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Swadini, SA:
Scientific Program.

SUNDAY 15 February 2004

17H00: Registration sponsored by SCHERING PLOUGH ANIMAL HEALTH
18H30: Welcome Cocktail sponsored by SCHERING PLOUGH ANIMAL HEALTH

MONDAY 16 February 2004

07H30 – 08H00: Late registration

UROGENITAL SESSION Chairman: Vere Allin

08H00 – 08H35: Opening address Prof B Penzhorn
08H35 – 08H45: Introduction of speakers J Marais
08H45 – 09H30: Cryptorchidism Barrie Edwards
09H30 – 09H45: Introduction of Trade Exhibitors Dave Mullins
09H45 – 10H00: Piroplasmosis under control…? J Nurton
10H00 – 11H00: Castration complications Barrie Edwards
11H00 – 11H15: Session speaker Intervet

11H15 – 12H00: Tea   SPONSORED BY INTERVET

12H00 – 13H00: Penile conditions Barrie Edwards

13H00 – 14H00: Lunch

UPPER RESPIRATORY TRACT SESSION Chairman: Johan Marais

14H00 – 14H30: How to do an endoscopic evaluation of the upper respiratory
            tract in the resting horse Patrick Page

14H30 – 15H15: Understanding the dynamics of URT obstructions in equine
            athletes - what lessons can we learn from the high-speed

treadmill? Geoff Lane

15H15 – 15H45: Tea
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11H25 – 11H55: How to interpret yearling radiographs J Marais
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12H30 – 12H50: How to do ultrasound of the normal equine abdomen L Sweers
12H50 – 13H10: How to recognise pathology of the equine GIT

ultrasonographically A Carstens

13H10: Lunch
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19h00                      African Braai in the LAPA (Sponsored by Bayer/OBP)
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CLINICAL SESSION Chairman: Dirk Triegaardt

08H00 – 08H30: How to evaluate and treat cardiac arrhythmias in the horse D Sutton
08H30 – 09H30: Practice management – communication styles and skills Katja Bier
09H30 – 10H00: Equine perioperative mortalities F Stegman
10H00 – 11H00: Dental disease Barrie Edwards
11H00 – 11H15: Session speaker Stride
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11H15 – 12H10: Tea

12H10 – 12H25: Session speaker Merial
12H25 – 13H15: Endoscopy of the URT as an adjunct to pre-purchase

examinations Geoff Lane

13H15: Lunch

GALA DINNER SESSION Chairman: Allan Bechard

14H00 – 15H00: Hernias Barrie Edwards
15H00 – 15H45: Miscellaneous topics Geoff Lane

15H45 – 16H15: Tea

16H15 – 16H45: How to diagnose high suspensory disease I Cilliers
16H45 – 17H00: Serological Response of Ponies Experimentally Infected

with Equine Encephalosis Virus Anne Pardini

19H00: Robin Rous Dinner sponsored by VIRBAC (Dress: FORMAL)
Guest speaker Brian Jones.
Wine sponsored by Midlands Veterinary Wholesalers

THURSDAY 19 February 2004

FINAL SESSION Chairman: Martin Schulman

08H00 – 08H30: A Study of 100 cases of oesophageal obstruction in the horse G Duncanson
08H30 – 09H00: Recent advances in understanding and preventing founder James Rowe
09H00 – 09H45: A logical approach to the evaluation of the dysphagic horse. Geoff Lane
09H45 – 10H30: How can the treatments currently on offer for dorsal

              displacement of the soft palate be rationalised? Geoff Lane
10H30 – 11H30: Diagnostic Imaging Quiz AC/LS

11H30 – 12H00: Tea

12H00 – 13H00: Hock problems Barrie Edwards

13H00: Lunch
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Definition of a cryptorchid: -
failure of one or both testes to fully descend to oc-
cupy their normal position in the scrotum.  A horse
is either a unilateral or bilateral cryptorchid.

Monorchid –
a horse in which only one testis has ever devel-
oped.  This is a very rare occurrence.  The three
cases I have encountered have all been shires.

Anorchid –
a horse in which neither testes has developed.  This
is even more rare.

The testes normally descend into the scrotum at
about birth (1 week prior to birth to 1 week after-
wards).

The testis develops caudal to the kidney and in-
creases greatly in size during the 4th – 9th month of
gestation during which time the mare’s circulating
oestrogen level is high.  It subsequently undergoes
a rapid reduction in size between 9th and 11t h

months prior to descent.  The gubernaculum is at-
tached proximally at the junction of the tail of the
epididymis and vas deferens and distally in the sub-
cutaneous tissue of what will be the scrotum.  Prior
to testicular descent it shortens significantly and
increases in diameter thereby dilating the deep in-
guinal ring.  As it contracts further, the tail of the
epididymis is drawn in to the inguinal canal fol-
lowed in normal horses by the testis.  The exact
cause for failure of one or both testes to descend
normally is not known.

The incidence of cryptorchidism varies between
breeds and there is believed to be a hereditary pre-
disposition.  Approximately 85% of all cryptorchids
are unilateral.  When both tests are retained they
are in the same location, i.e. inguinal canal or ab-
dominal cavity.Cryptorchids can be classified as
either inguinal or abdominal.  The relative inci-
dence is approximately 50:50.  If the left testis is
retained there is a 2:1 chance it is in the abdomen.
A retained right testis has a 3:1 chance of being in
the inguinal canal.

Inguinal and abdominal cryptorchids
can be further subdivided: -

Inguinal Retention

It was customary to subdivide inguinal cryptorchids
into high and low retention but subsequent studies
by Cox et al in the 1970’s concluded that separa-
tion into temporary and permanent retention was
more accurate.  In cases of temporary inguinal re-
tention, the testis may descend spontaneously from
its inguinal position into the scrotum at any time
during the first 4 years of life.  This occurs irre-
spective of what happens to the fully descended
testis.  This type of retention is seen in ponies, but
not all pony cryptorchids fall into this category.

Abdominal Retention

Abdominal cryptorchids are classified as having
partial or complete retention.  In partial abdomi-
nal retention, only the tail of the epididymis and
part of the body and vas deferens pass through the
deep inguinal ring to occupy a small vaginal sac
high up in the inguinal canal.   This is made pos-
sible by the long proper ligament of the testis.  The
testis itself, of necessity, is located close to the deep
inguinal ring.  In complete retention, the whole of
the testis and the epididymis are retained within
the abdomen.  In these cases exploration of the in-
guinal canal may reveal a small processus vaginalis
containing only the remains of the gubernaculum or

Equine
Cryptorchidism

Barry Edwards
University of Liverpool
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the processus may be totally invaginated into the
abdomen.

Diagnosis of Cryptorchidism

Cryptorchids may be presented as: -

(a)A young, 1 or 2 year old animal with a known
history that no attempt has been made to castrate
it.  Therefore what is visible and palpable within
the scrotum is a true reflection of whether or not
he is a cryptorchid.

(b)A horse of unknown history in which only one
testis is present in the scrotum.  He could be a
unilateral cryptorchid, or a temporary inguinal
cryptorchid where the descended testis has been
removed and the previously retained testis has
descended.

(c)A horse of any age with no known history re-
garding castration, who has nothing palpable in
the scrotum, but whose behaviour has suggested
it could be a cryptorchid.

Behaviour of a Cryptorchid
Cryptorchid horses often show exaggerated male
behaviour.  They are noisy.  They ‘squeal’ particu-
larly in the presence of other horses and are diffi-
cult to handle.  They will mount other horses at the
slightest opportunity.

Examination
-   Restraint.
-   Sedate.
-   Restrain with its offside against the wall. Stand

at its shoulder and grip the mane at the withes
with your left hand.

- Introduce your right hand to the scrotal region
having run it progressively and firmly down its
flank.

-   Should the horse move, maintain your grip  on
its withers.  In this way you won’t loose  con-
tract with the horse and find yourself be  hind its

hind feet.

(a)If no testes are palpable in the scrotum, the ani-
mal is a bilateral cryptorchid.  When one testis
has descended, which one can be determined by
palpating the cord and identifying which side of
the penis it passes.

Now palpate the inguinal canal on the side the
testis is missing from the scrotum.  Introduce
fingers in a spatula fashion feeling for an object
which may be small at the end of your finger-
tips.  This may be testis or could be the tail of
the epididymis if the testis is a partial abdomi-
nal one.  Repeated examination may cause the
testis to be withdrawn due to contraction of the
cremaster muscle.  Even under sedation it may
not be possible to palpate an inguinally retained
testis in the standing horse.  Therefore, reserve
your judgement.

(b)Again determine which testis is present in the
scrotum.  Palpate the scrotum on the other side
for evidence of a scar.  Even though the castra-
tion incision has healed by second intention, the
residual scar cannot usually be palpated and
even with the horse in dorsal recumbency is al-
most impossible to see.  However, in some cases
where the end of the vaginal sac has become
adherent to the subcutaneous tissues, contrac-
tion of the cremaster muscle results in a pal-
pable and visible scar attached to which is a
pencil-like core of scar tissue.

In the absence of any recognisable scar, palpate
the inguinal canal as described in (a).

(c)Palpate both sides of the scrotum for scars.  If
not present, explore both canals.  Remember that
the presence of a scar simply indicates that the
skin has been incised – it does not mean that the
testis was located.  As many as 7 scars have
been found a horse which still had a retained
testis in its abdomen.
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 Remember too, that horses which have had both
testes removed, can behave like entires, not only
mounting mares, but also achieving intromission.

Rectal Examination may aid in determining the
location of the testes but since most cryptorchid
horses presented for castration are young and frac-
tious, the amount of diagnostic information to be
obtained from rectal examination should be
weighed against the potential for rectal injury as
well as injury to the examiner.

The vaginal rings are identified and palpated.  If
the epididymis can be palpated in the caudomedial
aspect, the tail of the epididymis must have passed
through the vaginal ring with or without the remain-
der of the epididymis and testis.  In this situation,
the testis may be in the abdomen, in the canal, or
may have been previously emasculated.  The mo-
bility and flaccid nature of the ‘Normal’ (i.e. Non-
terratomatous) testis makes identification per rec-
tum very difficult.

Pecutaneous Ultrasonography of the inguinal re-
gion or transrectal ultrasonography may assist in
locating a retained testis in the inguinal canal or
abdomen.  Transrectal ultrasonography using a
5MHz, linear transducer can be carried out safely
in a calm animal.  Scans begin at the pubic brim
and proceed cranially in a sweeping pattern be-
tween the midline and the abdominal wall.  Cryp-
torchid testes appear less echogenic than normal
descended testes.

Diagnostic Blood Tests

Until diagnostic blood tests were developed by Cox
in 1970, the only way it could be proved that a
horse had been castrated was to search each in-
guinal canal and identify the remains of the sev-
ered cords.

(a) Testosterone stimulation test
Because the levels of testosterone vary con-

siderably in entire animals, taking a single sample
for testosterone assay in unreliable.  Therefore 20ml
of blood are taken into a plain tube.  While the needle
is in the jugular vein, 500IU of HCG are injected.
No sooner than 40 minutes later and not later than 1
hour, a second sample is taken.  Both are submitted
for testosterone assay.  The second sample, if from
a horse with a retained testis, will show a signifi-
cant rise in testosterone level compared to the first.

b) Oestrone sulphate assay
Alternatively a single sample of blood may be
taken and submitted for oestrone sulphate assay.
This test is reliable provided the animal is over
the age of three and is not a donkey.

SURGERY TO LOCATE AND REMOVE
THE RETAINED TESTIS(ES)

The surgery should be performed with horse under
general anaesthesia, which can be maintained for
however long is necessary to find the retained tes-
tis.  Although a flank approach has been used, should
the abdomen need to be opened a ventral, para
preputial approach is preferred.

With the horse in dorsal recumbency, prepare the
scrotal region and ventral abdominal wall to the
side of the prepuce on the missing side.  Draw the
penis forward to avoid it being mistaken for testis
during inguinal exploration.  Examine the scrotal
area for scars and the inguinal canal for testis or
tail of epididymis.  However certain you are that
nothing is palpable in the canal, always search it
surgically.  If you subsequently are finding it diffi-
cult to find an abdominally retained testis, you will
know for certain it is not in the inguinal canal and
is there to be found somewhere in the abdomen.

Even if a testis is palpable in the canal, it is prefer-
able not to try to bring it up to, and fix it to the
scrotum before making the skin incisions.  Instead
incise the skin parallel to the median raphe over
the scrotum and having incised the first layer of con-
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nective tissue, discard the knife and continue the dis-
section bluntly using the index finger on each hand
to split the tissues along the line of your incision.
This will automatically expose the inguinal canal
and will avoid damage to the large veins which are
present in the area.  Exploration of the inguinal ca-
nal will reveal:-

 1.  an inguinally retained testis
or

 2.  the remains of the vaginal sac after previous
castration which will instantly be recognised by
the presence of cremaster muscle.  Transection
will reveal the vas deferens in cross section

or

 3.  a small processus vaginalis containing tail of
epididymis but not testis.  It is essential that you
do not mistake this for the testis.  People occa-
sionally do, and each year, we remove a ‘third’
testis from the abdomen of a horse from which
the referring veterinary surgeon has reputedly re-
moved two testes.  If you open the vaginal, sac
you will easily identify the coiled tubules of the
tail of the epididymis from which will pass two
white tubular structures – the vas deferens, and
part of the body of the epididymis.

The third white structure is the proper ligament
of the testis.  There is no vascular component
(Fig. 4).  Gentle traction on the tail of the epid-
idymis may enable the testis to be drawn through
the deep inguinal ring into the canal from where
it can be removed.  If not, leave a pair of fixation
forceps attached to the epididymal tail to help
locate the testis during the abdominal explora-
tion

or

 4.  a small processus vaginalis deep in the inguinal
canal containing only the remains of gubernacu-
lum.  (Adams 196 ) has described a technique
using bitch whelping forceps to grip the guber-

naculum and draw the testis into the canal.
or
  5. nothing may be found.

REMOVAL OF THE ABDOMINAL
TESTIS

Although the time honoured method was to con-
tinue dissection of the inguinal canal and push
firstly two fingers, or if necessary, the whole
hand through the fascia at the deep inguinal ring,
to enable the caudal abdomen to be searched
for the testis, subsequent herniation of small
intestine was sometimes a complication.  Al-
ternative, safer techniques, may be employed.

i   The vaginal process may be identified by fol-
lowing the rudimentary scrotal ligament (in-
guinal extension of the gubernaculum testis) into
the inguinal canal.  It descends into the inguinal
canal along the medial or lateral margin of the
cranial third of the superficial inguinal ring.
Traction on the scrotal ligament may be used
to exteriorise the vaginal process, which, once
located, is opened with scissors.  Gentle trac-
tion is applied to the ligament of the tail of the
epididymis, or the proper ligament of the testis
until the testis is retrieved from the inguinal
canal.  Dilation of the vaginal ring with one or
two fingers is usually necessary to allow
exteriorisation of the testis.  Primary closure
is accomplished by absorbable suture in the
deep fascia and subcutaneous tissues.

ii  Para inguinal approach
If the vaginal process cannot be identified by
the above non-invasive technique, an alterna-
tive is a para inguinal approach.  The main ad-
vantages are the ease of closure and avoiding
disruption of the vaginal ring.

Following exposure and exploration of the su-
perficial inguinal ring, a 4-6 cm incision is
made in the aponeurosis of the external abdomi-
nal oblique muscle, 2cm medial and parallel
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to the superficial inguinal ring.  The underlying
internal oblique muscle is separated in the di-
rection of its fibres and the peritoneum is en-
tered bluntly using fingers.  One or two fingers
are introduced into the abdomen through the in-
cision and the vaginal ring is palpated just cau-
dal and lateral to the incision to locate the duc-
tus deferens or epididymis, either of which may
be followed to the testis.  The testis is
exteriorised by gentle traction on the proper liga-
ment.  If the epididymis or its associated struc-
tures are not readily palpable the incision may
be extended to accommodate the surgeon’s hand.
Once located, the testis is exteriorised and
emasculated routinely.  The aponeurosis of the
external abdominal oblique muscle is closed
using No. 2 polyglactin in a continuous pattern.

iii    Spura pubic Paramedian Approach
An oblique para preputial incision is made along
the direction of the fibres of the rectus muscle
which is converging on the midline.  How far
caudally the incision is made is sometimes lim-
ited by a thick pad of fat in the area.  Incision of
the skin and cutaneous muscle will reveal the
thick yellow tunic of the rectus muscle.  Once
this is incised, the rectus muscle itself is ex-
posed.  After an initial superficial incision, the
muscle can be split using two fingers.  This has
the advantage of exposing the vessels which
traverse the line of the incision before they rup-
ture.  They can then be ligated before complet-
ing the incision.  The thin internal rectal sheath
is the next layer to be incised.  Deep to this is a
variable amount of retroperitoneal fat and peri-
toneum.  A small incision through the internal
sheath will allow the peritoneum to be nicked,
and tented by insertion of a finger.  The remain-
der of the internal rectal sheath and the perito-
neum can then be safely cut with blunt ended
scissors.

A careful search is then commenced for the tes-
tis.  Because in the abdominally retained testis

the seminiferous tubules are poorly developed,
the testis has a soft flabby feel which makes it
difficult to distinguish from small intestine.  Most
weigh about 50g and are most frequently close
to the deep inguinal ring.  This is certainly true
of the partially retained testis.  Here, traction on
the fixation forceps applied previously to the
epididymal tail will help the testis to be identi-
fied.  If the testis is not found immediately, it
may be to the side of the rectum or bladder.  In
these cases identify the vas deferens in the
genito-vesicular fold.  It is recognisable as a
knitting-needle like diameter structure which can
be traced to the tail of the epididymis allowing
the testis to be identified and withdrawn through
the abdominal incision.  In most cases, sufficient
of its attachments can be exposed to enable a
ligature of 1 vicryl to be applied to the vascular
component of the cord before removing the tes-
tis with an emasculator.  In those cases which
cannot be exposed so well, transecting the cau-
dal attachment with an emasculator will allow
the testis to be rotated upwards thus enabling
direct traction to the vascular component of the
cord and thereby exposure of a greater length.

If both testes are retained in the abdomen, they
can be removed via the same incision.  A very
small proportion of abdominally retained tests
are terratomatous.  This congenital developmen-
tal abnormality of the testis can take one of two
forms.  The less common form is a solid mass
which when transacted after removal reveals
embryological remnants of cartilage, hair and
teeth.  More commonly, the testis comprises a
large cyst-like structure, which is easily mistaken
in the early stages of the exploration for blad-
der.  The testis retains the vascular pattern on its
surface, but the vessels are much further apart
due to the great distension of its wall.  Much of
the large volume of fluid it contains can be re-
moved by suction if available or simply through
a 16 gauge needle, thereby significantly reduc-
ing its size and enabling it to be removed via a
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standard sized incision.  No problem is experi-
enced in ligating the vascular component be-
cause the weight of the testis has stretched the
attachments.  Closure of the incision is achieved
in three layers.  Simple interrupted sutures of 1
or 2 vicryl are used to close the peritoneum,
internal sheath, rectus muscle and external sheath.
Closure is made more simple by commencing
closure at each and leaving the middle until last.
Additional sutures    may be placed in the exter-
nal rectus sheath which is the strongest layer.
The subcutaneous tissue and cutaneous muscle
are closed using a simple continuous suture of 0
vicryl.  Closure of the skin with a continuous
intradermal suture of the same material avoids
the need to remove skin sutures.

