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Summary Permanent tracheostomy in cats is associated with a
high rate of complications and mortality. The aim of this study was
to compare surgical methods and post-operative care protocols for
tracheostomy in cats and children. Therefore, a literature research
was performed using online databases and common textbook
chapters. Sixty-six publications were identiﬁed for this review. The
results showed, that in many ways the feline and pediatric respiratory tract are very similar. However, the feline respiratory tract has
signiﬁcantly more respiratory glands, which extend further into the
bronchioles. This increases the risk of excessive mucus secretion
after tracheostomy. To date, precise anatomical dimensions of the
feline trachea have not been documented. In pediatric medicine,
surgical and postoperative treatment protocols for permanent
tracheostomy are well researched, which keeps complication and
mortality rates low. Only one surgical procedure for permanent tracheostomy of the feline patient has been described and no standardized postoperative guidelines exist. In order to establish and
optimize surgical protocols for the cat, further studies of the feline
tracheal dimensions are warranted. The eﬀect of the alteration of
mucosal glands with chronic irritation are needed to help reduce
excessive mucus secretion. Standardized postoperative guidelines
should be established for medical staﬀ and owners.
Keywords anatomy, histology, trachea, surgery, complications

Vergleichende Aspekte der permanenten
Tracheotomie bei Katzen und Kindern – können
wir von der Kindermedizin lernen?
Zusammenfassung Die permanente Tracheostomie ist bei Katzen
mit einer hohen Komplikations- und Sterblichkeitsrate verbunden.
Ziel dieser Studie war es, chirurgische Methoden und postoperatives Management zwischen Katzen und Kindern zu vergleichen. Eine
Literaturrecherche wurde anhand von Online-Datenbanken und
anerkannten Buchkapiteln durchgeführt, 66 Publikationen konnten
für die Studie genutzt werden. Die Ergebnisse zeigten, dass sich der
Respirationstrakt von Katzen und Kindern in vielerlei Hinsicht sehr
ähnelt. Auﬀällig war, dass bei Katzen eine signiﬁkant größere Anzahl
an submukosalen Drüsen vorhanden ist, die deutlich weiter in die
Bronchiolen reichen und sich damit das Risiko einer auftretenden
Hypersekretion nach durchgeführter Tracheostomie erhöhen kann.
Darüber hinaus konnten im anatomischen Vergleich keine genauen
Abmessungen über die Trachea der Katze gefunden werden. In der
Pädiatrie existieren gut ausgearbeitete chirurgische und postoperative Protokolle, welche die Komplikations- und Sterblichkeitsraten
gering halten. In der Veterinärmedizin ist nur ein chirurgisches
Verfahren der permanenten Tracheostomie beschrieben und es
gibt keine standardisierten postoperativen Protokolle für Katzen.
Um chirurgische Protokolle und alternative Methoden entwickeln
zu können, sind weitere Studien über die genaue Anatomie sowie
die histologischen Veränderungen nach chronischer Reizung der
Trachea notwendig, damit das Auftreten einer Hypersekretion verringert wird. Für medizinisches Personal und Besitzer können dann
standardisierte postoperative Protokolle entwickelt werden.
Schlüsselwörter Anatomie, Histologie, Trachea, Chirurgie,
Komplikationen
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Introduction
Permanent tracheostomy has become a routine clinical intervention in
children (> 4000/y in the US) (Watters 2017, Muller et al. 2019, Esianor
et al. 2020), but is a rare procedure in small animals (Guenther-Yenke
and Rozanski 2007, Stepnik et al. 2009, Occhipinti and Hauptman
2014, Tobias and Johnston 2018, Grimes et al. 2019). Tracheostomy is
a surgical procedure during which an opening is created in the ventral
trachea in order to bypass an obstructed upper airway (Bluestone and
Rosenfeld 2002, Hardie 2014, Aronson 2016, Clarke 2017, Tobias and
Johnston 2018, Puri and Höllwarth 2019). Temporary tracheostomies
are typically performed to facilitate respiratory ventilation in emergency cases of life-threatening upper airway obstruction or during
surgeries where placement of an endotracheal tube is not possible.
Permanent tracheostomy is performed in patients with progressive or
permanent conditions, which cannot be treated successfully by other
methods. The procedure involves the surgical creation of a stoma distal
to the obstruction by either removing a segment of the tracheal wall and
suturing tracheal mucosa to the skin or, in case of total laryngectomy,
suturing the transected end of the trachea to the skin (Hedlund et al.
1982, Bluestone and Rosenfeld 2002, Clarke 2017, Tobias and Johnston
2018, Puri and Höllwarth 2019, Vincenti et al. 2021).
Tracheostomy and its management is considered a challenging
procedure in cats due to a high complication and mortality rate
(Guenther-Yenke and Rozanski 2007, Stepnik et al. 2009). In particular hypersecretions with formation of mucous plugs and stoma-related
complications including localized tracheal collapse and stoma stricture
can lead to death by asphyxiation (Guenther-Yenke and Rozanski
2007, Stepnik et al. 2009). Due to the high rate of complications
and mortality, data regarding long-term outcomes of tracheostomized cats are extremely scarce (Guenther-Yenke und Rozanski 2007,
Stepnik et al. 2009, Vincenti et al. 2021). There are no standardized
postoperative management protocols for cats and recommendations
vary greatly between practices (Stepnik et al. 2009). Already existing
guidelines for artiﬁcial airway management are mostly based on experiences with dogs. Since the complications and outcomes in cats are
diﬀerent from dogs (aspiration pneumonia, skinfold occlusion and
stoma stenosis), a comparison with dogs was not considered (Occhipinti and Hauptman 2014, Grimes et al. 2019). Other experimental
animals were not taken into consideration, despite they are often
used for animal model-based tracheostomies for medical training. For
these species, long-term outcomes, complications and management
are not adequately described as well as tracheal proportions are not
suitable to that of the cat. On the other hand, in pediatric medicine,
surgical techniques, postoperative care and caretaker instructions
are substantially better developed and standardized.
Therefore, a comparison between the surgical techniques,
postoperative care and management of permanent tracheostomies
in cats and children was performed. Tracheal anatomy, histology
and physiology were also compared. The aim of the present study
was to discover if the information deriving from pediatric medicine could be potentially translated to the feline patient receiving
a permanent tracheostomy.

