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Abstract

A modern way of voice rehabilitation after total laryngectomy includes the use of

shunt valves and tracheostoma valves. Problems of fixation to the surrounding

tissue are a major drawback in the use of the shunt valve, HME (heat and

moisture exchange) filters and especially the tracheostoma valve. To solve these

problems different tissue connectors were developed. The main objective was to

test the feasibility of these prototypes in a new animal model. Here we discuss the

results, problems and complications of the selected Saanen goat model. In this

prospective laboratory study 19 healthy adult female Saanen goats (Capra hircus)

were used and observed post-surgically for 12 weeks. Selection criteria such as

comparable anatomy to humans and easy handling were used for animal model

development. Also a literature search using the Medline and the ISI Web of

Science databases was performed. The anatomy of the Saanen goat was

investigated in a separate post-mortem study. Surgery consisted of a laryngo-

tracheal separation and implantation of a tracheo-esophageal and tracheostoma

tissue connector with fibrin tissue glue. Post-operative care consisted of frequent

stoma care, monitoring appetite, weight, vital signs and administration of

antibiotics, analgesics and mucolytic agents. All animals survived the surgical

procedure. However, post-operative care was extensive, labour-intensive and

accompanied by several complications. Eleven animals died spontaneously before

the end of the experiment. The tracheostoma tissue connector caused signs of

local infection in all cases. There was no evidence of infection around the tracheo-

esophageal tissue connector in 18 cases. It was concluded that the use of goats in

this tracheostoma model was associated with major complications and should

therefore only be used for short-term experiments with intensive care. Additional

research is needed to see if clinical application of the tissue connectors is possible

in the future.
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1. Introduction

When a patient has advanced cancer or a carcinoma recurrence of the larynx or

hypopharynx a total laryngectomy is often needed either as primary or as salvage

surgery1.

Laryngectomy consists of complete removal of the larynx (including vocal folds

and epiglottis), upper part of the trachea and surrounding structures2. Then the

trachea is completely separated from the esophagus, shortened, bent and sutured

with its proximal end to an opening in the skin of the frontal neck, thus creating a

tracheostoma (see figure 1). This has far-reaching consequences for the patient

such as the loss of voice, reduced filtration, heating and moistening of the inhaled

air and reduced ability to sense smells3,4. Also the possibility to build up sub-glottal

pressure for coughing is lost.

Figure 1. Human anatomical situation after total laryngectomy. 1: Oropharynx, 2: Tongue,
3: Esophagus, 4: Pharyngo-esophageal segment that vibrates during tracheo-esophageal speech,
5: Trachea. Black arrow in tracheostoma pointing at the tracheo-esophageal shunt valve.

To compensate the loss of voice, in patients often a shunt valve (figure 2) is

placed in the tracheo-esophageal wall. After inhalation, occlusion of the

tracheostoma and expiration respectively, air is guided from the lungs and trachea,

through the shunt valve, into the esophagus with the pharyngo-esophageal (PE)

segment.
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Consequently, the PE segment (mucosa) starts to vibrate. This sound can be

modulated in the remaining vocal tract and allows the patient to speak. Success

rates of this method of voice rehabilitation were reported up to 90%5.

However, although shunt valves are also supposed to prevent food or saliva from

entering the trachea, many patients still suffer from complications such as leakage

of fluids through and around the valve. Replacement or removal of the shunt valve

or even correction of the fistula is then indicated6-9.

Another drawback of the current tracheostoma devices for the patient is the way in

which tracheostoma occlusion can be achieved. One possibility is manually by

placing a finger directly on the tracheostoma or on a valve operated HME filter.

Manual occlusion of the tracheostoma draws unwanted attention to the handicap

because the patient has “to point” to his/ her stoma. Besides this, it is unhygienic

and inconvenient in many situations because one hand is occupied9.

The other, preferred way to operate the tracheostoma would be hands-free, by

using a so called automatic tracheostoma valve (TSV) (figure 3)11-12. Many

negative factors currently withhold the patient from the decision to start using a

TSV.

At the moment, the TSV can be fixed by an intra-luminal device such as a canula

or on an adhesive base-plate that is glued to the peri-stomal skin. Difficulties of

fixating the device to the surrounding tissues can be considered the most

important one6.

Figure 2. Example of a tracheo-esophageal shunt
valve (oblique view). Distance between the two
flanges is in this case 8 mm.

Figure 3. Example of a tracheostoma valve
with heat and moisture exchange (HME)
filter, coughing lid and an adhesive base
plate for fixation to the peristomal skin.
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Recently a follow-up of the so-called “artificial larynx” project has been started,

dealing with the development of improved fixation techniques for the TSV and

shunt valve as well as to develop an improved voice-producing shunt valve to

improve the quality of life of laryngectomised patients13-15. Tissue connectors

(TCs) were developed to serve this purpose. Two different sorts of TCs were

designed and prototypes were produced. The first one has to be implanted

subcutaneously around the tracheostoma to serve as an interface for the

tracheostoma valve. The tracheostoma TC stays in place due to form fitting: the

ring is surrounding the trachea and enclosed between the skin and the deeper

subcutaneous soft tissue. The second one has to be implanted just at the tracheo-

esophageal junction to serve as a new interface for the fixation of (voice-

producing) shunt valves. This allows for materials other than the current medical

grade silicone rubber or Teflon® to be used for shunt valves. The tracheo-

esophageal TC stays in place by using glue and sutures to the trachea and/or

esophagus. The TCs should eliminate the fixation related problems of the shunt

valve, i.e. mainly leakage of fluids around it, and of the tracheostoma valve, i.e.

leakage of air and mucus, skin irritation and even soft tissue infection. With these

problems in mind, we sought a solution to improve the quality of life for the

laryngectomized patient.