Only after the retained testis has been located and

removed is the fully descended testis,  if present,

removed.

Laparoscopic Cryptochidectomy

Recent developments in laparoscopic techniques
and equipment now offer an alternative method of
locating and removing an abdominal testis.  The
surgery may be performed under general anaesthe-
sia or in the standing, sedated horse.

Food is with held for 36-48 hours before surgery
to improve visualisation of intraabdominal struc-
tures and minimising the risk of damage to viscera.
For recumbent laparoscopy with the horse in dor-
sal recumbency, facilities must be available to raise
the hind quarters into the Trendelenburg position.
Positive pressure anaesthesia should be used to
adequately ventilate the patient during abdominal
insufflation.  The inguinal canals are searched to
ensure that the testis is not located outside the ab-
dominal cavity.  A 1.0cm stab incision is made
through the linea alba just cranial to the umbilicus.
The abdomen is insufflated with CO2 to 10-20 mm

Hg.  The trocar is introduced into the original inci-
sion.  The laparoscope (30°) is then introduced into
the canula and connected to a fibre optic light source
and video camera.  The pelvis is now raised 30°-
45° to displace the viscera cranially.  Both vaginal
rings are examined.  In horses with complete ab-
dominal retention the testis and associated struc-
tures are seen within the abdomen and the vaginal
ring may appear as only a small depression.  In an
incomplete abdominal retention, the head of the
epididymis may be seen near the vaginal ring, with
the remainder of the epididymis entering the ring.

Once the testis is located, an 18 gauge, 7.5cm needle
is used to determine an optimum instrument portal.
This is created, as previously described, for pas-
sage of grasping forceps.  The testis is grasped and
either ligated within the abdominal cavity, or
exteriorised and emasculated.  The instrument por-
tal incision may have to be enlarged.

Standing laparoscopy is performed with sedation
and infiltration of local anaesthetic at the
laparoscopic and instruments portals.  The laparo-
scope is inserted in a caudal direction slightly dor-
sal to the crus of the internal oblique muscle.  The
abdomen is insufflated and the vaginal ring exposed.
Once localised, the testis must be anaesthetised by
infiltrating local anaesthetic into the parenchyma
using a 20-30cm needle.  The testis is removed
through a separate incision closer to the inguinal
ring.

Prognosis and Complications

The prognosis for horses undergoing
cryptochidectomy is usually excellent.  Wound in-
fection is probably the most common complication.
Incomplete castration most often occurs when in-
experienced surgeons attempt to castrate a horse
with incomplete abdominal retention and mistake
the tail of the epididymis for the complete testis.
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    Piroplasmosis
  under control?

JP Nurton and AJ Guthrie
Equine Research Centre,

Faculty of Veterinary Science
University of Pretoria
Onderstepoort 0110

South Africa.

        
The international trade of horses over the past few
years has increased remarkably. Many South Afri-
can horses are being brought and raced overseas,
particularly in Singapore, Hong Kong, UAE and
Malaysia. Some of these countries do not allow the
importation of horses with Theileri equi or Babe-
sia caballi antibodies. Horses that have been in-
fected by either of these protozoa may become car-
riers, potential sources of infection, and could be
source of outbreaks of the disease in previously
piroplasmosis free countries.

Although sterilization of pirolpasmosis infections
in horses is possible, the total effectivness of these
treatments is not known and the treatments may pose
a risk to the horses. It would be safer to attempt to
keep the animals piroplasmosis free by controlling
the ticks that transmit the protozoa. Simple tick con-
trol programs could ensure foals becoming piro-
plasmosis free yearlings and hence piroplasmosis
free race horses competing internationally.

Objectives
The aim of this study was to institute a tick control
program on several Thoroughbred stud farms to
prevent the spread of either T. equi or B. caballi to
a particular foal crop and to keep these horses piro-
plasmosis negative until they are yearlings.

Materials and Methods

Four Thoroughbred stud farms in South Africa were
included in the study. During January 2002 serum
samples were collected from each foal that had been
born in 2001 and from each of their dams. These
same foals were re-bled in April, July, September
and January 2003. All serum samples were tested
for T. equi and B. caballi antibodies by the indi-
rect fluorescent antibody test (IFAT). During the
year each farm undertook to carry out a weekly ap-
plication of acaricides to their 2001 foal crop.

The same study was repeated during 2003 on the
foals born in 2002. A fifth stud was included in
this. Once again each farm undertook to apply
acaricides each week to their 2001 foal crop.

The total number of foals that became infected with
either T. equi or B. caballi during the year were
compared, as well as the infectivity rates on each
farm.

Results
Two of the farms included in the study had already
instituted a tick control program in 2000 following
a high percentage of infected yearlings. This initial
control and the program from the two years of this
study meant a great reduction in the number of posi-
tive horses.

During the first year of the study most of the foals
that were piroplasmosis positive were already in-
fected by the first bleed and thus the infectivity rates
for the rest of the year were very low. Most of the
foals that were positive from the outset of the trial
were from dams that were piroplasmosis positive.

During the second year of the study, there was a
marked reduction in the number of foals that were
piroplasmosis positive and the infectivity rates were
low. On two of the farms in particular there was a
great reduction (more than 50%) in the number of
horses that were piroplasmosis positive in the sec-
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ond year compared to the first year.

 In neither years of the study did any of the farms
report piroplasmosis outbreaks.

Conclusions

As most of the infected horses were already in-
fected at the January sampling and these were from
infected mares, it is possible these foals became
infected in utero. These animals, if infected and
have parasites, will still need to be in a tick con-
trol program to prevent transmission to other horses
on the farm.

The infectivity rate results show that the weekly
application of acaricides does kill the ticks thus
preventing the transmission of the piroplasmosis
antigen. The tick control program should be started
as soon as possible after birth and maintained while
the horse is on the farm.

It has been seen that piroplasmosis negative horses
sold at the National Yearling Sales in 2003 were
sold on average for approximately R25 000.00
more than piroplasmosis positive horses and this
could be due to their export potential. A simple
tick control program on a farm would mean piro-
plasmosis negative horses, which would be more
profitable to the farm and their horses would be
open to the international market.
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Complications of
Castration

Barrie Edwards
University of Liverpool

Castration is the most common operation performed
in horses.  Complications are uncommon, but as
some can be life threatening, it is important that we
are aware of predisposing factors so that every ef-
fort can be made to avoid them.

All horses about to undergo castration should be
examined preoperatively for the presence of two,
fully descended testes, the absence of any sugges-
tion of hernia and signs of systemic illness.

The surgeon has several options to consider re-
garding restraint, anaesthetic protocol and surgical
technique.  His/her choice will be governed by fac-
tors such as: -

· Surgical training.
· Early experience and success.
· Regional tradition.
· Size and temperament of the horse.
· Descent of the testes.
· Experience of lay assistants.
· Facilities available.
· Owner preference.
· Commercial / insured value of the horse.
· Cost of surgery.

The surgery may be carried out in the standing horse,
or with the horse cast, which these days entails gen-
eral anaesthesia.  Each has its advantages and dis-
advantages, but there is no evidence to suggest that
either is more risky.

 The advantages of standing castration include elimi-

nation of risks associated with general anaesthe-
sia, shorter procedure; less assistance required and
lower costs.  The disadvantages are that the proce-
dure can be more difficult and hazardous even with
improved modern sedative drugs.  It is unsuitable
for very small ponies, and very fractious, unhandled
horses.  It is more difficult to maintaining asepsis
and ligatures should not be used.  It is not suitable
where there is any risk of herniation where closed
castration is essential.

Closed castration relates to the state of the vagi-
nal tunic on completion of the operation.  Although
it has been interpreted as application of the emas-
culator to the neck of the unopened vaginal sac, I
prefer to define it as closure of the sac with liga-
ture.

Closed castration should be carried out under gen-
eral anaesthesia.  The parietal tunic is dissected
free as high up the inguinal canal as possible.  A
figure of 8 ligature of 1 metric synthetic absorb-
able suture material is applied as far proximal as
possible followed by application of an emascula-
tor distal to it.  Alternatively the vaginal sac may
be opened and the caudal ‘non vascular’ part of the
cord cut with an emasculator, leaving the testes at-
tached only by the vascular cord which is ligated.
The vaginal tunic is twisted into a pedicle, ligated
and the excess removed with an emasculator.

Closed castration eliminates the risk of postopera-
tive haemorrhage and herniation.  Its disadvantages
are the cost and the logistics and risks of general
anaesthesia.  A number of steps can be taken to
reduce the risk of complications.  The horse should
be kept in a clean, dry environment and rested for
24 hours prior to surgery.

Tetanus prophylaxis is necessary.  Antibiotics are
not usually necessary, but if used should be admin-
istered prior to surgery.  Knowing the potential com-
plications and the factors which predispose to their
development is useful.  A thorough precastration
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examination, good, well-maintained equipment and
strict attention to good surgical principles will help
to minimise complications.

Most serious, life-threatening complications occur
within the first 12-24 hours of surgery, so the owner
needs to keep the horse under close observation
during this period.  Other complications may be
delayed days, weeks or even months.

Castration Complications
· Excessive haemorrhage
· Prolapse of omentum
· Evisceration
· Scrotal and preputial oedema
· Infection
· Hydrocoele
· Bacterial peritonitis
· Anaesthetic accidents
· Penile damage
· Continued stallion-like behaviour

1. Haemorrhage

The source of bleeding may be the dartos, skin veins
or most significantly the spermatic artery.  The lat-
ter is usually the result of an improperly applied or
poorly maintained emasculator.  If you can count
the drips, haemorrhage will usually subside within
5 to 10 minutes.  A continuous loss of bright red
blood is cause for concern.

Observe and keep the horse calm to prevent rise in
blood pressure.

The options open to arrest the haemorrhage are:

(1)Pack the scrotum and inguinal canal with gauze.
Remember if bleeding is not arrested, this will
not be evident for a while until the packing be-
comes saturated with blood.  If successful, leave
the packing in place for 24-48 hours.

(2)Locate the bleeding vessel with carmalt forceps
by ‘fishing’ in the inguinal canal.  If successful,
attempt to ligate the vessel.  If this is not suc-
cessful, leave the clamp in place.  Tie the handles
with suture material to secure.  Leaving the su-
ture material projecting for the skin incision will
act as a reminder to remove the forceps after 48
hours.

(3)If the vessel cannot be located in the standing
animal, the horse should be anaesthetised, and
restrained in dorsal recumbancy, the scrotal area
carefully cleaned and the skin edges separated.
The margins of the incision in the vaginal tunic
should be identified and fixed with Allis for-
ceps.  This will enable a pair of carmalt for-
ceps to be inserted up the inguinal canal to lo-
cate the spermatic artery which can then be se-
curely ligated.

Less satisfactory methods include: -
· Administration of acepromazine to reduce  blood

pressure.
· Intravenous formalin.
· Locally applied adrenaline.

2 + 3 Prolapse of Omentum or Evis-
ceration

This may occur during castration or, in the majority
of cases, within a few hours of surgery.  On rare
occasions, it can occur several days after surgery.

Predisposing factors include a large deep inguinal
ring and increased intra-abdominal pressure.

Prolapse of greater omentum from the skin inci-
sions in the scrotum is no cause for alarm.   How-
ever, prolapse of small intestine is a life threaten-
ing complication which demands rapid, decisive
action.  When the call from the owner is received,
it is essential that a description is obtained of the
protruding tissue, so that it can be determined
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whether it is intestine or omentum.  If it is intestine,
the owner is instructed to support it with a clean
sheet to minimise contamination and trauma from
the horse’s hind feet.  On arrival at the premises,
the horse should be sedated, the intestine washed
and gently returned to the scrotum and inguinal ca-
nal, and the skin sutured prior to transfer to a surgi-
cal facility.  Retaining the intestine within the scro-
tum during the journey does not arrest ischaemic
damage, but does prevent irreparable traumatic in-
jury.  Under general anaesthetia, devitalised intes-
tine is resected and the vaginal sac occluded by
suture.

Prolapsed Omentum can be recognised by its
lace-like appearance once the ‘cord’ it forms out-
side the scrotum is teased out.  Gentle traction will
allow a small amount of uncontaminated omentum
to be exposed and transacted.  Traction on the skin
incision may allow the omentum to retract into the
inguinal canal.  However, there is a tendency for
further prolapse and the possibility of extension of
infection up the inguinal canal.  I prefer to
anaesthetise the horse in dorsal recumbency, re-
move the contaminated prolapsed omentum and re-
turn the remainder to the abdominal cavity by twist-
ing the vaginal sac into a pedicle.  A transfixing
ligature of the sac anchored to the superficial in-
guinal ring will prevent further prolapse.

4.  Scrotal and Preputial Oedema

Some oedema is common after castration.  The veins
and lymphatics draining the prepuce and caudal
ventral abdomen pass up the inguinal canal.  Pres-
sure on these resulting from swelling of the emas-
culated cord leads to preputial oedema but this sub-
sides as the swelling in the inguinal canal de-
creases.  The oedema gravitates along the ventral
abdominal wall, the last traces of which will be
detectable in the stenal region 7-10 days after cas-
tration.  This ‘normal’ post castration oedema will
be much more pronounced in stallions than in foals

because of the greater degree of traumatic inflam-
mation.  Routine walking exercise after castration
helps to dispose the oedema.

Post castration oedema becomes of significance
when scrotal swelling persists or increases.  This
will be accompanied by persistent preputial oedema
and oedema extending along the ventral abdomen.
Such findings indicate continuing and increasing
pressure on the veins and lymphatics due to accu-
mulation of fluid in the scrotum or progressive en-
largement of the cord due to infection.  As the first
step, opening up the scrotal incision will release
any fluid which has accumulated and establish
drainage.  In the absence of cord infection, this is
usually successful in resolving the oedema.

5.  Post-castration Wound Infection

Infection may result from contamination during or
after castration.  Uneventful healing after castra-
tion usually attends good drainage and controlled
exercise and second intention healing is usually
complete within 14-21 days.  Infection remains con-
fined to the scrotal cavity as long as the scrotal
incision remains open and draining.

The types of infection include: -
· Septicaemia.
· Acute streptococcal infection.
· Chronic staphylococcal infection of the cord
· Peritonitis
· Clostridial infection
· Tetanus
· Malignant oedema

(a) Acute Infection

Acute infection, usually with streptococcus
zooepidemicus become evident during the second
postoperative week.  Depression, pyrexia,
localised heat and pain precede abscessation.  Ex-
cessive swelling of the scrotum and prepuce is
present and the horse is reluctant to move.  There
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may or may not be a purulent discharge from the
scrotum.  The scrotal incision should be reopened
allowing any purulent material to escape and any
infected haematoma to be removed.  Maintaining
drainage and administration of penicillin will usu-
ally bring about resolution, but if the infection in-
volves the remains of the cord, prompt surgical ex-
cision is necessary if extension of the infection along
the components of the cord is to be avoided.  This
most commonly occurs along the vas deferens lead-
ing to intrapelvic abcessation lateral to the blad-
der.  This should be checked for by rectal palpa-
tion.

With horse under general anaesthesia and placed
in dorsal recumbancy, the skin on the affected
side(s) is incised laterally and cranially from the
scrotal area towards the superficial inguinal ring.
A line of separation is identified between the thick-
ened inflamed cord and the skin.  Once the infected
portion of the cord has been freed, healthy vaginal
sac and external cremaster muscle will be exposed.
The healthy cord is transacted as high up the in-
guinal canal as possible with an emasculator to in-
sure that no residual infection remains.  Post op-
eratively, drainage is maintained via the scrotal in-
cision.  Cases in which infection has extended be-
yond the deep inguinal ring carry a very poor prog-
nosis.

(b)  Chronic Staphylococcal  Infection of the Cord
– Scirrhous Cord

This complication, which is predisposed to by leav-
ing the parietal vaginal tunic long and by the use of
non-absorbable ligatures does not become appar-
ent for several months or even years after castra-
tion.  Scirrhous cord comprises a chronic low-grade
infection of the cord with staphylococcus aureus,
leading to microabscessation surrounded by dense
fibrous tissue.  Unlike streptococcal cord infection,
there are no systemic signs and the firm swelling is
cold and painless.  Consequently, it goes unnoticed
and unsuspected until one of the microabscesses

discharges on to the skin surface and is noticed dur-
ing routine grooming.  Alternatively, the scrotal
mass is identified during a pre-purchase examina-
tion.  By the time the lesion is identified, it is the
size of a large orange, but can be considerably big-
ger.  Treatment involves surgical removal, much as
described for the acutely infected cord, but because
of the chronic nature of the lesion dissection of the
infected cord from the surrounding tissues is more
difficult and the surgery becomes an exercise in
haemostasis.  Once healthy cord is reached, sepa-
ration is easier.  The cord is transected with an
emasculator as high up as possible.  Even though
the surgery may be performed years after the cas-
tration operation, infection will not have extended
into the abdominal cavity.

Postoperatively, the scrotal incision is kept open
until all evidence of drainage has closed.

(c) Peritonitis

Sub clinical, non-septic peritonitis follows castra-
tion in many horses and nucleated cell counts > 10
x 109/l are routinely present in the peritoneal fluid
for 5 days after uncomplicated castration.  In con-
trast, septic peritonitis is very uncommon because
the funicular part of the vaginal process is col-
lapsed as it traverses the abdominal wall and me-
sothelial cells are phagocytic.

6. Hydrocoele (“Cystic Ends”)

Soft fluctuating swellings identifiable in the scrotum
at variable times after castration.  They cause the
horse no problems but owners may be concerned
about the possibility of hernia.  This can be
eliminated by palpation and ultrasonography.  The
problem is purely cosmetic and can be left untreated.
However, if the owner is concerned about the
cosmetic effects the affected cord or cords can be
dissected free under general anaesthesia and
removed.
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7. Penile Trauma

Although very uncommon, trauma has been reported
due to mistaking the penile shelf for an inguinally
located testis, or can be secondary to sedation with
acepromazine.

8. Continued Stallion – like behaviour

20-30% of castrated horses have been reported to
show stallion-like sexual interest in mares.  5%
show stallion-like aggressive behaviour towards
people.

No difference has been established between horses
castrated before or after puberty.

Limiting social interaction with other horses and
imposing stricter discipline will usually be suc-
cessful.

When continuing stallion-like behaviour is due to
improper castration of a partial abdominally re-
tained testis, the testis must be located and removed.
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ANATOMY

Neoplasia
A number of neoplasms have been reported to af-
fect the equine penis, including papillomas, squa-
mous cell carcinoma, melanomas, sarcoids, mas-
tocytomas and haemangiomas.  Of these, squamous
cell carcinoma is by far the most common.

Squamous Cell Carcinoma of the penis is seen
almost exclusively in aged geldings, but can occur
in younger horses and has been reported in stal-
lions.  Although it has been suggested that lack of
pigment can predispose to the condition as it can at
other sites on the body, the infrequency with which
the penis is exposed to direct sunlight makes this
very unlikely.  It is more likely that penile SCC is
related to possible carcinogens in smegma, which
accumulates on the integument and particularly in
the suburethral fossa of geldings.  In stallions, this
is removed during natural service and routine wash-
ing of the penis and sheath at studs.  SCC occurs
most frequently on the glans, particularly in the re-
gion of the urethral fossa.  The preputial ring, which
is in contact with the glans when the penis is within
the sheath, is the next most common site, but le-
sions can occur at any site.  Small depigmented,
proliferative lesions may be a precancerous state.

