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Course schedule 

 
Saturday, April 10, 2010  
 
0900 Welcome Local organisators 
0915 Surgical sutures  and knots (theory) Koch 
1030 Break  
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!
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Koch 
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1600 Cases (Thorax cases, gastrointenstinal problems) Koch 
1700 End of day 2  
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1 Surgical sutures and knots 
 

1.1 Introduction 
 

1.1.1 Normal wound healing 
 
Wound healing follows the classical steps of: coagulation phase, inflammation phase, 
proliferation phase, maturations phase (Fig. 1). The phases have different lengths 
depending on the type of tissue. They are very short in the skin, in muscle tissue 
about 2 months, and in neuronal tissue, it may never come to an end. 
 

 
Fig 1: Phases of wound healing 
 
The coagulation phase starts immediately after trauma. Initially, there is a 
vasoconstriction, then a vasodilatation. A blood clot is built. Together with platelets 
and clotting factors, a first occlusion of the injured vessels is established. The 
invasion of neutrophils, macrophages and pluripotent cells for connective tissue 
formation represents the start of the reorganization. An initial scar is built as 
protection.  
 
During the inflammation phase, white blood cells, cytokines and growth factors are 
responsible for the breakdown of microorganisms, dead cells and contaminants. The 
first fibroblasts appear. The inflammations phase lasts several days. 
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Fig. 2: Inflammation phase. The foreign material is removed. The 
reparation is initiated. 

 
The proliferation phase is characterized by angiogenesis, formation of connective 
tissue and epithelisation of the wound. The typical fleshy looking granulation tissue is 
formed. Its appearance shows, that all foreign material is removed and healing is 
under way. Myofibroblast contract the wound and further appose the wound margins. 
The proliferation phase lasts some days to weeks.  
 

 
Fig. 3: Proliferation phase. The original tissue starts to be 
reestablished. 

 
 
At the end, the maturation process nearly gives the original shape and tensile 
strength back to the tissue. It lasts months to years.  
 
 
 

1.1.2 Tissue specific wound healing 
 
Healing of wounds and the ability of regeneration is different amongst the tissues. 
For example, the oral mucosa hardly leaves scars. Skin, subcutaneous tissue and 
mucosa may heal within days, bones may take 7-12 weeks, and tendons even 
months. A linea alba takes 3-6 months to reach 80% of its original stability. The liver 
may support loss of 75 % of its tissue and only takes some months to regenerate 
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completely. The different qualities in healing properties can be shown on a time axis 
which corresponds to  a – subjectively choosen – level of importance of the 
corresponding tissue.  
 

 
Figure 4: Healing time of different tissues 
 
A first consequence from the knowledge about healing time is the questions about 
the endurance of the suture material in terms of knot security and absorption time. 
Significant tissue with long lasting healing time requires non-absorbable suture 
material whereas fast healing tissues should only support the suture material as long 
as they need it. Therefore, absorbable suture material is chosen.  
 
 

1.1.3 Factors affecting wound healing 
 
Oxygen and temperatures around 30° have a positive effect on wound healing. It is 
advantageous to treat critical wounds daily with hyperbaric oxygen. Bandages not 
only have a stabilizing effect onto first granulation tissue, but also increase the 
temperature.  
 
Some diseases strongly impair wound healing, such as liver problems 
(hypoproteinemia), anemia, uremia, diabetes, and infections. Negative exogenic 
factors may be most disinfectants, cytostatics, corticosteroids, some non steroidal 
inflammatory drugs and vitamine E. 
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1.2 Selection of the suture material 
 
The following four questions are asked before selecting the correct suture material: 
(1) absorption time, (2) surface properties, (3) diameter of the strand, (4) type of 
needle. 
 
 

1.2.1 Absorption time 
 
The healing capacity of the injured tissue determines, how long a suture strand has 
to be functional. Ideally, this is a little bit longer than the time required for healing. 
Therefore, it makes no sense to use non absorbable sutures in a fast healing tissue 
as in the subcutaneous tissue. On the other hand, it might be dangerous to use 
catgut for suturing the linea alba, because it is digested within weeks. There is one 
exception to this rule for the skin, where non absorbable material is chosen. Its 
property to produce hardly any tissue reaction is advantageous for cosmetic reasons, 
and the stitches are removed after 7 to 14 days. 
 
As a definition, a non absorbable suture material is not absorbed before 1 year and 
holds tensile strength for longer than 60 days. Some examples are the natural 
products silk, steel and the synthetic polypropylene, polyester and nylon derivates.  
Absorbable suture materials loose their tensile strength within a couple of weeks. 
The most important natural material is catgut (tensile strength of  chromic catgut after 
4 weeks only 10-30 %) and the synthetic materials as polyglactin 910 (0-20 %), 
polyglyconate (20-30 %) or polydioxanone (50-70%). Additional information about 
suture materials is listed in table 1. 
 
 
Table 1: Properties of different non absorbable suture material used in veterinary surgery 
 
 Material Knot 

security 
Strength 
after 4 
weeks 

Resistance 
to infection 

Indications Remarks 

Natural Silk 

Braided 
+++ ++ ‒ Ligatures Strong tissue 

reaction, 
good 
handling 

 Steel 

Monofil 
+++++ +++++ +++ Orthopedics Biologically 

inert 

Synthetic Polypropylene 
(Prolene®) 
monofil 

++ +++ +++ Ligaments Not 
thrombogenic 
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 Material Knot 
security 

Strength 
after 4 
weeks 

Resistance 
to infection 

Indications Remarks 

 Polyester 
(Ethibond®) 
braided 

+ ++++ ‒ Ligaments Heavy tissue 
reaction 

 Polymerised 
caprolacatam 
(Supramid®) 
pseudomonofil 

++ ++ ++ Skin  

 
 
 
Table 2: Properties of different absorbable suture material used in veterinary surgery 
 
 Material Knot 

security 
Wound 
support 

Resistance 
to infection 

Indications Remarks 

Natural Chromic 
catgut 

+++ 1-3 weeks, 
variable 

‒ Urogenital 
organs, 
ligatures 

Phagocytosis, 
capillarity 

Synthetic Polyglactin 
910 (Vicryl®) 
braided 

++ 3 weeks ++ Subcutis Good 
relations size 
‒ strength, 
good 
handling 

 Glycolic acid 
(Dexon®) 
braided 

+++ 3 weeks + Subcutis. 
Ligatures 

 

 Polydioxanone 
(PDS II®) 
monofil 

+ 6‒8 weeks +++ Joint, fascia, 
intestins 

Low 
capillarity 

 Polyglyconate 
(Monosyn®) 
(Maxon®) 
monofil 

++ 6 weeks +++ Intestins, 
urogenital 
tract, 
subcutis 
 

Wide 
spectrum of 
indications 

 

1.2.2 Surface quality 
 
The ideal suture material has excellent knot characteristics, is not allergic, has no 
capillary effect, induces a minimal tissue reaction, is easy to use, has good tensile 
strength and is cheap. This material does not exist.  
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Suture material has either a smooth surface (monofil) or is rough (braided or 
polyphil). Braided suture material has the advantage of a good knot security. It is 
chosen, where the success of the surgery relies on stable knots, as in extrcapsular 
cruciate ligament repair (e.g. polyester) or when ligating vessels (e.g. silk). Monofil 
suture material has nearly no capillary effect. This is extremely important, when 
closing a hollow organ such as stomach or intestines, where bacteria should never 
drag along the suture into the peritoneum. An additional benefit of monofil sutures is 
the minimal tissue reaction. It is therefore used in infected or inflamed areas. 
 
Again, the skin is special. Bacause a minimal tissue response, no dragging effect and 
good knot security are wanted at the same time, a pseudomonofil material was 
developed. It consists of a coating around a braided core (e.g. Supramid®). 
 

 
Fig. 5: Cross section of monofil (A), braided (B), and pseudomonofil (C) suture material 
 
 
 

1.2.3 Diameter of the strand 
 
The diameter of most suture materials is between 5-0 USP to 2 USP. The smaller the 
strand, the better the knot security. Skin is sutured with 4-0 USP, intestines with 4-0 
or 3-0 USP. Heavy material is chosen for the linea alba (0 to 2 USP) and some repair 
techniques for cruciate ligaments (6 USP). See table 2 for a comparison of different 
scaling for suture material. 
 