To test the newly designed tissue connectors, animal experiments were designed.

Several relevant factors were taken into consideration during the selection of the

animal model to ascertain a proper extrapolation of our study results to our patient

population. These included a comparable size and shape of relevant anatomical

structures, the suitability to perform the same surgery as performed clinically, good

cooperation of the animals during the frequent cleaning procedures of the

tracheostoma and tailoring of housing and care conditions of the operated animals

to their specific needs.

Anatomical structures regarded as relevant were: trachea, esophagus and

hypopharynx, skin (trachea and esophageal wall thickness, diameters, skin

thickness). The adult Saanen goat (Capra hircus) fulfilled these requirements best

and thus was considered to be a suitable animal model16-20. Nubian or crossed

Nubian goats were also considered16 but were not sufficiently available, unlike the

Saanen breed.

Some requirements could not be fulfilled. First (chemo-)radiation of the Saanen

goats is difficult to perform because no knowledge is available about how to create

a regime that is comparable to the human one. Also, inevitable differences with the

clinical situation exist, e.g. the goat is a ruminant, the anatomy is different and an

animal will not act in case of emergencies.
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To test the TCs accurately, the construction of a tracheostoma was necessary.

Two different procedures can be discerned that both result in an unnatural opening

of the airway in the anterior neck. Tracheotomy is the procedure or result where

one or more incisions (-tomy) (vertical or horizontal) or a fenestration in the

trachea are made21,22. Often a tracheotomy is confusingly described in literature as

“tracheostomy”23-27. Tracheostomy consists of complete separation between the

upper airways (nasopharyngeal, oropharyngeal tract) and the lower airways

(cervical trachea, bronchi, lungs). In the latter situation the larynx is closed at the

inferior site (laryngo-tracheal separation) or is completely removed

(laryngectomy)16,17,28. The third option is to suture both the proximal and distal end

side-by-side to the skin29. We would however like to stress that in our experiments

the esophagus was left intact apart from placing the TC at the tracheo-esophageal

junction. This approach assured that the rumination process would remain intact

and that no leakage of ruminal fluid was possible into the trachea and the lungs.

The aim of this article is to report the problems that we ran into during the

development of the goat tracheostomy model and also to provide practical

implications for experiments with goats with a tracheostoma, so that other

research groups can use this information to reconsider and perhaps even refrain

from using goats for these kinds of experiments.

The authors did not have the intention in this article to report the evaluation of

tissue connectors. Specific microscopic and histological reactions to the implants

are not considered here and are reported separately.

2. Materials and Methods

2.1 Animal Model Selection

In preparation for our animal experiments, anatomical post-mortem investigations

were performed to check the anatomy and surgical procedure. To reduce the

number of animals needed, the throats of euthanised animals used for other

experiments at the Animal Laboratory of the Radboud University Medical Centre,

Nijmegen, were examined. Also cadaver trachea and esophagus samples were

obtained from the pathology laboratory of the National Animal Health Service in

Deventer, Netherlands. Diameter of trachea, size and shape of cartilage semi-

rings and wall thickness were assessed. Also a literature search using the Medline

and the ISI Web of Science databases was performed.

Our project for testing the feasibility of tissue connectors in goats was approved by

the Experimental Animal Committee of the Radboud University Medical Centre in
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Nijmegen. National and institutional guidelines regarding animal experimentation

were followed.

2.2 Implantation Experiment

Two different types of experimental TCs were implanted. First a tracheo-

esophageal (TE) TC (figure 4) that consisted of a small titanium ring with

polypropylene or titanium mesh glued to it and second a tracheostoma (TS) TC.

The TS-TC consisted of a larger ring made of silicone rubber or titanium with four

holes in it to install percutaneous pins (figures 5, 6 and 7).

The post-operative follow-up was set to 12 weeks, divided into two phases. Phase

1 consisted of the initial 6 weeks to allow fixation of the devices. Phase 2 started

by puncturing four small holes through the skin around the tracheostoma and the

installation of four percutaneous titanium pins.

Nineteen healthy adult female Saanen goats were used (2.5-3 years old,

bodyweight: 60-80kg). All goats originated from caprine arthritis and encephalitis

(CAE) and caseous lymphadenitis (CL) free dairy farms, as is common for most

laboratory farm animals in the Netherlands. During the 4 week quarantaine period,

general health of the animals was ascertained and all animals were tested and

confirmed to be free of CAE and CL. All goats were treated with ivermectine

(Ivomec®) to eliminate ecto- and endoparasites. After the quarantine period and

subsequent stay in our goat herd, the animals were transported to the Central

Animal Lab in Nijmegen. The acclimatisation period was one week. Before

Figure 4. Tracheo-esophageal tissue
connector: Titanium ring and polypropylene
mesh.