Materials and methods
Literature research was performed online with PubMed, ScienceDirect, Researchgate, Sagepub and Google Scholar using the following
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key search terms: “tracheostomy”, “tracheotomy”, “trachea”, “tracheal histology/anatomy” and a term deﬁning the relevant participants “cats/feline”, “small animals”, “children/pediatric”.
The focus of the search was surgical methods, complications
associated with the procedure and management of tracheostomy.
All possible combinations were used and each articles reference
list was searched for additional relevant articles. No restrictions
regarding publication date were applied but articles published
between 2010 and 2022 were prioritized. Additional records were
identiﬁed from common textbook chapters about anatomy, histology and physiology of the pediatric and feline trachea and the
respiratory system.
A total of 298 articles were identiﬁed 66 of which met the inclusion criteria. Included literature was constituted by studies on tracheostomy, physiology/pathophysiology of the trachea and cytology/histology of the trachea in small animals, especially cats/felines. Given the
limited amount of data available for tracheostomy in cats, all accessible
articles were included. Due to a high number of studies from the ﬁeld
of human pediatric medicine, the latest research about tracheostomy
techniques, post-operative management and complications associated
with the procedure were selected. Retrospective, clinical and long-term
studies were prioritized and studies that refer to earlier publications
on anatomic, physiologic and surgical basics were included.

Results
Comparative anatomy of larynx and trachea in cats
and human children (. Tab. 1)
Cats
The larynx is composed of three unpaired bilateral cartilages (epiglottis, cricoid and thyroid) and one paired cartilage (arytenoids)
(Nickel et al. 2004, König et al. 2007, Hudson and Hamilton .

Tab. 1: Summary of anatomical diﬀerences of the larynx
and trachea between cats and children
Anatomical
ﬁndings
Shape of the epiglottis
Muscle for ventral
movement of the
epiglottis

Cats

Children

Spade-shaped

Leaf/omega-shape

Hyoepiglottic muscle Thyroepiglottic muscle

Pyramidal-shaped,
small, no corniculate and cuneiform
processes
Vocalizing
Vocal cord folds
Laryngeal ventricles absent
Number of tracheal
38–43
rings
Average length of
No data
the trachea
Arytenoid cartilage
specialty

Average diameter

7–10 mm

Prominent
Vocal cords
present
18–22
5.4 cm (0–2y), 6.4 cm
(2–4y), 8.8 cm (8–10y)
5.3 mm (0–2y), 7.4 mm
(2–4y), 10.5 mm (8–10y)
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2010). The epiglottis of the feline larynx is spade-shaped (Hudson and Hamilton 2010). The hyoepiglottic muscle is connected
to the ceratohyoid bone and is responsible for ventral movement
of the epiglottis during breathing (Weissengruber et al. 2002). The
arytenoid cartilages are small and the corniculate and cuneiform
processes are absent. The arytenoid cartilages are pyramidal in shape
and connected by an interarytenoid ligament (Hudson und Hamilton
2010). There are two pairs of tissue folds at the cranial end: the
vestibular and the vocal cord folds (Kirby 2014). An absence of
laryngeal ventricles has been described in the feline larynx (. Fig. 1)
(Ettinger and Feldman 2010, Hudson and Hamilton 2010).
The sides of the epiglottis are directly connected to the cricoid
lamina by laryngeal mucosa (MacPhail 2014). The feline trachea
measures 7–10 mm in diameter and the number of cartilage rings
ranges from 38 to 43 (Nickel et al. 2004, König et al. 2007, Hudson
and Hamilton 2010). In the current literature, the average length and
exact position of the trachea relative to the spine could not be found.