Table 3: Labelling of suture material in USP (United States Pharmacopoe) and EP (European Pharmacopoe) 
 
USP EP metric Real diameter in mm 

6-0 0.7 0.070 ‒ 0.999 

5-0 1 0.100 ‒ 0.149 

4-0 1.5 0.150 ‒ 0.199 
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3-0 2 0.200 ‒ 0.249 

2-0 3 0.300 ‒ 0.349 

0 3.5 0.350 ‒ 0.399 

1 4 0.400 ‒ 0.499 

2 5 0.500 ‒ 0.599 

3 + 4 6 0.600 ‒ 0.699 

5 7 0.700 ‒ 0.799 

6 8 0.800 ‒ 0.899 

 
 

1.2.4 Needle type 
 
At the end, the needle type is chosen. Cutting needles have a triangular cross 
section and penetrate easily through sturdy tissue such as skin, subcutis or linea 
alba. Round needles are preferred for suturing the intestines and the bladder, as the 
trauma caused by the needle is smaller than with cutting needles.  
 
Furthermore, needles are determined by their length and radius. A half circular 
needle will be the choice in most indications. The length depends on the space 
available in the wound. Most needles have a span of 15 to 30 mm. All necessary 
information can be drawn from the suture packet. 
 
 

1.2.5 Common suture recommendations  
 
In the following table (Table 4), the most common regions are listed together with a 
preferred choice for the suture material. It is a subjective summary from a private 
surgical clinic (Koch&Bass, Diessenhofen, Switzerland). 
 
Table 4: Common recommendation in suture selection 
 
Indications, 
regions 

Material Properties Brand 
name 
(examples) 

Needle 
type 

Suture 
diameter 
USP 
(small 
dog until 
15 kg BW 
and cats) 

Suture 
diameter 
USP 
(large 
dogs 

Skin Nylon pseudomonofil Supramid® cutting 4-0 4-0 

 Polypropylene monofil Prolene® cutting 4-0 4-0 
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Indications, 
regions 

Material Properties Brand 
name 
(examples) 

Needle 
type 

Suture 
diameter 
USP 
(small 
dog until 
15 kg BW 
and cats) 

Suture 
diameter 
USP 
(large 
dogs 

 Metal ‒ Staples® ‒ ‒ ‒ 

Subcutis Polyglyconate monofil Monosyn® cutting 4-0 3-0 

 Polyglactin 
910 

polyfil  Vicryl® cutting 4-0 3-0 

 Polydioxanone monofil PDS II® cutting 4-0 3-0 

Linea alba Polydioxanone monofil PDS II® cutting 2-0 0 

Intestins Polydioxanone monofil PDS II® round 4-0 3-0 

 Polyglyconate monofil Monosyn® round 4-0 3-0 

Tendons Polypropylene monofil Prolene® cutting 3-0 2-0 

Oral cavity Polyglactin 
910 

polyfil  Vicryl 
rapid® 

cutting 4-0 3-0 

Ligament 
prosthesis 

Polyester polyfil Ethibond® cutting 1 6 

 Polypropylene monofil Prolene® cutting 2-0 0 

Bladder Polyglyconate monofil Monosyn® round 4-0 3-0 

 Catgut polyfil Catgut® round 3-0 3-0 

Ligatures Catgut polyfil Catgut® round 3-0 3-0 

 Silk polyfil Silkam® ‒ 2-0 2-0 

Urethrostomy Polypropylene monofil Prolene® cutting 4-0 3-0 

 
 

1.3 General knot tying 

1.3.1 Basic knot types 
 
Under nearly all circumstances, a surgeon’s knot will be the base of all knot types. It  
is composed of a double sling and  a single sling. On top of this surgeon’s knot, 
several simple knots are laid down. Square knots and gliding or half-hitch knots are 
made from two single slings, only tying is different (in gliding knot two times to the 
same side). Granny knots are also made from two single slings, however the 
crossing of the strands ends up in less stable knot qualities. They should not be used 
in surgery. 
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Fig. 6: Basic knot types. A = simple knot, B : square knot, C = gliding knot, D = granny knot, E = surgeon’s knot 
 
 

1.3.2 Tying knots 
 
As a general rule for single interrupted knots and braided suture material, a 
surgeon’s knot is followed by three single loops.  Using monofil suture material, an 
additional sling is laid, whereas continuing suture pattern demand two additional 
slings. This means for example, that a suture of the linea alba with polydioxanone is 
made with a surgeon’s knot and six additional slings at the beginning and at the end.  
 
The knot security is inversely proportional to the diameter of the strand. While laying 
down the sling, the ends must be hold with an equal length and with the same angle. 
Otherwise, the knot will be less safe or bulky. The ends of the strands are cut short in 
order to minimize foreign body reactions, synthetic sutures to about 2 mm, catgut to 
about 4 mm (catgut may be soaked with fluid and untie). Suture material with 
remains in the body, should not be touched with the needle holder or a forceps.  
 
 

1.3.3 Handling of the instruments 
 
Good handling of instruments is important to minimize iatrogenic injury to tissues. 
With practice, time can be saved when respecting the following rules. 
 
1.  Positioning of the needle: Generally grasped perpendicular to the long axis of the 

needle holder and near the tip of the needle for greatest driving force (dense 
tissue), near the midpoint of the needle for general purpose suturing and near the 
eye of the needle when suturing delicate tissues. 

2.  Properly grasping the needle holder: Use of the modified thenar eminence grip 
for speedy suturing and the thumb-third finger grip for precise  suturing. 

3.  Positioning of the free end of the suture: Generally placed on the far side of the 
field or carried by an assistant. 

4.  Placing the needle point: Forehand sewing is easiest (toward the surgeon or from 
right to left). The distance between the needle puncture site and the wound edge 
should approximate the thickness of the tissue layer being sutured. 
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5.  Driving the needle: A single rotating motion of the hand with an arc similar to that 
of the needle is most efficient. 

6.  Releasing the needle: Use of tissue forceps to stabilize the tissue layer being 
sutured during release of the needle holder decreases the chance of needle 
dislodgement. 

7. Regrasping the needle: Perpendicular regrasping is most efficient. 
8.  Extracting the needle: Extraction with the hand supinated often allows the next 

suture of a continuous pattern to be placed without having to reposition the 
needle. Extraction with the hand pronated facilitates more precise extraction. 

9.  Pulling the desired length of suture trough the wound: One uninterrupted motion 
with the needle holder away from the wound is preferable to hand-over-hand 
pulling of the suture by an assistant. 

10.  Tying the knot or repositioning the needle for the next suture. 
 
Smooth execution of these ten steps is greatly facilitated by efficient use of tissue 
forceps with the non dominant hand. Tissue forceps initially grasp the tissue layer 
above the one being sutured and retract it upward and outward to provide exposure 
for needle placement. As the needle is driven, the tissue forceps are moved to the 
layer being sutured, which is elevated to expose the needle exit point. The forceps 
are then moved to the near side or left side of the wound to expose the needle 
entrance site. As the needle penetrates the second site, the tissue forceps are 
moved to retract the layer above. Visibility of the needle is maximized throughout, 
thus aiding accurate suture placement. Although time can be saved by penetrating 
both sides of the wound with one motion of the needle, more accurate approximation 
of wound margins is often obtained by taking separate bites on each site. 
 

1.3.4 Suture patterns 
 
Suture patterns are categorized into continuous or interrupted, and into their 
tendency to appose tissue in appositional, inverting and tension mode. Several 
special sutures are known. 
 
Table 5: Suture patterns in comparison 
 

 Propert ies Indications 
Interrupted suture pattern, 
e.g. 

  

a. single interrupted suture Precise, time consuming, needs 
a lot of suture material  

Skin, subcutis, ligatures  

b. gliding knot Produces tension Reconstructions for tendons 
and ligaments 

c. Gambee/Donati suture Sparing mucous membranes Intestins 
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 Propert ies Indications 
Continuous suture 
pattern, e.g. 

