Surface study*

119 
19 

-
5

-
9

-
62 

Study IV 19 5 9 62 

Several patients participated in more than one study. *There were the same participants 

in Study III as in Study IV.  

3.3 PAPER (I) – OUTCOME OF LONG-TERM TRACHEOSTOMY  

In order to compare need for hospital care for long-term tracheostomized patients, data 

were collected from patient medical records at NRC, from the Hospital Discharge 

Register, and the Death Certificate Register, both from the National Board of Health 

and Welfare, Stockholm, Sweden. The number of days of hospital care in a two-year 

period before and after tracheostomy for each patient was collected and compared. The 

data were divided into two groups, i.e. Group 1; patients who attended NRC in 1982 

and Group 2; patients who attend NRC in 1997. To determine whether long-term 

tracheostomy influenced the patients’ life expectancy, data were collected from the 

National Register Life Expectancy 1751-2003 from Official Statistics of Sweden. This 

data collection only concerned Group 1, as the time of observation would have been too 

short for Group 2. 

3.3.1 National Registers (I) 

The registers used in the study were two registers from theNational Board of Health 

and Welfare, Stockholm, Sweden; the Hospital Discharge Register and the Death 

Certificate Register, as well as the Life Expectancy Register 1751-2003 from Official 

Statistics of Sweden. The Hospital Discharge Register is a compilation of all hospital 

discharge records, first collected at regional level and then forwarded to the National 

Board of Health and Welfare, Sweden. The register gives details of each episode of 
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hospital care, dates of discharge, and length of stay119. The death Certificate register 

covers death of Swedish citizens, irrespective of death taking place at home or abroad. 

3.4 PAPER (II) – CANNULA CARE  

To find a practical and safe decontamination method for tracheostomy inner cannulae, 

two different decontamination procedures were compared, i.e. detergent and 

chlorhexidine-alcohol (procedure A) and detergent (procedure B).  

3.4.1 Chlorhexidine-Alcohol Procedure (A) 

The cannula was first decontaminated with detergent as described below, see Detergent 

Procedure (B). After decontamination it was immersed in 0.5% chlorhexidine/60% w/v 

ethanol (Fresenius Kabi Norge AS, Halden, Norway) for 1 min. Then it was soaked in 

sterile saline 0.9% for 1 min in order to remove the chlorhexidine.  

3.4.2 Detergent Procedure (B) 

The inner cannula was decontaminated on the in- and outside by soaking for 30s in 

warm water with a fragrance free detergent containing anionic and non-ionic tensides, 

thickening, and water (Nilfisk-Advance, Stockholm, Sweden). Wet gauze pads were 

pulled through it, at least four times, until all visible secretions were removed. The 

cannula was then rinsed under running warm tap water for 30 s.  

3.4.3 Study Procedure 

Patients with a dual tracheostomy tube were consecutively included and randomly 

assigned to begin with one of two different treatment sequences. In sequence AB, 

detergent and chlorhexidine-alcohol (A) was used at the first visit and detergent (B) 

was used at the second visit. In sequence BA detergent (B) was used at the first visit 

and detergent followed by chlorhexidine-alcohol (A) at the second visit. See Figure 5. 
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Using this study design the patient was his/her own control. The randomization was 

made by a computer sequence with closed, numbered envelopes and each patient was 

randomized once. Samples for bacterial culture were taken before and after 

decontamination, cultured on blood and CLED (cysteine lactose electrolyte deficient 

medium) agar plates, and incubated for 48 h at 36 C.  The number of bacteria colonies 

was counted. Growth was expressed as colony forming unit (cfu)/mL. Microorganisms 

were typed by standard methods120.

Figure 5.
A flowchart over of randomization process of the study of tracheostomy inner cannula care 

Randomized 
patients 
n = 50 

Allocated to treatment sequence B, 
detergent  

n = 25 

Allocated to treatment sequence A, 
detergent and chlorhexidine-alcohol  

n = 25 

Allocated to sequence A,  
detergent and chlorhexidine-alcohol n = 23 

Discontinued  n = 2 
(n = 1 died, n = 1 was unable to attend the 

second visit) 

Allocated to treatment sequence B,  
detergent n = 24

Discontinued  n = 1 
was unable to attend the second visit 
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3.5 PAPER (III AND IV) – MATERIAL WEAR  

To compare the duration of use of polymeric tracheostomy tubes, i.e. Si, PVC, and Pu 

(III) data were gathered from patient- and technical records for all tracheostomized 

patients, attending NRC. Data from patient- and technical records from a two-year 

period were collected and investigated. The type of tracheostomy tube each patient 

used, i.e. brand and material, the dates at which each patient received new tubes, and 

the number of tubes received by each patient per year was information retrieved from 

the records. Based on this information, the duration of use of the different tube 

materials was determined and compared.  

To determine the material wear of polymeric tracheostomy tubes after 30 days (III), 

three, and six months (IV) of clinical use, 19 patients with long-term tracheostomy 

were included, i.e. n = 6 with Bivona TTS® Si tubes, n = 8 with Shiley® PVC tubes, 

and n = 5 with Tracoe Twist® PU tubes. See Figure 6. The tubes were exposed in the 

trachea for 30 days, three, or six months before being analyzed. At the initial stage, 

each patient received a new tracheostomy tube. The patient visited NRC monthly for 

routine and cannula control. During the first, third, and sixth visit the patient received 

a new tube. The patients were instructed not to clean the tube during the study period.  

For patients having a tracheostomy tube consisting of an inner and outer tube, the 

inner tube was, however, to be routinely cleaned. New tubes and new tubes exposed 

in Phosphate Buffered Saline (PBS) were used as reference. All technical analyses 

were performed as a blind study at KTH, Stockholm, Sweden, using standardized 

equipment. Only the outer surface of the outer tubes was studied. From every 

tracheostomy tube nine samples, with a size of approximately 6 x 6 mm, were secured 

from different locations of each tube, i.e. three samples from area I (proximal part), 

three from area II (mid part), and three from area III (distal part). The material wear 

of each tube material was determined and compared. Paper (III). 

To evaluate the patients HRQL and experiences of long-term tracheostomy, two 

questionnaires were adopted (IV), i.e. the Swedish version of the SF-36 short-form 

health survey questionnaire and a study specific questionnaire about experiences of 

long-term tracheostomy. Both questionnaires were sent out together at the end of the 

study period and were administrated by postal mail. 
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Figure 6. Polymeric tracheostomy tubes. 

 
An example of the three brands of the polymeric tracheostomy tubes included in Paper (III and 
IV).  There is a Bivona TTS® silicone tube to the left, in the middle a Shiley® PVC tube, and a 
Tracoe Twist® polyurethane tube to the right. 
 
 
 
3.5.1 Scanning Electron Microscopy (SEM) (III, IV) 

 
To analyze the microscopic features of the tubes a Jeol JSM-5400 Scanning Electron 

Microscopy (SEM), (Tokyo, Japan) was used. Prior to analysis, the samples secured 

from each tube were mounted on specimen stubs and coated with palladium/gold 

(60%/40%), using a Desk II sputter Denton Vacuum (Moorestown, NJ, USA) (coating 

time = 18 seconds). The entire outer surface of the samples was examined 

systematically at a magnification of X 350 and X 1,500 at an acceleration voltage of 15 

kV (spot size = 2). The SEM findings were scored of degradation using a scale 1 to 4 (1 

being the lowest.) 

 

SEM is a method for high-resolution imaging of surfaces. A SEM uses electrons for 

imaging, such as a light microscope uses visible light. A highly concentrated beam of 

electrons causes ejection of secondary electrons from the studied specimen. A detector 

counts the secondary electrons and the result is an image. The advantages of SEM over 
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light microscopy include greater magnification (up to X 100,000) and much greater 

depth of field. Morphological changes on the surface of a sample may be investigated 

by several different techniques. SEM is, however, a widely utilized method for 

detection of surface changes on organic and inorganic materials. As the technique 

allows for high magnification it gives great images of the morphology of the material 

surfaces investigated121.

3.5.2 Attenuated Total Reflectance (ATR) – Fourier Transform Infrared 
Spectroscopy (FTIR) (III, IV) 

In order to analyze the surface changes of the chemical bonds (functional groups) of the 

polymeric chains a Perkin-Elmer 2,000 FTIR-spectrophotometer (Wellesley, MA, 

U.S), equipped with a Golden Gate Diamond ATR accessory from Graseby Specac 

(Kent, U.K), was used. All samples were entirely scanned (number of scans = 16) and 

the peak area investigated was 4,000-600 cm-1. The baselines of the obtained spectra 

were corrected and normalized in accordance with the reference peaks. Standardized 

procedures were adopted to evaluate the obtained spectra. To measure the degree of 

degradation in PVC and PU the Carbonyl Index (CI) was used and for Si an index was 

obtained by a comparison of the coating and of the normalized methyl area. 

Fourier Transform Infrared Spectroscopy (FTIR) is a chemically analytical technique, 

used for analyzing organic and inorganic materials. In polymer technology, the 

technique is commonly used to identify functional groups in the material. From this 

information, the type of polymer, additives, and degree of degradation can be obtained. 

FTIR works on the premise of energy absorption within the infrared spectrum. This 

technique measures the absorption of various infrared light wavelengths by the material 

of interest. These infrared absorption bands identify specific molecular components and 

structures. The specificity of these bands allows computerized data searches to be 

performed against reference libraries to identify a material. The method is used for bulk 

material identification as well as identification of constituents in multi-layered 

materials122. In order to investigate surfaces, as well as surface coatings, the FTIR 

technique is commonly used in conjunction with Attenuated Total Reflectance (ATR-

FTIR). In Paper (III and IV) the ATR-FTIR was used. 
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3.5.3 Differential Scanning Calorimetry (DSC) (IV) 

To analyze the thermal properties of the samples, a Mettler Toledo Differential 

Scanning Calorimetry (DSC) 820 (Schwerzenbach, Switzerland) was used. Prior to 

analyses, the samples (3-6 mg) were placed in a 40µg aluminium pan and a lid was 

placed on top (an empty pan of the same type was used as reference). The sample and 

reference were subjected to a predetermined temperature program (scanning rate = 10-

20ºC/min) in an atmosphere of nitrogen (80 ml/min). An indium standard was used to 

calibrate the system. Transition temperatures (Tg) of the samples were determined from 

the midpoint of the endothermic rise.  

DSC is an analytical technique, most useful in the analyses of polymers, as it examines 

the melting temperature (Tm), the glass transition temperature (Tg), and other thermal 

transitions, such as phase changes. The difference between the amounts of heat required 

to increase the temperature of a sample and reference sample, are measured as a 

function of temperature. Both the sample and reference are maintained at the same 

temperature throughout the experiment. By observing the difference in heat flow 

between the sample and reference, differential scanning calorimetres are able to 

measure the amount of heat absorbed or released during such transitions. The DSC can 

be used to measure a number of characteristic properties of a sample. Using this 

technique, it is possible to observe fusion and crystallization events as well as glass 

transition temperatures (Tg). DSC is used to get an indication of whether properties of 

the material investigated have changed. It can also be used to study oxidation as well as 

other chemical reactions123.

3.5.4 Health-Related Quality of Life (HRQL) and Patient Experiences (IV) 

HRQL was assessed with the SF-36 questionnaire. This self-administered measure of 

health status with 36 questions124,125 is well validated and widely used126,127. The 

questionnaire measures different aspects of general health through eight multi-item 

scales, i.e. PF (physical functioning), RP (role physical), BP (bodily pain), GH (general 

health), VT (vitality), SF (social functioning), RE (role emotional) and MH (mental 

health). The SF-36 is scored from 0 to 100 (where 100 represent optimal functioning 

and well-being), The eight scales are summarized into two different summary 
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measures, i.e. physical component summary (PCS) and mental component summary 

(MCS). The obtained values were compared with normative values for the general 

Swedish population, age 15-93 years124,125,128.

The SF-36 was adopted together with a study specific questionnaire. The authors and 

two respiratory nurses, who had more than 20 years’ experience within the field, 

developed the study specific questionnaire. The questions were devoted to each 

patient’s experience of long-term tracheostomy. There were 12 questions, designed in 

such a way that it was possible to answer and to write additional comments. 

3.6 STATISTICAL ANALYSES 

The statistical methods used are described in the Papers (I-IV). For a summary, see 

Table IV. Continuous parametric data were subjected to a Wilcoxon-Mann-Whitney 

test. For the material studies, a Kruskal-Wallis test was adopted followed by a 

Wilcoxon-Mann-Whitney test to test for differences between the materials investigated. 