Most commonly SCC appear as a friable, prolif-
erative, cauliflower like lesions, which are remark-
ably slow growing and very slow to metastasise to
regional lymph nodes and elsewhere in the body.
As they enlarge, the lesions tend to ulcerate and
become secondarily infected and in the summer

months may become flyblown.  The secondary in-
fection may lead to lymphadenopathy of the inguinal
lymph nodes.

Much less frequently, the tumour takes on an ag-
gressive scirrhous form.  Here there may be little
evidence of proliferation and ulceration, but the
glans and varying lengths of the body of the penis
are very firm on palpation, giving a ‘wooden’ feel.
This form of the tumour infiltrates very rapidly,
particularly around the urethra and quickly
metastasises to the regional lymph nodes.

The age and the sex of the horse and the character-
istic appearance of the tumour usually makes diag-
nosis straightforward.  Sedating the gelding to bring
about relaxation and protrusion of the penis allows
a small piece of the tumour to be removed for his-
tological confirmation.

Treatment

Several options exist depending on the location,
size and degree of infiltration of the tumour.

Small lesions confined to the integument may be
locally excised or frozen.

Segmental prosthectomy or ‘reefing’ is frequently
employed to remove superficial, non-infiltrative
lesions on the preputial ring.  Two circumferential
incisions are made in the integument to include the
SCC lesions, leaving a reasonable margin of healthy
tissue.  The band of integument is carefully dis-
sected from the underlying tissue. Haemostasis is
achieved with forcipressure or thermocautery.  The
cut edges are then carefully approximated with ab-
sorbable sutures.  Reefing is often used in conjunc-
tion with partial phallectomy.

Partial Phallectomy is indicated when the lesion
affecting the glans or distal free part of the penis
has infiltrated to deeper tissues.  The technique I
prefer is that first described by Vinsot, in which

Equine Penile
Conditions

Barrie Edwards
University of Liverpool
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the penis is transected just distal to the urethros-
tomy, which has to be created.  With the horse un-
der general anaesthesia and in dorsal recumbency,
the penis is withdrawn and catheterised with a ure-
thral catheter.  A bandage is tied tightly around the
penis, just distal to the entrance to the sheath, to
act as a tourniquet.  The site for transection of the
penis is chosen and marked, allowing as much
healthy penis as possible proximal to the SCC le-
sion.  A urethrostomy is created on the ventral as-
pect of the penis proximal to the mark (Fig  ).  A
triangular piece of integument with the base 2 cm
proximal to the intended site of transection, is re-
moved.  The urethra is readily identified by pal-
pating the catheter in its lumen and is opened by
incising through corpus spongiosum and the ure-
thral mucosa.  The mucosa is cut transversely for 1
cm on either side at the base allowing it to be re-
flected and carefully sutured along the three sides
of the triangle.  The interrupted sutures of 2/0 syn-
thetic absorbable material, which pass through the
integument, corpus spongiosum and the mucosa, are
placed quite close together to control haemorrhage.

On completion of the urethrostomy, the urethral cath-
eter is removed prior to transecting the penis.  Su-
turing the stump is facilitated by transecting the penis
in a wedge fashion.  The large vessels on the dor-
sal aspect can be readily identified, by loosening
the tourniquet if necessary, and ligated.  The stump
is closed with interrupted sutures of 1 metric syn-
thetic absorbable material which include the in-
tegument and the tunica albuginea dorsal and ven-
tral to the corpus cavernosus.  A small amount of
bleeding may be expected, but this quickly abates.
The resected portion of the penis is submitted for
histological investigation to ensure there is a mar-
gin of normal tissue.  Healing is uneventful and
most horses live on for several years with, in my
experience, no tendency for stenosis to occur at
the urethrostomy.  In most horses, the urethrostomy
and transection can be carried out on the free part
of the penis distal to the preputial attachment, but
many have to be performed a little more proxi-

mally if the SCC is more extensive.

When the tumour is of the aggressive squamous
form, there is a considerable likelihood of rapid
recurrence following partial phallectomy.  In these
cases and those with proximal lesions or lesions
affecting the preputial orifice en bloc resection is
the only means of ensuring, within reason, that all
tumour tissue is removed

En Bloc Penile Resection The skin incision com-
mences a few centimetres cranial to the entrance to
the sheath, extended caudally to encircle it before
continuing along the midline.  A combination of di-
athermy and blunt dissection is used to dissect the
subcutaneous and areolar tissue starting cranially
and continuing around each side of the prepuce,
down to the deep fascia of the abdominal muscula-
ture.  Care is taken to avoid injury to the pudendal
vessels in this region.  Caudally the incision is con-
tinued in the midline down to the body of the penis.
Any vessels on the dorsal aspect of the penis which
need to be cut in order to free it as far distally as
necessary to transpose it are ligated beforehand.  A
urethrostomy is created just proximal to the intended
site of resection.  After transection of the penis 2
cm distal to the urethrostomy, the stump is closed
with interrupted sutures.  The superficial inguinal
lymph nodes are removed.

The penis is now freed proximally by blunt dissec-
tion enabling the distal portion of the penis to be
retroflexed through 180º.  A 5cm vertical subischial
incision is made at a pre-marked site 20cm distal
to the anus.  A 3cm portion of the penis is gently
manipulated through the incision, the base of the
urethrostomy now being orientated towards the hind
limbs.  The stump of the penis is secured using
simple interrupted sutures placed through the tunica
albuginea and the adjacent skin in such as way that
it projects slightly beyond the skin thereby divert-
ing urine away from the perineium.

Penrose drains are inserted in the subcutaneous
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space left by the en bloc resection prior to closure
of the subcutaneous tissue and skin.  Healing is un-
eventful.

PARAPHIMOSIS

Paraphimosis, or the inability of the horse to re-
tract the prolapsed penis into the sheath, most com-
monly occurs from preputial oedema caused by
genital trauma.  It may also result from gross oedema
of the sheath following castration, and paralysis
associated with priapism, debilitation and cauda
equina neuritis.

PENILE TRAUMA

It is not uncommon for stallions to be kicked on the
erect penis during attempts at serving a mare.  Geld-
ings may sustain similar injuries.  The trauma rap-
idly leads to gross oedematous swelling of the pre-
puce and sometimes penile haematoma.  The swell-
ing is most severe on the dorsal aspect and results
in caudal deviation of the penis.  In addition to this
inflammatory swelling, constriction at the entrance
to the sheath and gravity further contribute to the
overall oedema.  Despite the marked deviation and
the swelling, there is no significant obstruction to
the urethra, but it is always advisable to confirm
this by stimulating the horse to urinate by placing it
in a clean box or administering a diuretic.  It is not
advisable to pass a catheter because this may irri-
tate or damage the urethral mucosa.

If the horse is presented very soon after the injury
has been sustained, before the swelling has become
too severe, reducing the size by manual compres-
sion to disperse the oedema, may allow the penis
to be returned to the sheath.  Some advocate gen-
eral anaesthesia and the use of an Esmarch ban-
dage applied from the glans penis proximally to
reduce the swelling.  If the penis can be returned to
the sheath, the opening into the sheath should be
closed with suture or towel clips.  Retaining the
penis within the sheath removes the constrictive

and gravitational factors allowing further reduc-
tion in the swelling to take place.

However, in most cases I have seen, the swelling
is so severe that any attempt at replacing the penis
is futile.  In these cases cold hosing the penis for
10-15 minutes at a time helps to reduce blood sup-
ply and minimise any further inflammatory swell-
ing.  The penis should be cleaned and dried and a
non-water miscible coating of petroleum jelly lib-
erally applied particularly in the clefts to afford
protection to the integument.

The one contributory factor to the swelling which
can be managed effectively at this stage is gravita-
tional oedema.  Several different methods of achiev-
ing this have been reported.  I find the most effec-
tive is to insert the swollen penis into a pair of
tights from which the legs have been removed and
which are attached by lengths of bandage to a surc-
ingle in front and a crupper behind.  This elevates
and supports the penis and the material allows urine
to escape thereby minimising excoriation of the in-
tegument.

This support is removed daily and the surface
cleaned and dried.  Manual compression allows
some of the oedema to be dispersed.  Petroleum
jelly and a fresh support are applied.  Over the
next 2-3 weeks, there is a progressive reduction of
the swelling.  The integument over the most pro-
nounced area of swelling often splits allowing
oedema fluid to escape and resulting in a signifi-
cant reduction in swelling.  If a haematoma is
present this can be drained by needle suction once
it is certain that bleeding has stopped.

By three weeks after the injury the penis can be
returned to the sheath manually and often the horse
is able to do this of his own accord.  However, if
there are ulcerated areas, it tends to prolapse the
penis most of the time.  Although permanent pa-
ralysis of the penis has been reported after such
injuries, in my experience the vast majority are able
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to withdraw the penis normally once the ulceration
has resolved.

In those that remain permanently paralysed, the op-
tions are retraction of the penis using the Boltz tech-
nique, sometimes in conjunction with partial
phallectomy.  If these techniques are to be em-
ployed, a stallion must first be castrated and suffi-
cient time allowed for any postoperative swelling
to subside.

PRIAPISM

Priapism is persistent penile erection without sexual
arousal.  It is uncommon, but when it does occur in
a valuable breeding stallion, it is economically sig-
nificant because impotence is the usual outcome.

In horses it occurs primarily following adminis-
tration of phenothiazine-derivative tranquilizers
particularly acepromazine.  It is usually stallions
which are affected, but the problem has been seen
in geldings.  Because of the recognised link be-
tween priapism and acepromazine, the condition
is rarely seen these days.  I have however encoun-
tered priapism in horses at the termination of colic
surgery.  Although the penis is erect, it can usually
be returned to the sheath, and if retained there with
sutures or towel clips, detumescence takes place
within a relatively short period of time.

Priapism occurs when the corpus cavernosus pe-
nis (CCP) fails to detumesce due to disturbances
in arterial inflow or venous outflow.  It is suggested
that phenothiazine-derivative tranquillisers cause
priapism by blocking alpha sympathetic impulses
which mediate detumescence.  Vascular stasis oc-
curs in the CCP.  Venous outflow becomes ob-
structed by sickled erythrocytes leading to trabe-
cula oedema and irreversible occlusion of the col-
lecting veins.

The arterial supply is still patent early on, but even-
tually is irreversibly occluded by clots and fibro-

sis.  The trabeculae become fibrotic and inelastic.
Prolonged erection may be compounded by injury
to the pudendal nerves presumably from tension or
compression against the ischium.

Non-surgical treatment

The penis is massaged, protected with an emol
lient dressing and supported as previously de-
scribed.  Diuretics and corticosteroids may help.

Surgery

If the initial management is unsuccessful; after 8-
12 hours, the CCP should be irrigated with
heparinised lactated ringers solutions.  Several
litres are injected into the CCP through a 14 gauge
needle inserted just proximal to the glans.  The fluid
is allowed to exit through 2 x 12 gauge needles in
the CCP 10-15cm caudal to the scrotum.  This pro-
cedure is carried out under general anaesthesia and
irrigation is continued until fresh blood appears.

HABRONEMIASIS

Cutaneous habronemiasis or ‘summer sore’ is a
granulomatous, slightly pruritic  disease caused by
cutaneous migration of the larvae of the equine stom-
ach worm Habronema.  The condition is seen dur-
ing the spring and summer when flies are preva-
lent.

The larvae stimulate an acute granulomarous reac-
tion characterised by exuberant granulation tissue
containing numerous small yellow caseous gran-
ules.  The preputial ring and urethral process are
prediction sites.

Treatment comprises administration of Ivermectin
and, if necessary, elliptical or circumferential re-
section of the fibrotic tissue.
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Introduction
Endoscopic evaluation of the respiratory tract at
rest is one of the primary diagnostic techniques
available to the equine private practitioner for de-
tection of respiratory disease, the objective being
to evaluate the structure and function of the rel-
evant structures. Resting endoscopy does have
some limitation however, in that the detection of an
abnormality in the resting horse does not necessar-
ily indicate a clinical problem. Conversely, the ab-
sence of a respiratory tract abnormality at rest does
not exclude the possibility of airway dysfunction at
exercise. For this reason the resting endoscopic
findings should always be interpreted in conjunc-
tion with a detailed history and thorough clinical
examination and, if indicated, further diagnostic
techniques such as high-speed treadmill endoscopy
should be utilised in order to reach a definitive
diagnosis.

Requirements

Generally 3 people are required for the examina-
tion; one restrains the horse, another passes the en-
doscope, and the third person directs the endoscope
movement during the examination. With the use of
shorter endoscopes it is possible for one person to
insert and “drive” the endoscope alone.  Usually
only a twitch is required for restraint. Having a
competent handler holding the horses’ head is para-
mount; the examiner is usually focussed on the en-
doscopic images and is therefore at risk should the
horse suddenly jump forward. Restraining the horse
in a padded crush provides extra protection for the
staff and equipment involved. It is preferable not
to use sedation to facilitate examination for assess-
ment of functional abnormalities; xylazine sedation
has been reported to affect the subjective assess-
ment of laryngeal cartilage movement.

Equipment options range from the simple fibreoptic
endoscope to colour chip video endoscopes, with
a large array of image recording equipment and
endoscopic accessories available. To reach the
middle trachea an endoscope with a 1 metre long
insertion tube is required; to evaluate the guttural
pouches the external diameter of the insertion tube
should be less than 11 millimetres.

The fibreoptic endoscope system is based on light
and image transmission through optical glass fibres
arranged in a light-guide bundle and an image-guide
bundle, and various lenses. Two video imaging sys-
tems are available, one employing a fibreoptic en-
doscope system with an external video camera at-
tached to the endoscope eyepiece and the other
utilising a video image endoscope. The video im-
age endoscope does not contain an image-guide
glass fibre bundle; instead it contains a charged
couple device (CCD) microchip in the insertion
tip of the endoscope. The CCD chip has a photo-
sensitive surface, which converts light from the
image into electric charges. The video processor
converts the electrical signal from the CCD back
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into a colour image, which is displayed on the moni-
tor. The main advantages of the video endoscope
system is that it provides images of much better
quality than does the conventional fibreoptic sys-
tem and that several observers can view the ex-
amination at once.

Method of examination

It is recommended that a routine of examination be
followed to avoid missing a structural or functional
abnormality. An example of such a routine is as
follows:

Pass the endoscope in a positive manner for the
first 10 cm via the ventral meatus
- insert to nasopharynx
- evaluate structures in nasopharynx including epi-

glottis, soft palate, pharyngeal recess, guttural
pouch ostia, larynx

- perform nasal occlusion and induce swallow-
ing to assess function in nasopharynx

- pass into trachea
- evaluate trachea (and perform trans-endoscopic

aspirate of secretions if indicated)
- retract back to nasopharynx ’! pass endoscope

into guttural pouch
- evaluate guttural pouch
- retract to caudal end of nasal septum
- evaluate ethmoid labyrinth
- evaluate sinus drainage angle ’! retract and

evaluate nasal passages and septum as with-
drawing endoscope

- pass endoscope via opposite nostril to nasophar-
ynx

- evaluate nasopharynx
- pass endoscope into guttural pouch
- evaluate guttural pouch
- retract to caudal end of nasal septum
- evaluate ethmoid labyrinth
- evaluate sinus drainage angle
- retract and evaluate nasal passages and septum

as withdrawing endoscope

Structures evaluated during resting endoscopy:

Nasopharynx
The nasopharynx is a muscular tube that connects
the nasal cavity to the larynx. The surface is nor-
mally covered with a small amount of clear, watery
mucous, with no remnant food particles. Swallow-
ing, which can be induced by instilling a small
amount of water via the air/ flush channel of the
endoscope or by touching the epiglottis with the tip
of the endoscope or a blunt probe, is associated
with rhythmic constriction of the nasopharynx and
dilation of the guttural pouch openings. Nasal oc-
clusion with the endoscope in place results in an
increased negative pressure in the nasopharynx,
enabling pharyngeal constriction and dilation to be
recorded. The nasopharynx should be examined for
inflammation, exudate, foreign material or cicatrix
formation.

Epiglottis
The normal epiglottis has fine surface blood ves-
sels and a scalloped edge. The surface may be dis-
torted by inflammation or obscured by epiglottic
entrapment. Subepiglottic cysts may be seen directly
or may only cause a bulge of the soft palate. A hy-
poplastic epiglottis appears relatively small and
flaccid, and blends into the contour of the soft pal-
ate.

Soft palate
The epiglottis normally obscures the most caudal
aspect of the soft palate. Submucosal palatine cysts
may be seen distorting the soft palate or area ven-
tral to the epiglottis. If dorsal displacement of the
soft palate (DDSP) occurs the caudal free border
of the soft palate may be inspected for any ulcer-
ation or cleft. If DDSP is suspected as a cause of
respiratory noise and poor performance, high-speed
treadmill endoscopy may be required to provide a
definitive diagnosis after due consideration of the
history and clinical findings. Many normal horses
will spontaneously show DDSP after the endoscope
is withdrawn from the trachea.
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Pharyngeal recess
The dorsal pharyngeal recess should be evaluated
for degree of pharyngeal lymphoid hyperplasia
(Table 1). This system of grading pharyngeal lym-
phoid hyperplasia is more reliable than one that
evaluates the degree of hypertrophy over the roof
of  the pharynx.

Guttural pouches
The nasopharyngeal openings of the guttural pouches
should be evaluated for blood, exudate or defor-
mity. The guttural pouches can be entered by first
passing a blunt stylet (inserted via the biopsy chan-
nel of the endoscope) through the guttural pouch
opening, rotating the endoscope so that the opening
of the biopsy channel is 180º away from the pha-
ryngeal wall, and then advancing the endoscope
through the open guttural pouch ostium using the
stylet as a guide. The stylet is withdrawn into the
endoscope once the pouch is entered. The guttural
pouch is divided into a larger medial and smaller
lateral compartment by the stylohyoid bone. The
caudal portion of the stylohyoid bone articulates
with the petrous temporal bone at the base of the
skull. Vital structures associated with the pouches
are the internal carotid artery, the external carotid
artery, the maxillary vein, cranial nerves VII, IX,
X, XI, and XII, the sympathetic trunk and the cra-
nial cervical ganglion. The retropharyngeal lymph
nodes may be seen protruding through the walls of
the pouches if they are enlarged. The pouches
should be assessed for inflammation, empyema or
chondroids, fungal plaques, gross haemorrhage and
mass lesions. Temporary resolution of guttural
pouch tympany is obtained by passing the endo-
scope into the affected pouch.

Palatopharyngeal arch
Rostral displacement of the palatopharyngeal arch
has been associated with some cases of fourth bran-
chial arch defect syndrome. This syndrome is
characterised by maldevelopment of the thyroid
cartilage, cricothyroid articulation, and
cricothyroideus and cricopharyngeus muscles. Ad-

ditional endoscopic findings include apparent right
(or left) laryngeal hemiplegia.