  

a. single appositional suture 
 

Fast and tight closure, good 
distribution of tension, high risk 
with break of suture 
 

Intestins, subcutis, linea alba, 
bladder 
 

b. everting suture  Tight closure, creates tensions 
 

First layer on the stomach 

c. inverting suture  Tight closure, creates tensions 
 

Second layer on the stomach, 
bladder 

Special sutures, e.g.   

a. Cruciate or mattress Good distribution of tension 
Tight closure, better than single 
interrupted 
 

Muscles, fascia 

b. Locking loop, three loop 
pulley pattern, Bunnell-suture 

Prevents loosening in tendons 
or ligaments 
 

Tendons, ligaments 

 
 
 

1.4 Knots und suture pattern on selected tissues 
 

 

Skin 
 
Skin is preferably closed with 
single interrupted sutures. The 
strands must leave enough space 
to the skin to allow swelling. The 
result is a cosmetic scar and less 
itching. When using pseudomonofil 
suture material, a square knot is 
sufficient. The skin penetration 
distance from the incision has 
about the skin thickness.  

Fig. 7: Skin suture (a) cross section, see free space between  
skin and suture strand, (b) view from the top 

Subcutis 
 
The goal of suturing the skin is to 
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appose the skin margins. The 
suture strand is guided in a way, 
that the in and outlet of the needle 
are exactly under the skin. In cats 
and small dogs, laying the knot in 
the depth is preferred. Single 
interrupted sutures are more 
precise and preserve blood supply 
better than a continuous pattern. 
Large wounds should be closed 
with walking sutures or three point 
sutures (include deeper layer also). 
 

Fig. 8: Suture for the subcutaneous tissue with knot in the 
depth. 

Fascia 
 
The muscle fascia must resist to 
remarkable muscle forces. 
Therefore, a continuous pattern is 
chosen. It may be enhanced with a 
mattress mode. 

 
 Fig. 9: Simple continuous suture pattern 

Joint capsule 
 
Joint capsules are normally closed 
with an appositional suture in 
cruciate or continuous mode. The 
cruciate pattern combines a good 
distribution of tensile forces and 
acceptable water tight closure with 
a low risk for dehiscence.  

 Fig. 10: Cruciate pattern 
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Small and large bowel 
 
Small bowel incisions are closed 
with either single or continuous 
sutures in appositional mode. It is 
mandatory, that the tight 
submucosal layer is involved into 
the loop, as is provides the only 
structure for good purchase.  With 
the Gambee technique, the 
mucosa is pressed into the lumen. 

 
 
 
 

Fig. 11: Gambee technique on the bowel (single or continuous) 

Bladder 
 
The bladder is closed in one 
(appositional) or two layers (first 
appositional, second inverting) 
depending on the amount of 
remaining tissue.  An appositional 
two layer pattern is preferred. 

 
 
 
 

Fig. 12: Inverting pattern, (a) side view, (b) front view 

Stomach 
 
As the stomach changes its shape 
dramatically, is large and has a low 
pH, a two layer method – first 
everting, second inverting – is the 
method of choice 

 
 Fig 13: Everting suture as the first layer to close a stomach 
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Tendons and ligaments 
 
The longitudinal direction of the 
fibers in tendons and ligaments 
make special sutures necessary: 
Locking loop, three loop pulley 
pattern or Bunnell suture. 
  
 Fig. 14: Locking loop technique 
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2 Skin surgery 
 

2.1 Introduction 
 
Reconstructive surgery on the skin is necessary after trauma due to vehicles, thermal 
injury or after vast excision of tumors. The latter is especially demanding, as many 
oncology surgeries ask for large margins free of tumor cells. The main surgical 
problems associated with the above mentioned problems are the lack of healthy 
tissue and  excessive tension during wound closure, which may result in vascular 
compromise, wound dehiscence and skin necrosis. 
 
It may be wise to consult a surgical textbook before large amounts of skin are 
removed. Many oncologic procedures demand a good planning. It is even possible, 
to stretch the skin 1-2 days before surgery with stay sutures. The gain of tissue will 
help during closure. Standard skin reconstruction methods are the tension relieving 
incisions, the local subdermal flaps, the local axial pattern flaps, the distant pedicle 
flaps and the skin grafts. If ever possible, the easiest method to close a skin defect is 
chosen.  
 
As a definition, flaps a nourished by their original blood supply. Special interest is 
therefore given to the local vascular anatomy and  a gentle handling of the pedicle. 
Grafts are dermal tissues, which are freed from their blood supply and any 
subcutaneous tissue. They rely on the recipient bed, from which they receive a new 
vascular ingrowth and nourishing. 
 
 

2.2 Tension relieving techniques 
 
Tension relieving procedures are performed to reduce tension in wounds, which do 
not require any other reconstructive procedures. Good examples are a midline 
palatinal defect (only mucosa) or an surgical procedure on the tarsal or carpal region. 
As the primary wound may be difficult to close, parallel incisions are made along the 
dental arcade or a couple of centimetres from the access to the surgical site. The 
primary wound is then closed without tension, whereas the relieving incision may 
heal by secondary intention.  
 
A Z–plasty is also a very effective technique to release tension adjacent to an 
incision or to increase the length of skin along linear scars across curved flexor 
surfaces. A „Z"-shaped incision is drawn onto the skin with equal length and angles 
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of 60 degrees to the central limb. The lengthening will take place in direction of the 
central limb. The skin and the two triangular shaped flaps are undermined. The 
triangles are then transposed into the opposing donor beds. Subcutaneus tissue and 
skin are sutured with an interrupted suture pattern. 
 

 
Fig 15: Z plasty, length gain along the middle part 
 

2.3 Local skin flaps  
 
Skin flaps offer a reconstructive method without the undesirable effect of second 
intension healing. The vascular supply for the flaps comes from the deep or 
subdermal plexus of the skin. It has its normal limits, when the flap is too long or the 
flap is rotated more than 90 degrees. Flaps relying only on the subdermal vessel 
have their limits and are not  appropriate for large skin wounds  and defects involving 
the lower extremities. According to the method of transfer they can be classified as 
advancement, rotation and transposition flaps.  
 

2.3.1 Advancement flap 
 
The skin flap is moved forward into the defect without lateral movement. This 
technique is mostly used in square or rectangular wounds. The base of the flap 
should always be larger than the tip, and is should be made larger than the defect. 
An alternative to the advancement flap is the H-plasty, where two single 
advancement flaps from each side of the wound are used to close it. 
 

 
Fig. 16: Double advancement flap, H-plasty 
 



 page 21 

 

2.3.2 Rotation flap  
 
A rotation flap is semicircular pedicle flap, commonly used to close triangular defects. 
It is used in the region of the elbow/thorax and stifle joint and on the head.  
 

 
Fig. 17: Rotation flap 
 
 
 

2.3.3 Transposition flap 
 
Transposition flaps demand good planning and preoperative marking on the skin 
(special pen). The donor site is a region with abundant skin (e.g. thoracal oder 
abdominal region). The flap is elevated directly adjacent to the defect, which means 
that he has a common border with the area to be covered. The maximal angle at the 
pivot point is 90 degrees. The recipient area and the donor bed are primarily closed 
with subcutaneous and skin sutures. In areas with large undermining, a drainage 
may be necessary. 
 

 
Fig 18: Transposition flap 
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2.4 Axial pattern flaps 
 
Portions of skin are nourished by a direct cutaneous artery, which allow the surgeon 
to transfer large skin segments in a single stage. The following axial pattern flaps 
have the potential to be used in clinical settings: 
 
Omocervical axial pattern flap 
Thoracodorsal axial pattern flap 
Superficial brachial axial pattern flap 
Caudal superficial epigastric axial pattern flap (caudal part of the mammary complex) 
Cranial superficial epigastric axial pattern flap (cranial part of the mammary complex) 
Deep circumflex iliac dorsal axial pattern flap 
Deep circumflex iliac ventral axial pattern flap 
Genicular axial pattern flap 
Reverse saphenous conduit flap 
Caudal auricular axial pattern flap 
 
The vessel (pedicle) has to be identified during elevation of the donor portion. In 
contrast to the subdermal flaps, the axial pattern flaps may be longer, because the 
main artery is also transposed to the recipient site. Therefore, some of the axial 
pattern flaps have the potential to be used on extremities (e.g. caudal and cranial 
superficial epigastric axial pattern flap). 
 