To perform intra-group comparisons, a Wilcoxon signed rank test was applied. A p-

value < 0,05 was considered significant. To compare the mean value scores for the Sf-

36 questionnaire obtained for the studied group with those obtained from a normative 

Swedish population, Students unpaired t-test was used. 

Table IV. Statistical methods used in studies I-IV.

Statistical methods Software 

Study I Wilcoxon signed rank test one-sided and 
two-sided 

Stat-View, 4.5 (SAS Institute, Cary, 
NC) and SPSS, 13.0 (SPSS Inc. 
Chicago, IL) 

Study II Wilcoxon-Mann-Whitney test two-sided SPSS, 14.0 (SPSS Inc. Chicago, IL) 

Study III Kruskal-Wallis test and Wilcoxon-Mann-
Whitney test two-sided 

SPSS, 14.0 (SPSS Inc. Chicago, IL) 

Study IV Kruskal-Wallis test, Wilcoxon-Mann-
Whitney test two-sided, Wilcoxon signed 
rank test one–sided, and Students t-test 

The JMP Software (version 3.1.5, 
SAS Institute Inc., Cary, NC) 
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3.7 PROCEDURES AND METHODS FOR ADDITIONAL MATERIAL 
OBSERVATIONS 

In order to study surface changes of silver tracheostomy tube materials, six out-patients 

(three women and three men) with a tracheostomy tube made of sterling silver, were 

consecutively included. Three patients had a tracheostomy tube of the brand La Barré®

and three of the brand Bauer Häselbarth®. The inclusion and exclusion criteria were the 

same as in Paper (III and IV) with the exception of the material of the patient’s 

tracheostomy tube. 

3.7.1 Procedures  

At the initial stage, each patient received a new tracheostomy tube of the same type and 

brand as the patient usually used. A physician inserted the tube and the patient came on 

regular controls (every 30 days) to NRC. At this scheduled control, the tube was 

removed, cleaned according to standardized procedures, inspected, and reinserted. Note 

that all patients in the study had a dual cannula. The patients routinely cleaned their 

inner cannula. Each tube was exposed in the patient during six months. After the last 

study visit the patient received a new tracheostomy tube and the study cannula was 

cleaned, put in a separate sample bag, and sent to KTH for analysis.  

Further analyses were made of one PVC tracheostomy tubes that was exposed in the 

trachea for 30 days. 

3.7.2 Analyzing Methods  

All analyses were performed, blinded at KTH, using standardized equipment. Samples 

from each tube were secured, i.e. proximal area, mid area, and distal area. To analyze 

microscopic features of the tubes, a Jeol JSM-5,400 SEM (Tokyo, Japan) was used. 

The entire surface of the samples was systematically examined at a magnification of X 

350, X 1,000, X 1,500, and X 3,000 at an acceleration voltage of 15 kV (spot size = 2). 

In order to characterize the surface changes detected by SEM, Atomic Force 

Microscopy (AFM) was used. The AFM allows for high resolution, which can reach 

the atomic level. The AFM probes the surface by a scanning tip, i.e. probe. It is placed 

so close to the sample that it is able to feel small repulsive forces from the sample. The 
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tip can either move along the scanned subject or be still, while the subject moves. The 

images received can be seen 3D. It is an analyzing method that is most useful in 

detecting surface changes down to nanometer level, as it allows for very great 

magnification129. In the present study the specific depth of a fissure in the material 

could be measured by AFM. Using this method, possible remainders of biofilm 

formation can easily be identified. The method has, by other researchers, successfully 

been used in the characterization of cell adhesion to different material surfaces and to 

study the formation of biofilm 130-132.

3.8 ETHICAL CONSIDERATIONS 

All studies in this thesis have approval from The Human Ethics Committee at 

Karolinska Institutet, Stockholm, Sweden. Permission for data collection from the 

Hospital Discharge Register and the Death Certificate Register was obtained from the 

National Board of Health and Welfare, Stockholm, Sweden. The patients participating 

in study II, III and IV all gave their written consent to participate in the studies. 
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4 RESULTS 

4.1 PAPER (I) – OUTCOME OF LONG-TERM TRACHEOSTOMY  

4.1.1 Need for Hospital Care (I) 

Outcome concerning the need for hospital care for long-term tracheostomized patients 

was determined and compared. Data were collected for two groups. Group 1; patients 

attending NRC in 1982, consisted of 27 persons (15 female and 12 male) and group 2; 

patients attending NRC in 1997, consisted of 106 persons (52 female and 54 male). 

Both groups had little and unchanged need for hospital care after tracheostomy 

compared to before. Group 1 spent > 96 % of their time out of hospital and Group 2 > 

94 %. Both groups included patients with spinal cord injury, who commonly used to be 

treated in hospital for a long time after the injury. 

4.1.2 Life Expectancy (I) 

For Group 1, life expectancy was assessed and data showed that the long-term 

tracheostomy did not have a decreased lifespan compared to an age-matched and 

gender adjusted control cohort. See Table V. 

Table V. Expected lifespan at birth and observed lifespan of patients in Group 1

Group 1 
patients n = 27 

Deceased patients n  = 18 
(11 women and 7 men) 

       Mean                   Range 

Living patients n = 9  
(4 women and 5 men) 

        Mean                   Range 
Expected life span (years) 63.5                       57-76 67.0                      58-72 

Observed life span (years) 67.0                      26-86 61.0                     41-94 

Years with tracheostomy 14.0                        4-27 26.0                     22-34 

Data adjusted for year of birth and gender. 
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4.2 PAPER (II) – CANNULA CARE  

Two decontamination procedures for tracheal inner cannulae were compared in this 

randomized cross-over study. The primary variable was the culture count value after 

chlorhexidine-alcohol/detergent (A) and detergent (B). Before decontamination the 

inner cannulae grew high numbers of bacteria, which were parts of the normal flora of 

the upper respiratory tract and did not differ significantly between the two sequences 

(AB; BA). The effects of both methods were larger than expected and the results 

showed a nearly total elimination of organisms for both decontaminating procedures. 

See Table VI. The equivalence criterion, ratio of mean colony counts (A/B) > 0.8, was 

met at a significance level of P < 0.001. The results of the study show that effective 

decontamination of inner cannulae can be achieved with a simple, low cost cleaning 

method and that use of disinfectant has no further benefit. 

Table VI. Bacterial counts before and after decontamination expressed in cfu/mL

Detergent and chlorhexidine 
alcohol (A) 

    Detergent (B) Sequence Summary 
statistics 

               Before                  After                Before                  After 
Mean 21,708.0 3.3 30,696.0 0.0 
Median 5,000.0 0.0 14,000.0 0.0 
Min 0.0 0.0 0.0 0.0 

AB

Max > 100,000.0 60.0 > 100,000.0 0.0 
Mean 46,785.0 11.3 48,915.0             0.4 
Median 50,000.0 0.0 38,000.0 0.0 
Min 50.0 0.0 40.0 0.0 

BA

Max > 100,000.0 160.0 > 100,000.0 10.0 

4.3 PAPER (III AND IV) – MATERIAL WEAR  

4.3.1 Tracheostomy Tube Use (III) 
Significant differences between the duration of clinical use in number of days for the 

tracheostomy tube materials, Si, PVC, and PU was determined. The hypothesis of 

overall homogeneity was rejected at P < 0.0001. The Si tubes were, in mean, used for 

longer periods (85 days) than tracheostomy tubes made of PVC (56 days) or PU (51 

days). See Table VII. 
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Table VII. Duration of clinical use in number of days for different tracheostomy tube materials

Clinical use in number 
of days 

Silicone (Si)a n = 39 
 (n = 14 female) 

Polyvinyl Chloride 
(PVC)b n = 73  
(n = 31 female) 

Polyurethane (PU)c

n = 7 ( n = 3 female) 

Mean  90.0 64.0  61.0  

Median  
(range) 

85.0 
(27.0 - 194.0) 

56.0 
(19.0 – 263.0) 

               51.0 
 (28.0 – 136.0) 

Mean No. of tubes used 
per year and patient 

4.0 5.7 6.0 

a   Bivona  TTS®, Bivona TrachVent®

b Shiley®, Portex Blueline Ultra®, Portex Ivory Tube®, Rüsch Crystal Clear®, Tracoe Comfort®

c   Tracoe Twist®

4.3.2 Material Wear (III and IV) 

Concerning the tracheostomy tubes, exposed in the trachea for 30 days, Paper (III), no 

gross color changes were observed on the Si tubes before analyses, but 63 % of the 

PVC tubes and 80 % of the PU tubes exhibited both macroscopic deposits or color 

changes before analyses. The SEM analyses detected clear surface changes in all tubes 

but one, exposed in the trachea for 30 days (95%). See Figures 6-8. There were no 

significant differences between the materials investigated or the different locations of 

the tubes. The majority of the PVC and PU tubes were scored with the highest 

degradation index compared to 1/3 of the Si tubes. The reference samples exposed in 

PBS revealed only minor surface changes.  

The SEM analyses in Paper (IV) revealed that all tracheostomy tubes displayed severe 

surface changes after three and six months’ exposure in the trachea. No significant 

differences were established between the times of exposure on the various materials. 

The surface changes detected had progressed significantly as compared to previously 

reported changes after 30 days. All tubes were clearly affected by the environment of 

trachea and 82 % were scored with the highest degradation index score, i.e., (4). As can 

be seen from Figure 7-9, cracks, pores, pits, flaking, localized cracking, “frosting” 

(network of cracks), and/or other surface defects were identified on the tubes. The 

statistical methods, adopted on the SEM results, revealed no significant differences of  
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material degradation between the materials nor between the different locations on the 

tubes, i.e., area I (proximal), area II (mid tube) and area III (distal). 

Furthermore, the SEM analyses also revealed in, Paper (IV), that the characteristic 

rough structure of the SuperSlick® XL-PCNTM coating on the Si tubes were partly or 

completely worn off. See Figure 7. Cracks and pits, as well as material flaking, existed 

to some extent on all tubes. Microscopic deposits, as well as bacteria colonies, were 

also found on the surface or within cracks and/or pits in the surface. The micrographs 

revealed severe degradation of the PVC tubes and in some cases large cracks, resulting 

in a brittle and porous outer surface layer. See Figure 8. Cracks, pits, and/or pores were 

also regularly found on all PVC samples. In the PU tubes, 100 % of the tubes had gross 

color changes, prior to analysis. Severe material degradation, as well as the existence of 

localized cracking were found. See Figure 9.  
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Figure 7. SEM Images of Bivona TTS® Si tracheostomy tubes  

 
A)  SEM image of the proximal area (I) of an unexposed Bivona TTS® silicone (Si) reference 

tube. The irregular outer surface seen in the micrograph is the Superslick® XL-PCN™ 
coating. Magnification X 1,500.  

B)  SEM image of a Bivona TTS® Si, tracheostomy tube, exposed in the trachea of a 23-year-old 
ventilator treated male with Duchenne’s Syndrome for 30 days, distal area (III). Scored as 
2.  

C)  SEM image of a Bivona TTS® Si, tracheostomy tube, exposed in the trachea of the same 
patient  for three months, magnification X 1,500. Scored as 4. There is a clear double layer 
in (C), displaying degradations of the polymeric chains.  

D) SEM image of a Bivona TTS® Si, tracheostomy tube, exposed in the trachea for six months. 
Scored as 4. The degradation here is even worse and deep cracks are visible. Magnification 
X 1,500. 
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Figure 8. SEM Images of Shiley® PVC tracheostomy tubes 

 
 
A)  SEM image of an unexposed Shiley® polyvinyl chloride (PVC) tracheostomy tube, mid area   

(II), here used as reference material.  
B)  SEM image of a Shiley® PVC tracheostomy tube, distal area (III), exposed in the trachea of a 

41-year-old male with multiple sclerosis for 30 days.  
C)  SEM image of a Shiley® PVC tracheostomy tube, distal area (III), exposed in the trachea of 

the same patient as in (B) for three months.  
D)  SEM images of a Shiley® PVC tracheostomy tube, distal area (III) exposed in the trachea of 

the same patient as in (B) and (C) for six months. There are clear surface changes in all 
images and the top layer of the PVC has partly disappeared in (C) showing a cracked 
pattern. In (d) those cracks are even larger and may easily host bacteria. Both the three 
months’ tube and the six months’ were scored as 4 in the degradation index. These pictures 
clearly display the material degradation of long-term use of tracheostomy tubes. 
Magnification X 1,500.  
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Figure 9. SEM Images of Tracoe Twist® PU tracheostomy tubes 

 
A)  SEM image of the distal area (III) of an unexposed Tracoe Twist® polyurethane (PU).  
B)  SEM image of the proximal area (I) of the Tracoe Twist® polyurethane (PU) tube, exposed  

in the trachea of a 64-year-old male patient with post stroke complications for 30 days. The 
micrograph clearly reveals large fissures in the surface layer (score 4). The fissures 
originate  from degradation of the soft segments of the polymer. Magnification X 1,500.  