Figure 5. Tracheostoma tissue connector:
Titanium ring with four percutaneous pins (to
be inserted after 6 weeks of implantation to
attach the tracheostoma valve), glued to a
polypropylene mesh.
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enrolment in the study, the health of the animals was checked by physical

examination (inspection, auscultation). They were fasted 2 days before surgery to

prevent ruminal regurgitation during surgery, but water was available ad libitum.

Figure 6. Sagittal section of the head and upper part of the neck of a goat with Tissue Connectors implanted
(artist’s impression).

Figure 7. Close-up and simplification of dashed line in figure 6: Tracheo-esophageal and
tracheostoma tissue connector implanted (black) (artist’s impression). The dotted line represents
the plane of the mesh. L: laryngeal pouch, T: tracheal lumen, E: esophagus, V: cervical vertebra
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2.3 Anesthesia

The animals were premedicated with atropine 0,5 mg i.m. and medetomidine

(Domitor®, A.U.V., Cuijk, Netherlands) 25 g/kg i.m., and anaesthesia induced with

pentobarbital (Nembutal®, A.U.V., Cuijk, Netherlands) 10-20 mg/kg i.v. and the

animals subsequently intubated. The goats were ventilated and maintained with

isoflurane in a mixture of O2 (30%) and N2O (70%). End tidal isoflurane was

maintained between 1.5-2% and end tidal carbon dioxide between 4-5%. During

the installation of the tracheostoma, anesthesia was continued by intravenous

propofol infusion, i.e. a 2mg/kg bolus and 8mg/kg/h for maintenance i.v. During

surgery flunixine (Finadyne® A.U.V. Veterinarians, Cuijk, Netherlands, 50mg/ml,

1x/day 1-2ml/ 50kg body weight, i.m.) was administered for analgesia.

2.4 Pre-Operative

Antibiotic prophylaxis lincomycin hydrochloride 5 mg/kg body weight plus

spectinomycin sulphate 10 mg/kg body weight, i.m., (Linco-Spectin™,A.U.V.

Veterinarians, Cuijk, Netherlands) was administered 45 min. before the surgical

procedure. After shaving the anterior neck and washing with 4% w/v chlorohexi-

dinedigluconate in a soap solution (Hibiscrub®, A.U.V., Cuijk, Netherlands) the

animal was positioned in dorsal recumbency on the operating table. The legs were

immobilized by tying ropes, fixed at the bars of the table. Intravenous access was

obtained in a lower leg vein (V. saphena) and was kept open by slow saline

infusion. The ECG, body temperature and blood oxygen saturation and exhaled

CO2 were monitored (Capnomac Ultima, Datex Ohmeda: for both capnography

and pulse oximetry). The body temperature was maintained with heated water

pads. The skin at the operating area was disinfected with poviodone or 0,5% w/v

chlorohexidinedigluconate in 60% w/v isopropylalcohol (Hibisol®, A.U.V., Cuijk,

The Netherlands). Surgery was performed under sterile conditions.

2.5 Surgical Procedure

An approximately 5 cm long, median, cranio-caudal incision was made in the

anterior neck, starting just below the level of the cricoid. After dissection of the

neck muscles, pre-tracheal fat and fascia, a part of the cervical trachea was

exposed. Adequate haemostasis was obtained mainly by diathermy.

Subsequently, a part of the trachea was separated from the esophagus, the skin

for the tracheostoma was excised and a laryngo-tracheal separation was

performed three semi-rings below the cricoid. Here, the upper and lower parts of

the trachea were completely separated. Three to five semi-rings (inferiorly) of the

trachea were excised to create a tracheostoma at the appropriate level (in such
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way that head, hairs and chin interfered as little as possible with the stoma). The

oral intubation tube was removed and intra-tracheal ventilation was continued with

a new sterile tube via the tracheostoma. At the third cartilage semi-ring (inferior to

the cricoid), on the outside of the tracheal wall, a circumferential superficial

incision was made in the perichondrium. Superior and inferior to this incision, part

of the perichondrium was peeled off. The cartilage was removed as much as

possible. This was done to create an extra large soft-tissue cuff that would assist

leak- proof closure of the laryngeal pouch. A similar surgical procedure was

described by Prince and Nasser16.

The tissue connectors were inserted and glued to the surrounding tissue with fibrin

tissue glue (Tissucol Duo, Baxter B.V., Hyland Immuno, Utrecht, Netherlands).

The glue was used to enhance initial fixation and to prevent migration. The trachea

was sutured to the skin at the stoma opening whilst the animal was intermittently

ventilated by the anaesthesia apparatus (Ohmeda Modulus II Plus Anesthesia

System, volume controlled IPPV ventilation, pressure limited to a maximum of 20

cm H20) and the wound was closed with 2-0 Vicryl®.

Figure 8. Lateral X-ray of the neck of a goat after implantation.
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Just before the goat woke up, lateral and antero-posterior X-rays were taken to

check the alignment of the implants (see figure 8). When the animal started to

breathe spontaneously, the ventilation tube was removed and the animal was

transferred to the stable. All animals were housed individually on synthetic grating,

but were able to contact other group members by nose contact. They were housed

in a temperature and humidity controlled animal room with 15 fold air changes, in

accordance with current EU guidelines.