Larynx
The rima glottis should be evaluated for asymme-
try and the arytenoids should be assessed for range
and symmetry of movement. Apparent asymmetry
of the laryngeal structures may be noted due to the
eccentric position of the endoscope in the nasophar-
ynx (perspective distortion); i.e. when the endo-
scope is passed via the right nostril, the right
arytenoid appears less abducted than the left, and
vice versa. Endoscopic evaluation of the larynx
should therefore be performed via either nostril in
turn. Various grading systems have been described
for recurrent laryngeal neuropathy (Table 2, Table
3). High-speed treadmill endoscopy is indicated
where doubt exists as to the significance of the le-
sion. The vocal cords should be examined for signs
of previous ventriculectomy or
ventriculochordectomy. The arytenoids should be
inspected for gross thickening and granulomatous
projections associated with arytenoid chondropa-
thy.

Trachea
The trachea should be evaluated for shape, inflam-
mation, secretions, haemorrhage, or mass lesions.
Trans-endoscopic aspiration of secretions can be
performed via a catheter inserted through the bi-
opsy channel of the endoscope if indicated.

Ethmoid
Endoturbinate II and endoturbinates III - IV are the
visible structures of the ethmoid labyrinth that
project rostrally into the caudal part of the nasal
cavity. Numerous passages, the ethmoidal meatuses
are present between the endoturbinates.  This area
should be examined for any abnormal discharge,
haemorrhage, or mass lesion.

Sinus drainage angle
The communication between the maxillary sinus
and the nasal cavity is hidden in the caudal part of
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the middle meatus. The sinus drainage angle area
should be examined for any abnormal discharge,
haemorrhage, or gross obstruction.

Nasal passages
The conchae and meatuses should be evaluated for
any mucosal lesion, abnormal discharge,
haemorrhage, gross obstruction, masses, or foreign
body.
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Table 1.  Grading system for pharyngeal lymphoid hyperplasia (Baker 1987)

Grade Appearance of dorsal pharyngeal recess

    1 Hypertrophy limited to <180º (insignificant).

    2 Hypertrophy extends the full circumference of the dorsal pharyngeal recess (insignificant

              in  horses d” 3 years old.

    3 The pharyngeal hypertrophy makes midline contact (significant in all horses).

    4 Hypertrophic masses extend from the dorsal pharyngeal recess (significant in all horses).

Table 2.  Grading system for laryngeal movement (Lane 1993)

 Grade  Movement
     1  All movements, both adductory and abductory, are synchronized at rest and after exercise.
               Any appearance of asymmetry arises as an artefact of the position of the endoscope and
                when the right and left nostrils are used in turn the perspective distortion is cancelled.
               This being the case a ‘mirror’ effect operates such that when the endoscopy is performed
              via the right nasal chamber, the right arytenoid may appear less abducted and vice versa.
      2  All major movements are symmetrical with a full range of abduction and adduction.
              Transient asynchrony, flutter, or delayed or biphasic abduction may be seen especially of the
               left arytenoid.
      3  Although the left arytenoid is still capable of full abduction, activity is generally reduced on
                the left when compared to the right with periods of prolonged asymmetry, particularly
                 during quiet movements. Full bilateral abduction can be stimulated transiently by partial
                 asphyxiation using nasal closure, but it is not sustained.
      4 The left arytenoid is no longer capable of full abduction and during adduction compensation
                  by  the right arytenoid crossing the midline may be evident. Asymmetry is marked, but
                some residual movements are present.
      5 True hemiplegia i.e. there is a complete absence of active movement on the affected side
                and no response to the slap test will be provoked.

Table 3.  Grading system for laryngeal movement (Rakestraw 1991)

Grade Movement
   1 Symmetrical, synchronous abduction and adduction of the left and right laryngeal cartilages.
   2 Some asynchronous movement (hesitation, flutter or abductor weakness) of the left arytenoid
              cartilage during any phase of respiration; full abduction of the left arytenoid cartilage can be
              maintained by swallowing or nasal occlusion.
   3 Asynchronous movement (hesitation, flutter or abductor weakness) of the left arytenoid
                cartilage during any phase of respiration; full abduction of the left arytenoid cartilage cannot
              be induced and maintained by swallowing or nasal occlusion.
   4         There is no substantial movement of the left arytenoid cartilage during any phase of
              respiration.
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Summary
- Most endoscopy is performed on horses which

are at rest any yet there are no races for horses
standing still - endoscopy is often  used to pre-
dict events which onlycur when the  subject is
galloping at racing speed

- Highspeed treadmill endoscopy (HSTE)  pro-
vides the best means to make a definitive diag-
nosis of dynamic obstruction of the upper  res-
piratory tract in equine athletes

- Other aspects of respiratory and cardiac func-
tion can be assessed simultaneously

- HSTE is safe provided that careful screening
and training programmes are used

- Malfunctions of the soft palate are the most fre-
quently diagnosed dynamic disorders of the
equine upper airways

- The findings of HSTE are frequently at odds with

the conclusions reached by endoscopy in the
horse at rest.

- Dynamic obstructions are often complex and do
not involve single structures or causes

An inability to breathe freely provokes obvious
performance-limitations for the athletic horse and
the presenting signs in afflicted animals include re-
duced stamina through an inability to sustain aero-
bic muscle function and audible respiratory noises
through increased turbulence within the upper res-
piratory tract. The minute volume of normal horses
at rest is of the order of 250L but this is increased
to as much as 2500L during fast exercise.

The pressure gradients  required to move such large
volumes of air can be as much as 40cm water and
these act across the walls of the airway so that con-
siderable “collapsing forces” come into play dur-
ing inspiration. In the nasal passages and the tra-
chea the semi-rigid structure of the lining of the air-
way helps to resist this effect but the obvious areas
of weakness lie at the nares and in the pharynx and
larynx.. At rest 70-85% of the total airway resis-
tance arises at these points but through muscular
effort this is reduced to approximately 50% during
forced breathing. For example, the action of the
naso-labialis muscles dilates the nares, the pharyn-
geal and palatal musculature helps to maintain the
patency of the musculo-membranous tube of the na-
sopharynx and the crico-arytenoideus dorsalis
muscles abduct the cartilages of the larynx. Obvi-
ously there will be occasions when a structural de-
formity leads to compromised airflow, for example
with epiglottal entrapment, sub-epiglottal cysts and
arytenoid chondropathy, but it is a failure to with-
stand the collapsing forces of respiration which is
responsible whenever horses show signs of dynamic
obstructive dyspnoea.

Earlier comments were made regarding the limita-
tions of endoscopic examinations made during quiet
breathing, i.e. when the patient is standing in the
stable or has recently returned from exercise. In fact,

Understanding the
dynamics of urt

obstructions in equine
athletes – what lessons
can be learned from

the highspeed
treadmill?
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House, Langford,  Bristol,  BS40  5DU
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for the majority of equine clinicians in practice such
examinations form the lynch-pin for diagnosis in
horses showing signs suggestive of dynamic URT
obstruction, but how dependable are the findings?
The best means to achieve a definitive diagnosis is
to assess the patient while it is exercising vigor-
ously.

The advent of highspeed treadmills and modern in-
strumentation enables the simultaneous recording
of endoscopy of horses exercising at speeds up to
16 m/sec. as well as respiratory sounds, volume
flow loops, end-tidal oxygen and carbon dioxide,
minute volume, and oxygen consumption on a breath
by breath basis.

Horses take to treadmill exercise surprisingly well
and the technique is very safe provided that a rig-
orous screening and familiarisation training rou-
tine is adopted. At the University of Bristol over
700 clinical cases have been investigated on the
treadmill with an excellent safety record. On ar-
rival all horses are carefully screened for lame-
ness so that no horse with current orthopaedic dis-
ease is admitted to the treadmill training
programme. A small number are also rejected on
the grounds of temperamental unsuitability.

Endoscopy of the URT is performed at rest and with
the history and palpation findings a tentative diag-
nosis is made – this is compared later with the true
diagnosis when the patient is tested at speed. A
gradual process of introduction and training on
the treadmill takes place in three sessions over a
48 hour period by which time horses are ready for
a full test to the limit of their ability. Some centres
use a test routine which is dictated by the speed at
which maximum heart rate is reached. At Bristol a
step test is used which starts at 6.5 m./sec for 90
secs before the speed is increased to 8 m./sec fol-
lowed by increments of 1 m./sec every minute until
the horse fails to keep up with the treadmill – the
point of fatigue.  All tests are conducted on a 10%
slope and most horses reach the point of fatigue

between 11 and 12 m./sec but exceptional athletes
may reach 13 m./sec. The overall procedure of
treadmill testing is noisy and trainers who ask
whether a ‘noise’ was heard from the horse during
the test would otherwise be disappointed if it were
not for the simultaneous recording from a micro-
phone placed in the face mask which also accom-
modates sensors to measure other respiratory pa-
rameters such as flow rates of the inspired and ex-
pired air as well as its content.

The data from five hundred and fifty horses un-
dergoing highspeed treadmill endoscopy (HSTE)
have now been reviewed and the diagnoses
reached were as follows:
           
No upper respiratory tract abnormality
seen                                                          123

Dorsal displacement of the soft palate
(DDSP)                                              179

Palatal instability (PI)                                  145

Dynamic arytenoid cartilage collapse
(ACC)                                                           57

Vocal cord collapse (VCC) without ACC     16

Axial deviation of the aryepiglottal fold
(ADAEF) alone                                   15

ADAEF with other forms of dynamic
collapse                                               55

Fourth branchial arch defects                        7

Right sided ACC / VCC                        3
             
Epiglottal entrapment                                    2

Epiglottal retroversion                        2

Posturally dependent laryngeal collapse        1
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The finding that malfunction of the soft palate con-
stitutes the most frequent definitive diagnosis (324
out of 550 horses) is consistent with previous re-
ports (Morris and Seeherman, 1991; Kannegieter
and Dore, 1995). This should come as no surprise
as it is now widely agreed that a diagnosis of DDSP
cannot be made from endoscopic findings at rest.
The report from the jockey is far more reliable!

Current opinion is that DDSP results from weak-
ness of the palatal musculature and an inability on
the part of the horse to maintain an efficient oro-
pharyngeal seal between the ventral aspect of the
palate and the dorsal aspect of the tongue. Once
air enters the oro-pharynx the palate becomes
destabilised like a wet sail and eventually sponta-
neously moves to a position dorsal to the epiglot-
tis.

There is some evidence that DDSP arises follow-
ing upper respiratory tract infections and it is con-
jectured that the innervation to the palatal muscles
– the pharyngeal branch of the vagus – is damaged
by infection where it passes through the auditory
tube diverticulum and lies immediately under the
respiratory epithelium. In treadmill terms a pre-
dictable sequence of events occurs leading up to
DDSP.

This commences with billowing movements by the
more rostral portion of the soft palate correspond-
ing to separation of the oro-pharyngeal seal, fol-
lowed by flattening of the epiglottis against the cau-
dal soft palate representing the opposition between
the contraction of the hyo-epiglotticus muscle and
the elevation of the palate by the air ventral to it.
Eventually the free border of the palate slips from
under the epiglottis and vibrates causing obstruc-
tion particularly during expiration and there is an
immediate dramatic reduction in ventilation.

One aspect of the study of the horses referred to
the University of Bristol’s Equine Sports Medi-
cine Centre was to compare the RLN gradings of

horses examined at rest on arrival with the diagno-
sis achieved by endoscopy on the treadmill  - 459
horses were reviewed for this aspect of the study.
(Franklin, 2002).

82 Grade 1 at rest yielded 1 Arytenoid cartilage
collapse (ACC) on
treadmill

3Vocal cord collapse

(VCC)

256 Grade 2 at rest yielded 11 ACC

4 VCC

82 Grade 3 at rest yielded  20 ACC

9 VCC

23 Grade 4 at rest yielded 19  ACC

0 VCC

6 Grade 5 at rest yielded 6   ACC
10  Others

Thus, in a population of horses which were referred
for the investigation of poor performance, often with
a history of abnormal respiratory noise, only 29 /
82 (35%) animals with Grade 3 RLN at rest were
confirmed to show dynamic collapse of the left
arytenoid cartilage and/or vocal fold during tread-
mill exercise. Four horses out of 23 (17.4%) with a
Grade 4 score at rest and would have been expected
to show dynamic collapse on the left side of the
larynx showed consistent near-symmetrical abduc-
tion throughout HSTE and were spared unneces-
sary laryngeal surgery. These results also show that
there were isolated cases (19 / 338 – 5.6%) where
horses showing ‘normal’ laryngeal motility – Grades
1 and 2 - during quiet breathing showed dynamic
arytenoid or cord collapse under exercise condi-
tions. In all cases there was palpable wasting of
the laryngeal musculature  on the left side and the
patients made progressive ‘roaring’ noises at exer-
cise.
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To the unaided human ear the inspiratory noises
produced by horses afflicted with axial deviation
of the ary-epiglottal folds (ADAEF) is not distin-
guishable from the ‘roaring’ or ‘whistling’ associ-
ated with RLN. In this series of 550 horses there
were 15 horses with ADAEF and no other concur-
rent form of dynamic collapse in the URT, 44 where
it was associated with palatal malfunction, 7 where
there was concurrent dynamic collapse of the
arytenoid or vocal fold and 4 where it was the ma-
jor source of airway obstruction in cases of fourth
branchial arch defect. The cause of ADAEF is not
known. The tissue which shows dynamic collapse
is not muscular and represents the lateral exten-
sions of the glosso-epiglottic mucosa. Thus, simple
stretching of the mucosa seems to be responsible
although it is unclear why some horses show
ADAEF and others exhibit epiglottal entrapment.

There is a tendency in clinical practice to make
simple single diagnoses but HSTE has shown that
dynamic collapse in the equine upper respiratory
tract is often complex with multiple sources of ob-
struction. On the other hand the traditional assump-
tion that RLN and DDSP often go together holds
little water. Only 17 of the 73 (23.3%) horses with
collapse of the arytenoid cartilage and / or vocal
fold showed concurrent palatal malfunction – DDSP
or PI.

HSTE has led to an improved understanding of the
dynamics of previously recognised disorders such
as recurrent laryngeal neuropathy, epiglottal entrap-
ment and dorsal displacement of the soft palate.
However, it has also led to a broadened repertoire
of diagnoses so that dynamic obstructions of the
URT which cannot begin to be identified during
quiet breathing can now be recognised. Terms such
as dynamic collapse of the pharyngeal walls or axial
deviation of the ary-epiglottal folds (ADAEF), ret-
roversion of the epiglottis, posturally dependent la-
ryngeal collapse and dynamic rostral displacement
of the palatal arch can now be added to the equine
clinician’s vocabulary, and no doubt there will be

more to come!

An understanding of the aetiopathogenesis of pala-
tal instability and dorsal displacement of the soft
palate is far from complete. A combination of analy-
sis of pharyngeal dynamics in naturally occurring
cases of DDSP and PI during HSTE and experi-
mental surgery suggests that weakness of the pala-
tal musculature and a failure to maintain an effec-
tive oro-pharyngeal seal is responsible. The epig-
lottis appears to be an innocent party in the onset of
DDSP and surgical techniques which interfere with
the epiglottis are irrational.

The role of palate resection surgery (staphylectomy)
is also dubious other than as a means to reduce the
volume of tissue contributing to the overall expira-
tory obstructive effect of the disorder. The use of
techniques which increase the tension in the oral
aspect of the soft palate by partial thickness resec-
tion (Ahern procedure), cautery or the injection of
sclerosis chemicals has become fashionable. These
may improve the stability of contact between the
underside of the palate and the upper surface of the
tongue but they only involve a thick layer of glan-
dular tissue.

No technique has been devised which will make
the muscles of the palate stronger and this being the
case all are doomed to have a have a “success”
rate of about 60%.  One group of patients worthy
of specific comment consists of those which “quit
out” abruptly in races and on the treadmill develop
PI. It has been suggested that these horses have ex-
perienced DDSP in the past and are pre-empting
the partial asphyxiation which accompanies it by
stopping once the initial stage of palatal weaken-
ing has been sensed.

Clearly not all horses which show poor or deterio-
rating performance and/or which make untoward
respiratory noises at exercise can or should be re-
ferred for HSTE. The selection of horses for this
technique should include those patients where the
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noises heard at exercise cannot be explained by
the findings of palpation or endoscopy; horses
which fade abruptly in races without abnormal res-
piratory sounds; horses where previous airway sur-
gery has been unsuccessful; and horses which have
been subjected to nerve-muscle pedicle graft sur-
gery to ameliorate RLN and where the outcome
cannot satisfactorily be evaluated during quiet
breathing.
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The need for control of drugs:
• Protect patient and public
• International requirement of trade
• Promote availability of new drugs

The purpose of control
• Ensure availability of effective and safe drugs
• Regulate supply and use of drugs
• Control manufacture and quality
• Monitor adverse reactions

Definition of Stock Remedy Act 36:
Any substance or mixture of substances, intended
or offered to be used in connection with “animals’
for the diagnosis, prevention, treatment or cure of
any disease, infection or other unhealthy condition,
or for the maintenance or improvement of health,
growth, production or working capacity, but
excluding any substance in so far as it is controlled
under the Medicines and Related Substances
Control Act 1965, (Act 101 of 1965).

Definition of Veterinary Medicines Act
101:
“Any substance or mixture of substances, other than
a stock remedy or farm feed registered in terms of
Act 36, used or purporting to be suitable for use or
manufacture or sold for use in connection with
vertebrates, for the treatment, diagnosis, prevention
or cure of any disease, infection or other unhealthy
condition, or for the maintenance or improvement
of health, growth, production or working capacity,

or for curing, correcting or modifying and somatic
or organic function, or for correcting of modifying
behaviour.”

In addition, the conditions of supply and use of
veterinary medicines, selling and administration,
supplying and drug control will be discussed.
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Standing surgery of the
equine paranasal
sinses – when and

where should we make
holes in horses’ heads?

J.Geoffrey Lane
BVetMed DESTS FRCVS

University of Bristol, Department of
Clinical Veterinary Science,

Langford House, Langford, BRISTOL
BS 40  5DU, United Kingdom

INTRODUCTION
The clinical signs associated with diseases of the
paranasal sinuses of the horse include nasal dis-
charge, which may be mucoid, purulent,
haemorrhagic or a combination of these, facial
swelling and obstructive dyspnoea. Expansive le-
sions in this area may produce facial swellings or
obstruct nasal breathing and on occasions will dis-
place orbital tissues resulting in exophthalmos. It
is exceptional for a sinus disorder to extend cau-
dally into the cranium to provoke central nervous
signs. Nevertheless, the discomfort associated with
sinu-nasal disorders may be responsible for
behavioural changes in some. The intranasal struc-
tures are richly vascular and it is not surprising
that trauma and destructive conditions frequently
lead to epistaxis.

The purpose of this contribution will be to com-
ment on three more recent developments which are
applicable in clinical practice: (1) *** the diag-
nostic value of direct sinus endoscopy,  (2) *** the
technique of frontal flap surgery performed on the
standing horse and   (3) *** intralesional treatment
of progressive ethmoidal haematomas.

ANATOMICAL CONSIDERATIONS
The paranasal sinuses of the horse are extensive
air-filled spaces lined by mucoperiosteum.  The
human nasal mucosae produce in excess of 0.5 litres
of mucus daily and thus it is reasonable to suggest
that the paranasal sinus lining of the horse secretes
several times this volume.  The normal removal of
mucus is a dynamic process depending on
mucociliary flow to the drainage ostia which do
not lie at the lowest points in the sinuses.  Once the
nasal meati are reached mucus is lost by a combi-
nation of evaporation and further mucociliary flow
towards the nasopharynx.  The aetiopathogenesis
of primary sinusitis in horses hinges on stagnation
of mucus in the sinus cavities through inhibition of
dynamic clearance.  Other sinu-nasal disorders such
as space-occupying conditions produce secondary
empyema by physical obstruction of the drainage
ostia.