C) SEM image of the mid area (II) of the Tracoe Twist® polyurethane (PU) tube exposed in the 
trachea of the same patient as in (B) for three months (score 4). The micrograph reveals 
white “spots” on the surface, which could be remainders from the cleaned off biofilm. 
Magnification X 1,500. 

D) SEM image of the mid area (II) of the Tracoe Twist® polyurethane (PU) tube, exposed in the 
trachea of the same patient as in (B) and (C) for six months. (Score 4). The micrograph 
reveals a typical example of a stress fracture in the material. Magnification X 1,500.  
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The ATR-FTIR analyses, Paper (III), revealed, in all samples from the Si, PVC, and PU 

tracheostomy tubes, exposed in the trachea, changes in the chemical functional groups 

of the polymeric chains. The presence of additives of phthalate type was seen in the 

PVC spectra (i.e., a characteristic peak at 1,721 cm-1). To measure the degree of 

degradation in PVC and PU the Carbonyl Index (CI) was used. A decrease of the CI 

was detected in 70% of the PVC tubes, which can be related to a gradual loss of 

additives during exposure of the tube. Several of the Si tubes exhibited a complete loss 

of the top coating Super Slick XL-PCN, a coating that lowers friction and eases suction. 

Fewer changes were seen in the PU tubes. 

In Paper (IV) all analyses made by ATR-FTIR for Si, PVC, and PU tubes showed 

moderate to extensive changes in the chemical bonds of the polymeric chains. The 

results vary between the different tubes of the same material, as well as between the 

different locations on the same tube, indicating that the degradation is heterogeneous. A 

decrease in the alteration index existed for all Si tubes, indicating that changes in the 

chemical functionality had occurred as a result of prolonged exposure in the trachea. 

The spectra demonstrated a partly or complete removal of the SuperSlick® XL-PCNTM

coating in approximately 50 % of the tubes. A decrease of the CI for the PVC tubes 

was obtained for 10 of the 11 tubes. Ninety-one % demonstrated a gradual loss of 

additives. In general the spectra obtained for PU tubes showed less alteration, but in 

one case severe material degradation was detected. 

Independently of the material, the obtained DSC results indicate that small 

morphological changes could be identified in the tubes, exposed in the trachea for three 

or six months, and no difference could be established between the results obtained for 

the tubes exposed in the trachea for three and six months respectively. 

4.3.3 Health-Related Quality of Life and Patient Experiences (IV) 

Seventythree percent of the patients completed the SF-36 questionnaire sufficiently to 

be used for the calculation of the summary scores and 82 % for the evaluation of the 

study specific questionnaire. The outcome of the SF-36 questionnaire has been 

analyzed and the results are presented in Table VIII together with the mean values of 

the general Swedish population124. As can be seen from the table, the physical health 
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status (PCS) was significant below the PCS of the general Swedish population. The 

mean value of mental health status (MCS) was above that of the general population but 

difference was not statistically significant. 

Table VIII. HRQL in patients with long-term tracheostomy according to SF-36 (n = 13)

SF-36 scales Q1 M Q3 Mean (SD) Mean (SD)* 
Norm population 

(n = 8930) 

P-value 

Physical functioning (PF) 10.0 30.0 50.0 35.0 (31.8) 87.9 (19.6)   < 0.0001 

Role physical (RP) 0.0 0.0 100.0 44.2 (50.2) 83.2 (31.8)   < 0.0001 

Bodily pain (BP) 36.5 72.0 100.0 68.5 (33.2) 74.8 (26.1)   0.3847 

General health (GH) 41.0 57.0 77.0 55.7 (27.2) 75.8 (22.2)   0.0011 

Vitality (VT) 50.0 60.0 77.5 57.7 (27.3) 68.8 (22.8)   0.0795 

Social functioning (SF) 25.0 75.0 100.0 68.3 (34.5) 88.6 (20.3)   0.0003 

Role emotional (RE) 75.0 100.0 100.0 88.0 (21.7) 85.7 (29.2)   0.7765 

Mental health (MH) 60.0 72.0 84.0 71.0 (13.6) 80.9 (18.9)   0.0591 

MCS 50.6 52.6 60.0 53.6 (10.1) 50.0 (10.3)   0.2080 

PCS 20.9 27.7 37.3 30.4 (13.9)         50.0  (9.7)   < 0.0001 

 Q1 = the 25 percentile, M = median and Q3 = the 75 percentile. All eight scale range from 0-100, with 100 

representing the optimal functioning and well-being. MCS= summary measures of PF, RP, BP and GH. PCS= 

summary measures of VT, SF, RE and MH..  

*Sullivan M & Karlsson J, 1998124

All patients, who completed the study specific questionnaire, were very content with 

his or her present situation as well as the treatment received at NRC. Nine patients  

(64 %) thought their well-being was affected in a positive way, when the tube was 

cleaned and reinserted. However, 4 patients (29 %) felt that it did not make any 

difference and 1 patient (7 %) was experiencing a certain degree of discomfort and was 

affected in a negative way. In general, most patients considered their tracheostomy tube 

to be comfortable, i.e. the tube did not irritate or rub the skin and it gave enough air for 

both breathing and talking. It was also experienced as being functional, i.e. the tube was 

easy to remove, clean, reinsert and displayed no leakage of air. It was discreet and not 

an obstacle in the daily life. Some negative experiences were related to tube 

management being time consuming, changes in the voice, as well as difficulties in 

talking in large groups, which was pointed out by 2 patients (14 %). The inconvenience 

related to meeting inexperienced staff at the emergency units was also mentioned, as 
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well as the loss of ability to swim. Eight patients (57 %) meant that the information 

they received from NRC about management, maintenance, and cleaning of the 

tracheostomy tube was very good and 6 patients (43 %) considered it good. 

 
 
4.4 ADDITIONAL OBSERVATIONS 

 
4.4.1 SEM Analyses of Silver Tracheostomy Tubes 

 
To date, two silver tracheostomy tubes of the brand La Barré® have been analyzed by 

SEM. In Figure 10, the SEM micrograph of one of the tubes is presented. As can be 

seen in Figure 9b, there are pits of various extents, as well as, valley type cracks present 

on the material surface. Even the sample from the reference tube reveals pits and pores, 

which is believed to originate from the manufacturing process. See Figure 10.  

 

 

Figure 10. SEM Images of La Barré® Silver tracheostomy tubes 

 
a) SEM image of the distal area (III) of an unexposed La Barré® Silver tracheostomy 

reference tube. The micrograph revealed pits and pores in the new, unexposed surface.  

b) SEM image of the distal area (III) of the La Barré® Silver tracheostomy tube exposed in 

the trachea of a 60-year-old male patient with tracheal stenosis due to six months of 

radiation therapy. The micrographs revealed large pits and valley type cracks with 

obvious MIC. Note the bacteria colony in the largest crack in the middle of the image.  

       Magnification X  2,500. 
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4.4.2 Atomic Force Microscopy (AFM) measurements of PVC 
Tracheostomy Tubes 

 

Preliminary AFM measurements were conducted on two samples secured from Shiley® 

tracheostomy tubes; one from the reference tube and one from a tube exposed in the 

trachea for 30 days. An Asylum Research MPF-3D AFM apparatus was used? for these 

measurements and the pictures were analyzed with both the Igor Pro and WSxM 

software. It is important to point out, that the procedure adopted, for evaluating the 

experimental results, needs to be further refined. Figure 11 shows the topography of the 

PVC (Shiley® tracheostomy tube) reference sample. As seen in the figure, the 

topography was very rough and several small valley type cracks existed on the 

analyzed surface. The highest point of the topography was 1.13 m. 

 

Figure 11. 

 
The topography (a) and the 3D surface picture of a Shiley® PVC  tracheostomy tube. The scan 
size of the height trace was 20.00 m and the scan rate 1.50 Hz. The image reveals an uneven 
surface with valley type cracks and rounded peaks.   
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Figure 12 shows the topography of the PVC (Shiley® tracheostomy tube) sample 

exposed for 30 days in the trachea. The analyzed sample originates from the same 

tracheostomy tube as in Figure 8B. As can be seen from Figure 12, a crack was found 

to exist in the surface. It is difficult to say whether the crack in question originates from 

the different steps of the manufacturing procedure, or if it is a result of material 

degradation. The SEM image (Figure 8B), however, reveals a flaking surface and the 

holes identified on the surface are therefore, most likely to be biodegradation products. 

The sizes of the holes are approximately 50-70 nm in depth with a width of 0,8-1,2 m. 

The highest point of the area is at 455 nm.   
 

Figure 12. 

 

 
The topography (a) and the 3D surface picture (b) of a Shiley® PVC tracheostomy tube distal 
area (III) exposed for 30 days in the trachea of a 41-year-old male with multiple sclerosis. The 
sample analyzed originates from the same tracheostomy tube as in Figure 8b. A crack in the 
scanned surface is clearly visible as well as several holes. The scan size of the height trace was 
30.00 m and the scan rate 2.00 Hz. 
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5 DISCUSSION 

In the present thesis the outcome and need for hospital care of long-term 

tracheostomized patients, different cleaning methods for tracheostomy inner cannulae, 

as well as material wear of tracheostomy tubes have been investigated. The research 

was performed at the National Respiratory Centre (NRC), Stockholm, Sweden. 

The focus was on patients with long-term tracheostomy. 

5.1 MAIN FINDINGS 

Patients with long-term tracheostomy displayed unchanged need for hospital care 

following recovery from the procedure, and spent > 96 % of their time out of hospital 

Paper (I). Interestingly enough, the observed life span for patients attending NRC in 

1982 (Group 1), was remarkably high and for many patients not lower than the life 

expectancy of Swedish people in general.  

Effective decontamination of tracheostomy inner cannulae can be achieved with a 

simple, low cost cleaning method and the use of disinfectant showed no further benefit 

Paper (II).  

Concerning material wear of tracheostomy tubes, it was established that silicone (Si) 

tracheostomy tubes in general were used for a longer period than those made of 

polyvinyl chloride (PVC) or polyurethane (PU). Out of 19 tracheostomy tubes, exposed 

in the trachea for 30 days, 18 suffered evident surface changes with degradation of the 

polymeric chains as a result Paper (III).  

In the long-term study of material wear of polymeric trachesotmy tubes, our most 

important finding was that evident and gross surface changes were detected on all tubes 

(100 %), exposed in the trachea for three or six months. In comparison with the 

obtained results in Paper (III), the further deterioration was statistically significant. The 

patients’ experiences of long-term tracheostomy and their health-related quality of life 

(HRQL) were evaluated and the main result was that patients’ self-reported mean score 
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for mental health status was higher than the mean score of the Swedish normative 

population. They also thought that their tracheostomy tubes were comfortable and 

functional and all patients were content or very content with their treatment with 

tracheostomy Paper (IV). 

5.2 METHODOLOGICAL CONSIDERATIONS 

The results in this thesis were obtained in a setting where patients had regular access 

to a dedicated outpatient service (NRC), with special resources for manufacturing 

customized devices and performing regular follow-ups on possible complications or 

progress of underlying illnesses. 

5.2.1 Paper (I) 

The number of days spent in hospital,starting from two years before the operation and 

ending two years after the operation were noted for each patient. The period of two 

years before the tracheostomy was compared with the two-year period after the 

tracheostomy, leaving out the year of the procedure and one full year of recovery. This 

was important, especially for Group 1 (1982), as the number of hospitalization days, in 

accordance with a surgical intervention, was in general higher by that time. 