Human children

Photos: Moritz Zimmermann

The human epiglottis is generally leaf-shaped but 50% of children
have an omega-shape appearance (Minnich and Mathisen 2007, Prakash and Johnny 2015). The epiglottis is equipped with a hyoepiglottic ligament rather than the hyoepiglottic muscle described in
cats. As this ligament has no contractile function, the thyroepiglottic

a

muscle acts as a depressor of the human epiglottis instead (Amis
et al. 1998).
One crucial diﬀerence between the feline and human larynx
is that humans have a vocal ligament for phonation and pitch control. The cricothyroid and thyroarytenoid muscles diﬀer individually in mass cross-sectional area and ﬁber orientation to control
the arytenoid position, vocal fold tension and vocal fold length
(Döllinger et al. 2011). The child’s larynx, especially in children under two years of age, is located higher in the neck at the
level of the C2–C3 vertebra and lies more ventrally (Griscom und
Wohl 1986, Westhorpe 1987, Prakash und Johnny 2015). The arytenoids are prominent and the membranous portion of the vocal
fold is short (Prakash and Johnny 2015). The caudal margin of
the cricoid cartilage lies at the level of the C4 vertebra (Prakash
and Johnny 2015). The laryngeal structures lower with increasing
age (Griscom and Wohl 1986, Prakash and Johnny 2015). In children aged two to twelve, the larynx extends between the level of
the C3 and C5 vertebra. In children older than 12, the cricoid cartilage is found at the level of C7 vertebra (Westhorpe 1987). The
number of the C-shaped cartilaginous rings of the trachea ranges
between 18 and 22 (Breatnach et al. 1984, Minnich and Mathisen
2007, Furlow and Mathisen 2018). Children aged 0–2 years have an
average tracheal diameter of 5.3 mm and a mean tracheal length of
5.4 cm. In 2–4 years of age, the mean tracheal length is 6.4 cm, .

b

Fig. 1: Schematic representation of the feline larynx
a: Ventral view of the feline larynx (arytenoid cartilages not visible)
b: Ventral view of the feline larynx cut open to reveal the true vocal cords
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with a diameter of around 7.4 mm (Griscom and Wohl 1986, Prakash
and Johnny 2015). By the time children reach 8–10 years of age,
the trachea shows a mean diameter of 10.5 mm and a mean length
of 8.8 cm (Griscom and Wohl 1986, Prakash and Johnny 2015)
(. Tab. 1).

Histology of the respiratory tract wall (. Tab. 2)
The histologic composition is similar between species despite that
variations in the frequency may occur in each cell type/tissue and
location (Premanandan and Jennings 2017, Whitsett 2018). The
respiratory tract is lined with the same tissue found in the nose,
larynx, trachea and bronchi (Premanandan and Jennings 2017,
Whitsett 2018). The mucosa comprises a pseudostratiﬁed columnar epithelium containing ciliary epithelium, non-ciliary epithelium
and secretory cells, which cause an upward stream of mucus and
foreign bodies (Jeﬀery 1978, Wine and Joo 2004, Widdicombe and
Wine 2015, Premanandan and Jennings 2017). More distal parts
of the airways have smaller and fewer secretory cells than proximal parts. Submucosal glands with included mucous and serous
cells, non-ciliated club cells and epithelial goblet cells represent the
three most common secretory cell types of the respiratory epithelium (Whitsett 2018). Of these, the mucus-producing goblet cells
occur frequently and are ﬁlled with mucin, a viscous substance
with a high molecular weight. The submucosal glands occupy a
signiﬁcant proportion of the tracheal and bronchial wall and contain seromucous secretions (Jeﬀery 1978, Ballard and Inglis 2004,
Widdicombe and Wine 2015, Premanandan and Jennings 2017,
Whitsett 2018). Club cells (previously known as Clara cells) continuously release gel-forming mucin and have stem cell capability.
In response to irritation, club cells are able to convert into goblet
cells (Widdicombe and Wine 2015).
When faced with chronic irritation, as is the case after tracheostomy, the secretory glands of the respiratory epithelium can
undergo diﬀerent modiﬁcations (Nadel 2013). To protect the
airways from infection or foreign bodies, the submucosal glands
react with hypertrophy and hyperplasia, goblet cells mostly undergo
hyperplasia and club cells are able to convert into goblet cells (Jeffery 1978, Widdicombe and Wine 2015). All these modiﬁcations
result in increased secretion, particularly mucous secretion. Prolonged exposure of the epithelium to irritants can cause hypersecretion
(Nadel 2013).