2.6 Post-Operative Care

To allow wound healing without mechanical interference the first six animals did

not have a canula installed directly after the surgery. For the other goats sterling

silver Chevalier-Jackson tracheostoma canula (Heimomed Heinze Gmbh & Co.

KG 50170 Kerpen, Germany), silicone rubber Provox® Lary Tube™ (Atos Medical,

Hörby, Sweden) and Shiley tracheostomy tubes (with inner canula) (Mallinckrodt

Inc., St. Louis, MO, U.S.A.) were applied after shortening (where necessary) to

prevent impingement of the anterior tracheal wall. The canulas were fixed to the

neck by means of an elastic cord around the neck. The goats received antibiotic

prophylaxis (lincomycin hydrochloride 5 mg/kg plus spectinomycin sulphate 10

mg/kg (Linco-Spectin™)) and analgesics (flunixine 1,5 mg/kg i.m., Finadyne®

A.U.V. Veterinarians, Cuijk, Netherlands) for 3 days and after day 3 on indication.

In some cases ceftiofur sodium (Excenel®, A.U.V. Veterinarians, Cuijk,

Netherlands), which is known to have a better biological availability was

administered instead of Linco-Spectin™. Body temperature was measured for the

first 7 days and later on indication. The goats received stoma care three times

during the day and after adaptation of the protocol strictly every 6 hours. This care

consisted of removal and thorough cleaning of the canula with a moist gauze and

Hibisol®, intra-tracheal instillation of 10ccm saline (to provoke a coughing reaction

to clean and moisten the trachea and bronchi mechanically), removal of mucus

crustae or plugs by means of forceps or a stand-by suction unit and inspection

with a light source. To enhance easy clearance of mucus, 0.25 mg/kg

bromehexine (Broxolvon®, a mucolytic agent, dissolved in water A.U.V.

Veterinarians, Cuijk, Netherlands), was administered twice a day orally.

Additional air humidifiers (Axair pH7, Axair AG. Pfäffikon, Switzerland) were

installed in the animal room to achieve a relative humidity of at least 60%.

Biotechnicians were instructed to put the hay for the goats on the floor (instead of

using a high hay reservoir behind bars) to prevent dust formation and tracheal

irritation as much as possible. Besides hay the goats were also fed with pelletted

food, beet pulp and molasses. From the time that percutaneous pins had been
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installed at the tracheostoma TC, iodine solution wound spray (Dutiplast®, A.U.V.

Veterinarians, Cuijk) was used three times a day for disinfection.

At the beginning of the experiments examination of the trachea with a flexible

endoscope was not a routine inspection in the protocol. Later this was included

three times a week. In this way, the trachea was inspected almost down to the

level of the carina. The hairs in the frontal neck area were clipped regularly. No

additional medication was necessary for these inspections.

During follow-up, tissue reactions (inflammation and infection) were clinically

monitored.

Humane endpoints used were: stridor, abdominal respiration, extensive infections

(at implant site), imminent severe respiratory distress without improvement after

stoma care and/or suctioning. The animals were then euthanised by an

intravenous overdose of pentobarbital.

Wellbeing of the goats was assessed by experienced biotechnicians. Weight was

checked every 1-2 weeks and the behaviour of the individual animals was

evaluated pre- and postoperatively.

Although pain assessment remains difficult in ruminants, we gave special attention

to appetite, rumination patterns, interaction with other individuals, interest in

surroundings, interaction with the animal caretakers, response to palpation of the

wound area and efforts for vocalisation. The goats were regularly evaluated for

signs of respiratory distress.

Implantation of a (tracheostoma or tracheo-esophageal) tissue connector for 12

weeks without infection was considered as successful. All other cases were

considered unsuccessful.

3. Results

3.1 Animal Model Anatomy

The anatomical post-mortem investigations revealed that the Saanen goat has a

relatively long soft palate. In the case of a total laryngectomy, good primary

closure of the mucosa remnants would be difficult in addition to introducing extra

risks such as gastric content leakage and infections. The trachea and esophagus

are about the same size and shape compared to those in humans (the trachea

consists of almost exactly the same horse-shoe shaped cartilage semi-rings).

However, the experimental animals showed the same inter-individual differences

as reported previously30. Also a new phenomenon, torsion of such abnormal

cervical trachea, was seen in one case. This can complicate a puncture procedure

on the dorsal side.
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3.2 Perioperative

The surgical procedure went without complications in all but one case. At the time

that i.v. propofol was not included in the anaesthesia protocol, one goat awoke

during surgery. This was during the suturing of the stoma. Anesthesia was quickly

re-induced with propofol and after re-intubation, inhalation anesthesia was

continued and the procedure was finished without any other problems.

All 19 animals survived the surgical procedure. The X-rays showed satisfactory

alignment of the tissue connectors in all cases (see figure 8). Typically, surgery

lasted about one hour.

3.3 Post-Operative Course

Following wake up, the animals started eating usually within one hour and

ruminated normally. During pain assessment, we observed that the goats had a

good appetite; they ruminated normally, and did not lose weight during the follow-

up period. Post-operative interaction with conspecies, animal caretakers and the

environment was comparable with pre-operative behaviour. During palpation of the

wound area some animals became a little agitated. We therefore conclude that

the goats apparently experienced only mild inconvenience from the surgery and

implants. After 7 days half of the sutures were removed and after 10 days the

remaining sutures were removed.