 
 

Fig. 19 The caudal superficial epigastric pedicle flap is 
commonly used to cover defects involving the caudal abdomen, 
flank, inguinal area, prepuce, perineum, tight and the rear limb. 
In cats the flap may reach down to the tarsal area. The flap 
includes the last three or for mammary glands, which remain 
functional. Ovariohysterectomy is recommended in female 
animals. 
 

Fig. 20.The thoracodorsal pedicle flap is 
commonly used to close defects involving the 
shoulder, forelimb, elbow, axilla and thorax 
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2.5 Skin grafts 
 
A graft is a portion of epidermis and dermis completely removed from the body 
(thoracal or abdominal skin) and transferred to a recipient site. It is dependent on 
revascularisation from the recipient bed. Therefore all subcutis has to be removed 
(full thickness graft) or only parts of the dermis (split thickness grafts) are used in 
order to achieve adherence, plasmatic imbibition and later inosculation, which have 
to take place to keep the graft viable at the beginning. Finally vascular ingrowth from 
the recipient bed leads to stable adherence and nutritional supply of the graft.  
 
Grafts are demanding procedures and need experience. They are used, where a flap 
is not feasible. As a first premise, the recipient area must be clean, free of debris, 
healthy and covered with granulation tissue. Then the graft must be harvested with 
caution and prepared accordingly. It can be extended by making small stab incisions 
(mesh graft). After placing the graft and a possible drainage, a bandage covers the 
surgical site for 5 days. Only then, the first bandage change is undertaken. Grafts 
need weeks to months for full adherence and survival.  
 
Seed grafts are small portions of dermis, harvested with a biopsy punch. They are 
prepared as above and placed into small pockets in the recipient area. The seed 
grafts may be secured with single sutures. They grow and cover the whole area  
completely with skin after a couple of weeks.  



 page 24 

3 Managing soft tissue injuries 
 

3.1 Wound debridement and wound dressings 
 
 
Wounds may be closed immediately after injury (primary wound closure), within 1 to 
3 days after injury when they are free of infection but before granulation tissue has 
appeared (delayed primary wound closure), after the formation of granulation tissue 
(secondary closure) or they may be allowed to contract and epithelialize (second 
intention healing). If there is any doubt as to whether a wound should be closed it is 
best to leave it open. The following list shows factors that affect the decision to close 
wounds: 
- Time since injury: Wounds older than 6 to 8 hours are initially treated with 

bandages. 
- Degree of contamination: Obviously contaminated wounds should be thoroughly 

cleansed and initially treated with bandages. 
- Amount of tissue damage: Wounds with substantial tissue damage are more likely 

to become infected, therefore they should initially be left open and treated with 
bandages. 

- Completeness of debridement: Wounds should remain open if the initial 
debridement was conservative and further debridement is needed. 

- Blood supply: A wound with critical blood supply should be observed until the extent 
of nonviable tissue is determined. 

- The animal's health: Animals unable to tolerate anesthesia should be managed with 
bandages until their health has improved. 

- Closure without tension or dead space: Wounds should be managed with bandages 
if excessive tension or dead space is present in order to prevent dehiscence, fluid 
accumulation, infection, and delayed wound healing. 

- Location of the wound: Large wounds in some areas (e. g. limbs) are not amenable 
to closure. 

 
Degloving injuries are the best example for wounds that should be treated with 
conservative management as wound debridement and bandages. Degloving injuries 
result from rotational forces for example in car accidents. The sudden shearing strain 
leads to excessive skin loss (anatomical flaying) in combination with damage to soft 
tissue and bone. The skin surface can also stay intact (physiological flaying) while 
there is complete disruption of the less resistant subcutaneous vascular network. 
This leads to ischemic necrosis of the skin several days after wounding. In most 
instances degloving injuries affect the distal limbs.  
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3.2 Emergency Wound Care 
 
In general, there should be minimal interference with a wound before definitive 
treatment is performed. Harsh antiseptic agents, ointments, solutions, and powders 
may inhibit normal wound healing and cause chemical injury to tissue. They should 
therefore be avoided. 
1. Wear gloves! Bacteria from ungloved hands can easily cause infection. 
2. Apply a temporary bandage to prevent further contamination and self-

mutilation and to control local hemorrhage. 
3. Systemic broad spectrum antibiotics. 
4. Take radiographs to evaluate bone damage or joint instability. 
 

3.3 Wound Cleansing 
 
1. Protect the wound with sterile, water-soluble, lubricating jelly12. 
2. Clip the hair around the wound (electric clipper). 
3. Rinse the wound with physiological solutions and gently remove jelly and 

adherent dirt. 
 

3.4 Wound Debridement 
 
1. Use a mosquito to remove foreign bodies, fibrin or necrotic tissue. 
2. Use the scalpel for incisions at the wound edges if necessary 
3. Irrigate the wound with moderate pressure (use wound lavage solution, syringe 

and needle. In open joints use Ringer solution or saline only!) 
 
Material: 
Sponges, Mosquito, forceps, syringe (20 ml), 20 gauge needle, wound lavage 
solution (Ringer solution, saline) 
 
 

3.5 Wet and Dry Bandaging 
 
1. Dress the wound with sterile sponges and soak it with wound lavage solution. 
2. Wrap one layer of hydrophilic cotton wool loosely from distal to proximal (distal 

extremity is closed by the bandage). 
3. Pour wound lavage solution over the cotton wool. 
4. Wrap 1-2 layers of hydrophobic gauze. 
                                            
1 IntraSite!, Smith & Nephew, England 
2 K-Y!lubricating jelly, Johnson & Johnson, USA 
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Finish with a water repellent elastic tape. 
 
Material: 
Sterile sponges, hydrophilic cotton wool, hydrophobic gauze3, elastic tape4, wound 
lavage solution5. 
 
Aftercare: 
Change wet and dry bandage once or twice a day, depending on secretion. When 
the wound bed is covered by healthy granulation tissue, wet and dry bandage is 
replaced by a nonadherent dressing67 until closure either by second intention or flap 
or grafts. Change dry, nonadherent bandages every 2-4 days. 
 
 

3.6 Wound Drainage 
 
Drainage is performed when contaminated or infected wounds are closed (e.g. bite 
wounds). Another indication for drainage is the accumulation of fluid in a large dead 
space (e.g. tumor resection). We prefer latex tubes, as they are well tolerated. The 
tube is fixed to the skin as proximal as possible and its exit is as distal as possible 
through a separate opening. The drainage should cross the whole dead space, but 
should not interfere with the skin sutures wound as it does disturb healing. To 
prevent contamination and self-mutilation, a protecting bandage is necessary 
consisting of the same layers as a wet and dry bandage but without soaking. 
 
After 3-5 days, secretion normally reduces so that the drainage tube can be taken 
out. As every drainge configuration acts as a foreign body, secretion will never stop 
totally with the drainage left in place.  

                                            
3 Soffban!, Smith & Nephew, England 
4 Easifix!, Smith & Nephew, England 
5 e.g. Lavasept!, Fresenius Pharma AG, Switzerland,  
6 Adaptic!, Johnson & Johnson, USA 
7 Telfa!, The Kendall Company, USA 
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Fig. 21: Latex tube placed in a wound as drainage. Note that the drainage does not lie under the skin suture.  
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4 Halsted’s principles of surgery 
 
 
Introduction 
 
Around the middle of the 19th century two 
important discoveries were made to bring 
surgery to the present state: the discovery of 
general anesthesia and the recognition of 
bacteria as a source of infection. These 
changes enabled surgeons to pay more 
attention on asepsis and surgical techniques, 
instead of having to operate as quick as 
possible on a conscious patient. 
 
William S. Halsted was a famous surgeon 
living in that period. His contributions to 
surgery were in the fields of asepsis, local 
and regional anesthesia and vascular, 
thyroid, intestinal and cancer surgery. Halsted 
propagated the importance of asepsis and the 
need for gentle tissue handling during operations. His surgical principles are still true 
at present. Their common goal is the prevention of infections and the promotion of 
rapid tissue healing. 
 