Data were collected from patient medical records at NRC from 1970 until 2004, from 

the Hospital Discharge Register, and date of death from the Death Certificate Register, 

both from the National Board of Health and Welfare, Sweden. The Swedish Hospital 

Discharge Register is a compilation of all hospital discharge records, collected 

electronically first at the regional level by the local health administrative authorities, 

and then forwarded to the National Board of Health and Welfare. Administrative data 

include date of admission and discharge and length of stay. The register gives details 

for each episode of hospital care, the number of hospitalization days, and the date for 

discharge. The Death Certificate Register covers deaths of Swedish citizens irrespective 

of place of death. The accuracy of the Swedish Hospital Discharge Register 1982 was 

at least 98% and from 1985 it was greater than 99% 119,133,134. Thus, the data presented 

here on mortality and hospitalization can be considered very reliable. In contrast, we 
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found that the old medical records assembled at NRC, regarding laboratory data and 

physical findings could be of more varied quality. A limitation of our study is the lack 

of data on the specific diagnosis of each hospitalization. We have, however, argued that 

a decision to retain or discharge a patient from a hospital is, complicated and influenced 

by a multitude of factors. As we considered that the presence of an artificial airway 

affects all aspects of hospitalization decisions, regardless of the nature of the complaint, 

we decided not to focus on which diagnosis was stated, for each period of hospital care, 

but to report the total number of days per 2-year period.  

5.2.2 Paper (II) 

Paper (II) was a randomized cross-over study, where the patient was his or her own 

control. Outpatients using a tracheostomy tube with an inner cannula were 

consecutively included and randomly assigned to two different treatment sequences AB 

and BA. In sequence AB, detergent followed by chlorhexidine-alcohol (A) was used at 

the first visit and detergent (B) was used at the second visit. In sequence BA detergent 

(B) was used at the first visit and detergent and chlorhexidine-alcohol (A) at the second 

visit. The randomization was made by a computer sequence with closed, numbered 

envelopes, each patient being randomized once. Before and after the two 

decontamination procedures (A and B) the inner cannula was flushed with 10 ml sterile 

saline 0.9% into a sterile test tube. The flush solutions were transported to the 

laboratory and processed immediately. Samples were marked with the date and patient 

ID, but blinded as to procedure used. The flush solutions were cultured on blood and 

CLED (cystein lactose electrolyte deficient medium) agar plates. Nurses, who followed 

the standardized study protocol, cleaned the inner tracheostomy cannulae. In between 

the study visits the patient cleaned their inner cannulae routinely at home.  

The study design was chosen to enable an equivalence analysis, as the tracheal flora 

varies greatly both in quantity and quality between patients. Therefore, we considered 

it to be wise to use the patient as his/her own control. The primary variable was the 

culture count value after detergent and chlorhexidine-alcohol/detergent. The 

reduction before-after was not chosen as primary, since it was expected to have a 

larger variability than the after-values. A sample size calculation was made in order to 

achieve adequate power before the randomization.  
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5.2.3 Paper (III and IV) 

Through data collection, from medical- and technical records at NRC, the duration of 

use of different polymeric tracheostomy tubes was obtained and compared Paper (III). 

The patients reuse their tracheostomy tubes, if the tubes are found to be in acceptable 

condition. There is today no legal limit for how many times a tracheostomy tube could 

be reused. One of the limitations of the study was that NRC only keeps technical 

records over tracheostomy tubes that have been modified in one way or another. Thus, 

only customized tubes were included in the study. During the data collection it became 

obvious that the degree of modification did not influence the length of use, which we 

had expected. As we, in NRC, do not treat patients with standardized tubes differently 

from those with customized ones, the obtained results on customized tubes ought to be 

applicable also for standardized tubes. The study did not address reasons for a tube 

change, but the most common ones at NRC are stated to be due to colour changes or 

cuff problems.  

After obtaining the results from the study of tracheostomy tube use, where the use of Si 

tubes was significantly longer than the use of PVC, or PU tubes, we set out to analyze 

the surface of the same polymeric tracheostomy tube materials after 30 days of 

exposure in the trachea, Paper (III). The project was conducted in collaboration 

between Karolinska Institutet Danderyd Hospital (KIDS), KTH and Sophiahemmet 

University College. The design was descriptive/prospective. The patients were 

consecutively included. As there was little research done in the field, we aimed to 

investigate, if there were any surface changes at all in the tube materials after 30 days 

of use. The analyses were made with SEM and FTIR, because the aim was to 

investigate, whether there were any surface changes in the materials after patient use. 

The experimental techniques adopted allowed for high magnification of material 

surfaces, identification of additives, as well as degree of degradation taking place. The 

number of patients in each material may give the impression to be low, but from each 

tracheostomy tube nine samples were taken, i.e. three samples from the three different 

areas of the tubes. This concerns also Paper (IV), as the participants in Paper (III) and 

(IV) are the same.  

The results from Paper (III) made it obvious that material wear of the tubes could be 

identified already after 30 days’ use. All tracheostomy tubes but one suffered evident 
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surface changes. Therefore, we aimed, in Paper (IV), to investigate the effects of long-

term use of polymeric tracheostomy tubes and to determine the patients HRQL and 

experiences of long-term tracheostomy. In order to investigate, if the bulk material had 

been affected by long-term wear, we chose to use differential scanning calorimetry 

DSC as an additional analyzing method in Paper (IV). It is important to point out the 

effect that specific bacteria had on the material wear, as well as the pH in trachea, have 

not been considered in the present study. We decided to use SF-36 124,125 in order to 

determine the participants’ HRQL, because it is a well-established and widely used 

questionnaire and was possible to combine with the study specific questionnaire. As 

our patient group mainly suffers from chronic diseases, this definition of well-being 

applied to us, and we consider it to be appropriate to use the SF-36 questionnaire. All 

patients were in stable health with no cognitive dysfunction at the time of study and 

they all understood Swedish.  

5.3 DISCUSSION OF RESULTS 

5.3.1 Outcome of Long-Term Tracheostomy – Paper (I) 

The main findings in Paper (I) were that patients with long-term tracheostomy had an 

unchanged need for hospital care after recovery from the procedure and that they spent 

most of their time (> 96 %) out of hospital. Patients with post polio or kyphoscoliosis 

displayed a decreased hospitalization after recovery. Many of the patients were able to 

reach old age; their life span was not shortened due to the tracheostomy. Some patients 

had been tracheostomized for more than 30 years and interestingly enough two of them 

had a spinal cord injury and were on 24 hours ventilation. In 1997 the number of 

patients in all diagnosis groups had increased compared to 1982. Even the diagnostic 

panorama had broadened. In general, the patients were older and often had several 

diagnoses. Also many children were being seen at NRC. This was partly due to 

improved general care of premature children. Again, it is necessary to point out that the 

results from all papers in this thesis were obtained in a setting (NRC), where the 

patients had regular access to a dedicated out-patient service with regular check-up 

visits, customized cannulae, control of stoma and tracheostomy tube, removal of 

granulation tissue when necessary etc. The regular check-up visits and the routines that 
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constitute the basis for our outpatient clinic may contribute to our low rate of 

complications12,17.

5.3.2 Cannula Care – Paper (II) 

The results from Paper (II) show that effective decontamination of inner cannulae can 

be achieved by a simple, low cost cleaning method, and that use of disinfectant has no 

further benefit. The effects of both decontamination methods were better than expected 

and the results show a nearly total elimination of organisms in both arms of the study. 

All cannula types grew high numbers of bacteria before decontamination. The 

organisms were part of the normal flora of the upper respiratory tract with additional 

opportunistic gram-negative bacteria, which was expected43,80,83,135-137. Lower numbers 

of bacteria were obtained from the silver cannulae than from the tubes made of 

polymeric materials. This may indicate that the silver surface prevents biofilm 

formation on the tubes89, which deserves further study. 

An inner cannula does not necessarily have to be sterile, as it is reintroduced into the 

same patient and will then rapidly be contaminated by the flora of the respiratory tract. 

The objective of a decontamination procedure is to eliminate risks of contamination 

during the handling of the cannula and to remove secretion that may block the lumen.  

The cleaning agent used consisted mainly of anionic and non-ionic 

detergents/surfactants, which are known to be excellent detergents but have little 

disinfectant activity, with a low content of cationic detergent or quaternary ammonium 

compounds138. In the present study the detergent used contained anionic and non-ionic 

tensides, thickening, water, and not active enzymes. Cleaning agents with no enzymes 

have proven to be more effective, not only in reducing the amount of biofilm, but also 

in killing off the bacteria 139. It is difficult to remove biofilm once it has been 

established and especially from endoscope/bronchoscope tubing without physical 

cleaning140. Ethanol is, however, a well-known disinfectant, but the addition of 

chlorhexidine offers no advantage in surface disinfection141. Ethanol alone or with 

detergent is not available to outpatients either over the counter or by prescription in 

Sweden, due to strict regulations of the alcohol market, whereas chlorhexidine-alcohol 

is. The use of disinfectants has many drawbacks, particularly against gram-negative 

organisms142. Removal of the biofilm is essential for decontamination of devices 

contaminated by respiratory tract flora140 but this is not necessarily achieved by 
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disinfection143,57. There are various techniques for decontamination of tracheostomy 

inner cannulae. Hydrogen peroxide and boiled rinse water for tracheal suction catheters 

in the home eliminated over 90% of bacterial growth in the catheters144. Hypochlorite 

solutions and other oxidizing agents, such as hydrogen peroxide, are unsuitable for 

disinfection of tracheostomy cannulae, as it can be destructive for the material, 

especially the silver cannulae99,116. They also have only limited antimicrobial 

activity145. Attempts to prevent biofilm formation by binding of chlorhexidine to the 

tube have been successful in vitro, but the practical use of this remains to be 

examined146. The current instructions for cleaning the inner cannulae are in accordance 

with Swedish national guidelines. These decontamination instructions are both time 

consuming and expensive and when detergent and water is sufficient to make the inner 

cannula safe to use, the savings would be large, both in time and money. A reduction in 

the use of disinfectants will also lower the ecological pressure on environmental 

microorganisms and the risk of unwanted chemical exposure to patients and staff147.

5.3.3 Material Wear – Paper (III,IV) 

In Paper (III) it was established that Si tubes were used for longer periods, and that 

PVC tracheostomy tubes are more frequently used than the Si and especially the PU 

tubes. The reason for this may be economical, as the price of a PU tube, i.e. Tracoe 

Twist®, is three times that of a PVC tube, i.e. Shiley®. The length of use of a specific 

brand of tube varies between patients and is correlated to the patient’s diagnosis or 

treatment. Concerning the surface study of polymeric tracheostomy tube materials, 

there were evident surface changes detected after only 30 days of exposure in trachea in 

95 % of the studied tubes. But no significant differences were seen between the tube 

materials. In Paper (IV) all, 100 %, of the tracheostomy tubes, exposed in the trachea 

for three or six months, displayed severe surface changes. No significant differences 

were established between three or six months’ use or between the various materials. 

The changes had progressed significantly as compared to the changes reported in Paper 

(III) after 30 days of clinical use. The experimental findings in Paper (IV) confirm the 

earlier clinical observations in Paper (III). Both the Si and PVC tubes exhibited the 

existence of new functional groups in the ATR-FTIR spectra, originating from 

oxidation and/or hydrolysis products, which open up for biofilm formation and thus 

material degradation.  
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The Si tubes in Paper (III) could, before analyses, have been cleared for another 30 

days’ use, as no visual colour changes were seen. The SEM analyses, as well as the 

FTIR analyses revealed, however, that the SuperSlick® XL-PCNTM coating was partly 

or completely worn off on the majority of the tubes, exposing the under laying surface 

(Si) to the biological environment of trachea. It is difficult to anticipate the 

consequences this may have for the patients, except that the function of the coating has 

been lost. Prolonged clinical use could, therefore, be questioned for the tubes scored 

with the highest degradation index. In Paper (IV), the SEM analyses of the long-term 

exposed Si tubes revealed presence of cracks and pits, as well as material flaking on all 

tubes. Microscopic deposits and bacteria colonies were also found on the surface or 

within cracks and/or pits in the surface. Prior to analyses, the vast majority of the Si 

tubes had macroscopic colour changes. The ATR-FTIR analyses in Paper (III) and (IV) 

revealed that the chemical compositions of the coating most likely are of a silicone-

based material with hydrophobic acryl substituents. Such surface modifications are 

often used in biomedical applications, giving an increase in the hydrophobicity and a 

reduction in the possibility of particle absorption. The hydrophobic nature of Si 

prevents, in general, the formation of biofilm on the surface. The surface can, however, 

be less hydrophobic or temporarily hydrophilic, when exposed in different 

environments or as a result of chemical and/or physical aging, opening up for biofilm 

formation. 