The submucosal glands are innervated by parasympathetic
(cholinergic), sympathetic (adrenergic) and sensory-eﬀerent nerves. Mucous glands are stimulated by beta (β)-adrenergic receptor
agonists, while serous glands are stimulated by alpha(α)-adrenergic
receptor agonists (Gallagher et al. 1975, Rogers 2001). The adrenergic stimulation varies between species; alpha(α)-adrenergic
receptor agonists exert a strong eﬀect in cats but have little or no
eﬀect on human glands (Ballard and Inglis 2004). The number and
size of the glands also diﬀer between species. While the glands are
found in the tertiary bronchi and proximal bronchioles in cats, they
are limited to the upper respiratory tract, primary and secondary
bronchi in humans (Jeﬀery 1978, Premanandan and Jennings 2017,
Whitsett 2018). In the feline trachea, submucosal glands constitute between 61% and 94% of the total secretory cell volume with
40–80% of them belonging to the serous category (Gallagher et al.
1975, Arara 2011). The submucosal glands are particularly abundant
in the trachea and bronchi of cats than in any other species. The
goblet cells constitute between 7% and 15% of all epithelial cells
of the respiratory tract in cats and are frequently found deep in
the lung (Jeﬀery 1978). Club cells are the predominant secretory
cells of the respiratory bronchioles (Gallagher et al. 1975, Widdicombe and Wine 2015). In the human trachea, the cell volume of
the submucosal glands consists of 40% mucous and 60% serous cells
(Wine und Joo 2004).

Reid Index
The Reid index is deﬁned as the ratio of the mean thickness of
the submucosal mucous secreting glands/ thickness of the bronchial wall of the respiratory tract (Arara 2011). The Reid index
value in healthy cats is higher than in healthy humans and ranges
between 0.61 and 0.65. The feline bronchial glands are histologically more prominent than in other domestic animals and humans
(Arara 2011). The Reid Index in healthy adult humans should be
smaller than 0.4. In patients with chronic bronchitis, which causes
submucosal gland hypertrophy and hyperplasia, the Reid Index rises
to 0.5 or higher. The Reid Index is age-dependent, the physiological
ratios in healthy infants with 0.37 and 0.41 are higher than in adults
(Ballard and Inglis 2004)

Tracheostomy
Indications for a permanent tracheostomy

Tab. 2: Summary of histological diﬀerences between cats
and children
Histological ﬁndings
Range of the submucosal
glands into the respiratory tract
Cell volume of submucosal glands (mucous/
serous)
Alpha(α)-adrenergic
receptor stimulation
Healthy reid index
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Cats

Children

Tertiary bronchi and Primary and
proximal bronchioles secondary bronchi

The most common indications for permanent tracheostomy diﬀer
between species. The most common reasons for permanent tracheostomy in cats include laryngeal masses, inﬂammatory laryngeal
diseases, laryngeal paralysis and trauma (Stepnik et al. 2009, Tobias
and Johnston 2018). Indications for pediatric tracheostomy include
upper airway obstruction secondary to infectious disorders as well as
respiratory, cardiopulmonary or neurological impairment, resulting
in the need for prolonged ventilation support (Gergin et al. 2016).

40–80% serous cells

40% mucous,
60% serous cells

Surgical techniques for permanent tracheostomy

Strong eﬀect

Little/no eﬀect

Cats

0.61–0.65

0.37–0.41

The literature search revealed only one surgical method for permanent tracheostomy in cats, which is adapted from dogs .
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(Hedlund 1994, Hardie 2014, Aronson 2016, Tobias and Johnston
2018). Tracheostomy is performed under general anesthesia. The
cat is positioned in dorsal recumbency, the neck is extended and
surgically prepared. The incision is made caudal to the location of
the obstruction. The skin incision is made on the ventral midline
of the trachea, spanning from the cricoid cartilage to the 6th
tracheal ring (Hedlund 1994, Aronson 2016, Tobias and Johnston 2018). Due to a higher incidence of complications, incisions
caudal to the 12th tracheal ring are not recommended (Tobias
and Johnston 2018). Excessive kinking of the trachea in that
region may result in a higher mortality rate secondary to airway
obstruction (Tobias and Johnston 2018). Mattress sutures can
then be used to appose the previously separated sternohyoid
muscles at the dorsal midline of the trachea (. Fig. 2a). This
moves the trachea in a ventral direction and thus reduces tension
on the stoma (Tobias und Johnston 2018). The tracheal stoma is
created by removing a rectangular segment (1/3–1/2 of the circumference of the trachea in width) from the ventral aspect of
3 to 5 tracheal rings (. Fig. 2b) (Hedlund 1994, Bartoli et al.
2008, Aronson 2016, Tobias and Johnston 2018). A section of
the skin, similar to the size of the stoma is resected to form the
ﬁnal opening (. Fig. 2b). If excess folds of skin pose a risk of
obstruction, a larger section can be resected. In order to prevent
tracheal collapse, the tracheal stoma should be kept as small as
possible (Hedlund 1994). However, tissue contraction during
the healing phase can cause a signiﬁcant reduction of the stoma
and should be taken into consideration (Hedlund et al. 1982,
Hedlund 1994, Hardie 2014, Tobias and Johnston 2018). Unfortunately, no species-speciﬁc recommendations regarding stoma
size currently exist. An H-shaped incision of the tracheal mucosa
ensues. The resulting ﬂaps of mucosa are folded over the edges
of the tracheal cartilages and anastomosed to the skin (. Fig. 2c)
(Hedlund 1994, Aronson 2016).