The post-operative period with several protocol adjustments can be divided into

three episodes. The main interventions and results are listed in the table.

In episode 1 (n=5), the goats did not receive a tracheostoma canula during the first

two weeks. This made it impossible to predict the process of crust formation

and/or oedema resulting in varying degrees of stoma stenosis. Therefore, we

changed the protocol during the follow-up and used canulas for the remaining

animals.

During the second episode (n=8), the sterling silver Chevalier-Jackson canula

system was abandoned, because the distal part remained relatively sharp and

crustae adhered relatively easily to the silver. In episode 3 (n=6) all goats received

stoma care every six hours. Different types of tracheostoma canulas were tried.

Experience showed that silicone rubber Provox® Lary Tube™ and Shiley

tracheostomy tubes (with inner canula) worked best. Nearly all the canulas tested

were shortened. Most of the Lary Tubes™ were already the right size.

Fixation of the tracheostoma tube with an elastic or non-elastic cord around the

neck proved not to be a long-term solution since tubes often became dislodged.

As an alternative, plastic rings were sutured to the skin with Prolene® 2-0 at 5 cm

inferior and 2-3 cm lateral from the stoma. The canulas were tied to the rings with
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pieces of cord (see figure 9). This was done to distribute the forces of the canula

among the stoma and the skin and to secure general fixation. This proved to be a

good method of fixation in the majority of the animals. Some animals developed

signs of pressure necrosis at the cranial top of the stoma.

Figure 9. Fixation of adapted Shiley tracheostoma canula

Sometimes the animals developed respiratory distress, depending on several

factors such as the time after stomal cleaning, relative humidity of the air or

excitation just before receiving food. During the whole post-operative period

sometimes thick, dry crustae of mucus and/or blood were seen in the inner canula

at the moment of cleaning. After cleaning the stoma and canula and flushing the

trachea with saline most symptoms disappeared quickly.

Examinations of the trachea with a flexible endoscope showed moderate

granulation/fibrous tissue reaction at the inferior level of the tube in two animals.

Induction of tracheal stenosis caused by the canula was not observed in any of the

other animals. No other lesions or mucous plugs were found during endoscopy.

Four animals successfully underwent the full length of the follow-up and four

animals were euthanized, because the humane endpoint was reached.

3.4 Mortality

Eleven animals died before the end of the experiment (see figure 10 and table 1).

In most cases, necropsy revealed that the cause of death was related to

respiratory obstruction in the trachea or bronchi. Three of them were on antibiotic

treatment. Several animals died during the night or in the early morning. No clinical

warning signs or symptoms or abnormal behaviour were observed before death

occurred. Several continuous video recordings did not reveal any abnormal
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behaviour during the night. After the death of several goats the animal model was

again evaluated with all involved parties and the option of stopping the

experiments was considered. However, several modifications in the experimental

protocol were implemented and we hoped this would solve the problems of loosing

the goats overnight. We found that stoma care every 6 hours improved the clinical

results. Overall, the time required for stoma care per goat ranged from roughly 8 to

over 20 minutes. This depended on the cooperation of the goat, the quantity and

quality of crustae, and the experience and expertise of the biotechnician.

On a number of occasions the university climate control system failed. This

resulted in low relative humiditiy (30-40%) for 3-5 hours that could not be

compensated by the additional air humidifiers.
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Figure 10. Participation time in days per goat.

: Termination because end of experiment reached

: Termination because humane end point reached
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3.5 Complications

Until week 7 post operatively in general only mild signs of inflammation were seen

at the location of the tracheostoma implant. Clinically, from the moment of

installation of the percutaneous screws in the tracheostoma tissue connector, the

signs of inflammation recurred and also infections occurred (see table). Infections

varied from very mild to very severe with necrosis. In general, early antibiotic

treatment of implant infections resulted in clinical improvement (reduction of signs

and/ or symptoms of the complication after the intervention) and even recovery

from infection.

3.6 Outcome

Four animals reached the end of the follow-up period without infection of the

tracheo-esophageal tissue connector. However, none were without infections of

the tracheostoma TC implant during the full 12 weeks experimental period (see

table). Therefore, four cases were described as successful in the table. In post

mortem examinations, none of the 19 animals showed evidence of leakage of the

laryngeal pouch.

In 18 of the 19 goats, the tracheo-esophageal TCs were firmly fixed in fibrous

tissue and no infections were seen here.

4. Discussion

Patients who have their complete larynx removed for cancer treatment suffer from

many daily problems concerning the fixation of the prostheses used for voice

rehabilitation. As a possible long-term solution, new devices were designed and

produced. For feasibility testing purposes, animal experiments were considered to

be necessary.

The extensive consequences of complete separation between cervical trachea

and the upper respiratory tract after a total laryngectomy have been illustrated in

patients4.

Implantation of a TC between trachea and esophagus can be done in a

representative manner, including the puncture in the dorsal tracheal wall.

However, puncture of the esophagus is a different matter. Because goats are

ruminants we did not make a complete tracheo-esophageal puncture, as is

performed in human patients. Repeated acid fluid and bolus passage would place

a heavy load on the implant and surrounding tissues and would not represent the

human situation.
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Another requirement could not be fulfilled in our animal model, viz.(chemo-)

radiation of the larynx. Development of an animal model completely resembling

the human situation is currently not feasible.