The results from the SEM and ATR-FTIR analyses for the PVC tubes in Paper (III) and 

(IV) clearly indicate the presence of material degradation. As PVC in itself is a stiff and 

inflexible material, the use of additives results in a very flexible product, well suited for 

the design of tracheostomy tubes. During clinical use, the additives subsequently start 

to migrate from the material and could also serve as nutrients for the attached 

bacteria102,148. When the additives migrate from the material a more hydrophilic surface 

is obtained, which gradually results in an increased brittleness, rendering the polymeric 

material more sensitive to environmental stress95,97,149. The results, obtained from the 

SEM micrographs, revealed cracks, pores, as well as bacteria colonies. Both the DSC 

curves and the ATR-FTIR analyses confirm these results of material degradation. The 

Shiley® PVC tubes contain approximately 30 weight % of DEHP, which is the 

plasticizer typically added to PVC medical devices. The plasticizer is mixed with the 

polymer and not chemically bounded. This increases the risk for diffusion and release 

to the environment during aging of the material. It is commonly known that humans are 
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regularly exposed to DEHP through medical device, as well as through ingestion, 

inhalation, and dermal exposure. DEHP is considered to be toxic to humans94,150,151and 

is associated with a decline in male fertility rate, especially during childhood or foetal 

exposure152,153. We note that the Shiley® tubes made of PVC still remain the most 

frequently used tubes in paediatric care today154 and are sold as reusable. 

In both Paper (III) and (IV) there were gross colour changes, visually observed of the 

PU tubes prior to analyses, maybe originating from metabolites of the microorganisms 

in the biofilm covering the tube. The cracking or networks of cracks revealed by the 

SEM micrographs are ESC149,155. In Paper (III), 60 % of the PU tubes and in Paper (IV) 

100 % were scored with the highest degradation index. Prolonged clinical use could 

thus not be recommended after three months’ use. As PU consists of urethane groups, 

composed of both hard and soft segments in their main chain, the biodegradation of this 

material is often referred to as an oxidation of the soft segments of the polymer and a 

hydrolysis of the bond between the hard and soft segments149,156. Due to the material 

composition of PU, no large alterations of the material surface could be identified by 

ATR-FTIR analysis. The colour changes prior to analysis were most visible on the PU 

tubes in comparison with the other materials. 

Furthermore, it was shown in Paper (IV) that all patients were satisfied with their 

tracheostomy and demonstrated a numerically mean mental health status above that of 

the general population but were physically limited, which are in line with the results of 

previously conducted studies, where patients reported good psychological functioning 

and mental well-being18,157-159. Patients with chronic respiratory failure due to 

restrictive lung diseases have also earlier proven to have good mental health, despite 

severe physical handicaps160. We speculate on that the high scores for well-being in our 

patient group were in large part due to access to a customized tracheostomy tube and 

regular check up visits16.
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5.4 CLINICAL ASPECTS 

Many patients with long-term tracheostomy live at home or are nursed in home care. If 

they are at hospital, they are often nursed in general wards. The need for education of 

tracheostomy care is evident both among patients and staff and there is still a lack of 

evidence based guidelines concerning the care of the tracheostomized patient28,47,55,68. It 

is about time that patients with tracheostomy receive competent, evidence-based 

care51,50,53,58,66,161,162-165. As the number of patients with HMV increases in society166,

the need for learning to manage them increases as well167. A high quality of care is 

essential for the well-being and outcome of those patients168. There is evidence that it is 

cost effective to offer dedicated units for patients with long-term ventilation169.

Prolonged mechanical ventilation does not necessarily have a negative impact on the 

patient’s QoL, but is rather connected to the underlying illness160,170. The survival of 

patients with HMV was determined for a 10-year period and patients with the poorest 

survival were those suffering from ALS (5 % alive after five years)171. Patients with 

kyphoscoliosis, treated with HMV, have proven to have a better outcome than those 

treated with long-term oxygen therapy, regardless of age or gender172. Yet a large 

clinical investigation of patients, undergoing tracheostomy and mechanical ventilation 

showed that care of older patients is associated with poorer outcome and higher 

costs173. These results are not in line with our findings in Paper (I), where the patients 

live at home and are seen on an out-patient basis. This is associated with rather low 

costs and also with a good outcome. With the results from the studies, conducted at 

NRC, we believe that fitting the tube properly increases the patient’s QoL, at least 

mentally, and minimizes the complication rate12,16,18. It also makes tube changes easier 

which has otherwise been reported to be problematic for the patient174.

In Paper (II) we have shown, with a randomized controlled cross-over study that a 

simple, low cost cleaning method for tracheostomy inner cannulae can provide 

sufficient decontamination from bacteria. The estimated savings by avoiding 

disinfectant is about 6,500 USD per year for NRC. The cost for the patient is variable 

and depending on how often they clean the inner cannula. The estimated yearly saving, 

by avoiding disinfection with chlorhexidine alcohol, is 630 USD per patient. For our 

225 outpatients the total cost saving is estimated to 142,500 USD. A reduction in the 

use of disinfectants will also lower the ecological pressure on environmental 

microorganisms and the risk of unwanted chemical exposure to patients and staff147.
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Concerning material wear of tracheostomy tubes, formation of biofilm on polymeric 

surfaces has been recognized as a source of infection by playing an important role in 

the pathogenicity of the infecting organism82,102,103,175,176. The biofilm has also been 

found to affect the material in both catheters for peritoneal dialysis and endotracheal 

tubes77. There are several studies concerning different coating of polymeric materials, 

used in medical devices, in order to minimize the formation of biofilm87,89,177-179 All the 

surface changes, detected in our studies, are believed to be the net result of biofilm 

formation and material degradation. The release of low molecular weight compounds 

from the polymer, in this case to the patient, eventually leads to instability of the tube 

material 102,148. The large cracks and pores even proved to host colonies of bacteria. 

Conveniently, this could explain, why a correlation exists between the frequency of 

pneumonia and the reuse of tracheostomy tubes, as establised by Bahng et al.61. Maybe 

a daily cleaning of the tracheostomy tube could minimize or prevent biofilm formation 

and thereby slow down the process of material degradation. We have clinically, in 

NRC, seen fewer infections among patients, who clean their tracheostomy tubes daily. 

The biofilm formation may be the base for gross degradation and loss of structural 

integrity of the tracheostomy tube material, eventually increasing the risk of infections 

and fracturing of the tube itself. There are several reports of polymeric fractured 

tracheostomy tubes, some with fatal outcome, in the literature112,114,180-183. As a 

consequence, the safety of the patient is put at risk. In paper (IV) we showed why 

prolonged clinical use of polymeric tracheostomy tubes beyond a three month period 

ought not be recommended.  As all patients attending NRC, including children and 

patients with cognitive dysfunction, are treated with the same routines, the results from 

this thesis ought to be applicable to them.  

With the present results, further insights on the long-term effects on prolonged clinical 

use of polymeric material have been gathered. More detailed clinical consequences of 

the identified surface changes remain, however, to be determined, i.e. measuring 

degradation products in the clinical setting and the effects this may have for the 

patients. This thesis opens for further studies concerning development of new tube 

materials in a unique setting. An ideal tube material should be stable to degradation, 

possess properties that slow down biofilm formation, and should be harmless to 

humans.  



48

6 CONCLUSIONS 

We have demonstrated that patients with long-term tracheostomy have little and 

unchanged need for hospital care after the tracheostomy and may live as long as an age- 

and gender matched control cohort (I).  

Cleaning the tracheostomy inner cannula with detergent is sufficient to achieve 

decontamination and disinfection with chlorhexidine-alcohol afterwards offers no 

further benefit to the patient (II). Avoiding disinfection of the inner cannula with 

chlorhexidine-alcohol saves both time and money (II). 

It was established that Si tracheostomy tubes were used longer compared with those 

made of PVC or PU. It was also shown that all tube materials investigated revealed 

evident surface changes after 30 days of exposure in the trachea (III). 

Long-term studies (three and six months’ exposure in trachea) of material wear of 

polymeric tracheostomy tubes revealed significantly worse material degradation, 

compared to 30 days’ exposure (IV). Clinical use beyond three months cannot be 

recommended for any of the tube materials investigated. All patients were in general 

content with their tracheostomy tube and treatment and exhibited a numerically mean 

mental health score above a normative Swedish population.  

In summary, the findings from the present thesis contribute to make the care of long-

term tracheostomised patients evidence based. 
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7 POPULÄRVETENSKAPLIG SAMMANFATTNING 

Behöver patienter med långvarig trakeostomi mer sjukvård? Vilken rengöringsmetod är bäst 
för trakealinnerkanyler? På vilken grund byter man kanyl? Evidensbaserad forskning 
saknas. I den här avhandlingen har långvarig trakeostomi samt skötsel och slitage av 
trakealkanyler utvärderats med syftet att ge ökad kunskap. 

Trakeostomi är en öppning på halsen till luftstrupen, som gjorts för att ge fri luftväg. I 
öppningen sitter en trakealkanyl tillverkad i plast eller silver.  
Anledningen till långvarig trakeostomi kan t ex vara övre luftvägshinder, missbildning, eller 
kroniskt dålig andning där annan typ av andningshjälp inte fungerat.  
Forskningen är gjord på Nationellt respirationscentrum (NRC) i Stockholm, en mottagning som 
funnits sedan 80-talet, för att hjälpa människor med just långvarig trakeostomi med bl a 
individanpassning av kanylen.  

Sjukvårdsbehovet hos patienter med långvarig trakeostomi under en tvåårsperiod före 
respektive efter att trakeostomin genomförts, utvärderades och resultatet visade att behovet av 
sjukhusvård inte ökade.  
Vid jämförelse av livslängden hos en del av dessa patienter med den förväntade livslängden hos 
normalbefolkningen, visade det sig att livslängden för dessa patienter var anmärkningsvärt hög 
och inte kortare än för människor i allmänhet.   

För att hitta en praktisk och säker rengöringsmetod för trakealinnerkanyler jämfördes effekten 
av två olika rengöringsmetoder; enbart diskmedel och varmt vatten eller samma metod men 
med efterföljande desinfektion i klorhexidinsprit. Bakterieprov som togs före och efter 
rengöring visade att båda metoderna var mycket effektiva och kan betraktas som likvärdiga. 

En utvärdering av användningstiden för trakealkanyler i plast genomfördes och visade att 
silikonkanyler användes i tre månader i snitt, men kanyler av polyvinylklorid (PVC) och 
polyuretan bara i två månader. I samarbete med Tekniska Högskolan och Sophiahemmet 
Högskola gjordes studier för att undersöka om materialet i kanylerna hade förändrats efter 30 
dagars, tre månaders respektive sex månaders användning. Tekniska analyser med bl a 
elektronmikroskop avslöjade stora förändringar i materialytan med beläggningar av bakterier. 
Dessutom ökade slitaget signifikant över tid. Studiedeltagarna fick även skatta sin 
hälsorelaterade livskvalitet samt besvara en enkät om sin erfarenhet av långvarig trakeostomi. 
Alla patienter var nöjda med sin trakeostomi och skattade sin mentala hälsa högt. 

Sammanfattningsvis, behöver inte en trakeostomi innebära ökat sjukvårdsbehov eller kortare 
liv. Det räcker med att rengöra sin innerkanyl med diskmedel och vatten. Trakealkanyler gjorda 
av silikon används ofta längst jämfört med andra kanyler av plast. Alla kanylmaterialen, silikon, 
PVC och polyuretan uppvisade stort slitage efter patientanvändning, därför bör en trakealkanyl 
av plast inte användas längre än tre månader. Generellt sett var alla patienter nöjda med sin 
trakeostomi. Resultatet av studierna har bidragit till ökad kunskap om långvarig trakeostomi. 



50

8 ACKNOWLEDGEMENTS 

This dissertation emanates from Karolinska Institutet, The Department of Clinical 
Sciences, Danderyd Hospital, Division of Anaesthesia and Intensive Care, and from 
Sophiahemmet University College; all in Stockholm. I would like to express my 
gratitude to those who had any part in this work and would like to take the opportunity 
to acknowledge the contribution from some special people, without whom I would not 
have succeeded with my work. I would especially like to thank: 

The patients, to all wonderful patients that willingly and patiently participated in these 
studies.  

My supervisors: Unn-Britt Johansson, Claes Frostell, Ulla Schedin, and Agneta 
Markström, for your support, encouragement, and patience during this project and for 
sharing your scientific and clinical knowledge with me. Your guidance has been 
excellent and I do appreciate your enthusiastic engagement in this project. 

Anne-Cathrine Mattiasson, for introducing me into the world of research and inspiring 
me to learn more.   

Jan-Åke Lindgren, for believing in me and giving me the opportunity to perform a 
PhD and for always being supportive to me. 

Pia Essén, for being positive and providing me with research facilities at NRC. 

Ragnhild Aune, my co-author. You have really taught me a lot about research, material 
sciences, writing and life. You give the kind of support that makes people grow. I do 
appreciate you as a co-author and a friend as well.  