Gentle tissue handling 
Every operation causes damage to the tissues, inflammatory reactions and pain. A 
certain degree of inflammation is part of the healing process. But rough tissue 
handling leads to tissue necrosis, the accumulation of fluid and debris in the wound 
bed and to a decrease in vascularization. The larger the amount of debris the longer 
it will take phagoycytic cells to remove it. Migration of fibroblasts and capillaries takes 
place after the “cleaning-up” of a wound and will therefore also be delayed. In 
addition to the prolonged healing time infections are more likely to occur.  
 
The use of appropriate instruments and correct surgical techniques help to treat 
tissues as gentle as possible and to minimize tissue damage, pain and infections. 
Some examples are: 
- Sharp dissection whenever possible (scalpel blade instead of scissors) 
- The least possible manipulation of tissues with appropriate instruments (Adson 

Brown forceps for skin, De Bakey forceps for abdominal surgery, oscillating drill for 
pelvic and spinal fracture repair) 

- Gentle retraction of important structures like nerves and vessels 

 
Fig. 22. William S. Halsted (1852-1922) 



 page 29 

- Avoidance of drying out of tissues by frequent flushing 
- Heat reduction during drilling or sawing bone by flushing 
 
 
Accurate hemostasis 
Intraoperative advantages of a good hemostasis are a better view in the operation 
field and a lesser amount of blood loss. Postoperative advantages are the avoidance 
of hematomas, which are a potential source for infections. Blood clots are a perfect 
media for bacterial growth because the host defense mechanisms and antibiotic 
agents cannot reach the center of a fluid filled space. 
Hemostasis can be achieved by many techniques, amongst these electrocoagulation 
and ligation. Veins smaller than 2 and arteries smaller than 1 mm in diameter can be 
electrocoagulated. The electric current causes denaturation of proteins in the intima 
and seals the vessel. Care is to be taken to grasp only the vessel and not the 
surrounding tissue with the forceps. Larger vessels should be ligated, because this is 
more secure. Appropriate suture materials are catgut and silk because of their good 
knot security.  
 
Preservation of adequate blood supply 
An intact blood supply is the cornerstone for healing of soft tissues and bones. In 
regions with impaired vascular supply, host defense mechanisms cannot reach the 
wound and the growing of bacteria cannot be hindered. Also the migration of 
fibroblasts and new capillaries cannot take place without adequate blood supply. A 
good knowledge of the regional anatomy helps to identify and retract important 
vessels. Many techniques have been developed in the different surgical fields to 
enhance regional blood supply. Some examples are: 
- “Biologic fracture repair”: no attempt is made to reduce small bone fragments in 

comminuted fractures anatomically, only the main fragments are stabilized 
(fixateur externe, plate and rod). Like this the small fracture fragments remain 
attached to the surrounding soft tissue and the extraosseus blood supply. This 
leads to a rapid callus formation and therefore to early stability. 

- Using implants that preserve blood supply in fracture repair (fixateur externe, 
special plates (Point Contact Plate, Low Contact Plate), interlocking nail… 

- Avoidance of implants that destroy the regional blood supply (cerclage wiring) 
- Angling the cut in enterectomies towards the antimesenteric side of the intestine 
- Axial pattern skin flaps: transposition of a skin flap with its main vessel 
- Tying sutures too tight strangulates the incorporated tissue, impairs blood flow and 

can lead to dehiscence. 
 
Strict Asepsis 
Factors leading to wound infection are contamination of the wound with a certain 
number of bacteria and impaired host defense mechanisms. Contamination can’t be 
prevented, but minimized by aseptic pre- and perioperative techniques, host defense 
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mechanisms can be influenced by proper surgical techniques. More than 106 bacteria 
per gram tissue in a closed wound generally lead to postoperative infections. This 
number is even lower in wounds with necrotic tissue, blood clots, dead space and 
impaired blood supply. 
 
Prevention of surgical infections can be achieved by the following aseptic techniques: 
- Aseptic preparation of the patient, the surgical team, the instruments and the 

operating room 
- Proper surgical technique (hemostasis, gentle tissue handling, changing gloves 

and instruments after opening and closure of contaminated organs) 
- Copious wound lavage with sterile solutions  
- Reduction of operation time 
- Sterile dressings on the surgical wound postoperatively and clean waking-up 

boxes 
 
No tension on tissues 
Too much tension on tissues leads to occlusion of underlying blood vessels by 
pressure elevation and therefore to ischemia. This problem is often encountered in 
closure of skin defects under tension, which leads to dehiscence of the suture. The 
problem can be avoided by placing tension relieving sutures or by using skin flaps in 
large defects.  
 
Careful approximation of tissues 
The careful approximation of tissue layers during wound closure promotes wound 
healing and allows restoration of normal functionality. The tissue planes also serve 
as a natural barrier against infections and should be respected. 
- Avoidance of seromas by closing subcutis and cutis 
- Allowing normal function of muscles or muscle groups through adapting 

corresponding fascial layers 
- Quicker initial healing of intestinal wounds with adaptive suture techniques 

compared to inverting or everting techniques 
 
Obliteration of dead space 
Dead spaces fill with blood or exsudative fluid and are prone to the development of 
infections. Smaller dead spaces can be avoided by a 3-point suture pattern (for 
example during closure of the subcutis in after midline coeliotomies, or 
mastectomies) or by placing a pressure bandage postoperatively (for example after 
fracture repair). Large dead spaces or already infected or fluid filled areas must be 
treated by drainage (bite wounds). 
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5 Hemostasis 
 

5.1 Physiological reaction on vascular injury  
 
An injured vessel will first reduce its lumen by vasoconstriction. After a short period, 
this vasoconstriciton will disappear and the vessels will dilate to allow transportation 
of healing enzymes and fibroblasts into the injured area. 
 
The second reaction is agglutination of thrombocytes (platelets). They  form a first 
occlusion and a scab.  The scab still is relatively unstable. 
 
Finally, clotting factors, which are produced and activated through a cascade, 
stabilize the scab and lead to a stable thrombus. The injured tissue can heal 
underneath and through the thrombus. The thrombus is resorbed by fibrinolysis. The 
vessel is recanalized. 
 
 

   
Fig. 23. Vasoconstriction Fig. 24. Platelet aggregation Fig. 25. Clot formation 
 
 
 

5.2 Methods for hemostasis 
 
The simplest method for hemostasis is pressure and waiting.  A lot of small veins will 
stop bleeding after some minutes. For this purpose, sponges are pressed onto the 
bleeding vessels. 
 
Temporary clamping with a  mosquito forceps is  very effective in small veins. The 
clamp remains onto the vessel for some minutes.  
 
Some chemicals are manufactured for hemostasis. Most contain bovine collagen. 
They come as powder or sponge. A good alternative is a piece of autologous muscle, 
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which is separated and put onto the bleeding. Methods as these are helpful on 
locations, where the vessel can not be grasped or in the depth (eg. bleeding from 
bone or close to nerves). 
 
Electrocautery is the standard for hemostasis in most veterinary clinics. 
Electrocautery is possible for veins up to 2 mm diameter and arteries up to 1 mm 
diameter. The electric current produces heat, which leads to coagulation of the tunica 
intima of the vessels. The coagulation then occludes the vessel.  
 
Electrocautery devices are either monopolar or bipolar. In monopolar units, the 
currents passes from the tip of the handpiece to the neutral electrode underneath the 
patient. The energy of the current is dissipated along this gradient and is only 
effective at the uppermost point.  In bipolar electrocautery, the current runs between 
the two arms of the tweezers. It is recommended in areas with delicate surrounding 
and under wet circumstances. 
 
Large vessels are ligated with sutures. Very large arteries should be ligated even 
with two of them. It is recommended to use suture material with excellent knot 
properties, e.g. silk.  
 

 
Fig. 26. Algorithm bleeding. 
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6 Ear surgery 
 

6.1 Anatomy 
 
The outer ear is the pinna. It consists of  a cartilage with skin and a lot of vessels. At 
the region of the helix, the ear channel begins. it runs down in vertical, then 
horizontal direction. It is  lined up with a cuteanous epithelium, hair and cerumen 
producing glands. The corresponding cartilages are called cartilago auricularis and 
cartilago anulare. At the end of the channel, the tympanic membrane closes the outer 
ear. Around the ear, the glandula parotis can be found, together with the facial nerve, 
which crosses ventral to the anular cartilage.  
 