a

b

Children
Traditional surgical procedure
Tracheostomies are typically performed under general anesthesia with the patient‘s head stabilized and neck extended using a
shoulder roll. It is important not to overextend the neck as this
can cause a pull of thoracic vessels into the neck (Clarke 2017).
To minimize bleeding, a local anesthetic and a vasoconstrictor are
used. The transverse skin incision is made halfway between the
cricoid cartilage and the suprasternal notch. The subcutaneous
fat is removed, and the strap muscles are separated along the
midline raphe. If the thyroid isthmus be positioned across the
trachea, it can be retracted cranially if possible or severed using
ligation or bipolar diathermy (Bluestone and Rosenfeld 2002,
Clarke 2017, Puri and Höllwarth 2019). A vertical incision across
two tracheal rings is then made in the midline of the tracheal wall
between the second and fourth tracheal ring. Since no cartilage
is removed in pediatric tracheostomy (Bluestone and Rosenfeld
2002) and the tracheal stoma can close quickly without a tracheostomy tube in place, silicone or silastic tracheostomy tubes
are necessary for both temporary and permanent tracheostomy
techniques. Tracheostomy tubes come in diﬀerent sizes and, in
children aged under one year, should be chosen according to the
following formula: (age in years/4) + 4mm = internal diameter of
the tube (Watters 2017). Given the strong foreign body inﬂammatory reactions seen in children, pediatric tracheostomy tubes
have a small diameter without an inner cannula (single lumen
cannulas), have no fenestration and are uncuﬀed. The particularly
thin walls of the tube leave room for a larger lumen with minimal
friction to the skin of the neck resulting in lower inﬂammatory
response (Bluestone and Rosenfeld 2002, Clarke 2017). After tube
placement, maturation sutures can be used to fasten the edges of
the tracheal wall to the skin. This facilitates the development of a

c

Fig. 2: Tracheostomy technique in small animals
a: Incision parallel to the trachea, the sternohyoid muscles are sutured to the lateral tracheal wall
b: Tracheal rings are identiﬁed; rings are removed to create a rectangular stoma; removal of the skin on either side of the trachea to create an opening
c: The edges are sutured together to form the ﬁnal stoma
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Starplasty technique
This technique was developed to reduce the incidence of major
complications such as accidental decannulation and pneumothorax.
Instead of a transverse incision, an X-shaped skin incision is made
between the sternal notch and the cricoid cartilage. The resulting
skin ﬂaps are circumferentially undermined, muscles and thyroid
isthmus are separated as described above. A cross-shaped incision
is used to gain access to the trachea. The triangular skin ﬂaps are
circumferentially aligned with the triangular tracheal ﬂaps to create
the ﬁnal stoma (. Fig. 3) (Koltai 1998, Solares et al. 2004, Schwarz
et al. 2017, Thurnher 2020).
Due to the attachment of the trachea to the skin, in the event of
accidental decannulation the tube can easily be replaced (Schwarz
et al. 2017). This method is therefore considered an advantageous
alternative for patients with a low probability of a permanent future
decannulation (Schwarz et al. 2017).

of antibiotic ointment to protect the skin from secretions surrounding the stoma (Aronson 2016, Tobias and Johnston 2018). In dogs,
it has been shown that the tracheal epithelium reaches a relatively
normal state after 16 weeks (Hedlund et al. 1982). While there is
no speciﬁc data regarding tracheal re-epithelialization in cats, a
similar time frame is to be expected. Before discharging feline .
Photo: Moritz Zimmermann

safe stoma and prevents accidental decannulation and formation
of granulation tissue (Craig et al. 2005, Watters 2017).

Björk ﬂap and other techniques

Fig. 3: Schematic representation of the starplasty technique
The triangular tracheal ﬂaps are sutured diagonally to the skin; the skin
ﬂaps are circumferentially sutured to the trachea to create the ﬁnal stoma
Photo: Moritz Zimmermann

Depending on the underlying indication, an array of other surgical
techniques can be utilized to optimize the outcome. One example
is the inverted U-shaped “Björk ﬂap”, typically used in adults for
long-term tracheostomies, in which a tracheal ﬂap is attached to the
skin to create a potentially larger stoma than in other techniques
(. Fig. 4) (Kennedy et al. 2021). This technique is less common in
the pediatric medicine and only used in older children with adequate
tracheal width (D’Souza et al. 2016, Watters 2017, Fliss 2021).
Another option, known as tracheal window resection involves the
excision of a square-shaped of the tracheal rings without tracheal
ﬂaps and is also used in veterinary medicine (Scurry and McGinn
2007, Cipriano et al. 2015, Janik et al. 2018). These techniques are
not usually used in pediatric medicine primarily due to the limited
space and the chances of injury of adjacent structures.