Ulrika Ransjö, it has been a genuine pleasure working with you. You have taught me a 
lot about research and bacteria and I admire your vast knowledge. 

Sigbritt Karlsson and Sara Axelsson, for your cooperation and support and for 
everything you have taught med about polymers and the experimental methods you use 
at KTH. It has been a fantastic experience for me to perform research with you. 

My co-authors, Anna-Lisa Belin and Carina Hellström, in Paper (II), for inspiring 
ideas and Anna-Lisa, for teaching me about bacteria culturing. 

Martin Ålenius, my co-author, for being my always helpful statistical guru. 



  51 

Claes Hultling, my friend, neighbour, and critical supporter: for reading and 
commenting my thesis and for giving me esprit and animation. 

Michael Lysdahl, Åsa Österlund Modalen, Karin Lindberg, and Hanna Laine, for 
sharing your knowledge with me and for being such good friends.  

Gillis Andersson and Roland Friberg, for giving patients with long-term tracheostomy 
the best care in the world. You remain the real pioneers of this field.  

All colleagues at NRC, for sharing your expert knowledge with me, supporting me 
when I conducted the studies, and being good friends as well.  

The MTA technicians, at NRC, for being so friendly and always answering my 
questions. You have always been a great help. 

Regina Wredling, for providing research facilities at Danderyd Hospital and for your 
always enthusiastic support and friendship. 

Bodil Samuelsson, Sissel Andreasen, Louise Egberg, and Caroline Löfvenmark, my 
fellow doctoral students at Sophiahemmet University College, for stimulating 
discussions and good fun while working together on our PhDs.  

Åsa Franzén Dahlin, Susanne Amsberg, , Therese Anderbro, and all other colleagues
at the Division of Internal Medicine at Danderyd Hospital: for support, good laughter 
and discussions.  

All staff at the library at Sophiahemmet University College SHH, for being so helpful 
in finding the articles I could not trace myself.  

Rolf Andersson, for your invaluable work with my posters and thesis and for always 
being so helpful and positive.  

Nina Ringart, Birgitta Linden, and Kathleen Norell, at Karolinska Institutet Danderyd 
Hospital, you have been most helpful through the entire period of my PhD studies.   

Håkan Wallén and Hans Barle, for good advice and enthusiastic support. 

Marie-Thérèse Moreau Morris, Lynn Stevenson, Monica Björling, Brenda, and 
Linda Ekman, for excellent linguistic advice concerning my manuscripts and thesis. 

Monica and Mark Björling, my dear parents who always are so helpful especially 
when it comes to baby-sitting of the small children and "curling" the older ones. 

Karin, my sister for always being there, listening whenever I need to ventilate my 
thoughts.  

My friends and relatives, for contributing to this thesis in different ways or for just by 
being the persons you are.   



52

Jonas, my dear husband and great companion, without you this would not have been 
possible. Thank you for your love and for listening to my endless monologues. 

My wonderful children Sebastian, Victoria, Carl-Magnus, Eleonore, Gustaf, and 
Carl-Johan: You are the meaning of my life and hopefully you will see more of me 
now. 

Special thanks to Sebastian, for helping me with the images. You are clever indeed. 

Financial support was provided by grants from Sophiahemmet University College, 
Stockholm, The Foundation for Medical Research at Sophiahemmet, Stockholm, 
Stockholm County Council, Stockholm County Council Foundation (Expo 2003), and 
Karolinska Institutet, The Center for Health Care Science, Stockholm, Sweden, which 
is most gratefully appreciated and acknowledged. I also acknowledge Acta 
Anaesthesiologica Scandinavia, American Journal of Infection Control, and The 
Laryngoscope for permissions to publish the articles. 



  53 

9 REFERENCES 

1. Goldenberg D, Golz A, Netzer A, Joachims HZ. Tracheotomy: changing indications 

and a review of 1,130 cases. J Otolaryngol 2002;31(4):211-5. 

2. Flaatten H, Gjerde S, Heimdal JH, Aardal S. The effect of tracheostomy on outcome 

in intensive care unit patients. Acta Anaesthesiol Scand 2006;50(1):92-8. 

3. Midwinter KI, Carrie S, Bull PD. Paediatric tracheostomy: Sheffield experience 

1979-1999. J Laryngol Otol 2002;116(7):532-5. 

4. Booth JB. Tracheostomy and tracheal intubation in military history. J R Soc Med

2000;93(7):380-3. 

5. Carroll CM, Pahor A. The history of tracheotomy. J Ir Coll Physicians Surg

2001;30(4):237-8. 

6. Pahor AL. Ear, nose and throat in ancient Egypt. J Laryngol Otol 1992;106(8):677-

87. 

7. Pahor AL. Ear, nose and throat in ancient Egypt. Part III. J Laryngol Otol

1992;106(10):863-73. 

8. Frost EA. Tracing the tracheostomy. Ann Otol Rhinol Laryngol 1976;85(5 Pt.1):618-

24. 

9. Llooyd D. Dorland's Illustrated Medical Dictionary. 24th ed. Philadephia and 

London: W.B. Saunders Company, 1986. 

10. Stock CR. What is past is prologue: a short history of the development of 

tracheostomy. Ear Nose Throat J 1987;66(4):166-9. 

11. Pierson DJ. Tracheostomy from A to Z: historical context and current challenges. 

Respir Care 2005;50(4):473-5. 

12. Yaremchuk K. Regular tracheostomy tube changes to prevent formation of 

granulation tissue. Laryngoscope 2003;113(1):1-10. 

13. Holmdahl MH. The respiratory care unit. Anesthesiology 1962;23:559-68. 

14. Graamans K, Pirsig W, Biefel K. The shift in the indications for the tracheotomy 

between 1940 and 1955: an historical review. J Laryngol Otol

1999;113(7):624-7. 

15. Pontoppidan H, Wilson RS, Rie MA, Schneider RC. Respiratory intensive care. 

Anesthesiology 1977;47(2):96-116. 

16. Andersson G. The Swedish modification of the tracheostomy tube to permit speech. 

Paraplegia 1993;31(4):203-6. 



54

17. Markstrom A, Andersson G. Tracheobroncial haemorrage in patients with 

neuromuscular disorders by Francesca Iodice, MD. Respir Med

2005;99(12):1616. 

18. Markstrom A, Sundell K, Lysdahl M, Andersson G, Schedin U, Klang B. Quality-

of-life evaluation of patients with neuromuscular and skeletal diseases treated 

with noninvasive and invasive home mechanical ventilation. Chest

2002;122(5):1695-700. 

19. Minsley MA, Wrenn S. Long-term care of the tracheostomy patient from an 

outpatient nursing perspective. ORL Head Neck Nurs 1996;14(4):18-22. 

20. Rogez E, Malepard MR, Casali E. [Tracheotomy--tracheostomy, daily care and 

monitoring at home]. Rev Infirm 1995(7):33-6. 

21. Fikkers BG, Fransen GA, van der Hoeven JG, Briede IS, van den Hoogen FJ. 

Tracheostomy for long-term ventilated patients: a postal survey of ICU practice 

in The Netherlands. Intensive Care Med 2003;29(8):1390-3. 

22. Heffner JE, Hess D. Tracheostomy management in the chronically ventilated 

patient. Clin Chest Med 2001;22(1):55-69. 

23. Thatcher GW, Maisel RH. The long-term evaluation of tracheostomy in the 

management of severe obstructive sleep apnea. Laryngoscope 2003;113(2):201-

4. 

24. Line WS, Jr., Hawkins DB, Kahlstrom EJ, MacLaughlin EF, Ensley JL. 

Tracheotomy in infants and young children: the changing perspective 1970-

1985. Laryngoscope 1986;96(5):510-5. 

25. MacIntyre NR, Cook DJ, Ely EW, Jr., et al. Evidence-based guidelines for weaning 

and discontinuing ventilatory support: a collective task force facilitated by the 

American College of Chest Physicians; the American Association for 

Respiratory Care; and the American College of Critical Care Medicine. Chest

2001;120(6 Suppl):375S-95S. 

26. Lloyd-Owen SJ, Donaldson GC, Ambrosino N, et al. Patterns of home mechanical 

ventilation use in Europe: results from the Eurovent survey. Eur Respir J

2005;25(6):1025-31. 

27. Toy FJ, Weinstein JD. A percutaneous tracheostomy device. Surgery

1969;65(2):384-9. 

28. Lewarski JS. Long-term care of the patient with a tracheostomy. Respir Care

2005;50(4):534-7. 



  55 

29. Cooper RM. Use and safety of percutaneous tracheostomy in intensive care. Report 

of a postal survey of ICU practice. Anaesthesia 1998;53(12):1209-12. 

30. Walz MK, Peitgen K, Thurauf N, et al. Percutaneous dilatational tracheostomy--

early results and long-term outcome of 326 critically ill patients. Intensive Care 

Med 1998;24(7):685-90. 

31. Heffner JE. Tracheotomy application and timing. Clin Chest Med 2003;24(3):389-

98. 

32. Kumar M, Jaffery A, Jones M. Short-term complications of percutaneous 

tracheostomy: experience of a district general hospital--otolaryngology 

department. J Laryngol Otol 2002;116(12):1025-7. 

33. Anon JM, Escuela MP, Gomez V, et al. Percutaneous tracheostomy: Ciaglia Blue 

Rhino versus Griggs' Guide Wire Dilating Forceps. A prospective randomized 

trial. Acta Anaesthesiol Scand 2004;48(4):451-6. 

34. Pelosi P, Severgnini P. Tracheostomy must be individualized! Crit Care

2004;8(5):322-4. 

35. Hoskote A, Cohen G, Goldman A, Shekerdemian L. Tracheostomy in infants and 

children after cardiothoracic surgery: indications, associated risk factors, and 

timing. J Thorac Cardiovasc Surg 2005;130(4):1086-93. 

36. Rabinstein AA, Wijdicks EF. Outcome of survivors of acute stroke who require 

prolonged ventilatory assistance and tracheostomy. Cerebrovasc Dis

2004;18(4):325-31. 

37. Kollef MH, Ahrens TS, Shannon W. Clinical predictors and outcomes for patients 

requiring tracheostomy in the intensive care unit. Crit Care Med

1999;27(9):1714-20. 

38. Tamburri LM. Care of the patient with a tracheostomy. Orthop Nurs

2000;19(2):49-58; quiz 58-60. 

39. Gibson IM. Tracheostomy management. Nursing (Lond) 1983;2(18):538-40. 

40. Upile T, Jerjes W, Sipaul F, et al. Laryngocele: a rare complication of surgical 

tracheostomy. BMC Surg 2006;6:14. 

41. Onakoya PA, Nwaorgu OG, Adebusoye LA. Complications of classical 

tracheostomy and management. Trop Doct 2003;33(3):148-50. 

42. Iodice FG, Salzano M, Marri M, Gragnoli S, Lauri A. Tracheobronchial 

haemorrhage in patients with neuromuscular disorders. Respir Med

2005;99(12):1613-5. 



56

43. Harlid R, Andersson G, Frostell CG, Jorbeck HJ, Ortqvist AB. Respiratory tract 

colonization and infection in patients with chronic tracheostomy. A one-year 

study in patients living at home. Am J Respir Crit Care Med 1996;154(1):124-

9. 

44. Terk AR, Leder SB, Burrell MI. Hyoid bone and laryngeal movement dependent 

upon presence of a tracheotomy tube. Dysphagia 2007;22(2):89-93. 

45. Nseir S, Pompeo CD, Jozefowicz E, et al. Relationship between tracheotomy and 

ventilator-associated pneumonia: a case-control study. Eur Respir J 2006. 

46. St John RE, Malen JF. Contemporary issues in adult tracheostomy management. 

Crit Care Nurs Clin North Am 2004;16(3):413-30, ix-x. 

47. Sherman JM, Davis S, Albamonte-Petrick S, et al. Care of the child with a chronic 

tracheostomy. This official statement of the American Thoracic Society was 

adopted by the ATS Board of Directors, July 1999. Am J Respir Crit Care Med

2000;161(1):297-308. 

48. Hooper M. Nursing care of the patient with a tracheostomy. Nurs Stand

1996;10(34):40-3. 

49. Woodrow P. Managing patients with a tracheostomy in acute care. Nurs Stand

2002;16(44):39-46; quiz 47-8. 

50. Buglass E. Tracheostomy care: tracheal suctioning and humidification. Br J Nurs

1999;8(8):500-4. 