The bony part of the middle ear is called cavum tympani. It has two chambers. In 
cats, it is separated by a septum. The bigger ventral part is a sonic amplifier. The 
medial part carries the bones for the direct sound transmission (hammer, incus, 
stapes) from the tympanic membrane to the vestibular foramen at the entrance to the 
inner ear. The tympanic nerve crosses the bulla. The Eustachian tube connects the 
middle ear with the nasopharynx and  regulates pressure differences.  
 
The vestibular organ is located in the inner ear. It transforms the sound into 
neurosignals. It does not play an important role in surgery. 
 

  
Fig. 27: Schematic representation of the canine ear (B = bulla; FN = facial nerve, PG = parotic gland; AnC = 
anular cartilage; AuC = auricular cartilage), from Slatter D (2003), textbook of small animal surgery. 
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6.2 Otitis externa 
 
Inflammations of the outer ear channel occur in 10-20% of all dogs and 2-6 % of all 
cats at least once in their lifetime. There is a predisposition for poodles, cocker 
spaniels and fox terriers.  The aetiology can be summarized under three “P”s: (1) 
primary factors as dermatology problems, allergies or hypothyreosis, (2) prediposition 
as ear form, moisture and warmth, and (3) perpetual factors as ear channel stenosis, 
hyperplasia, edema, infections or otitis media. Amongst the most common 
microorganisms, we find staphylococci, proteus, pseudomonas, streptocci, E. coli, 
corynebacteria or malassezia (candida). 
 
The first clinical signs are head shaking and scratching on the ear, triggered by the 
pruritus. After that, the dog may not allow to touch his ears. A foul odour is noticed, 
followed by dry and brown to purulent discharge. With time, the ear channel gets 
hyperplastic and narrow, which perpetuate the signs. Deafness and facial nerve 
palsy are common sequels in chronic cases. Normally, the symptoms are typical. 
Enhanced diagnostic database include bacterial culture, otoscopy and skull 
radiographs, which should identify any involvement of the bulla. 
 
The inital therapy for otitis externa is provided by an internist or dermatologist. More 
than 80 % of all end stage ear channel infections have one or more underlying 
dermatology problems such as pyoderma, atopia or hypothyreosis. Only in case of 
remission or severe stenosis, a surgical therapy may start. However, it should not be 
delayed after head tilt, because any advancement of the infection into the inner ear is 
associated with a guarded prognosis.  
 

 

  

Fig. 28. Middle grade otitis 
externa with hyperplasia 

Fig. 29. Otoscopic view of a chronic 
otitis externa, the tube is still open 

Fig. 30. Ruptured tympanic membrane 
after ascending otitis externa. 
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The gold standard for chronic otitis externa is a total ear canal ablation together with 
a lateral bulla osteotomy (TECA LBO). It has been shown, that in chronic stages of 
the disease, the tympanic membrane cannot stop the advancement and the bulla is 
always affected. A TECA LBO results in a very good cosmetic outcome, because the 
pinna is left intact. A little bit caution is given to the facial nerve, which runs directly 
ventral to the anular cartilage and which may be embedded in inflamed tissue. After 
detaching the well prepared auditory tube, the entrance into the bulla is opened with 
rongeurs. The bulla is then curetted  with caution to avoid damage to the nerves of 
the autonomic nerve system. A drainage is only set in very contaminated areas. 
Complications followed by a TECA LBO are temporary facial nerve palsy, Horner’s 
syndrome (enophthalmus, ptosis, miosis, protrusion of the third eyelid), and late 
fistulation of not removed cutaneous tissue. The hearing is reduced after TECA LBO. 
However this was already the case before the intervention. Sonic waves are 
transmitted through the bones of the skull and allow a reduced sensitivity.  
 

  
Fig. 31: Detachment of the outer ear channel (left = 
cranial; FN = facial nerve) 

Fig. 32: Opening of the bulla with rongeurs (B = bulla) 

 
 
The removal of the outer ear channel alone (Zepp surgery) is not so common 
anymore, because is implies, that the inflammation is limited to the horizontal ear 
channel, which is normally treated conservatively. These candidates are presented to 
the surgeon, when the infection has advanced further to the depth and a TECA LBO 
is indicated.  
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Fig 33: Cosmectic appearance after TECA LBO. A drainage is 
only necessary with severe contamination of the bulla. 

Fig. 34: Scheme of the lateral  ear channel 
ablation (Zepp), EC = ear channel 

 
 

6.3 Otitis media 
 
A canine bacterial otitis media mostly is the sequel of an otitis externa, less common 
after trauma or foreign body penetration through the tympanic membrane. An otitis 
media is treated as an otitis externa with a TECA LBO. 
 
In cats, the situation is different. Most otitis media are caused by polyps invading 
from the Eustach’ian tube or from the outer ear channel. Polyps are seen with young 
cats and viral respiratory tract diseases. For a long time, the cats are asymptomatic, 
Then, a head tilt, Horner’s syndrome or signs of air way obstructions are noticed. 
Polyps are detected visually or with an otoscope. The bullae are radiographed with 
an open mouth technique or by two angled sideviews. Affected bullae show reduced 
amounts of air filling and thickening of the bone.  
 

  
Fig. 35. Otoscopic view from the ear channel of a cat 
with a polyp, filling the whole tube. 

Fig. 36: Open mouth view displaying the bullae. The left 
bulla is thickened. 

 
Polyps can be removed by gentle tracking. However, parts may remain in the ear or 
bulla and cause remission. Ventral bulla osteotomy is indicated with beginning 
neurological deficits (Horner’s syndrome). The polyp is  removed and the bulla is 
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gently curetted and flushed. A vast opening of the bulla allows granulation tissue to 
invade and provide fast healing. 
 

  
Fig. 37. Ventral bulla osteotomy in a cat, the bulla is 
opened, left = cranial 

Fig. 38. Removal of parts of the polyp after wide 
opening of the bulla 

 
 

6.4 Neoplasia 
 
Aural neoplasia is very uncommon. White cats are predisposed to  squamous cell 
carcinomas on the pinna. The prognosis is bad, even with radical excision. Ceruminal 
cell carcinomas is the most common tumor of the dog. He is benign in the dog, but 
maligne in the cat. Further neoplasia are melanoma, fibrosarcoma, mast cell tumor 
and basal cell tumor. Depending on the localisation, a pinnectomy or a total ear canal 
ablation is indicated, together with accompanying radio- or chemotherapy. 
 
 

6.5 Othematome 
 
Concepts of pathogenesis and treatment of the othematome have undergone 
important changes in the last years. First, it was thought, that trauma would be the 
etiology. Blood was evacuated regularly with cannulas or chronic othematomas were 
split, flushed and sutured with interrupted stitches in longitudinal direction. 
 
Nowadays notion is, that the othematome belongs to a general skin problem. The 
fluid accumulation is the result of a vasculitis, which may accompany the underlying 
disease. Therefore, the skin problem is treated first, mostly with corticosteroids. Only 
in very chronic cases and with predictable deformation of the pinna, a surgical 
approach is indicated.  
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Fig. 39. White cat with squamous cell carcinoma on 
the pinna 

Fig. 40. Surgical treatment of an othematome with 
longitudinal splitting, curettage and ligatures. 