Postoperative care
Cats
In cats, intensive care and close observation in an intensive care unit
(ICU) is necessary in the postoperative period to prevent life-threatening complications (Guenther-Yenke und Rozanski 2007, Stepnik
et al. 2009, Tobias and Johnston 2018, Vincenti et al. 2021). Intensive care should be performed for at least two weeks in the ICU with
close observation of mucous secretions until the stoma is healed
and secretions decrease (Tobias and Johnston 2018, Vincenti et al.
2021). In these 14 days after surgery, the tracheal mucosa undergoes
squamous metaplasia with possible excessive mucus production
(Hedlund et al. 1982, Tobias and Johnston 2018, Vincenti et al.
2021). In this period, emergency equipment, oxygen supply and
material for cleaning and suctioning must be readily available at all
times (Aronson 2016, Tobias and Johnston 2018). The stoma must
be cleaned, humidiﬁed and suctioned at least every four to six hours.
Humidiﬁcation is important to decrease mucus production and
should be performed equally regularly (Aronson 2016, Tobias and
Johnston 2018). Some authors also recommend applying a thin layer
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Fig. 4: Schematic representation of the Björk ﬂap
Inverted U-shaped tracheal ﬂap sutured to the lower edge of the skin
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tracheostomy patients, owners must receive adequate instructions
on cleaning the stoma and suctioning the trachea using a catheter
and syringe (Vincenti et al. 2021). Secretions slowly decrease over
time but can still cause obstruction in the following weeks. To prevent obstruction, close observation, suctioning, humidiﬁcation and
cleaning of the stoma site should be continued in homecare over
4–8 weeks until secretions decrease dramatically (Hardie 2014,
Tobias and Johnston 2018).

Additional tracheostomy tube care
Tracheostomy tubes are used for temporary tracheostomy in small
animals (Mann and Flanders 2012, Aronson 2016, Tobias and Johnston 2018). There are several types of tubes, with single or double
cannulas, cuﬀed and uncuﬀed. The double cannula has an inner
cannula that can be removed, leaving the outer cannula in the trachea.
For cleaning, the inner cannula can easily be removed and cleaned
separately. The single cannula is more diﬃcult to clean; the entire
tracheostomy tube must be replaced if it cannot be cleaned eﬀectively
(Mann and Flanders 2012, Aronson 2016, Tobias and Johnston 2018).
The tube has to be inspected at least every two to four hours
(Mann and Flanders 2012, Tobias and Johnston 2018). Patients
producing excessive secretions may require care every 30 minutes
or more often (Sierra and King 2012). The tube should be inspected
for debris and accumulated secretions that can be removed with
sterile pipe cleaners or a moistened sterile cotton swab. Additionally,
auscultation should be done as frequently as necessary to detect
diminished air movement, wheezing or whistling sounds (Sierra and
King 2012). If secretion accumulation appears distal of the tube,
suctioning is necessary before tube obstruction occurs. To ensure
oxygen saturation, patients should be preoxygenated for ﬁve to
ten minutes before suctioning (Sierra and King 2012, Tobias and
Johnston 2018). The suction should be applied no longer than ﬁve
seconds with a suction catheter and only a few centimeters past
the end of the tube to prevent damage of the trachea (Sierra and
King 2012). Direct instillation of sterile saline into to the tube is
discussed to be less helpful as it can cause increased infections and
further insult to the airway (Sierra and King 2012). Nebulization is
recommended as a more eﬀective way of humidiﬁcation and moistening secretions (Sierra and King 2012).