51. Docherty B, Bench S. Tracheostomy management for patients in general ward 

settings. Prof Nurse 2002;18(2):100-4. 

52. Serra A. Tracheostomy care. Nurs Stand 2000;14(42):45-52; quiz 54-5. 

53. Heafield S, Rogers M, Karnik A. Tracheostomy management in ordinary wards. 

Hosp Med 1999;60(4):261-2. 

54. Russell C, Matta B. Tracheostomy a multiprofessional handbook. 2nd ed. 

Cambridge, UK: Camebridge University Press, 2004. 

55. Dhand R, Johnson JC. Care of the chronic tracheostomy. Respir Care

2006;51(9):984-1001; discussion 1002-4. 

56. Harris RB. National survey of aseptic tracheotomy care techniques in hospitals with 

head and neck/ENT surgical departments. Cancer Nurs 1984;7(1):23-32. 

57. Harris RB, Hyman RB. Clean vs. sterile tracheotomy care and level of pulmonary 

infection. Nurs Res 1984;33(2):80-5. 



  57 

58. Kun S, Blatzheim L, Lipsey A, Warburton D. Sterile water for tracheostomy home 

care: homemade versus commercial preparations. Pediatr Pulmonol

1986;2(2):108-9. 

59. Feber T. Tracheostomy care for community nurses: basic principles. Br J 

Community Nurs 2006;11(5):186, 188-90, 192-3. 

60. Constans C, Scheidhauer F, Poulain C, Ducom S. [Care of tracheostomy]. Soins

1989(530):15-6. 

61. Bahng SC, VanHala S, Nelson VS, et al. Parental report of pediatric tracheostomy 

care. Arch Phys Med Rehabil 1998;79(11):1367-9. 

62. Wilson M. Tracheostomy management. Paediatr Nurs 2005;17(3):38-43; quiz 44. 

63. Act 1993:584; LVFS 2003:11; LVFS 2003:7: Medical Products Agency, Sweden. 

64. Gracey DR. Options for long-term ventilatory support. Clin Chest Med

1997;18(3):563-76. 

65. Messineo A, Giusti F, Narne S, Mognato G, Antoniello L, Guglielmi M. The safety 

of home tracheostomy care for children. J Pediatr Surg 1995;30(8):1246-8. 

66. Russell C, Harkin H. The benefits of tracheostomy specialist nurses. Nurs Times

2001;97(46):40-1. 

67. Norwood MG, Spiers P, Bailiss J, Sayers RD. Evaluation of the role of a specialist 

tracheostomy service. From critical care to outreach and beyond. Postgrad Med 

J 2004;80(946):478-80. 

68. Bowers B, Scase C. Tracheostomy: facilitating successful discharge from hospital 

to home. Br J Nurs 2007;16(8):476-9. 

69. Costerton JW, Lewandowski Z, DeBeer D, Caldwell D, Korber D, James G. 

Biofilms, the customized microniche. J Bacteriol 1994;176(8):2137-42. 

70. Costerton JW, Lewandowski Z, Caldwell DE, Korber DR, Lappin-Scott HM. 

Microbial biofilms. Annu Rev Microbiol 1995;49:711-45. 

71. Lindsay D, von Holy A. Bacterial biofilms within the clinical setting: what 

healthcare professionals should know. J Hosp Infect 2006;64(4):313-25. 

72. Donlan RM. Biofilms: microbial life on surfaces. Emerg Infect Dis 2002;8(9):881-

90. 

73. Costerton JW. Introduction to biofilm. Int J Antimicrob Agents 1999;11(3-4):217-

21; discussion 237-9. 

74. Hall-Stoodley L, Stoodley P. Biofilm formation and dispersal and the transmission 

of human pathogens. Trends Microbiol 2005;13(1):7-10. 



58

75. Parsek MR, Fuqua C. Biofilms 2003: emerging themes and challenges in studies of 

surface-associated microbial life. J Bacteriol 2004;186(14):4427-40. 

76. Watnick P, Kolter R. Biofilm, city of microbes. J Bacteriol 2000;182(10):2675-9. 

77. Gorman SP, McGovern JG, Woolfson AD, Adair CG, Jones DS. The concomitant 

development of poly(vinyl chloride)-related biofilm and antimicrobial 

resistance in relation to ventilator-associated pneumonia. Biomaterials

2001;22(20):2741-7. 

78. Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of 

persistent infections. Science 1999;284(5418):1318-22. 

79. Stewart PS, Costerton JW. Antibiotic resistance of bacteria in biofilms. Lancet

2001;358(9276):135-8. 

80. Inglis TJ, Millar MR, Jones JG, Robinson DA. Tracheal tube biofilm as a source of 

bacterial colonization of the lung. J Clin Microbiol 1989;27(9):2014-8. 

81. Feldman C, Kassel M, Cantrell J, et al. The presence and sequence of endotracheal 

tube colonization in patients undergoing mechanical ventilation. Eur Respir J

1999;13(3):546-51. 

82. Bauer TT, Torres A, Ferrer R, Heyer CM, Schultze-Werninghaus G, Rasche K. 

Biofilm formation in endotracheal tubes. Association between pneumonia and 

the persistence of pathogens. Monaldi Arch Chest Dis 2002;57(1):84-7. 

83. Sottile FD, Marrie TJ, Prough DS, et al. Nosocomial pulmonary infection: possible 

etiologic significance of bacterial adhesion to endotracheal tubes. Crit Care 

Med 1986;14(4):265-70. 

84. Friedland DR, Rothschild MA, Delgado M, Isenberg H, Holzman I. Bacterial 

colonization of endotracheal tubes in intubated neonates. Arch Otolaryngol 

Head Neck Surg 2001;127(5):525-8. 

85. Kipnis E, Sawa T, Wiener-Kronish J. Targeting mechanisms of Pseudomonas 

aeruginosa pathogenesis. Med Mal Infect 2006;36(2):78-91. 

86. Zur KB, Mandell DL, Gordon RE, Holzman I, Rothschild MA. Electron 

microscopic analysis of biofilm on endotracheal tubes removed from intubated 

neonates. Otolaryngol Head Neck Surg 2004;130(4):407-14. 

87. Jones DS, McGovern JG, Woolfson AD, Adair CG, Gorman SP. Physicochemical 

characterization of hexetidine-impregnated endotracheal tube poly(vinyl 

chloride) and resistance to adherence of respiratory bacterial pathogens. Pharm 

Res 2002;19(6):818-24. 



  59 

88. Adair CG, Gorman SP, O'Neill FB, McClurg B, Goldsmith EC, Webb CH. 

Selective decontamination of the digestive tract (SDD) does not prevent the 

formation of microbial biofilms on endotracheal tubes. J Antimicrob Chemother

1993;31(5):689-97. 

89. Olson ME, Harmon BG, Kollef MH. Silver-coated endotracheal tubes associated 

with reduced bacterial burden in the lungs of mechanically ventilated dogs. 

Chest 2002;121(3):863-70. 

90. Hess DR. Tracheostomy tubes and related appliances. Respir Care 2005;50(4):497-

510. 

91. Wallström S, Dowling K, Karlsson S. Development and comparison of test 

methods for evaluating formation of biofilms on silicones. Polymer 

Degradation and Stability 2002;78(2):257. 

92. Hillborg H, Tomczak N, Olah A, Schonherr H, Vancso GJ. Nanoscale hydrophobic 

recovery: A chemical force microscopy study of UV/ozone-treated cross-linked 

poly(dimethylsiloxane). Langmuir 2004;20(3):785-94. 

93. Ito R, Seshimo F, Haishima Y, et al. Reducing the migration of di-2-ethylhexyl 

phthalate from polyvinyl chloride medical devices. Int J Pharm 2005;303(1-

2):104-12. 

94. Tickner JA, Schettler T, Guidotti T, McCally M, Rossi M. Health risks posed by 

use of Di-2-ethylhexyl phthalate (DEHP) in PVC medical devices: a critical 

review. Am J Ind Med 2001;39(1):100-11. 

95. Starnes WH. Structural and mechanical aspects of the thermal degradtion of 

poly(vinyl chloride). Progress in Polymer Science 2002;27(10):2133-2170. 

96. Wallstrom S, Stromberg S, Karlsson S. Microbiological growth of polymeric 

materials: an evaluation of new methods. Polymer Testing 2002;78(5):557-563. 

97. Flemming HC. Relevance of biofilms for the biodeterioration of surface of 

polymeric materials. Polymer Degradation and Stability 1998;1-3(59):309-315. 

98. Tanzi M, Mantovani D, Petrini P, Guidoin R, Laroche G. Chemical stability of 

poly(ether urethanes) versus poly(carbonate urethanes). Journal of Biomedicine 

Material Research 1997;36.

99. Ayshford CA, Walsh RM, Proops DW. Corrosion of a silver Negus tracheostomy 

tube. J Laryngol Otol 1999;113(1):68-9. 

100. Cross CE, van der Vliet A, O'Neill CA, Louie S, Halliwell B. Oxidants, 

antioxidants, and respiratory tract lining fluids. Environ Health Perspect

1994;102 Suppl 10:185-91. 



60

101. Diaz-Blanco J, Clawson RC, Roberson SM, Sanders CB, Pramanik AK, Herbst JJ. 

Electron microscopic evaluation of bacterial adherence to polyvinyl chloride 

endotracheal tubes used in neonates. Crit Care Med 1989;17(12):1335-40. 

102. Jarrett WA, Ribes J, Manaligod JM. Biofilm formation on tracheostomy tubes. 

Ear Nose Throat J 2002;81(9):659-61. 

103. von Eiff C, Heilmann C, Peters G. New aspects in the molecular basis of polymer-

associated infections due to staphylococci. Eur J Clin Microbiol Infect Dis

1999;18(12):843-6. 

104. Gorman S, Adair C, O'Neill F, Goldsmith C, Webb H. Influence of selective 

decontamination of the digestive tract on microbial biofilm formation on 

endotracheal tubes from artificially ventilated patients. Eur J Clin Microbiol 

Infect Dis 1993;12(1):9-17. 

105. Gorman SP, Jones DS, Mawhinney WM, McGovern JG, Adair CG. Conditioning 

fluid influences on the surface properties of silicone and polyurethane 

peritoneal catheters: implications for infection. J Mater Sci Mater Med

1997;8(10):631-5. 

106. Gorman SP, Mawhinney WM, Adair CG, Issouckis M. Confocal laser scanning 

microscopy of peritoneal catheter surfaces. J Med Microbiol 1993;38(6):411-7. 

107. Beech IB, Sunner J. Biocorrosion: towards understanding interactions between 

biofilms and metals. Curr Opin Biotechnol 2004;15(3):181-6. 

108. Beech IB, Sunner JA, Hiraoka K. Microbe-surface interactions in biofouling and 

biocorrosion processes. Int Microbiol 2005;8(3):157-68. 

109. Beech IB, Sunner JA, Arciola CR, Cristiani P. Microbially-influenced corrosion: 

damage to prostheses, delight for bacteria. Int J Artif Organs 2006;29(4):443-

52. 

110. Ng DK, Cherk SW, Law AK. Flexible fiberoptic bronchoscopic removal of a 

fractured synthetic tracheostomy tube in a 3-year-old child. Pediatr Pulmonol

2002;34(2):141-3. 

111. Bhatia S, Malik MK, Bhatia BP. Fracture of tracheostomy tubes--report of 3 cases. 

Indian J Chest Dis Allied Sci 1992;34(2):111-3. 

112. Krempl GA, Otto RA. Fracture at fenestration of synthetic tracheostomy tube 

resulting in a tracheobronchial airway foreign body. South Med J

1999;92(5):526-8. 

113. Kurtz CP, Sakurai H, Yoo OH. Successful retrieval of fractured tracheostomy 

cannula by flexible fiberoptic bronchoscopy. Mt Sinai J Med 1990;57(6):371-3. 



  61 

114. Alvi A, Zahtz GD. Fracture of a synthetic fenestrated tracheostomy tube: case 

report and review of the literature. Am J Otolaryngol 1994;15(1):63-7. 

115. Gana PN, Takwoingi YM. Fractured tracheostomy tubes in the tracheobronchial 

tree of a child. Int J Pediatr Otorhinolaryngol 2000;53(1):45-8. 

116. Brockhurst PJ, Feltoe CK. Corrosion and fracture of a silver tracheostomy tube. J

Laryngol Otol 1991;105(1):48-9. 

117. Bowling A, Ebrahim S. Handbook of Health Research Methods: Investigation, 

Measurement and Analysis. First ed. Buckingham: Open University Press, 

2005. 