 
 

6.6 Injuries 
 
Simple skin lacerations are sutured with some interrupted stitches. Wide lacerations 
with cartilage defects must be sutured in two rows including the cartilage. Losses of 
parts of the cartilage normally demand reconstruction techniques or reduction of the 
pinna. Large skin defects can be closed by suturing the ear temporarily to the neck 
region, which would then act as a donor bed. After 2-weeks the ear is freed from the 
neck with the skin and the defect is closed. 
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7 Brachycephalic syndrome 
 

7.1 Pathophysiology 
 
The division of dogs into dolichocephalic, mesocephalic and brachycephalic is based 
on skull measurements from German and American authors. An new S-index was 
introduced in 2005 by a group of Swiss researchers. It is applicable on  radiographs 
of the skull. The S-index represents the  relation between the facial skull length to the 
cerebral length (Fig. 42). Dogs with S-index lower than 1.25 are considered to belong 
to a brachycephalic breed.  Alternative measurements are based on the angle 
between the base of the skull (basilar axis) and the facial skull (facial axis). 
Brachycephalic dogs have craniofacial angles between 9° and 14°, mesocephalic 
dogs between 19° and 21°, and dolichcephalic greyhounds between 25° and 26°. 
Depending on the division modality the following breeds are typical representatives of 
the brachycephalic dog: Chihuahua, Bulldogs, King Charles Spaniel, Maltese, 
Pekingese, Miniature Pinscher, Shi Tzu, Yorkshire Terrier and Boxer. Due to the 
shape of their skull these breeds not only suffer from respiratory problems, but also 
have a predisposition for hydrocephalus, facial nerve paralysis, skin fold dermatitis, 
eye bulb prolapse or false positioning of the teeth. 
 

 
 

Fig. 41: Typical skull form a brachycephalic dog 
with shortened nose. 

Fig. 42: Skull measurements to identify the S-index (LF/LC) 

 
It is obvious to take the shortened nose of brachycephalic breeds as a starting point 
for explanation. Human efforts in breeding dogs have changed the anatomy of the 
respiratory tract, which led to an increased resistance during inhalation. Possible 
stenoses are the narrowed nostrils, or the anatomy of the endoturbinalia. In order to 
obtain sufficient oxygen, laboured breathing leads to increased negative pressure in 
the upper airways. With this negative pressure, the soft tissues are drawn into the 
lumen and become hyperplastic or natural openings, as the larynx, may collapse. 
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The secondary manifestations of the brachycephalic syndrome, such as everted 
laryngeal saccules or tonsils, narrowed rima glottis or the collapse of the 
cartilaginous respiratory tract, constrict the lumen even more. This enhances the 
clinical signs and leads to a further deterioration that may ultimately lead to death 
from suffocation. It is not yet elucidated, if the elongated soft palate is a primary or 
secondary event. It can however be so elongated, or pushed caudally together with 
the maxillary bone, that breathing is heavily impeded. During inhalation the soft 
palate audibly flatters during breathing. It may even be caught dorsal of the epiglottis, 
nearby the rima glottidis (Fig. 44), which provokes a sudden attack of suffocation.   
 
 

  
Fig. 43: Narrow nostrils as the primary event Fig 44. Scheme of the structures in the upper 

airways; the palate is too long 
 
Affected dogs try to interrupt or prevent this vitious circle with suitable 
countermeasures. If possible they avoid stress or heat. During excitement a 
sympathetically controlled mechanism causes a vasoconstriction, leading to a 
reduced resistance for a short time. During inhalation the wings of the nostrils are 
actively dilated.  If signs of dyspnoe occur, the dogs stretch their necks upward to 
dilate the nasopharynx and larynx and, if necessary to place the elongated soft 
palate below the epiglottis. If the elongated soft palate is held above the epiglottis, 
the dogs lie down on their sides, which releases the soft palate by allowing to glide 
laterally to the epiglottis. Panting helps the dogs to get rid of their surplus of heat. 
The respiratory tract is not the only organic structure which is exposed to an 
increased negative pressure during inhalation. Due to their close vicinity to the 
airways the esophagus, auditory canals, central nervous system and lower 
respiratory tract should also be examined. It is not rare that an enlarged tongue, 
difficulty in swallowing, hiatal hernia, gastric bloating, otitis media, neurological signs 
or bronchiectasies are reported in brachycephalic breeds. 
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7.2 Diagnosis and treatment 
 
Patients suffering from the brachycephalic syndrome often show severe dyspnoe. 
Some are also hyperactive and hyperthermic. Therefore, the initial examination is 
preferably performed without any restraint or anesthesia. In an emergency situation 
the animals have to be sedated, provided with with oxygen and cooled down with 
alcohol. If ever possible, diagnosis and therapy should be executed in the same 
narcosis. The anesthesia of brachycephalic dogs is a particular challenge, as almost 
all sedatives or anestethic  drugs relax the muscles of the upper respiratory tract.  
After inspection of the nostrils, the oropharynx and the larynx is carefully evaluated 
with a laryngoscope or endoscope. Radiographs of the the thorax and the trachea 
are taken. 
 
According to the literature, the treatment of the brachycephalic syndrome should be 
carried out from the frontal to the caudal parts, therefore the widening of the stenotic 
nostrils is the first step. This should prevent secondary changes such as the 
protrusion of soft tissues of the nasopharynx or the collapse of the larynx and the 
trachea.  The procedure consists of removing a deep triangle of the wings of the 
nostrils and of the plica alaris. The wound edges are adapted with a non-absorbable 
thread. By this procedure, the clinical signs should considerably improve. 
 
An elongated soft palate should be shortened to the correct length, in order to 
prevent interference with the epiglottis. For the correct length, the tip of the epiglottis 
or the middle of the tonsils can be given as the caudal landmark. The shortening of 
the soft palate can also be performed by a laser technique. After widening of the 
nostrils and shortening of the soft palate the prognosis is generally quite good, and it 
is far better the younger the patients. The everted laryngeal saccules and the 
laryngeal collapse are considered to be a sequelae of a further rostrally situated 
stenosis. The everted laryngeal saccules are cut off with long scissors. In cases of 
laryngeal collapse, a tracheostomy is the treatment of choice, because partial 
laryngectomies caused too many deaths postoperatively. 
 
The removal of the tonsils is controversial. Usually, they are removed as they 
protrude, due to the irritation or the negative pressure, into the air passages into the 
oropharynx. However, due to their anatomical location they should not interfere with 
respiration and so can be left in place.  
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Fig. 45. Surgical steps for correction in individuals: 
enlarging the nostrils and shortening of the palate 

Fig. 46: Dog after wide opening of the nostrils.  

 
 

7.3 Conclusions for breeding 
 
As results from research on upper airway resistance and pressure, the following 
conclusions can be drawn: 
(1) High nasal resistance is correlated to a low S-index  
(2) An S-index lower than 1.25 indicates a high risk for the development of the 

brachycephalic syndrome 
(3) The main problem in brachycephalic dogs can be identified between the nostrils 

and the palate, mainly in the cranial part of the nose 
(4) Norwich terrier belong to the brachycephalic breeds 
(5) Brachycephalic dogs have a problem with oxygen supply (study with VEGF) 
(6) Breeding guidelines should include skull measurements, e.g. the S-index 
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8 Managing air way trauma 
 

8.1 Indications 
 
About one third of all vehicle induced trauma with fractures of long bones is 
accompanied by severe chest problems. Amongst these are lung bleedings, rib 
fractures, pneumothorax, hemothorax or diaphragmatic hernia. It is therefore 
mandatory, that all these dogs and cats receive thorax radiographs prior to 
anesthesia.  
 
Bleedings and rib fractures are often handled by conservative measures. Hernias 
and open chest wounds must undergo surgery. However, pneumothorax is not easy 
to treat, because a lacerated lung lobe may continue to leak air and not close 
spontaneously.  
 
A common approach to pneumothorax is as follows. Thoracocentesis is performed to 
relieve dyspnea and repeated for at least 24 hours in case of severe dyspnea. If 
necessary, the thoracocentesis is made on both sides. If the amount of air does not 
decrease, a thoraxdrain is set to allow evacuation of air in large amounts and without 
repeated puncturing. A thorax drainage can also be coupled to a continuous sucking 
system. If the patient is not stable after 72 hours, the leak in the lung lobe may be too 
large to close  and a thoracotomy with lobectomy is indicated.  
 
Two additional remarks are important. Too frequent evacuation with repeated 
irritation of the thorax and lung lobes may delay closure of the leak. And: the so 
called tension pneumothorax is seen, when air is filling the thorax and compressing 
the lung lobes. The patient will become severe dyspneic and have blue mucous 
membranes.  In this case, the thorax wall must be opened immediately and the lung 
lobe removed.  
 