Children
After the surgery, the patient is monitored in an ICU for a minimum of
ﬁve to seven days (Puri und Höllwarth 2019). Emergency equipment,
including diﬀerent sizes of tracheostomy tubes should be readily available. Regular cleaning of the tube and stoma is essential to prevent
infection and obstruction. Suctioning of the tube is important to clear
airway secretions. To avoid damage of the trachea, suctioning of the
tube is only performed when necessary to remove excessive secretions and prevent obstruction (Nawrocki et al. 2021). Instillation of
sterile saline before suctioning is no longer recommended due to a
possible adverse eﬀect on oxygen saturation (Nawrocki et al. 2021).
In the immediate postoperative period, it is recommended to use an
active heated humidity system. Active humidiﬁcation devices use a
heated humidiﬁer with or without ventilator support (Volsko et al.
2021). Passive humidiﬁcation should be continued using a heat and
moisture exchanger (HME) that sits permanently on top of the tube
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(Birk et al. 2017, Puri and Höllwarth 2019). A HME should not be
used when secretions are thick (risk of airway obstruction), a large
leak around the tube is present or the patient cannot tolerate the
additional dead space (Volsko et al. 2021). Recommendations about
active warming and humidiﬁcation of air exist for the care of a tracheostomized child with an inspired air temperature of 32–34 °C and
humidity of 36–40 mg H₂O/L. In a study, a reduction in lower respiratory tract infection, tube obstruction and emergency tube change was
achieved with long-term use (ten weeks) of active humidiﬁcation at
night and a HME during the day (McNamara et al. 2014). Inadequate
humidiﬁcation (< 25mg H₂O/L for 1 h or < 30mg H₂O/L for 24 h) has
been reported to cause mucosal malfunction (Volsko et al. 2021). To
keep the airway hydrated and humidiﬁed, an adequate water intake
and infusions are necessary considering the greater ﬂuid loss due to
the tracheostomy (Avelino et al. 2017).
Daily cleaning of the tracheostomy site and frequent changing
of moisture-wicking material that is placed under the tracheostomy
tube if necessary is recommended for at least one week (Avelino
et al. 2017, Volsko et al. 2021). A routine use of ointments is not
recommended except in the presence of inﬂammation of the peristomal skin (Avelino et al. 2017). The ﬁrst tracheostomy tube change
is performed by healthcare staﬀ between three to ten days and stay
sutures are removed when the tracheostomy tract is fully healed
(Bluestone and Rosenfeld 2002, Puri and Höllwarth 2019, Volsko
et al. 2021). Tracheostomy tubes should be changed regularly at a
minimum of every one to two weeks and as needed secondary to
obstruction (Volsko et al. 2021). To standardize tracheostomy care,
many facilities use a daily care bundle. The bundle contains components to assess tracheostomy cuﬀ pressures (if inﬂated), provide
humidiﬁcation, ensure patency of the tube, conduct equipment
safety checks, change of tracheostomy dressings and document the
respiratory care plan (Volsko et al. 2021). Parents or caregivers must
receive a detailed training program on tracheostomy management
before the patient is discharged (Puri and Höllwarth 2019).

Complications
Cats
The complication and mortality rates in cats with permanent tracheostomy are high. Two retrospective studies found that the mean
survival time of cats with permanent tracheostomies ranges from
20.5 to 42 days with 46% of cats dying shortly after the procedure
due to post-operative complications (Guenther-Yenke and Rozanski
2007, Stepnik et al. 2009). In one report of a cat undergoing a permanent tracheostomy following a total laryngectomy, the cat was
still alive 13 months after surgery (Vincenti et al. 2021). The most
common complications include mucous plug formation with subsequent stoma or airway obstruction and dyspnea (14 out of 21 cats
[Stepnik et al. 2009]) or death by asphyxiation (11 out of 21 cats
(Stepnik et al. 2009) and two out of ﬁve cats (Guenther-Yenke and
Rozanski 2007). Local tracheal collapse, stoma stricture, pulmonary
edema and pneumonia, surgery site swelling, vomiting and anorexia/
dysphagia have also been described (Guenther-Yenke and Rozanski
2007, Stepnik et al. 2009, Vincenti et al. 2021). Cats with a history of airway inﬂammation tend to show a signiﬁcantly increased
mucus production and epithelial irritation, according to one .
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study (Stepnik et al. 2009). The mortality rate in these cats was
6.61 times as likely as in cats without any history of inﬂammatory
laryngeal disease (Stepnik et al. 2009).

Children
The mortality rate in tracheostomized children and infants (under
two years of age) is reported at 8% and 23.5% respectively (Watters 2017, Esianor et al. 2020). However, major complications
of the procedure are rare and the majority of deaths is linked to
the initial cause of hospitalization (Watters 2017, Esianor et al.
2020). According to recent studies, better knowledge of the anatomy of the infant’s neck as well as better surgical routines have
rendered perioperative complications such as accidental damage
to the surrounding structures (esophagus, recurrent laryngeal
nerve, brachiocephalic vein), major bleeding and pneumothorax/
pneumomediastinum a rarity (Puri und Höllwarth 2019). Due to
improved surgical techniques, intensive care and the creation of new
medications, complication and mortality rates associated with the
tracheostomy in the last three decades have decreased signiﬁcantly
(Dal’Astra et al. 2017, Lubianca Neto et al. 2020). In the immediate
postoperative period, late hemorrhage of the trachea or surrounding
structures, tracheal obstruction by secretions, tube dislodgement,
accidental decannulation and surgical emphysema are the most
common life threatening complications (Thompson et al. 2012).
Obstruction of the trachea and accidental decannulation are among
the most common late postoperative and homecare complications.
As a long-term complication, persistent granulation tissue induced
by chronic irritation and repeated suctioning has been reported.
Granulation tissue growing into the tip of the cannula can induce
airway obstruction and bleeding. Local infection is uncommon and
antimicrobial treatment is successful in most cases. After decannulation, tracheal ﬁstulas occur in 20–40% of cases and require
revision surgery. Overall tracheostomy-related complications are
experienced by 15%–20% of patients in recent studies (Berry et al.
2009, Watters et al. 2016, Watters 2017).