Although the animal model was selected very carefully, there were inevitable

differences from the clinical situation. Major differences that have consequences

for animal experiments are that the goat is a ruminant, its anatomy is different, and

it will not react appropriately in case of emergency.

Intravenous propofol was added to the anaesthesia protocol the first moment we

encountered a light anaesthetic plane during suturing of the trachea to the skin to

create a high-quality tracheostoma.

There is a large difference between a “simple” tracheotomy and tracheostomy.

A tracheostomy is surgically more radical, the wound is more extensive, operating

time is usually longer and post-operative care is more laborious.

Logically, the risk of complications is higher compared to tracheotomy, which is in

concordance with literature in this research area. There is less actual or potential

opportunity for airway passage and mucus clearance. In an animal model this

requires more rigorous measures concerning post-operative care. A healthy

animal with a tracheotomy is still capable of transporting secreted mucus from the

tracheal epithelium and swallowing it. For example, tracheotomies in dogs have

even been reported to be maintenance-free31.

Further, we cannot exclude that other factors such as mammal species, age or

breed of the goats have a significant influence on the long-term outcome of

tracheostomy. In view of this, it can be noticed that Prince and Nasser reported a

completed 9-month follow-up after tracheostomy of 2 Nubian goat crosses (3

months old), while we were not able to achieve this in Saanen goats.

Our decision to start the experiments without the use of a canula was based on

the potential hazards: blockage with mucus, dislodgement, trauma with bleeding,

irritation of the trachea causing more secretions, coughing, rubbing, scratching,

wound dehiscence and infection. On the other hand, when tracheotomy (e.g. a

vertical anterior incision) is performed, the mechanical stability of the trachea is

disrupted (irrespective of the animal model), life-threatening stenosis or collapse of

the trachea or surrounding soft tissues can occur, as reported in dogs26,27 and

goats32. Also fatal kinking of the trachea has been reported in dogs when a stoma

was placed through rings 12 to 1525. In addition, MacPhail and Monnet studied 140

cases of laryngeal paralysis in dogs, in which 26 needed a tracheotomy (planned

or emergency). Thirteen of them developed complications (7 within 24h and 6 after

14 days), which resulted in the death in 8 of these 13 animals caused by acute
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respiratory distress and aspiration pneumonia, occurring within 24h as well as

after two weeks of the surgery33.

One of the problems is that goats react differently to respiratory distress signals

compared to human patients. The goat is unable to cough physiologically or

otherwise respond effectively when excessive mucus collects at the site of the

tracheostoma. During the critical post-operative period adequate airway protection

is necessary to obtain long-term results. The airway can be protected in a

mechanical way (stent, tracheostoma tubes or canula) and in a physiological way

(HME filter application, temperature, high relative humidity in the stable, low dust

formation). An HME filter system can become clogged with mucus, which can

hamper the airway in a life-threatening manner. The use of such a relatively

vulnerable but advisable device is in our opinion only possible if the animals are

under constant surveillance or if they are equipped with some kind of emergency

monitoring system. Myer et al. found a potential protective effect (not significant) of

HME filters in tracheotomized dogs during a follow-up of 1 and 10 days22.

Whether continuous prophylactic antibiotic treatment after laryngotomy,

tracheotomy or tracheostomy during full follow-up improves the survival of the

animals remains debatable. For animals with repeated aspiration pneumonia this

might offer a solution because it is a serious threat. However, the literature on this

is inconclusive16,17,32. Drawbacks are that side effects must be taken into account

and they may influence the results, or they may cause artefacts: for example,

some antibiotics are known to influence tissue response.

Another problem we encountered was that the relatively large implants at the

tracheostoma site and tracheostomy tubes/canulas were very prone to interfere

with the vulnerable tissues. Despite the adaptations (tension release, 4-point

fixation) and the use of soft silicone rubber we were not able to solve this problem.

A very thin and flexible silicone rubber flange attached to the tube might provide a

tension-free fixation. Otherwise a solution can be found in near-total immobilization

of the head and neck so that the forces applied to the canula and implant area are

minimized and manipulation of the canula by the animal is made impossible34. This

also prevents potential contamination and infection of the neck wound induced by

scratching with the hind legs. Scratching was only rarely seen in our experiments

and was not considered as a sign of pain. However, it was considered as a sign of

discomfort, having something unusual attached to the body. The goats did try

persistently to demolish devices attached to themselves or their neighbour. In

short, every intervention has to be evaluated carefully for its effectiveness. We

found that clinical symptoms and signs did not match the findings with post-
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mortem investigations and therefore stress that meticulous behaviour analyses

during experiments with goats may be useful. Even after one hour after stoma

care suddenly goats may die.

When using an animal model with a tracheostoma, the relative and absolute size

of the trachea is important16, in contrast to studies of tracheotomy only, where the

larynx and trachea are not separated21,35. Attempts to develop an animal model

with such a laryngo-tracheal separation with hairless guinea pigs (Cavia porcellus)

and pigs (Sus scrofa) were not successful (personal communication Dr J.G.

Nasser, MD, DDS, Dalhousie University Medical School, Halifax, Nova Scotia,

Canada and M.E.P. Prince, MD, University of Michigan, Comprehensive Cancer

Center, Ann Arbor, MI, U.S.A.)17. In the case of medical product research and

development comparable size is clearly an advantage. We therefore have a strong

preference for a large animal as a model.