 

8.2 Thoracocentesis 
 

8.2.1 Indications 
 
-  Therapeutic (air or fluid removal from pleural space) and diagnostic (cytology, 

bacteriology) 
-  Pneumo-, pyo-, hemo-, chylothorax 
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8.2.2 Instrumentation 
 
Butterfly needle, three-way stopcock, 20 ml syringe 
 

8.2.3 Procedure 
 
Clip and prepare aseptically an area around the 7th and 8th intercostal space. Air is 
best aspirated from the midthorax with the animal in lateral recumbency or from the 
dorsal third with the animal in sternal position. Fluid is collected in the ventral half of 
the thorax while the animal is standing or in sternal recumbency. 
 
Connect the butterfly needle to the tree-way stopcock and the syringe. Insert the 
butterfly needle through the skin and advance it into the thorax cranial to the rib in a 
45° angle with the bevel towards the thoracic wall. Intercostal artery, vein and nerve 
are located caudal to the rib. Entering the thoracic cavity is felt by a slight „plop“ and 
when air or fluid is easily aspirated. Repeat the procedure on the other side of the 
thorax. 
 

 
Fig.47 Thoracocentesis with a 20 ml syringe (left), a three-way 
stopcock (middle) and a butterfly needle (right). 
 
 
 
 
 
 

cranial 

caudal 
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8.3 Chest tube placement 
 

8.3.1 Indication 
 
- Persistent pneumothorax 
- Postoperative to thoracotomy 
- Complete evacuation and/or lavage of the thorax 
 

8.3.2 Instrumentation 
 
- thorax drain with stylet (or red rubber feeding tube with hemostat) 
- number 10 scalpel blade    
- antiseptic ointment     
- Supramid 2-0      
       

8.3.3 Procedure 
 
An appropriate sized chest tube is selected, approximating the diameter of a 
mainstem bronchus. The animal is placed in lateral recumbency. A chest tube can be 
inserted under general anesthesia or even under local anesthesia. A skin incision is 
made at the level of the 11th to the 12th intercostal space. A subcutaneous tunnel 
directed cranioventrally is created bluntly by the tip of the tube with the stylet (Fig. 49) 
or with a hemostat (Fig. 48) and the tube inserted at the 7th intercostal space at the 
level of the junction between the dorsal and the middle third (Fig. 50). Using either 
the chest tube with a stylet or the technique with the help of a hemostat, the 
introduction into the thorax needs a controlled thrust. Once the tube is through the 
thoracic wall, advance it into the pleural space, parallel to the thoracic wall, directed 
towards the opposite elbow joint. Secure it with a Chinese fingertrap suture (Fig. 50). 
The tube is connected to an extension tube, all connections are secured with 
superglue. The entrance side is covered with antiseptic ointment, the tube is wrapped 
with a light bandage. The position is confirmed with a thoracic radiograph. Drainage 
may be either intermittend or continuous. 
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Fig. 48: Insertion of a chest tube with the help of e 
hemostat 

Fig. 49. Chest tube with stylet insertion 

 
 
 

 
Fig. 50. Proper positioning of the chest tube and fixation with 
Chinese finger traps 
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8.4 Transtracheal intubation 
 

8.4.1 Indication 
 
A transtracheal intubation is performed to bypass life threatening obstructions of the 
upper airway or to facilitate surgical procedures in the head and neck region. 
 

8.4.2 Instrumentation 
 
- endotracheal tube of appropriate size 
- if available special transtracheal intubation set 
 

8.4.3 Procedure 
 
The cat or dog should be anesthetized intravenously and if possibly intubated with an 
endotracheal tube. The ventral neck area is clipped and aseptically prepared for 
surgery. The skin is incised from the cricoid cartilage to a point 2-3 cm caudal to it. 
Hemostasis is performed. The left and right sternohyoideus muscles are separated 
bluntly. The midline between these two muscles is found easier if they are strechted 
gently over the trachea. With the scalpel blade, an incision large enough to insert the 
appropriate sized endotracheal tube is performed between the fourth and fifth 
tracheal ring, not exceeding 1/3 of the tracheal diameter. Watch out not to damage 
the cuff of the inverted endotracheal tube. Two stay sutures are around the rings 
adjacent to the tracheotomy to help insertion of the endotracheal tube. They are left 
in place even after intubation for postoperative management, secured with a knot and 
left with long ends. The tube is fixed with a chinese finger trap suture or with tape 
stirrups which are sutured to the skin and the insertion site is covered with antiseptic 
ointment. The cranial and caudal end of the incision can be adapted with a single 
layer skin suture. 
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Fig. 51 Surgical anatomy of the ventral neck Fig 52. Stay suture placement and insertion of the 
tube. 
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9 Feeding tubes 
 

9.1 Indications 
 
Nutritional support is indicated in critically ill patients with malnutrition to reduce 
morbidity and mortality of the patient. Tube feeding can be performed short term or 
over months, even by the owners, and commercial pet food can be used. The tube is 
placed as high as possible, because (1) placement and removal is easier in near oral 
positions, and (2)  more physiological structures for digestion are used. 
 
There are the following tubes used: 
- Nasal feeding tube (inserted into the nostril, tube end in the esophagus, can be 

inserted daily or fixed with glue) 
- pharyngostomy tube (placed through the pharyngeal wall, tube end in 

esophagus) 
- oesophagostomy tube (placed leftside through the skin into the esophagus, tube 

end in the esophagus) 
- gastrostomy tube (placed leftside surgically or with special introducer; end in 

stomach; must stay in at least 10 days to allow gastropexy) 
- jejunostomy tube (placed surgically, must stay in at least 10 days to allow 

enteropexy) 
 
 

9.2 Oesophagostomy tube 

9.2.1 Instrumentation 
 
- pipe introducer following von Werthern or van Noort 
- number 10 scalpel blade 
-  hemostat 
- Supramid 2-0 
- oesophageal feeding tube 
 

9.2.2 Technique 
 
After the cat or dogs is anesthetized and intubated, the introducer is inserted into the 
mouth with the cat in right lateral recumbency. It is advanced aborally till the opening 
hole of the applicator is palpated with a finger on the left side in the midcervical area. 
The correct position can be checked by moving the introducer. A small stab incision 
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is made over and to the indentation of the introducer, avoiding the jugular vein. The 
opening is spread with a hemostat. The oesophageal feeding tube is premeasured 
from insertion site to the last rib and marked. It is lubricated and inserted to the 
desired position. The introducer is gently removed and the tube is sutured to the skin 
with a chinese finger trap suture. A light bandage is applied. 
Feeding can be started as soon as the animal is awake from anesthesia. The tube 
can be removed as soon as needed, even the next day after its placement. 
 
 
 

 
 

 
Fig. 53 Special introducer inserted Fig. 54 Stab incision Fig. 55. Tube inserted 
 

 

9.3 Gastrostomy tube insertion procedure (Seldinger technique) 
 

9.3.1 Instrumentation 
 
- mushroom tipped feeding tube 
- guide wire and screw in connector 
- Seldinger needle 
-  blade number 10 
 

9.3.2 Technique 
 
First the flanshed end of a mushroom tipped feeding tube is removed and connected 
with a special screw-in applicator. Further security of this connection is achieved by 
passing a suture through the catheter and tying it. 
 
The introducer is inserted through the mouth and passed down into the stomach. 
Leverage of the pipe introducer lateralizes the ostium of the instrument witch is then 
palpated caudal to the last rib on the left side. The Seldinger needle is inserted into 
the applicator, the guide wire advanced into the needle with the threaded end first 
and pulled out of the mouth. Needle and applicator are removed. 
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The screw-in connector attached to the feeding tube is screwed on the guide wire 
and the guide wire is retracted. A small skin incision can facilitate easier passage of 
the feeding tube through the abdominal wall. Markings at 2 and 4 cm help to prevent 
pull out of the feeding tube. After final positioning the screw-in connector is removed 
and the tube anchored with a chinese finger trap suture to the skin. The insertion site 
is covered with antiseptic ointment and a light bandage applied. 
 
Feeding is started the next day and the tube has to stay in place for a minimum of 10 
days. 
 

   
Fig. 56 Material for Seldinger 
technique 

Fig. 57 Mushroom tipped 
gastrostomy tube 

Fig. 58 . Gastrostomy tube in place 

 