118. Bowling A. Measuring disease: A Review of Disease-specific Quality of Life 

Measurement Scales. second ed. Buckingham: Open University Press, 2001. 

119. The Swedish Hospital Discharge Register 1964-2002. In: NboHaW Cfe, ed. Fifth 

Edition ed. Stockholm: National Board of Health and Welfare, 2004. 

120. Murray P, Baron, PR, ed. Manual in clinical Microbiology. 8 ed. Washington DC: 

ASM Press, 2003. 

121. Hanke LD. Handbook of analttical methods for materials. Plymoth: Materials 

evaluation and engineering Inc., 2001. 

122. Walker PB. Chambers Material Science and Technology Dictionary. Edinburgh: 

Chambers Harrap Publishers Ltd., 1993. 

123. Skoog DA, Holler FJ, Nieman T. Principles of Instrumental Analysis. Fifth 

Edition ed. New York: Wiley Corp., 1998. 

124. Sullivan M, Karlsson J. The Swedish SF-36 Health Survey III. Evaluation of 

criterion-based validity: results from normative population. J Clin Epidemiol

1998;51(11):1105-13. 

125. Sullivan M, Karlsson J, Ware JE, Jr. The Swedish SF-36 Health Survey--I. 

Evaluation of data quality, scaling assumptions, reliability and construct 

validity across general populations in Sweden. Soc Sci Med 1995;41(10):1349-

58. 

126. Chrispin PS, Scotton H, Rogers J, Lloyd D, Ridley SA. Short Form 36 in the 

intensive care unit: assessment of acceptability, reliability and validity of the 

questionnaire. Anaesthesia 1997;52(1):15-23. 

127. Welsh CH, Thompson K, Long-Krug S. Evaluation of patient-perceived health 

status using the Medical Outcomes Survey Short-Form 36 in an intensive care 

unit population. Crit Care Med 1999;27(8):1466-71. 



62

128. Persson LO, Karlsson J, Bengtsson C, Steen B, Sullivan M. The Swedish SF-36 

Health Survey II. Evaluation of clinical validity: results from population studies 

of elderly and women in Gothenborg. J Clin Epidemiol 1998;51(11):1095-103. 

129. Bolshakova AV, Kiselyova OI, Yaminsky IV. Microbial surfaces investigated 

using atomic force microscopy. Biotechnol Prog 2004;20(6):1615-22. 

130. Arce FT, Avci R, Beech IB, Cooksey KE, Wigglesworth-Cooksey B. A live 

bioprobe for studying diatom-surface interactions. Biophys J 2004;87(6):4284-

97. 

131. Senechal A, Carrigan SD, Tabrizian M. Probing surface adhesion forces of 

Enterococcus faecalis to medical-grade polymers using atomic force 

microscopy. Langmuir 2004;20(10):4172-7. 

132. Fang HH, Chan KY, Xu LC. Quantification of bacterial adhesion forces using 

atomic force microscopy (AFM). J Microbiol Methods 2000;40(1):89-97. 

133. Johansson LA, Westerling R. Comparing Swedish hospital discharge records with 

death certificates: implications for mortality statistics. Int J Epidemiol

2000;29(3):495-502. 

134. Johansson LA, Westerling R. Comparing hospital discharge records with death 

certificates: can the differences be explained? J Epidemiol Community Health

2002;56(4):301-8. 

135. Ahmed QA, Niederman MS. Respiratory infection in the chronically critically ill 

patient. Ventilator-associated pneumonia and tracheobronchitis. Clin Chest Med

2001;22(1):71-85. 

136. Cabello H, Torres A, Celis R, et al. Bacterial colonization of distal airways in 

healthy subjects and chronic lung disease: a bronchoscopic study. Eur Respir J

1997;10(5):1137-44. 

137. Niederman MS, Mantovani R, Schoch P, Papas J, Fein AM. Patterns and routes of 

tracheobronchial colonization in mechanically ventilated patients. The role of 

nutritional status in colonization of the lower airway by Pseudomonas species. 

Chest 1989;95(1):155-61. 

138. Moore SE., D. P. Principles and Practice of Disinfection, Preservation & 

Sterilization. Oxford, UK: Blackwell Publishing, 2004. 

139. Vickery K, Pajkos A, Cossart Y. Removal of biofilm from endoscopes: evaluation 

of detergent efficiency. Am J Infect Control 2004;32(3):170-6. 



  63 

140. Pajkos A, Vickery K, Cossart Y. Is biofilm accumulation on endoscope tubing a 

contributor to the failure of cleaning and decontamination? J Hosp Infect

2004;58(3):224-9. 

141. Russell AD, Hammond SA, Morgan JR. Bacterial resistance to antiseptics and 

disinfectants. J Hosp Infect 1986;7(3):213-25. 

142. Russell AD. Bacterial adaptation and resistance to antiseptics, disinfectants and 

preservatives is not a new phenomenon. J Hosp Infect 2004;57(2):97-104. 

143. Henoun Loukili N, Becker H, Harno J, Bientz M, Meunier O. Effect of peracetic 

acid and aldehyde disinfectants on biofilm. J Hosp Infect 2004;58(2):151-4. 

144. Shabino CL, Erlandson AL, Kopta LA. Home cleaning-disinfection procedure for 

tracheal suction catheters. Pediatr Infect Dis 1986;5(1):54-8. 

145. Pitten FA, Werner HP, Kramer A. A standardized test to assess the impact of 

different organic challenges on the antimicrobial activity of antiseptics. J Hosp 

Infect 2003;55(2):108-15. 

146. Pacheco-Fowler V, Gaonkar T, Wyer PC, Modak S. Antiseptic impregnated 

endotracheal tubes for the prevention of bacterial colonization. J Hosp Infect

2004;57(2):170-4. 

147. Daschner FD, Dettenkofer M. Protecting the patient and the environment--new 

aspects and challenges in hospital infection control. J Hosp Infect 1997;36(1):7-

15. 

148. Wallstrom S, Stromberg S, Karlsson S. Microbiological growth of polymeric 

materials: an evaluation of new methods. Polymer Testing 2002;5:557-563. 

149. Griesser HJ. Degradation of polyurethanes in biomedical applications - a review. 

Polymer Degradation and Stability 1991;3(33):329-354. 

150. Latini G. Monitoring phthalate exposure in humans. Clin Chim Acta 2005;361(1-

2):20-9. 

151. Schettler T. Human exposure to phthalates via consumer products. Int J Androl

2006;29(1):134-9; discussion 181-5. 

152. Latini G, Del Vecchio A, Massaro M, Verrotti A, De Felice C. Phthalate exposure 

and male infertility. Toxicology 2006;226(2-3):90-8. 

153. Shea KM. Pediatric exposure and potential toxicity of phthalate plasticizers. 

Pediatrics 2003;111(6 Pt 1):1467-74. 

154. Oberwaldner B, Eber E. Tracheostomy care in the home. Paediatr Respir Rev

2006;7(3):185-90. 



64

155. Wittington LR. Whittingston´s Dictionary of plastics. Stamford: Technomic 

Publishing CO., Inc., 1968. 

156. McCarthy SJ, Meijs GF, Mitchell N, et al. In-vivo degradation of polyurethanes: 

transmission-FTIR microscopic characterization of polyurethanes sectioned by 

cryomicrotomy. Biomaterials 1997;18(21):1387-1409. 

157. Engoren MC, Arslanian-Engoren CM. Outcome after tracheostomy for respiratory 

failure in the elderly. J Intensive Care Med 2005;20(2):104-10. 

158. Engoren M, Arslanian-Engoren C. Hospital and long-term outcome of trauma 

patients with tracheostomy for respiratory failure. Am Surg 2005;71(2):123-7. 

159. Narayanaswami P, Bertorini TE, Pourmand R, Horner LH. Long-term 

tracheostomy ventilation in neuromuscular diseases: patient acceptance and 

quality of life. Neurorehabil Neural Repair 2000;14(2):135-9. 

160. Euteneuer S, Windisch W, Suchi S, Kohler D, Jones PW, Schonhofer B. Health-

related quality of life in patients with chronic respiratory failure after long-term 

mechanical ventilation. Respir Med 2006;100(3):477-86. 

161. Russell C. Providing the nurse with a guide to tracheostomy care and 

management. Br J Nurs 2005;14(8):428-33. 

162. Gilony D, Gilboa D, Blumstein T, et al. Effects of tracheostomy on well-being and 

body-image perceptions. Otolaryngol Head Neck Surg 2005;133(3):366-71. 

163. Edgtton-Winn M, Wright K. Tracheostomy: a guide to nursing care. Aust Nurs J

2005;13(5):17-20. 

164. Fokke C, Coulter P. The value of auditing tracheostomy care. Nurs Times

1999;95(39):59-60. 

165. Philit F, Petitjean T, Guerin C. [Tracheotomy management in home mechanical 

ventilation]. Rev Mal Respir 2004;21(6 Pt 1):1130-6. 

166. Midgren B. Home mechanical ventilation. A growing challenge in an aging 

society. Respir Med 2007;101(6):1066-7. 

167. Smith CE, Mayer LS, Perkins SB, Gerald K, Pingleton SK. Caregiver learning 

needs and reactions to managing home mechanical ventilation. Heart Lung

1994;23(2):157-63. 

168. Criner GJ. Long-term ventilation introduction and perspectives. Respir Care Clin 

N Am 2002;8(3):345-53, v. 

169. Dasgupta A, Rice R, Mascha E, Litaker D, Stoller JK. Four-year experience with a 

unit for long-term ventilation (respiratory special care unit) at the Cleveland 

Clinic Foundation. Chest 1999;116(2):447-55. 



  65 

170. Chatila W, Kreimer DT, Criner GJ. Quality of life in survivors of prolonged 

mechanical ventilatory support. Crit Care Med 2001;29(4):737-42. 

171. Laub M, Midgren B. Survival of patients on home mechanical ventilation: a 

nationwide prospective study. Respir Med 2007;101(6):1074-8. 

172. Gustafson T, Franklin KA, Midgren B, Pehrsson K, Ranstam J, Strom K. Survival 

of patients with kyphoscoliosis receiving mechanical ventilation or oxygen at 

home. Chest 2006;130(6):1828-33. 

173. Kurek CJ, Cohen IL, Lambrinos J, Minatoya K, Booth FV, Chalfin DB. Clinical 

and economic outcome of patients undergoing tracheostomy for prolonged 

mechanical ventilation in New York state during 1993: analysis of 6,353 cases 

under diagnosis-related group 483. Crit Care Med 1997;25(6):983-8. 

174. Donnelly F, Wiechula R. The lived experience of a tracheostomy tube change: a 

phenomenological study. J Clin Nurs 2006;15(9):1115-22. 

175. Ha KY, Chung YG, Ryoo SJ. Adherence and biofilm formation of Staphylococcus 

epidermidis and Mycobacterium tuberculosis on various spinal implants. Spine

2005;30(1):38-43. 

176. Tatar EC, Unal FO, Tatar I, Celik HH, Gursel B. Investigation of surface changes 

in different types of ventilation tubes using scanning electron microscopy and 

correlation of findings with clinical follow-up. Int J Pediatr Otorhinolaryngol

2006;70(3):411-7. 

177. Kockro RA, Hampl JA, Jansen B, et al. Use of scanning electron microscopy to 

investigate the prophylactic efficacy of rifampin-impregnated CSF shunt 

catheters. J Med Microbiol 2000;49(5):441-50. 

178. Jansen B, Kohnen W. Prevention of biofilm formation by polymer modification. J

Ind Microbiol 1995;15(4):391-6. 

179. Liang X, Wang A, Cao T, et al. Effect of cast molded rifampicin/silicone on 

Staphylococcus epidermidis biofilm formation. J Biomed Mater Res A

2006;76(3):580-8. 

180. Bhattacharjee N. Fractured tracheostomy tubes: 3 case reports. Bangladesh Med 

Res Counc Bull 1994;20(1):8-11. 

181. Sullivan MJ, Hom DB, Passamani PP, DiPietro MA. An unusual complication of 

tracheostomy. Arch Otolaryngol Head Neck Surg 1987;113(2):198-9. 

182. Rastogi N, Datta NR, Ayyagagi S. Fractured polyvinyl chloride tracheostomy tube 

as a foreign body in tracheobronchial tree. Indian J Chest Dis Allied Sci

1993;35(2):89-91. 



66

183. Qureshi SS, Chaukar D, Dcruz A. Fractured tracheostomy tube in the tracheo-

bronchial tree. J Coll Physicians Surg Pak 2006;16(4):303-4. 