On the subject of the choice of animal model the aspect of mobility of the

implantation area was underestimated. The mobility of the anterior neck of an

adult goat is much larger compared with that of human patients. In general this is a

proven negative factor for percutaneous implants36 and also affected the outcome

of the current experiments.

During the progress of the project we noticed that post-operative care at regular 6-

hour intervals improved the wellbeing of the animals and we consider this the

minimum.

As long as no transmucosal tracheo-esophageal connection is necessary, we think

that the goat is still the best available animal model so far identified. Where the

research objective is to study the site of a solitary puncture or other unnatural

opening in the esophagus, however, our recommendation would be to choose a

non-ruminant animal model.

5. Conclusions

The goat with a tracheostoma for post-laryngectomy research is not an optimal

animal model for intermediate or long-term experiments, mainly due to difficulties

in post-operative care and complications due to the tracheostomy itself.

Nevertheless, the model seems suitable for the development of new surgical

techniques as well as for short-term tests. This model is also satisfactory with

respect to the anatomy. The size and shape of the neck area allow easy access

and easy handling. This implies good opportunities for implanting tracheal and

esophageal fixation devices, including situations with a tracheal puncture but
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excluding esophageal puncture. It is also our opinion that total laryngectomy

cannot be achieved in goats.

In our series we have demonstrated that post-operative care aspects are complex

and labour-intensive. Additional airway protection with Shiley canulas or HME

filters as well as maintenance on antibiotics subsequent to surgery might improve

the success of animal experiments with adult Saanen goats with a tracheostoma,

but the benefits and risks should be investigated first.

Acknowledgements

We thank all co-workers, biotechnicians and animal welfare officers of the Central

Animal Facility, co-workers of the departments of BioMedical Engineering,

Groningen, and Periodontology and Biomaterials, Nijmegen, Netherlands. We also

express our gratitude to Mediprof-Atos Medical and Tefa Portanje for providing

tracheostoma canulas.

This study was part of Eureka project 2614 “Newvoice” (http://www.eureka.be).

References

1. Dutch Workgroup Head and Neck tumors (2000). Guideline for Larynx Carcinoma. Alphen
aan de Rijn: Van Zuiden Communications BV.

2. Gussenbauer C (1874). Ueber die erste durch Th. Billroth am Menschen ausgeführte
Kehlkopf-Extirpation und die Anwendung eines Künstlichen Kehlkopfes. Archiv fu r klinische
Chirurgie, 17:343-356.

3. Verkerke GJ, Geertsema AA, Schutte HK (2002). Airflow resistance of heat and moisture
exchange filters with and without a tracheostoma valve. The Annals of otology, rhinology,
and laryngologly,111:333-337.

4. Ackerstaff AH, Hilgers FJ, Aaronson NK, Schouwenburg PF, van Zandwijk N (1990).
Lichamelijke en psychosociale gevolgen van totale larynxextirpatie en het gebruik van een
warmte- en vochtwisselaar. [Physical and psychosocial sequelae of total larynx extirpation
and the use of a heat and moisture exchanger]. Nederlands tijdschrift voor geneeskunde,
134:2438-2442.

5. Op de Coul BMR, Hilgers FJ, Balm AJ et al. (2000). A decade of postlaryngectomy vocal
rehabilitation in 318 patients: a single Institution's experience with consistent application of
provox indwelling voice prostheses. Archives of otolaryngology--head & neck surgery,
126:1320-1328.

6. Ten Hallers EJO, Marres HAM, Rakhorst G et al. (2005). Difficulties in the fixation of
prostheses for voice rehabilitation after laryngectomy. Acta oto-laryngologica, 125:804-813.

7. Free RH, van der Mei HC, Dijk F et al. (2000). Biofilm formation on voice prostheses:
influence of dairy products in vitro. Acta oto-laryngologica, 120:92-99.

8. Free RH, Busscher HJ, Elving GJ et al. (2001). Biofilm formation on voice prostheses: in vitro
influence of probiotics. The Annals of otology, rhinology, and laryngology, 110:946-951.

9. Brown DH, Hilgers FJ, Irish JC, Balm AJ (2003). Postlaryngectomy voice rehabilitation: state
of the art at the millennium. World journal of surgery, 27:824-831.

10. Van Weissenbruch R. Voice restoration after total laryngectomy. (1996) Thesis. University of
Groningen.

11. Ackerstaff AH, Hilgers FJ, Balm AJ, Tan IB (1998). Long-term compliance of
laryngectomized patients with a specialized pulmonary rehabilitation device: Provox
Stomafilter. The Laryngoscope, 108:257-260.



Chapter 7

143

12. Schwarz C, Cirugeda Kuhnert M, Hagen R (2004). Tracheostomaventil mit integrierter
Hustenklappe (Window) zur Verbesserung der fingerfreien Sprache des Laryngektomierten -
Klinische Langzeitergebnisse. [Tracheostoma valve with integrated cough lid for
improvement of hands-free speech in laryngectomees - long term results].
Laryngorhinootologie, 83:173-179.