The five paired paranasal sinuses of the horse are:

1) Frontal/conchofrontal
2) Caudal maxillary
3) Rostral maxillary
4) Ethmoidal
5) Sphenopalatine

The frontal sinus is divided into conchofrontal
(CFS) and frontal (FS) portions.  Drainage takes
place through the fronto-maxillary foramen into the
caudal maxillary sinus (CMS).  The ethmoidal and
sphenopalatine sinuses also drain via the CMS into
the middle nasal meatus.  The rostral maxillary si-
nus (RMS) has an independent drainage ostium,
again into the middle nasal meatus. The RMS is
divided into a lateral bony and a medial turbinate
portion within the ventral conchus (ventral conchal
sinus, VCS).  These are separated by the infra-or-
bital canal and a sheet of bone joining it ventrally
to the roots of the cheek teeth.  It can be seen that in
the young horse the lateral bony compartment is
largely occupied by the roots of the cheek teeth and
that, regardless of age, the VCS is not easily acces-
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sible for surgery or for direct endoscopy other than
via the floor of the CFS.  A thin-walled bulla of
this compartment extends caudally into the CMS
and can be appreciated on radiographs.
The roots of cheek teeth 4, 5 and 6 lie within the
maxillary sinuses: these are most prominent in young
horses and recede towards the floor of the sinuses
with age. The roots of CT3 form the rostral wall of
the RMS.  Surgical dental extraction procedures
must take account of vital structures such as the
nasolacrimal canal, infra-orbital canal and the an-
gular atery and vein .

OBJECTIVES OF MANAGEMENT
The management of sinus diseases of the horse de-
pends upon a decision-making process with clearly
defined objectives: to identify and eliminate the
cause of disease, and to restore function.

1)   Identification of the primary sinus
disorder:
The principle diagnostic procedures to investigate
sinu-nasal conditions comprise external assessment,
radiography, endoscopy via the nostrils, direct en-
doscopy through the sinus wall, exploratory sur-
gery and biopsy.  An accurate case history is in-
valuable and particular note should be made of pos-
sible contact with infectious respiratory disease
and of the duration and nature of any nasal dis-
charge.  It is unusual for sinusitis to be bilateral
and it is logical that the discharge will be largely
unilateral whenever its origin lies rostral to the cau-
dal limit of the midline septum. Even when a horse
is presented with unilateral epistaxis enquiries
should be made regarding possible associations
with exercise to eliminate a diagnosis of EIPH.
Epistaxis due to guttural pouch mycosis may be
acute and, even if episodic, the course of the his-
tory is unlikely to exceed 3 weeks. Progressive eth-
moidal haematoma (PEH) is a more likely expla-
nation when episodes of epistaxis span a longer
period, especially if the blood is not fresh.  A foetid
nasal discharge points to suppuration but this could
arise from a wide range of chronic sinus lesions.

Horses involved in steeplechasing, hurdling,  show
jumping or eventing may become unreliable jump-
ers in the face of sinusitis, presumably reflecting a
painful jarring sensation on landing.

A External assessment
The facial area should be inspected for evidence
of deformity of the supporting bones through swell-
ing or trauma. Percussion of the walls of the
paranasal sinuses is an unreliable technique but in-
creased resonance may be perceived when the
walls become thin or dullness may develop when
the sinuses are completely filled by fluid or soft
tissue.  The airflow at each nostril should be
checked to assess obstruction of the nasal meati.
The clinical crowns of the cheek teeth are exam-
ined for the presence of fracture, displacement or
impaction of degenerate ingesta.  The patency of
the nasolacrimal duct can be checked by
catheterisation and infusion of saline solution from
either end.

B Radiography
The excellent contrast which exists between air,
bone and teeth makes the sinu-nasal region a good
target for diagnostic radiographs.

C Endoscopy
The endoscopic examination of the nasal area is
performed in two ways. First, by conventional pas-
sage of the instrument into the nasal meati and, sec-
ond, by direct inspection of the sinus contents with
the endoscope passed through a small trephine hole.
It is not exceptional for major abnormalities to be
identified by direct endoscopy into the sinuses when
conventional examinations per nasum have revealed
little untoward.  All endoscopy of this region is
best performed on the standing horse because ori-
entation is straightforward and the nasal tissues of
the recumbent animal become discoloured and en-
gorged.

Endoscopy via the nose may reveal changes such
as narrowing of the nasal meati; distension of the
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ventral or dorsal conchi reflecting filling of the ven-
tral conchal and concho-frontal sinuses respectively;
the presence of a soft tissue mass such as an ethmoi-
dal haematoma; discharge streaming from the sinus
drainage ostium; and mycotic plaques on the surface
of the conchal mucosa.

*** Direct sinus endoscopy (DSE)

It is generally not possible to pass an endoscope
through the drainage ostia of the paranasal sinuses
unless there has been distortion by surgery or chronic
disease. Thus, it is perfectly possible for sinus dis-
orders to remain undetected by endoscopy per nasum
and for an incomplete diagnosis to be made unless
the contents of these airspaces are inspected directly.

Indications for direct sinus endoscopy
The sinus compartments which lend themselves best
to DSE are the caudal maxillary (CMS), the true fron-
tal (FS) and the concho-frontal (CFS) sinuses. These
are inter-connected via the fronto-maxillary foramen
and, coincidentally, share a common drainage os-
tium to the middle nasal meatus.

The presence of blood, pus or mucopus emerging
from the caudal area of the middle meatus estab-
lishes the sinuses as the source of a nasal discharge
and yet there may be no other evidence of disease to
identify by endoscopy of the nasal structures. For
example, in cases of ethmoidal haematoma or myco-
sis confined to the sinuses. PEHs may arise from the
nasal aspect of the ethmoturbinates, in which case
they will be available for diagnosis by endoscopy
per nasum, or on the sinus surfaces, in which case
they will not. A complete diagnostic evaluation for
PEH requires that four sites are checked, i.e. en-
doscopy via left and right nares, and left and right
DSE even when the clinical signs are unilateral.
Mycotic infections of the nasal region produce de-
structive changes but may be confined to the lining
of the sinuses. Surprisingly, the changes on radio-
graphs are often minimal and endoscopy via the nares
can be unrevealing unless the mycotic plaques have

destroyed through the conchi to the nasal surfaces.
Thus, DSE is indicated for those horses which show
a persistent, unilateral, low-grade, malodorous na-
sal discharge with non-specific findings on radio-
graphs.

Technique and equipment for DSE
Although there are reports of the use of rigid
endoscopes, i.e. arthroscopes, for DSE and a vari-
ety of entry points have been suggested, the author
has found that flexible equipment passed into the
CMS provides a simple and effective approach. A
flexible gastroscope with an external diameter of
7.5 - 9.0 mm is suitable but, of course, a trephine
with a slightly larger diameter is also needed.

A linear rather than circular incision is used so that
it can be closed with sutures if there are negative
findings within the sinuses, but a treatment catheter
can still be placed if required. The incision is made
over the CMS, bisecting the angle between the bony
margin of the orbit and the facial crest. The perios-
teum is cleared in the usual way. Care is required
to make sure that the bony edges are smooth for
fear of damage to the outer covering of the endo-
scope. Strict asepsis may not be possible but the
distal section of the endoscope should be thoroughly
cleaned and surgical spirit is applied immediately
before introduction into the sinus.

Endoscopic findings during DSE
The normal landmarks which are readily identifi-
able include the roots and reserve crowns of the
fifth and sixth cheek teeth in the foreground ven-
trally; the infra-orbital canal running horizontally
above the tooth roots; the bulla of the RMS ros-
trally; the wide fronto-maxillary foramen in the mid-
dorsal field and through this the leaves of the
ethmoturbinates. The FS and CFS can be inspected
by advancing the endoscope through the fronto-max-
illary foramen.

DSE is not normally required in cases of primary
sinusitis, but inflammation of the mucosal lining and
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the pooling of a mucus-based discharge ventrally
would confirm such a diagnosis. Dental periapical
suppuration produces such gross proliferative
changes around the tooth roots that the view for
DSE is likely to be obscured and a specific diag-
nosis may not be possible. Ethmoidal haematomas
are usually obvious although the colour of the le-
sions is very variable.

Care should be taken to inspect the dorsal aspect
of the ethmoids in the FS where small lesions may
be overlooked. Large lesions on the nasal surfaces
of the ethmoids may distort the medial walls of the
sinuses. Again, there is no diagnostic subtlety re-
garding mycotic infections - these lesions produce
obvious plaques from which material can be taken
for culture and typing. Less common lesions which
may be seen by DSE include sinus cysts and neo-
plasms - both conditions are more likely to be di-
agnosed on the basis of radiographs and explor-
atory surgery. However, in horses with suspected
neoplasia DSE offers a means to obtain represen-
tative tissue samples for pathological interpreta-
tion.

The rostral maxillary sinus (RMS) is not easily
amenable to DSE because of the position of the
infra-orbital canal as well as the reserve crowns
and roots of the cheek teeth. Also, there are mini-
mal indications to inspect the contents of this com-
partment. The exception might be chronic empy-
ema but frankly this is far better dealt with using
the standing frontal flap technique described be-
low.

 2    Return of a normal drainage system
or creation of alternative drainage
through a sinu-nasal fistula:
Non-surgical methods to manage sinusitis include
antibiotics, mucolytics, steam inhalations, volatile
inhalations and continued exercise.  The objective
is the return of normal mucociliary clearance
mechanism. Simple trephination has similar inten-
tions with the addition of irrigation, possibly in-

cluding topical antibiotic agents, to clear stagnant
mucus and eliminate secondary infection.

In the face of chronic sinusitis, sinus cyst and PEH
the natural drainage system may be physically ob-
structed.  Fistulae can be made by removal of a
medial section of the floor of the CFS or medial
wall of the VCS so that there is free communica-
tion between the sinus cavities and the nasal meati.
Fistulation surgery can be highly haemorrhagic and
should not be attempted in the standing patient.

 3    Adequate visibility for accurate
diagnosis and surgery
The miserable visibility conveyed by a traditional
trephine hole can be greatly enhanced by direct
endoscopy as described above.  However,
frontonasal or maxillary flap surgery is required
for more extensive excisional procedures and to
inspect the contents of the RMS.

*** Standing facial flap (SFF) surgery

Good access to the concho-frontal, frontal and max-
illary sinus compartments can be achieved through
a laterally based frontal flap approach performed
with the horse standing, under sedation and local
anaesthesia and, at the very least, is a valuable ex-
ploratory technique. SFF surgery is particularly
suitable to manage empyema of the RMS in horses
of all ages. The bulla of the RMS may bulge cau-
dally into the CMS when it is inflated by pus and
this is easily punctured and partly excised. There
is less haemorrhage with the standing approach
because the postural change of anaesthesia is
avoided and orientation is simple. The SFF ap-
proach might also be used to ablate those ethmoid
haematomas which prove inaccessible by DSE and
some sinus cysts may also be removed by this ap-
proach.

Technique for standing sinus flap surgery

The frontal area is clipped and prepared for clean
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surgery in the normal manner and at the same time
the site for CMS trephination is also prepared for
the later placement of an irrigation catheter. Heavy
continuous sedation is provided using a detomidine
and butorphanol combination administered in an
intra-venous drip. Local anaesthetic is infiltrated
between the skin and periosteum over the surgical
site which is located over the CFS, avoiding the
line of the naso-lachrymal duct. An incision is made
through the skin and periosteum together and this
should be fashioned at least 3 mm. wider than the
intended bone incision. A 5.0 cm. trephine is ideal
to make the bone window but if this is not avail-
able a series of smaller overlapping holes can be
used in the style of Olympic-rings. On entry into
the CFS topic local anaesthetic is sprayed onto the
lining.

Landmarks such as the ethmoidal turbinates, the
infra-orbital canal and RMS bulla are identified.
The bulla can be punctured with the point of a fin-
ger and as much of this structure as possible is
resected with scissors and rongeurs. Haemorrhage
should be no more than slight but trauma to the me-
dial wall of the exposed VCS should be avoided.
Inspection of the sinus contents is followed by ab-
lation of localised lesions, lavage of inspissated
pus and the placement of an irrigation catheter. The
skin/periosteum incision is closed in a single layer
with a combination of sutures and staples. Although
the disc of trephined bone is rejected, the cosmetic
results are generally good.

Results
In a series of 60 cases (Quinn and Lane, 2004, in
press) the overall rate of resolution of sinus disor-
ders following SFF surgery has been comparable
to the results achieved by more radical surgery per-
formed under general anaesthesia. The findings con-
firmed by this technique included empyema of the
RMS (22 cases – 14 with inspissated pus),
generalised chronic sinus empyema (10), mycotic
sinusitis (8), PEH (6), sinus cyst (4), dental apical
infection (4), neoplasia (3), ethmoidal abscessation

(1), bone sequestration post-trauma (1) and an un-
specified osseous reaction (1). Secondary surgery
under anaesthesia was required in only 6 horses,
generally to create a sinu-nasal fistula when drain-
age via the natural ostium continued to be ineffec-
tive.

Facial flap surgery under anaesthesia

Fronto-nasal or maxillary flap surgery under gen-
eral anaesthesia is required for more extensive and
haemorrhagic procedures such as the removal of
sinus cysts, large PEHs and selected tumours as well
as for fistulation techniques. Fistulae can be made
between the sinus cavities and the nasal meati but
this may provoke major haemorrhage and cannot
be performed safely with the horse standing. In sur-
gical practice the fistulae described provide con-
venient routes by which to lead sock-and-bandage
pressure packs to the nostrils (see below).

 4  Control of Haemorrhage
Sinus surgery is bloody surgery - haemorrhage in a
highly vascular area is exaggerated by the postural
change in an anaesthetised horse.  Care must be taken
to provide circulatory support by aggressive intra-
venous fluid administration although whole blood
replacement is rarely necessary.  Hypotensive an-
aesthetic agents are not desirable when prolonged
surgery renders horses vulnerable to
rhabdomyolysis  of the dependent limbs.

Temporary bilateral carotid occlusion can reduce
haemorrhage and improve visibility during the in-
traluminal stages of sinus flap surgery and comprises
the pre-placement of snares around each common
carotid artery which are drawn tight only for the
15-20 minutes required to complete the intranasal
stages of the surgery. However, the advantages of
slight haemorrhage reduction must be weighed
against the disadvantages of prolonging the surgery
and also the risk during placement and removal of
the snares of insult to the recurrent laryngeal nerves
which run within the carotid fascia .
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Pressure packing within the sinus cavities and na-
sal chambers is essential to control haemorrhage
on completion of the surgery and during the initial
recovery period, i.e. 48-72 hours.  Sock-and-ban-
dage packing consists of lengths of cotton bandage

packed into tubular stockinet socks.  These are pre-
pared ahead of surgery and 1-4 may be needed for
each operation. The open end of the stockinet is
led to the nostril through a fistula created between
the sinus cavity and the nasal meati. On the third or
fourth day after surgery the bandage is withdrawn
and a day later the stockinet is removed.

5   Facilities for topical post-operative
treatment and monitoring of progress
The implantation of a Foley balloon catheter, typi-
cally into the CMS, offers a convenient route for
post-surgical irrigation and medication.  It must be
appreciated that blood clots and devitalised tissue
are inevitably left after all sinus surgery and op-
portunist infections, frequently mycoses, are likely
to become established.  Balloon catheters are rec-
ommended as a routine to permit physical displace-
ment of debris by irrigation and for topical medi-
cation which should include an antimycotic agent -
a portable pressurised garden spray is a practical
means of administration which is well tolerated by
the patients.

 6.  Early return to exercise
In spite of the radical nature of some sinus surgical
procedures an early return to exercise is to be
commended as an integral part of treatment.  Forced
nasal ventilation increases the evaporation of
residual discharges when stagnation might
otherwise encourage post-operative infections to
become established.

7   Pleasing cosmetic result
The cosmetic results of trephination and facial flap
surgery are both satisfactory as no more than a slight
depression at the operation site should result from
either.  However, it has been conceded above that

when a replaced bone flap heals without compli-
cation, the cosmetic result is marginally superior.
Occasionally after all sinus surgery proliferative
suture periostitis is seen, presumably as a result of

 vibrations in the suture lines during trephination
or sawing.

Specific indications for sinus surgery in
horses:

1 Dental Extraction
The traditional means to extract the cheek teeth is
by repulsion and for maxillary CT 4 - 6 this means
trephination through the paranasal sinuses.  Check-
ing the oro-antral fistula and sinus content is an
important part of nursing and thus the trephine holes
should be prevented from closure until the floor of
the sinus has healed and secondary infection has
resolved. Dental extraction is one indication for
sinus surgery where trephination is preferred and
facial flaps should be avoided. Once a flap has
been closed there is no access to the alveolus for
inspection or curettage unless the flap is re-opened.

2 Acute Sinusitis
The normal progress in the treatment of sinusitis is
to use medical regimes initially. When these fail
and the diagnosis of sinusitis is confirmed by
endoscopy and radiography and dental disease has
been ruled out, the treatment should progress to the
next level with trephination into the CMS in the
corner between the facial crest and orbital margin.
This is performed with the horse standing under
local anaesthesia. A Foley balloon catheter is placed
for direct irrigation and medication and the horse
should continue in moderate exercise.

3 Chronic Sinusitis
Failure of simple irrigation is seen as continued
nasal discharge, possibly malodorous and arises
through necrosis of the sinus lining, inspissation of
pus and occlusion of the natural drainage ostia.
Comprehensive radiographic and endoscopic in-
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vestigation aims to eliminate other disease pro-
cesses and if none is found standing facial flap sur-
gery is indicated. Chronic primary sinusitis must
be differentiated from sinusitis secondary to den-
tal periapical suppuration.

4 Removal of Sinus Cysts
They are expansive lesions, usually in the CMS or
CFS, with a distinct wall and characteristically
contain vivid yellow fluid.  At facial flap surgery
they can be peeled away from the inside of the si-
nuses.  In the event of incomplete ablation small
areas of residual cyst tissue do not appear to cause
complications and the condition carries a good
prognosis.

5  ***  Treatment of progressive ethmoidal
            haematomas
Progressive ethmoidal haematoma (PEH) is a mul-
tifocal disease of unknown aetiology which pro-
duces expanding, discrete, soft tissue masses filled
with clotted blood which are attached to the sur-
faces of the ethmoturbinates. Intermittent splitting
of the overlying mucous membrane produces the
spontaneous leakage of dark blood which is seen
at the nostril. Although one mass may be larger than
the others and account for the presenting clinical
signs which may include obstructive dyspnoea as
well as epistaxis, it is rare for lesions to be soli-
tary. Thus, most published surgical series on the
treatment of PEH report a significant recurrence
rate but whether the secondary lesions are recur-
rences at the original site or new lesions altogether
is far from certain. PEH is probably best viewed
as a lifelong affliction for susceptible horses re-
quiring tactical treatment as and when required.
Thus, there has recently  been a move away from
surgical resection of PEH, unless the lesions are
very large, to ablation by intra-lesional injection
of necrotising agents. At least 14 years ago
Gottschallk was using  of euflavin for this purpose
in South Africa but more recently 10% formalin
has become the agent of choice. The treatments are
performed trans-endoscopically using a bevelled
catheter passed through the biopsy channel and are

applied directly via the nose or in combination with
DSE. Most lesions require more than one treatment
so that horses are re-examined and treated at monthly
intervals until clear of lesions. Even so it is quite
likely that episodes of recurrence will arise indefi-
nitely.
Complications are unusual.