Discussion
On an anatomical level, the feline larynx and trachea are very similar to those of children. The adult feline trachea has a diameter of
7–10 mm (Hardie 2014) which is comparable to the tracheal diameter seen in children aged 2–10 years (7.4 mm–10.5 mm) (Griscom
und Wohl 1986). Pediatric tracheostomy protocols thus appear to
provide a good basis for the development of recommendations for
performing the procedure in cats. However, exact data regarding the
length and in situ positioning of the feline trachea are still lacking.
In addition, data about the healing and adaptation process of the
tracheal epithelium in cats were not reported and further anatomical
and clinical studies are needed.
Only one surgical technique in cats has been investigated so far.
It is plausible that adaptation of the surgical technique to the feline
tracheal anatomy may reduce the rate of complications and improve
the poor prognosis. For example, the creation of custom-made longterm tracheal tubes may also be beneﬁcial to help the initial healing
phase in cats and preventing tracheostomy stenosis or collapse.
A variety of surgical techniques for permanent tracheostomy in
children has been developed to ensure the best results and comfort
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for the patient. A series of long-term studies and high case numbers
have shown the concomitant improvements regarding outcome and
prognosis (Puri and Höllwarth 2019, Esianor et al. 2020, Lubianca
Neto et al. 2020).
Accidental premature decannulation poses a risk in both felines
and children. Tracheal tubes that are frequently used and well accepted by children have the potential to show promising results in cats
as well. Due to high secretions in cats, a tube tracheostomy should
be done with double cannula tubes, that the inner cannula can be
easily changed as they could get obstructed.
Histologically, cats have a signiﬁcantly higher number of respiratory glands than humans, which extend much further into the
bronchioles. This is associated with higher mucus production as
a response to chronic irritation, which, in turn, increases the risk
of airway obstruction. Given the increased risk of hypersecretion
following chronic tracheal irritation, humidiﬁcation of the inhaled
air is of particular importance in the feline patient. The current
standard in veterinary medicine is the use of nebulization to moisten
the tracheal epithelium a few times a day. In children, permanent
humidiﬁcation of the tracheostomy tube is performed using active
humidiﬁcation and a HME attached to the top of the tube (Birk
et al. 2017, Puri and Höllwarth 2019). This may present a promising
alternative in the feline patient.
Notably, the feline adrenergic receptors of the secretory glands
are stimulated diﬀerently than those of humans. Further research
regarding the histologic response to chronic tracheal irritation and
the medicinal reduction of excessive secretions of the mucosal
glands in the cat can additionally help to reduce the risk of complications and death following permanent tracheostomy.
In one case report, a long-term intensive care immediately
after the procedure and after hospital discharge had a positive
outcome in a cat undergoing permanent tracheostomy after total
laryngectomy (Vincenti et al. 2021). Unfortunately, to date, no
standardized discharge instructions for owners of feline patients
have been described. A better understanding of the feline tracheal
dimensions could allow to consider alternative surgical techniques
for feline permanent tracheostomy.
Over the past two decades, standardized surgical and postoperative protocols for permanent tracheostomy in children have improved (Dal’Astra et al. 2017, Lubianca Neto et al. 2020). Before pediatric patients are discharged from the hospital, parents or caretakers
must undergo intensive training in postoperative tracheostomy
management. This is associated with signiﬁcantly fewer complications and a better long-term prognosis (Dal’Astra et al. 2017, Puri
und Höllwarth 2019, Lubianca Neto et al. 2020).
The development of standardized postoperative guidelines and
detailed training protocols for medical personnel and owners could
pave the way to fewer complications and a longer life expectancy
in feline tracheostomy patients.

Conclusions
Pediatric tracheostomy management appear to provide a promising
basis for the development of protocols in the cat. Interestingly,
data regarding precise anatomical dimensions of the feline trachea
turned out to be extremely scarce. Furthermore, exact reports of
the response to chronic irritation were not found. To reduce .
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the high rate of complications and mortality in feline permanent
tracheostomy patients, further anatomical and clinical studies are
necessary. A modiﬁed surgical technique such as the Björk ﬂap could
be an option to extend the tracheal stoma and therefore reduce the
onset of life-threatening complications. Postoperative guidelines for
medical staﬀ and owners may then be adapted to the feline patient
to achieve a signiﬁcantly better outcome.

Berry JG, Graham DA, Graham RJ, Zhou J, Putney HL, O‘Brien JE, Roberson
DW, Goldmann DA (2009): Predictors of clinical outcomes and hospital
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