13. Verkerke GJ, de Vries MP, Geertsema AA, Schutte HK, Busscher HJ, and Herrmann IF
(1997). Eureka project 'totally implantable artificial larynx'; progress report. In: McCafferty G,
Coman W, and Carroll R, editors. XVI World congress of Otorhinolaryngology Head and
Neck Surgery. Bologna: Monduzzi Editore, p 1343-1346.

14. Geertsema AA, Schutte HK, van Leeuwen MB et al. (1999). Biocompatibility of a novel tissue
connector for fixation of tracheostoma valves and shunt valves. Biomaterials, 20:1997-2005.

15. Geertsema AA, Schutte HK, Verkerke GJ (2002). In vivo measurements of an improved
tracheostoma valve based on inhalation. The Annals of otology, rhinology, and laryngology,
111:142-148.

16. Prince ME, Nasser JG (2000). Procedure for laryngotracheal separation in the goat:
development of a new animal model for analysis of craniofacial growth. Comparative
medicine, 50:527-529.

17. Prince ME, Nasser JG, Pass BB (1997). Effect of upper-airway passages on craniofacial
growth in an animal model: a pilot study. The Journal of otolaryngology, 26:306-315.

18. Popesko P (1978). Atlas of Topographical Anatomy of the Domestic Animals. W B Saunders
Co.

19. Eliane Chatelain (1987). Atlas d'anatomie de la Chèvre, Capra hircus L. Paris: Paris : Institut
de la Recherche Agronomique.

20. Nickel R, Schummer A, and Seiferle E. (2002). Atmungssystem, Lehrbuch der Anatomie der
Haustiere. In: Nickel R, Schummer A, and Seiferle E, editors. Lehrbuch der Anatomie der
Haustiere. Paul Parey in Berlin und Hamburg 1967, Verlag für Landwirtschaft,
Veterinärmedizin, Gartenbau und Forstwesen Berlin 61, Lindenstrasse 44-47, 238-240.

21. Manna MC, Montero EF, Leao JQ, Novo NF (2003). Microsurgical tracheotomy: a pediatric
model in growing rats. Microsurgery, 23:530-534.

22. Myer CM, McDonald JS, Hubbell RN, Stith J (1988). Study of humidification potential of a
heat and moisture exchanger in tracheotomized dogs. The Annals of otology, rhinology, and
laryngology, 97:322-325.

23. Nickells JS, Dahlstrom JE, Bidstrup H, Dobbinson TL (2002). Acute tracheal trauma in sheep
caused by percutaneous tracheostomy. Anaesthesia and intensive care, 30:619-623.

24. Goulding R, Schumacher J, Barrett DC, Fitzpatrick JL (2003). Use of a permanent
tracheostomy to treat laryngeal chondritis and stenosis in a heifer. The Veterinary record,
152:809-811.

25. Dahm JD, Paniello RC (1998). Tracheostomy for long-term laryngeal experimentation.
Otolaryngology--head and neck surgery : official journal of American Academy of Otolaryngo-
logy-Head and Neck Surgery, 118:376-380.

26. Eliachar I, Levine SC, Tucker HM (1986). A modified technique for tubeless tracheostomy.
Otolaryngology--head and neck surgery : official journal of American Academy of
Otolaryngology-Head and Neck Surgery, 94:548-552.

27. Miles WK (1970). Tubeless canine tracheostomy for laryngeal experimentation. Archives of
otolaryngology, 92:124-127.

28. Block G, Clarke K, Salisbury SK, DeNicola DB (1995). Total laryngectomy and permanent
tracheostomy for treatment of laryngeal rhabdomyosarcoma in a dog. Journal of the
American Animal Hospital Association, 31:510-513.

29. Netzer A, Golz A, Goldenberg D, Silberman M, Joachims HZ (2002). Hyposmia following
laryngectomy: experimental model. The Journal of otolaryngology, 31:9-12.

30. Ten Hallers EJO, Rakhorst G, Marres HAM et al. (2004). Animal models for tracheal
research. Biomaterials, 25:1533-1543.

31. Dalgard DW, Marshall PM, Fitzgerald GH, Rendon F (1979). Surgical technique for a
permanent tracheostomy in Beagle dogs. Laboratory animal science, 29:367-370.

32. Vogler GA, Keiichi Y, Frank PA, Baudendistel LJ (1992). Permanent tracheostomy in goats.
AALAS bulletin, 31:15-17.

33. MacPhail CM, Monnet E (2001). Outcome of and postoperative complications in dogs
undergoing surgical treatment of laryngeal paralysis: 140 cases (1985-1998). Journal of the
American Veterinary Medical Association, 218:1949-1956.



The Saanen goat as an animal model

144

34. Walboomers XF, Paquay YC, Jansen JA (2001). A new titanium fiber mesh-cuffed peritoneal
dialysis catheter: evaluation and comparison with a Dacron-cuffed tenckhoff catheter in
goats. Peritoneal dialysis international : journal of the International Society for Peritoneal
Dialysis, 21:254-262.

35. West HJ (1997). Tracheolaryngostomy as a treatment for laryngeal obstruction in cattle. The
veterinary journal, 153:81-86.

36. Paquay YC, de Ruijter JE, van der Waerden JP, Jansen JA (1994). Titanium fiber mesh
anchorage for percutaneous devices applicable for peritoneal dialysis. Journal of biomedical
materials research, 28:1321-1328.