6 Primary mycotic rhinitis and sinusitis
Although mycotic opportunism is common after sur-
gery or secondary to other suppurative conditions
such as dental periapical abscessation horses are
encountered where these infections arise on the sinu-
nasal tissues without obvious underlying disease.
Topical medication with the benzimidazole agent
enilconazole has proved to be effective in the
author’s experience and primary mycosis carries
an excellent prognosis.  A Foley balloon catheter is
placed into the CMS in the usual manner and the
sinus cavity acts as a reservoir for the medication
which is infused twice daily. Prolonged treatment
may be needed.

7 Trauma
Fractures of the walls of the paranasal sinuses are
common injuries to horses through kicks, falls, etc.
They are generally comminuted and sometimes com-
pound.  The direct trauma causing the fractures pro-
duces a depression of the fragments involved.
Haemorrhage, emphysema, sequestration, second-
ary sinusitis and disruption of the nasolacrimal duct
are potential sequels.  Each case must be individu-
ally assessed and treatment ranges from conserva-
tive antibiotic cover to aggressive surgery to con-
trol haemorrhage, to remove detached bone frag-
ments and to elevate depressed plates of bone into
their normal alignment.  A balloon catheter for irri-
gation/medication should be considered when se-
vere haemorrhage has been sustained and for all
cases where the sinuses have been contaminated in
compound fractures.



43

Proceedings 36th Annual Congress

43

   Angular Limb
    Deformities

Barrie Edwards
University of Liverpool

GENERAL POINTS
Angular limb deformities (ALD. refer to any de-
viation of the limb from the normal axis.  The de-
viation may be either medial or lateral from the
Normal sagittal axis of the limb.

Valgus:
Lateral deviation of the distal part of the limb.
Varus:
medial deviation of the distal portion of the limb.

The potential locations are:
metaphyseal growth plate (physis.
epiphysis
cuboidal bones of the carpus or tarsus
metaphysis
metacarpal/metatarsal II and IV

The most common location is the metaphyseal
growth plate of the distal radius.  Growth is asym-
metric across the physis, occurring at a different
rate medial and lateral.

The joints affected in order of frequency are the
carpus, tarsus and metacarpophalangeal /
metatarsophalyngeal.

The differential diagnoses are soft tissue laxity of
the carpal or tarsal joints and fractures involving
the joint.

AETIOLOGY
The factors which cause angular limb deformities
to occur can be listed as follows:

1.  Perinatal Factors:
• Incomplete ossification of cuboidal bones.  Os-

sification of the carpal and tarsal bones occurs
late in gestation – 270 – 300 days.  The bones
are normally rounded on radiographs.

• In dysmature foals ossification lags behind.
There is more cartilage than bone.  Physiologi-
cal loading leads to deformation, and ossifica-
tion leads to permanent distortion e.g. tarsal bone
collapse.

• Intrauterine posture.
• Endocrine problems – hypothyroidism, vitamin

A?, copper deficiency, cuboidal bone collapse.
• Flaccidity of the periarticular structures leads

to dynamic deformity, which is reducible.  How-
ever, if the foal is allowed persistent or exces-
sive exercise, uneven loading of the osseus
structures may lead to permanent deformation

2. Developmental Factors:
•  Over or under balanced nutrition
• Asymmetric forces on the physis or epiphysis
•  Excessive exercise with trauma to the growth

plate.
•  Overload of the limb due to contralateral lame-

ness.

As we consider this problem we must also con-
sider the normal propensity for correction of these
deformities, since many foals will correct an an-
gular deformity with treatment as simple as re-
stricted exercise or corrective trimming of the feet.

The physeal growth curve or the ability of the
physeal growth to respond to the forces places upon
it is the likely explanation for the natural correc-
tion seen in some individuals.  Physeal cells that
are loaded more heavily, respond by growing faster.
Those cells which are subjected to a lower load,
grow more slowly.  The above-described response
is the normal or physiological state when the load
is applied in an intermittent manner.  In cases of
deformity where the angulation is so severe, that
the increase in load is constant (pathologic load-
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ing. then the acceleration in growth does not occur.
Relating the above to the real life situation, it would
appear that this mechanism is active in the mildly
to moderately affected foal that corrects the defor-
mity with conservative treatment.  In the more se-
vere cases, the physis in unable to adapt to the in-
creased load, necessitating intervention in the form
of surgical correction.

It is important to know when growth stops in
the physis.

In the Distal metacarpal physis growth is rapid
between 4-6 weeks of age and had ceased by
12 weeks.
In the distal radial physis growth is rapid and
ceases by 15 months.
The tibial physis closes by 12 months and the
metatarsal physis by 7 weeks.

This means that if the physis closes, further cor-
rection is impossible and may even be harmful.
Fetlock deformities must be dealt with early and
early recognition is essential, medical approach is
less effective.

Carpal and tarsal deformities can be managed
medically to start with.  However, severe defor-
mities have no chance to correct without interven-
tion.

Signalment
Angular limb deformities are seen in neonates and
nursing foals 0 – 4 months.

Clinical Signs
There will be visible varus or valgus deformity.
The carpus, tarsus and fetlock joints are most com-
monly affected.  There may be a potential inciting
cause such as an injury to the same or opposite
limb.
DIAGNOSIS
1.  Physical examination
Carry out a visual assessment to define the loca-

tion/locations, e.g. carpal valgus and fetlock varus.
Look for evidence of soft tissue laxity and injury or
pain in the opposite limb, which results in exces-
sive weight bearing.

2.  Radiography:
 Allows determination of location and type of de-
formity.  In order to determine the degree of angu-
lation, it is essential that most if not all the radius
and metacarpus are included.  Because of concur-
rent slight outward rotation of the limb, each forlimb
should be radiographed separately.  Weight bear-
ing and stressed views
a. Dorso-palmar to assess angulation.
b. Draw lines through the centre of the proxi

mal and distal long bones.
The point of intersection will give the location.
The location helps to determine treatment and
prognosis.

c. Individual joint measurement.
d. Lateral-medial: to assess the cuboidal

bones.

3.  Potential locations of deformity are:-
a. Joint area – physis, epiphysis, cuboidal bones,

splint bones.
b. metaphysis or diaphysis (rare).

Treatment
The treatment selected will be determined
by:-
·  Foal’s age.
·  Joint affected.
·  Severity of deformity       

     fracture Harris, Salter,

physis of closure premature

·  Remaining growth potential (closure of the growth
plate).

1.Conservative treatment: young animals with
mild deformities.
a. < 2 – 3 weeks fetlock

< 4 – 6 weeks carpus/tarsus.
b. Stall rest with minimal exercise.
c. Reduce food intake of mare.
(d.Corrective trimming
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Valgus – lower lateral wall and extend mdial
wall
Varus – lower the medial wall, extend la-
teral wall.
Corrective shoeing – glue on shoes.

2.Splinting or tube casting
Only used to treat soft tissue laxity.
a. One must be able to manually straighten valgus

or varus deformity.
b. Tube cast from elbow/stifle to just above the

fetlock.
c. Splints may be easier to manage despite the need

for frequent bandage changes.
d. Must bear weight to maintain strength in the ten-

dons.

3.  Surgical Treatment

a.  Growth Acceleration: Periosteal Transection
and Elevation.
The mechanism of increased growth rate on the side
of surgery is unknown, but is thought to result from
inflammation and increased blood supply, or to
physical release of tension on the periosteum.  The
aim is to increase the growth rate on the shorter
side of the limb.  The surgery is simple and low
risk.

I.   Location – shorter side of the limb metaphyseal
side of the growth plate.
i. Carpal valgus

distal lateral radius between the common and
lateral digital extensor tendon

ii. Carpal varus
most medial part of the distal radius.

iii. Tarsal valgus
distal lateral tibia between the lateral and long
digital extensor tendons.

iv. Tarsal varus
most medial part of the tibia.

v. Fetlock varus or valgus
Distal MCM/MTM
lateal (valgus.

medial (varus.

II.   Timing  - While growth potential remains in
the growth plate.
< 35 – 60 days distal MCIII / MTIII
< 60 – 120 days distal radius and ulna
After this period of time some correction may be
achieved with either or both of the surgical proce-
dures; however, the prognosis given to the owners
must be guarded for significant correction of the
limb deviation

III.   Procedure – hemicircumferential periosteal
transaction (periosteal strip.
i. Vertical incision of skin and subcutaneous tis-

sue.
ii. Inverted ‘T’ incision in the periosteum.  The aim

is to elevate 180° circumference with the ‘cross
of the ‘T’ +/- transection of the distal attach-
ment of the vestigial ulna.

iii. elevation of the periosteum.
iv. closure of subcutaneous tissue and skin
v. light dressing.

IV  Aftercare – restricted exercise until the limb
straightens.

V  Advantages – simple, short, minimally invasive
technique which will not over-correct.  The proce-
dure can be repeated.

(b.Growth Retardation: Transphyseal Budging
The mechanism of growth retardation is physical
impairment of growth on the longer side of the limb.

I. Location – the longer side of the limb across the
physis (from the metaphyseal to epiphyseal sides.
i.  Carpal valgus distal medial radius
ii. Carpal varus

lateral distal radius between the
common and lateral digital
extensor tendons.

iii. Tarsal valgus
        distal medial tibia.
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iv.  Tarsal varus
 most lateral part of the tibia
between the lateral and long
digital extensor tendons.

v.   Fetlock varus or valgus
Distal MCIII/MTIII
medial (valgus.
lateral (varus.

II.   Timing  - Use after the majority of growth
potential has been lost.

50 – 60 days  - fetlock
60 – 120  - carpus.

in foals with severe deformities.

III.   Procedure
i. Vertical or curvilinear incision over the area

of the physis or lateral.
ii. Incise skin and subcutaneous tissue.
iii. Locate physis with a hypodermic needle.
iv. Place one screw in the metaphysis 1.5cm

proximal to the physis.
v. Place a second screw in the epiphysis; be-

ware of joint and physis.
vi. A figure of 8 wire is placed around the screws,

the ends are turned down and the screws tight-
ened.

vii. Close the subcutaneous tissue and skin.
viii. Radiographs should be taken intraoperatively.

Alternatively a transphyseal bridge can also be cre-
ated using two large stainless steel staples or by
using a small plate across the physis

IV.   Aftercare –
prophylactic antibiotics
stall rest
limited exercise until the limb straightens.

The screws (staples or plate. are removed as
soon as the limb is straight.

V.   Advantages  - The procedure can be performed
with minimal growth potential, i.e. if past maxi-
mum growth potential or with severe angular de-

formity.

VI.Disadvantages – The procedure is moderately
invasive.  A second surgery is required to remove
the implants.  It is possible to overcorrect if
progress is not monitored carefully.

VII. Prognosis for Angular Limb Deformities
Good: When treated early and the problem involves
physis or epiphysis.
Fair to Poor

with severe angulation
with multiple site involvement
with crushed carpal bones
with secondary degenerative joint disease
with metaphyseal deformity

c. Osteotomy
Osteotomy is usually reserved for severe deformi-
ties of the metaphysis or diaphysis.  The procedure
would usually be used for salvage purposes, as ath-
letic ability is likely to be limited.  This is a very
invasive procedure with the potential complications
being similar to those experienced with long bone
fractures.  These procedures must be very carefully
planned to maximise the chances of a good outcome.

FURTHER READING
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Physeal growth retardation leads to correction of
intracarpal angular deviations as well as physeal
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The Surgical
  Management of

  the Equine
Colic Case –

General Points
Barrie Edwards,

University of Liverpool

Colic surgery is a team effort and the chances of
success are greatest when the optimum number of
people and back up facilities are available.

As stated previously, the patient in abdominal cri-
sis is either in shock or predisposed to it and ide-
ally should not undergo laparotomy until all its
physiological parameters are within normal limits
and the gastrointestinal tract has been decom-
pressed.  However, this is rarely a practical propo-
sition.  A balance between restoration of blood vol-
ume and complete rehydration must be found be-
cause if the whole of the calculated fluid deficit is
given before anaesthesia, a substantial proportion
will diffuse into the lumen of the intestine before
the obstruction can be relieved.  This will not only
be lost from the circulation but it will also make
the surgery more difficult.  It is therefore advisable
to administer as much  balanced electrolyte solu-
tion as possible during preparation for surgery and
then to restore the remainder during the operation
once the obstruction is relieved.  This approach is
satisfactory for horses with relatively mild defi-
ciencies in circulating blood volume.  However,
acute restoration of the circulation in horses in se-
vere shock is best achieved using hypertonic sa-
line; 4ml/kg of 7.5% saline given rapidly before

induction of anaesthesia draws fluid into the circu-
lation as well as increasing cardiac contractility
and output.  The effect can be dramatic and lasts
well into the surgical period during which isotonic
solutions are administered as usual.

It is generally agreed that the prognosis depends to
a large extent on the duration of the operation which
should be performed as expeditiously as possible
without sacrificing a good surgical technique.
Whenever possible, the ventral abdomen should be
clipped beforehand to reduce to a minimum the in-
terval between induction and the first incision.  This
is particularly important in those horses with se-
vere abdominal distension, where rapid decompres-
sion of the large intestine is essential if the patient
is not to succumb to respiratory embarrassment
caused by pressure on the diaphragm.  The passage
of a nasogastric tube and evacuation of fluid stom-
ach contents prior to induction reduces the risk of
gastric rupture, regurgitation and aspiration of fluid.

Premedication and anaesthesia

The anaesthetist frequently has to contend with the
residual effects of a variety of drugs (e.g. seda-
tives, narcotics and spasmolytics) which have been
administered between the onset of colic and refer-
ral for surgery.  Colic patients are often quiet and
depressed, but when sedation is required, the al-
pha-2 agents are the drugs of choice.  Xylazine may
be preferable to detomidine as it is shorter acting,
but small doses of detomidine (5-10 mg/kg) may
also be used.

Induction and Maintenance
The objective should be to achieve:
· smooth induction so that the horse sinks quietly

to the ground
· A similarly smooth recovery a relatively short

time after completion of surgery

A variety of drugs and dose rates may be used de-
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pending on the preference and experience of the
anaesthetist and the state of the patient.  Whichever
induction technique is chosen, it is important it is
one with which the anaesthetist is fully familiar and
it must be remembered that in toxic patients the
doses required of any depressant drug will be con-
siderably reduced.

The main requirements of anaesthetic maintenance
are similar to any procedure except there is much
greater emphasis on fluid replacement.
· Progress should be assessed by regular moni-

toring of PCV and plasma protein
· Arterial blood pressure, mucous membrane

colour and capillary refill time (CRT) provide
valuable information as to the efficiency of the
circulation.

· Cardiac support with the inotropes dopamine or
dobutamine is widely accepted as effective
therapy whenever hypotension is evident.

Respiratory depression may be a problem in the
horse with colic, but the relative merits of positive
pressure ventilation and spontaneous respiration
must be balanced for each individual concerned.

Blood gas analysis, if available, will enable the
existence and degree of acidosis or alkalosis
present to be determined.  In the absence of means
of blood gas measurement, it is reassuring that once
fluid therapy, kidney function and hepatic circula-
tion are restored, the body rapidly adjusts its acid/
base deficit.

Recovery from Anaesthesia
If colic surgery has been successful in resolving
the problem, the horse is usually remarkably calm
in the recovery period.

 Laparotomy (Celiotomy) Technique

The ventral midline approach is used now almost
universally for colic surgery.
· The incision allows easy, rapid access to the

abdominal cavity with the minimum of
haemorrhage

· Great latitude of access and exposure of the vis-
cera is possible, an important factor when we
consider the frequency with which laparotomies
are performed without the exact site of the ob-
struction being known.

· Adequate draping is necessary to protect the sur-
gical field.

· The abdomen and legs of the patient are cov-
ered with a large cotton drape and the area ad-
jacent to the incision is further protected with
waterproof, plastic sheeting.

The initial incision is made accurately in the mid-
line extending cranially from the umbilicus for
16cm.  This can be extended if necessary.

In order that a lesion does not go undetected in this,
the largest and most complex of the body compart-
ments, it is imperative that a routine, systematic
exploration be employed.
· Much of the search is conducted virtually at

arm’s length; correlating palpable findings with
the surgeon’s knowledge of anatomical relation-
ships.  An accurate command of both normal and
pathological anatomy is a considerable advan-
tage.

· On incising the peritoneum the colour and char-
acter of any effusions, the distribution pattern of
distended bowel and any discernible
discolouration of visceral or peritoneal surfaces
should be noted.

· If gas- or fluid-filled bowel is ballooning out of
the abdomen, some decompression of the ali-
mentary tract will be necessary before explora-
tion can commence.  In addition to facilitating
exploration, decompression reduces intra-ab-
dominal pressure, encourages peristalsis and
simplifies closure of the abdomen.

· Decompression of the caecum, which can be
partially exteriorised, can be quickly achieved
using 16 gauge needle attached to a suction line.

· Removal of gas from the large intestine is fre-



50

Proceedings 36th Annual Congress

50

quently necessary in situ by needle suction be-
fore any attempt can be made to exteriorise it.

· Lifting distended, sometimes friable, large co-
lon must be done very carefully to avoid rup-
ture.

· Evacuation of its contents is carried out by plac-
ing the pelvic flexure between the horse’s hind
legs, preferably on a colon tray, and performing
an enterotomy in the terminal part of the left ven-
tral colon.  Dry contents are flushed from the
lumen using a hose introduced up the left dorsal
and ventral parts in turn via the enterotomy in-
cision.

· Decompression of the small intestine can be
achieved by stripping its contents into the cae-
cum.

· When most of the small intestine is severely dis-
tended, decompression must be carried out in
sections commencing distally.  This means that
the distal jejunum and ileum will be handled
several times.

Gentle handling and ample lubrication with warm
Hartmann’s solution will minimise trauma and
the risk of ileus.  The caecum can be evacuated
of the large volume of fluid it contains via an
enterotomy incision at its apex.

· The initial gentle sweep of the abdominal cav-
ity serves to check the sites of commonly oc-
curring obstructions.

· Palpation is aimed at detecting firm masses,
fluid distension and impaction or tympany of the
large intestine.  Abrupt changes in direction of
intestine, tight mesenteric bands around or across
intestine, or immobility of normally mobile por-
tions of intestine indicate an area of involve-
ment.

· If palpation fails to disclose the problem, the
bowel must be exteriorised to facilitate visual
examination.

· Normal small intestine can easily be exteriorised
except for the proximal

1 metre and the terminal 15-20cm.
· The apex and part of the body of the caecum can

be lifted out, as can the left ventral and dorsal
large colon, and parts of the right dorsal and ven-
tral colon.

· The proximal 60-70cm of the small colon and
the rectum are inaccessible.

· Location of the obstruction can be achieved
quickly and with less trauma to the intestine if
the manipulation is commenced at the distal
empty portion of the bowel and continues proxi-
mally.  The terminal reference point of the seg-
ment of bowel which appears to be involved
should  be located, namely the ileum for the small
intestine and the pelvic flexure or proximal small
colon for the large intestine.

Examination of the Small Intestine

· The ileum can be located by exteriorising the
caecum and turning it backwards to reveal the
dorsal band which bears the ileocaecal fold.  If
this fold is traced downwards to the lesser cur-
vature of the caecum, it will lead to the ileum
which is instantly recognised by the ileocaecal
fold on its mesenteric border.

· If it cannot be exteriorised, the ileum must be
involved in the obstruction.

· Compared to the remainder of the small intes-
tine, the ileum is involved in a wide variety of
obstructive conditions to a disproportionate de-
gree and in these patients the cause of the ob-
struction will be quickly identified.

· If the ileum is not involved, the empty flaccid
intestine is traced proximally until the obstruc-
tion and distended bowel proximal to it are
reached.

· Each length of bowel examined is returned to
the abdomen as the adjacent bowel is lifted out,
and a rough check is kept of the length exam-
ined.

· Eventually, in the absence of obstruction, the next
part of the small intestine which cannot
exteriorised will be the duodenum.
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Examination of the Large Colon

· Obstruction of the large intestine can usually be
anticipated prior to laparotomy on the basis of
the physical examination.

· Segments of large intestine are more easily dif-
ferentiated on the basis of their appearance and
position than are those of the small intestine.

· By taking note of the pattern and extent of the
distension of the various parts, and taking into
account the common causes and sites of obstruc-
tion, the location of the problem can be deduced
without too much expenditure of time or energy.

· The caecum again serves as a landmark for the
initial exploration.  If its base and ventral longi-
tudinal band cannot be palpated, a caecocaecal
or caecocolic intussusception should be sus-
pected.

· If the caecum can be exteriorised, the caecocolic
fold is found and followed to the right ventral
colon.  This can then be traced cranially to the
sternal flexure and then caudally to the pelvic
flexure which is another easily recognisable part
of the large colon.  From there it can be fol-
lowed back to the diaphragmatic flexure and on
to the transverse colon cranial to the root of the
mesentery.  The transverse colon which is short
in length and fixed in position constitutes an
abrupt constriction of the lumen and change in
direction.

Evaluation of Gut Viability

The surgery necessary to relieve obstruction may
vary from simply incising a constricting band of
tissue to resecting several metres of intestine.  The
decision as to the necessity for resection and the
length of bowel which needs to be removed often
depends on a subjective assessment of bowel func-
tion.

· Any intestine or abnormal colour, decreased
motility or thickened appearance must be con-

sidered suspect.
· After correction of obstructions causing second-

ary vascular embarrassment, observation of the
bowel for 5-10 minutes for the return of colour,
peristalsis and pulsation of vessels will aid in
deciding for or against resection.

· The junction between viable and compromised
bowel may be difficult to discern especially af-
ter displacement has been corrected and a sig-
nificant improvement in the appearance of the
bowel has taken place.  Making a small incision
in questionable bowel to determine how easily
it bleeds and the appearance of the mucosa is
fully justified.

Such clinical assessment of viability is not uni-
formly reliable and its accuracy has been put as
low as 36%.  The use of these criteria become more
beneficial with experience.  It has been shown ex-
perimentally that following release of jejunal liga-
tures applied 50 minutes earlier, progressive de-
generation continued even though there was gross
evidence of perfusion and muscular activity soon
after release.  A number of alternative techniques
have been investigated.

· The most popular clinically applicable methods
of evaluating intestinal viability measure tissue
perfusion by some direct or indirect method.
Unfortunately, ischaemic damage can occur at
the cellular level in spite of apparently adequate
perfusion and can be impossible to discern in-
tra-operatively.

· Intravenous fluorescein and Doppler ultrasound
have been the most reported methods of detect-
ing local perfusion of segments of bowel.  Ex-
perience is needed to use either method.

· Fluorescein dye injected IV (6.6-11 mg/kg) is
rapidly distributed to all perfused tissues.  The
serosal surfaces become yellow/green within 60
seconds and emit a yellow fluorescence when
illuminated with long wave ultraviolet light.  It
is important to compare the segment being evalu-
ated with unaffected small intestine or colon.
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When reduced fluorescence is generalised, little
credence can be placed upon the procedure.

· The Doppler probe senses the passage of blood
through vessels within the wall of the intestine.
Signals from arterial flow in any form are con-
sidered to indicate viable bowel, with clinical
and experimental evidence indicating a high
degree of accuracy.  One limitation is that the
probe has to be placed in the exact area to be
evaluated.  When compared to sodium fluores-
cein fluorescence, the Doppler is generally no
better in detecting non-viable segments.

· Surface oximetry measures the oxygen tension
(mmHg) where the oxygen probe contacts the
tissue surface.  The PO2  on the surface of the
bowel (Ps02) depends upon diffusion distance
from the nearest vessel, local O2consumption,
arterial Pa02 and local blood flow.  Measure-
ment of Ps02  gives a qualitative estimate of tis-
sue oxygenation beneath the 3 mm electrode.
Applied to ischaemic bowel, values are com-
pared to normal bowel and to Pa02.

In summary, evaluation of bowel viability remains
a perplexing surgical dilemma and at present there
is no reliable method available.  False interpreta-
tion of intestinal viability can result in continued
shock, ileus, peritonitis and death or, less dramati-
cally, but equally disappointing, in adhesion for-
mation and secondary obstruction.  Therefore, in
equivocal cases, the surgeon should choose to re-
sect suspect bowel rather than risk leaving com-
promised bowel in situ.

Resection of Small Intestine

A physiological limit of small intestine resection
has been identified in the horse.  Ponies in which
50% of the small intestine had been resected main-
tained their pre-surgical weight.  These findings
correlate well with clinical experience which sug-
gests that in all but exceptional cases 8 metres is

the maximum length which should be removed.

Resection and anastomosis.

· Resection and anastomosis of the jejunum in the
horse is simplified by the long mesentery, the
clearly visible blood vessels for ligation and the
intestinal calibre which allows ample inversion.

· It is widely accepted that, when technically fea-
sible, an end-to-end anastomosis is the simplest
and most physiologically compatible method.

· Whenever possible the fluid-filled ischaemic
bowel should be isolated with intestinal clamps
before manipulation is begun.  If not contained
in this way, toxic fluids will reflux into normal
intestine and be absorbed, resulting in rapid
physiological deterioration of the patient.  Fail-
ing that, the gut should be clamped as soon as it
is freed.

· A suitable site for resection can subsequently be
chosen proximal and distal to the strangulated
bowel.

· The mesenteric vessels to the compromised
bowel are double ligated, the ends of the proxi-
mal ligature being left long.

· The distal end of the gut is transected and the
mesentery incised between the ligatures.

· As each vessel is cut, the long ends of the indi-
vidual proximal ligatures are tied together.  This
greatly reduces the length of the gap in the me-
sentery to be closed when anastomosis has been
completed.  This is particularly helpful when a
long length of intestine has been resected.

· With the infarcted gut now mobilised in this way,
the distal end can be carefully lifted beyond the
abdomen and drained into a suitable receptacle
by removing the distal clamp.
• Removing the proximal clamp allows

decompression of much of the distended
bowel proximal to the ischaemic portion.

Open end-to-end anastomosis using one of a num-
ber of inversion suture patterns is still the most com-
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monly employed method of intestinal anastomosis
in the horse, but other methods have been evalu-
ated experimentally and clinically.  The author pre-
fers a two layer closure comprising a simple con-
tinuous suture for the muscosa and a continuous
Cushing seromuscular suture or alternatively a single
layer closure using interrupted Lembert sutures.
Synthetic absorbable suture material (e.g.
polyglactin or polyglycolic acid) is used in both
types of anastomosis.

Closure of the Mesentery

· After the anastomosis has been checked for pa-
tency and leakage, the remaining gap from the
stump of the mesentery to the mesenteric border
of the intestine is closed with a continuous su-
ture.

· In order to prevent adhesion formation to the
extensive stump of the mesentery in which some
ischaemic tissue remains distal to the ligature,
after resection of a long length of bowel, it can
be enveloped in two folds of adjacent mesen-
tery, one drawn from each side.

· The intestinal segment and the mesentery are
rinsed clean of blood using warm polyionic col-
lusion before being carefully replaced in the
abdomen.

Anastomosis of Intestinal Segments of
Different Diameters

· Dilatation of the proximal segment necessitates
joining intestine of unequal diameters.  While
this can be overcome by cutting the smaller di-
ameter segment obliquely, a side-to-side anas-
tomosis is preferable and is essential when
chronic obstruction of small intestine due to pro-
gressive constriction, of its lumen by neoplasia
or ileoileal intussusception results in gross hy-
pertrophy of the proximal bowel.

· Side-to-side anastomosis is used routinely by
some for all jejunal anastomoses.

· It is also used for jejuno-and ileo-caecostomy

for bypassing obstructions and anastomosing
adjoining segments of large colon.

Resection of the ileum

· The ileum is involved in obstruction disease al-
most as frequently as the remaining 21 metres
or so of the small intestine.  Many of these ob-
structions result in strangulation of bowel ne-
cessitating resection and anastomosis which, due
to the inaccessibility of the terminal ileum via a
ventral midline incision, can be technically dif-
ficult.

· Ileocaecal and jejunocaecal anastomoses
whereby the nature ileocaecal junction is by-
passed have proved very successful in overcom-
ing the problems of restricted access and lim-
ited blood supply.

· A right-angled clamp is applied as low down
the ileum as possible.  After the contents have
been stripped proximally for 20 cm, an intesti-
nal crushing clamp is applied and the ileum is
transacted just distal to this clamp.

· Oedema and friability frequently make closure
of the ileal stump difficult.  A double row of
inversion sutures is inserted.

· To avoid leaving potentially necrotic ileum in
situ, it is necessary to progressively invaginate
it into the caecum, using a continuous Cushing
suture.  Alternatively, the ileum may be occluded
using an automated stapler as close the caecum
as possible and then transacted.

· The jejunum is clamped and transected at a suit-
able site proximal to the ischaemic bowel.

· After closure of the jejunal end with a double
layer inversion suture, the jejunum is placed
between the dorsal and medial bands of the cae-
cum with its closed end pointing toward the base
of the caecum.

· A side-to-side anastomosis is now performed
creating an opening 8-10 cm long using a con-
ventional suture pattern or alternatively stapling
equipment may be used (Figure 2).

· On completion of the anastomosis the mesen-
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teric defect is closed by suturing the cut edge of
the jejunal mesentery to that of the ileum and to
the ileocaecal fold

 A modification of this technique in which  the il-
eum is anastomosed side-to-side to the caecum
without resection can be used to bypass non-stran-
gulating obstructions caused by hypertrophy or ileo-
ileal intussusception.

Automated Mechanical Stapling
Techniques

· The use of stapling equipment in equine intesti-
nal surgery is now becoming widespread.  The
various instruments have been developed for
intestinal anastomosis in order to reduce sur-
gery time and thereby increase the chances of
survival of critically ill patients.

· The very fine stainless steel staples, which close
to form a perfect B, preserve the blood supply
to the tissues involved in the anastomosis and
therefore avoid ischaemia.

· The linear staplers, which have 30mm, 60mm
and 100mm cartridges, insert staples in a double
staggered row. The 4.8mm size of staple is rec-
ommended for equine use.  The application of
these linear staplers include closure of intes-
tine during resection of small or large intestine.
As the instrument does not cut automatically, this
must subsequently be performed with a scalpel.

· The gastrointestinal anastomosis instrument
(GIA) inserts staples arranged in two double
staggered rows 3.5mm apart.  A knife-blade cuts
between them creating a side-to-side anastomo-
sis.  It is used for jejuno- and ileo-caecostomy,
gastro-jejunostomy and large colon anastomoses.

· Care should always be taken not to use stapling
equipment if tissues are oedematous or thick-

ened because of the risk of disruption and leak-
age.

Resection of Large Intestine

Generally resection of large intestine in the horse
is performed very much less frequently than resec-
tion of the small intestine for two reasons.

· Firstly, many of the obstructions comprise dis-
placement with no or only minimal interference
with blood supply, or simple obstruction of the
lumen, for example by enteroliths, which can be
relieved by means of a simple enterotomy.

· Secondly, when a strangulating obstruction is
present, the length of bowel involved may be so
great that resection and anastomosis is not con-
sidered feasible because of technical difficul-
ties or because of likely postoperative nutritional
or metabolic problems.

Caecum
Partial resection of the caecum is indicated when it
shows infarctive changes due to intussusception or
thromboembolism.  A small amount of healthy cae-
cum beyond the infracted zone is included in the
resection which is usually performed at the level of
the attachment of the caecocolic fold.  The medial
and lateral caecal arteries and veins are double li-
gated in their course along the medial and lateral
bands.  The diseased portion is excised and clo-
sure carried out in the layers using a Cushing su-
ture.

Total resection of the caecum together with an ileo-
colostomy requires an approach through a lateral
right flank laparotomy in which the 17th and 18th
ribs are resected.

Large colon
Clinical and experimental investigations have
shown that horses tolerate resection of between 60
and 75 % of the large colon remarkably well.
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Many of the technical difficulties can be overcome
by the use of automated stapling equipment but if
the infarction due to torsion or thrombo-embolism
is restricted to the left colon, resection can be car-
ried out successfully using conventional techniques.

A side-to-side anastomosis is created between ad-
jacent parts of the dorsal and ventral colons proxi-
mal to the infarcted portion.  Delaying resection
until after this procedure has been carried out helps
to prevent the bowel retracting into the abdomen.

Small Colon
Following resection of infarcted small colon, con-
tinuity is restored by end-to-end anastomosis using
simple interrupted Lembert sutures.

The large amount of fat in the mesocolon makes
identification of the vessels more difficult than the
jejunal mesenteric vessels.  Particular care must
also be taken when placing sutures at the mesen-
teric border to ensure a water-tight seal.

After ligation of the vessels and resection, the
stumps are closed with a two layer continuous in-
verting Cushing suture.

Closure of the Midline Incision

Midline incisions heal more slowly than paramed-
ian or flank incisions because of the relative lack
of vasculature of the linea alba, but reconstruction
can be accomplished quickly and easily with only
minimal risk of herniation and evisceration. A wide
variety of suture techniques and materials have been
described.

· The peritoneum is thin and tears easily but pro-
viding adequate decompression of bowel has
been carried out, it can be sutured using a con-
tinuous suture of polyglactin.  However, experi-
mental and clinical experience has shown that
no detrimental effects result when the peritoneum

is left unsutured.
· Closure of the linea alba with a continuous su-

ture of 5 metric polyglactin doubled has proved
reliable and effective in a large number of
horses.

· However, in very large horses, or when per-
forming colic surgery in heavily pregnant mares
which may conceivable abort, 5 polyester fibre
suture is preferred.

· The suture bites should be 1 cm from the mar-
gins of the incision and the edges approximated
without undue tension.

· Thorough decompression of the intestine greatly
facilitates closure.

· In extremely large or muscular horses, the far-
and-near suture pattern has much to recommend
it.

· The subcutaneous tissue is closed with a con-
tinuous suture of polyglactin and the skin with a
continuous mattress suture of nylon or stapled.

· Although the use of continuous suture patterns
and absorbable materials would appear, theo-
retically at least, to be risky, it has proved to be
a reliable method and has the advantage of sig-
nificant saving in time and a reduction of sinus
formation.
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   Alimentary
System colic

G.B. Edwards

Colic is not a specific disease or even a diagnosis,
it is only a symptom and represents a challenge of
diagnosis.  It simply indicates that the horse has
pain, usually but not invariably in its abdomen and
usually related to its gastrointestinal tract.

There are numerous body movements and postures
which are associated with colic:-

· In response to mild pain the horse may occa-
sionally paw the ground, turn its head to its
flanks, stretch out or lie down for longer than
normal.

· When moderate pain is present, the horse may
show pawing, cramping with attempts to lie
down, kicking at its abdomen, laying down and
attempting to roll and turning its head to its flank.
The horse is constantly moving about.

· If pain is severe, sweating, dropping to the
ground, violent rolling and continuous movement
or pawing are the signs usually displayed.

Such behaviour is not confined to horses with ali-
mentary colic and many of the signs described may
be shown by horses which have one of a number of
painful conditions unrelated to the gastrointestinal
tract (i.e. ‘false colic’).

False Colics

· A mare with uterine torsion in the last trimester
of pregnancy will exhibit signs of moderate pain
associated with tension on the uterine broad liga-
ments brought about by rotation of the uterus.

· A horse with acute exertional rhabdomyolysis
may suddenly stop during exercise, drop to the
ground, sweat and kick out.

· Severe impairment of blood supply to the hind
limbs caused by aorto-iliac thrombosis can simi-
larly cause a horse to exhibit signs normally as-
sociated with severe colic.

Severe bladder distension due to urethral obstruc-
tion by a calculus, pleuritis, liver disease and
laminitis can also simulate gastrointestinal colic.

Incidence and Mortality of Gastrointestinal
Colic

The incidence of colic in a normal population is
reported to range from 10-36% per year.  Of these
approximately 80% will be mild episodes where a
specific diagnosis is not made.  Another 10% are
likely to be cases of impaction, flatulence or en-
teritis which are diagnosed but which are treated
successfully.  Between 6-8% will have a serious
obstruction that, unless corrected surgically, will
lead to the death of the horse.
In most cases no specific diagnosis is made.  The
breakdown of disease is approximately as follows:

   Mild idiopathic colic   83%
   Impaction   7%
  Gas colic/spasmodic   4%
  Gastric rupture               2%
   Enteritis   1%
   Strangulation   3%

An intelligent approach to the management of colic
requires an understanding of the causes and mecha-
nisms of gastrointestinal pain and the pathophysi-
ological changes which occur as the result of intes-
tinal obstruction.

The majority of colic cases are associated with dis-
ruption of normal gut motility brought about by a
variety of factors such as diet, management and para-
sites.  Certain anatomical features of the equine ali-
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mentary tract, particularly the large colon, also pre-
dispose to obstruction.

Several factors can contribute to the pain associated
with alimentary (true) colic:-

· An increase in intramural tension is probably
the most common cause and may be brought
about by distension associated with excessive
fermentation or accumulation of fluid and/or gas
oral to obstructions caused by impaction, dis-
placements or strangulation obstructions.

· Spasm of intestine associated with hypermotility
and disruption of the normal co-ordinated con-
tractions of bowel is another frequent cause.

· Pain due to tension on mesentery may well ac-
company intestinal displacement, torsions, her-
nias and intussusceptions.

· Ischaemia of gut brought about by vascular oc-
clusion due to a variety of strangulation obstruc-
tions to which the horse’s intestine is prone, re-
sults in the rapid onset of severe pain due to
hypoxia which later abates when the gut becomes
necrotic.

· Mucosal inflammation and irritation present in
conditions such as acute salmonellosis results
in mild colic.

The pain associated with these factors is desig-
nated visceral pain and is manifested by the clini-
cal signs described earlier.

The pain which follows rupture of the stomach or
intestine causing widespread peritonitis due to es-
cape of ingesta is classed as parietal pain. In
marked contrast to horses with visceral pain, those
with severe parietal pain show great reluctance to
move and obvious boarding of the abdominal wall.

Depending on the cause of the problem one or more
of these factors may be  contributing to the pain in
individual colic cases.  For example, in horses with
spasmodic colic, hypermotility and uncoordinated
contractions are the sole cause, whereas in the early

stages of a strangulation obstruction, ischaemia,
hypermotility, distension and mesenteric tension
may all be contributing to the pain exhibited.

Colic can conveniently be classified into the
following types: -
· Spasmodic
· Impactive
· Flatulent
· Obstructive
· Enteritis

Colic cases with a mild uncomplicated disease pro-
cess fall predominantly into the first three catego-
ries while those with serious life-threatening con-
ditions usually have obstructive lesions.

The earlier these various disorders are recognised
and specific therapy instituted, the better the
prognosis for recovery.

The aims of therapy are:-
· to relieve pain
· to restore normal propulsive motility of the

gut
· correction and maintenance of hydration and

electrolyte/ acid-base balance  treatment of
endotoxaemia

Relief of Pain

Relief of visceral pain in horses with severe colic
is essential on humane grounds and to minimise the
risk of injury to the horse and attending personnel
during evaluation and therapy.

The most satisfactory method of pain relief is cor-
rection of the cause of increased intraluminal ten-
sion resulting from distension or spasm.  However
this may take time and it is frequently necessary to
achieve temporary relief of severe pain chemothera-
peutically to allow a thorough clinical examination
without risk of injury.
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The primary treatments are decompression of the
stomach and intestines, and administration of anal-
gesics.

 Decompression

Nasogastric intubation can help relieve gastric tym-
pany or remove gastrointestinal reflux due to a small
intestinal obstruction or ileus.  In all cases several
attempts should be made at starting a siphon by
suction or filling the tube with water and then low-
ering the end of the tube below the level of the
stomach.

The other site at which gaseous pressure can be
relieved by decompression is the caecum. A 5-6
inch 14-16 gauge needle is inserted via the right
paralumbar fossa midway between the last rib and
the ventral prominence of the tuber coxae.

Systemic Analgesics

Systemic analgesics are the most common way to
control colic.

Non-steroidal Anti-inflammatory
Drugs (NSAIDs)

NSAIDs are amongst the most useful.

Approach to Diagnosis in Colic Cases

The majority of colic cases, probably in excess of
90%, respond to medical therapy.

The primary aim of the initial examination is to
distinguish horses with a mild or uncomplicated
disease process from those with a potentially life-
threatening disorder requiring further monitoring,
surgery or possibly euthanasia.

In cases of a serious nature, any attempt at a diag-
nosis is often made under stress and with less than
favourable conditions, but in mild cases there will

be adequate time to examine and initiate therapy
without placing the patient at risk.  However, even
when  a horse has mild colic, the veterinarian should
complete a thorough examination and not be caught
in a trap of letting the response to treatment guide
the decision making.

The ideal goal of the systematic examination is an
aetiological diagnosis and it could include the fol-
lowing:-
· History
· Observation
· Clinical examination
·   Laboratory investigations

The cause of the colic and the length of time it will
have been in existence will largely determine
whether a diagnosis can be made at the initial ex-
amination or requires the procedure to be repeated
at two-hourly intervals.  It is important that the re-
sults are carefully documented.  By comparing find-
ings recorded at different times, the veterinarian is
able to discern important trends in the disease.

History

The most important factor of the history is the time
which has elapsed since the onset of clinical signs.
This may be known precisely but often can only be
estimated; for example, in the case of horses found
in colic at the owners’ first inspection of the day,
having been seen normal for the last time the previ-
ous evening.  It is essential that a reasonably accu-
rate assessment of the likely duration is made in
order that the significance of the clinical findings
can be evaluated.

 General History
· Housed or at grass
· Feed
· Use
· Daily routine
· Parasite control
· Past medical history
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Recent History

· When last fed
· Consumption of feed and water
· Any recent changes in feeding, bedding or

routine
· Recent worming
· Pregnancy
· Recent exercise

Details relating to the  present colic
episode

· Degree and any changes in pain
· When last defaecated
· Sweating or other signs

 Clinical Examination

Observation

While the history is being taken, the horse may be
inspected in its stall and its behaviour noted:-

· Nature and degree of colicking signs
currently being shown.

· Skin abrasions over the eyes and tuber coxae
as evidence of rolling and other violent
behaviour prompted by severe pain.

· The state of the stall.
·  Other signs such as abdominal distension,

sweating or muscular tremors.

The veterinarian should now proceed to a system-
atic clinical examination of the horse to include:-

1.  Cardiovascular system
· Rate and quality of pulse
· Appearance of mucus membranes

2.  Examination of abdomen
· Abdominal distension
· Auscultation and palpation
· Rectal examination

· Paracentesis abdominis
· Nasogastric intubation

3.  State of peripheral perfusion and
hydration
· Capillary refill time
· Packed cell volume
· Total protein
If the colic is so severe that an orderly examina-
tion is impossible without risk to the horse or
the veterinarian, heavy sedation preferably with
xylazine is necessary.  In the majority of cases
the pain is sufficiently mild to allow most of the
examination to be performed without recourse
to the use of drugs which might modify the heart
rate or gut motility.  However on completion of
examination of the cardiovascular system and
auscultation of the abdomen, the administration
of a sedative will greatly facilitate rectal exami-
nation which is a vital part of the examination
and other procedures such as nasogastric intuba-
tion and paracentesis which may be performed.

Examination of Cardiovascular System

Heart rate and Pulse Character

·   The heart rate and pulse character are impor-
tant criteria in assessing the colic patient.

·   Pain and the activity as a consequence of pain
have only relatively minor effect on the heart
rate which is influenced much more by
haemoconcentration and diminished venous re-
turn, and toxins absorbed from the intestine.

· There will be a close relationship between
the pulse rate and the nature and duration of
the colic.

· The heart rate will be only slightly raised af-
ter 48 hours in horses with pelvic flexure im-
paction.

·   In contrast strangulation obstruction is usually
accompanied by a non-fluctuating elevation
in heart rate which increases progressively
as toxic shock develops
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Mucus Membranes

·   The colour of the mucus membranes is of value
in assessing the severity of the disturbance and
the prognosis.

· Reddening of the oral mucus membranes reflects
developing haemoconcentration and at a later
stage when the patient is in shock, vasodilation
adds to the reddening process.

·  Patients with cyanotic mucus membranes inevi-
tably die.

Examination of the Abdomen

Abdominal Distension

·   The abdomen should be thoroughly auscultated
for several minutes along the caudal edge of the
rib cage from paralumbar fossa to ventral ab-
domen on right and left side.

· The sounds normally heard are fluid gurgling
mixed with gas.

·   Increased sounds are heard in horses with spas-
modic colic and during resolution of ileus in
tympanic or simple cases of colic.

·   In the remainder of colic cases the propulsive
sounds will be reduced.

· In cases of severe intestinal disease such as
strangulation, all sounds will be absent within
a very few hours of the obstruction occurring.

· Sounds will be reduced or even absent after the
administration of drugs such as xylazine or
deomidine.

· The primary cimportance of auscultation is in
monitoring the progress of the disease rather than
arriving at a diagnosis.

· Palpation of the abdominal wall in the adult
horse is of little value other than identifying
‘boarding’ in response to generalised peritoni-
tis due to rupture of the stomach or intestine.

Rectal Examination

· Rectal examination is the single most important
part of the clinical examination of the horse with
colic and should be carried out in all cases when-
ever possible but must be approached with re-
spect for both its value and the risk involved.

· Adequate restraint is essential to prevent dam-
age to the horse or examiner.  Sedation with
xylazine will aid a thorough examination of the
caudal 40% of the abdomen which is within
reach.

· Several large intestinal obstructions can be di-
agnosed by this means including pelvic flexure
impaction, caecal and large colon tympany,
nephrosplenic entrapment of  large colon, large
colon volvulus and caecal impaction.

· Although rectal examination enables a specific
diagnosis of very few obstructions of the small
intestine such as inguinal hernia and ileal im-
paction, seldom does it provide no useful find-
ings.  Small intestinal obstructions or adynamic
ileus produce distended loops of bowel lying
side by side. The presence of distended small
intestine almost always indicates a problem re-
quiring surgical correction.

Paracentesis Abdominis

· Examination of the peritoneal fluid reflects the
changes that occur in the tissues and organs
within the abdominal cavity and on the perito-
neal surface.  In colic cases it assists in deter-
mining the type of disease and the severity of the
lesion.

· The simplest method is to insert a 19 gauge 1.5
inch needle through a prepared site on the ven-
tral midline of the abdomen at its most depen-
dent point.  Entry of the needle into the perito-
neal cavity is indicated by the flow of varying
amounts of fluid, which is collected in a tube
with or without anticoagulant.

· The fluid obtained is evaluated by gross visual
examination, total protein determination and, if
necessary, microscopic examination.

· Normal peritoneal fluid is pale yellow and clear.
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·    As the fluid changes with specific diseases, it
can become more turbid due to increases in pro-
tein, red blood cells and white blood cells. Nor-
mal fluid will be obtained in horses with non-
strangulating obstructions or strangulation ob-
structions within an hour or two of the obstruc-
tion occurring or where the infarcted bowel is
not in direct contact with the peritoneal cavity,
e.g. diaphragmatic hernia.

Nasogastric Intubation

· In addition to being of diagnostic value, decom-
pression of the stomach produces immediate al-
leviation of pain and reduces the risk of rupture.

· Gastric reflux of more than 2 litres is consid-
ered to be significant and usually indicates a
primary disorder located in the small intestine
or stomach.

· Normal gastric fluid has a pH of 3-6 but fol-
lowing intestinal obstruction pH will be 6-8 due
to the buffering effect of fluid from the small
intestine.

· It is most important in horses suspected of hav-
ing gastric dilatation that continued efforts are
made at decompression even though the initial
attempt(s) at starting a siphon are unsuccessful.

State of Peripheral Perfusion and
Hydration

Capillary Refill Time
Packed Cell Volume (PCV) and Total Protein

· PCV on its own is an unreliable indicator of the
patient’s intravascular hydration because of the
wide range of normality.

· Progressively increasing PCV on repeated ex-
aminations and values over 50% are considered
significant.

· In the absence of a means of spinning down blood
samples, they can be left to settle out.

· Since changes in PCV rather than a single value
are of significance in assessing colic cases,

simple visual comparison is sufficient
· When PCV is considered along with total pro-

tein (normal 65-75 g/l) it provides a very useful
means of assessing intravascular hydration.
Raised PCV + TP represent intravascular dehy-
dration.

Classification into Categories

Although at first sight this may appear a formidable
list of procedures, with experience, the clinical
examinations can be carried out in 15-20 minutes.
At the initial examination it should be possible to
classify the problem into one of the following three
categories:-

1. A benign problem requiring medical
therapy, e.g. pelvic flexure impaction diagnosed
by rectal palpation.
Action
Administer the appropriate treatment and make
arrangements to monitor progress.

2. A problem requiring surgical correction.
Action  Arrange for immediate transfer to a  sur-
gical facility or, if not feasible, immediate eu-
thanasia.

3. A problem which may require surgery or eutha-
nasia but for which the evidence at this point is
not conclusive.
Action

· Administer an analgesic
· Ensure the horse is in a safe environment
·    Arrange to re-examine in 2 hours’ time
· In conjunction with palpation of the extremities

this provides a direct means of assessing the
state of peripheral tissue perfusion while pro-
viding indirect information on the degree of hy-
dration and vascular tone.

· The application of digit pressure on the oral
mucus membranes just above the incisor teeth is
the simplest way of assessing CRT.

· Adequate peripheral perfusion, hydration and
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vascular tone are indicated by a normal refill of
1-2 seconds, and warm extremities.

An increase to 3 seconds or more and cool
extremities indicate inadequate peripheral
perfusion and excessive vascular tone or
vasoconstriction.

At the second visit the same examination proce-
dures are carried out and the results compared
with those 2 hours earlier.  The horse may be found:-
· to still be inconclusive, in wich case the  horse

should be re-examined 2 hours later

Recognising the Case Which Requires Surgery
or Euthanasia

 Surgical intervention is indicated:-

1. When the exact cause of the colic can be diag-
nosed and the obstructing lesion requires sur-
gery for its correction.

2. When there is no exact diagnosis but there is
sufficient evidence to indicate that surgery is
the only means of saving the animal’s life.

3. When animals with recurrent colic over a pe-
riod of days or weeks are suspected of having
partial obstruction due to adhesions, neoplasia
etc.

A careful history taking and full clinical
examination are essential.

 History and Signalment

Several components of the history and signalment
help the surgeon to decide whether or not surgery
is indicated.  For instance, age and sex-related con-
ditions must be kept in mind when examining the
animal.  Obstructive conditions involving the dis-
tal colon/rectum and defects in the urinary tract oc-
cur commonly in neonatal foals.  Ileal or ileocaecal
intussusceptions tend to occur in horses less than

18 months of age and colonic torsions are most com-
mon in mares which have foaled within the previ-
ous 90 days.  Intestinal strangulation obstruction (in-
carceration, volvulus and 360º colonic torsion)
tends to have a relatively shorter clinical course
than does a simple obstruction or displacement. In-
guinal hernias in stallions are frequently associated
with a history of exercise or breeding of a mare.
Because of the strength of the association of certain
conditions with a horse’s age, it is important that
the age of the animal be kept in mind during the
examination.  To further emphasise this point, epi-
ploic foramen entrapments and caecal impactions
generally occur in horses older than 8 years and
pedunculated lipomas usually cause problems in
horses over 15 years of age.

The most important feature of the history is the length
of time the horse has been in colic.  The stage at
which the horse is first examined by the veterinar-
ian will vary from case to case and will govern the
clinical findings.  In some instances the precise du-
ration of the colic is known while in others the horse
is found in colic by the owner in the morning hav-
ing last been seen normal the previous evening.

However, it is usually possible to determine ap-
proximately when the colic began from the evidence
available, e.g. if the horse is showing severe pain
and has eaten most, if not all, its hay, it is likely the
colic began only a few hours earlier, whereas if the
obstruction developed late the previous evening a
horse with a strangulating lesion may have pro-
gressed beyond the stage of violent pain and be ex-
hibiting the severe depression associated with
endotoxaemia.  However evidence of trauma about
the eyes and over the tuber coxae, together with
marks on the wall of the box and severely disturbed
bedding indicate that the horse had previously been
in severe pain.

Physical Examination

When evaluating a horse with colic, particular at-
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tention must be paid to the cardiopulmonary and
gastro-intestinal systems.  Changes in the horse’s
vital signs are usually indicative of hypovolaemia
and/or endotoxaemia.  Furthermore, these changes
are indicative of the magnitude or duration of an
intestinal obstruction or the severity of damage to
the intestinal mucosal barrier to enteric organisms.
Careful evaluation of the animal’s vital signs with
respect to the duration of the colic episode and a
knowledge of the patho-physiological sequelae of
intestinal obstruction, may provide the surgeon with
an accurate appreciation of the underlying intesti-
nal problem.

Pain

Persistent acute unrelenting pain which is unrespon-
sive to analgesics is the most reliable parameter
indicating the need for surgery.  Obviously differ-
ent types of surgical lesions will produce varying
degrees of pain which, when combined with other
physical examination findings, signalment and an
accurate history will aid in determining not only
the need for surgery but may offer a clue as to the
type of disorder.

For example, horses with large colon torsions most
often exhibit an extremely violent degree of pain
during the initial period prior to devitalisation of
the colon.  Presented with a post partum mare ex-
hibiting such severe pain the veterinarian should
refer her to a surgical facility immediately.  Other
strangulating lesions may cause only mild to mod-
erate degrees of pain which is easily controlled by
analgesics.  Disorders such as an epipoloic fora-
men entrapment of small intestine may be masked
by analgesics until cardiovascular deterioration has
occurred.  Intermittent, moderately severe pain is
usually associated with non-infarctive conditions,
e.g. impactions and partially occlusive conditions
such as ileal intussusceptions and large colon dis-
placements.

In general a heart rate which has risen progres-

sively to 60 or more per minute within 4 to 6 hours
of the onset of colic gives cause for concern, par-
ticularly if it remains high during quiet interludes
and in the face of adequate analgesia.  Such a pulse
continuing to rise and weakening is indicative of
circulatory damage and ischaemic gut.

The colour of the mucous membranes is of consid-
erable value in assessing the severity of the distur-
bance and the prognosis.  Reddening of the mem-
brane reflects developing haemoconcentration and,
at a later stage, when the patient is in shock, va-
sodilatation adds to the reddening process.  A cap-
illary refill in excess of 3 seconds is further evi-
dence of impending circulatory collapse.

Rectal Examination

Rectal examination is the single most important part
of the clinical work up of the horse with colic and
should be carried out whenever possible. The de-
cision for surgery is usually based on the findings
at rectal examination carried out after reviewing
the pertinent aspects of the history, particularly the
duration of colic, and the rest of the physical ex-
amination.

In this way an attempt can be made to predict what
should be felt and to compare the findings with those
preconceived ideas.  It must be emphasised that
certain conditions requiring surgical intervention
may be diagnosed by rectal palpation before the
animal becomes severely ill or peritoneal fluid al-
terations become evident.  In such instances, the
only diagnosis and referral of these cases signifi-
cantly improves the individual’s prognosis with
surgery and reduces the occurrence of postopera-
tive complications.

Consequently rectal examination is of paramount
importance in identifying large intestinal problems
including displacements and torsion of the large
colon and caeco-caecal intussusception.
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It is not surprising that specific obstructions of the
small intestine are palpable less frequently because
its long mesentery allows it to occupy any part of
the abdominal cavity from the pelvis to the dia-
phragm.  Because only the caudal 40% of the ab-
domen can be explored by rectal palpation, much
of the small intestine is out of reach of the exam-
iner.  However, the terminal ileum is relatively
fixed at the base of the caecum and lesions of this
segment, such as impaction and intussusception, are
the ones most commonly palpated.

In other types of small intestinal obstruction the
rectal findings vary from nothing abnormal in a
horse presented within 2 to 3 hours of an obstruc-
tion developing, to tightly distended loops of gut
extending back into the pelvic inlet in cases of 18
hours or longer duration.

From 4 to 8 hours one or more fluid/gas filled loops
may be palpated but these may not be immediately
apparent and careful patient examination is often
necessary to identify them.  However their pres-
ence is an indication of the need for surgery and
their recognition at this early stage is rewarded by
a much more favourable prognosis following sur-
gery.

Passage of the Nasogastric Tube

A volume of gastric reflux in excess of 2 litres is
considered to be significant and usually indicates
a primary small intestinal obstruction.  However,
in some cases of large colon obstruction, such as
left dorsal displacement, the proximal small intes-
tine is compressed preventing normal gastric emp-
tying.  Two further conditions - acute grass sick-
ness and anterior enteritis - are also characterised
by large volumes of gastric reflux and must be dif-
ferentiated from cases with physical obstructions
of the small intestine.  Based on the presence or
absence of gastric reflux and the time which has
elapsed since the onset of colic, it is often pos-
sible to predict the level at which the intestine is

obstructed.  High obstruction leads to gastric dis-
tension within a relatively short time whereas sev-
eral hours must elapse following ileal obstruction
before significant volumes of reflux are present.

Paracentesis abdominis

Although in most referred cases a peritoneal fluid
sample has been taken and analysed, this evalua-
tion is of secondary importance to the rectal exami-
nation and does not have a significant influence on
the decision to operate.   However, it does help to
identify horses with intestinal rupture of primary
peritonitis and to determine the morphological sta-
tus of the bowel.

Sanguinous fluid is decisive evidence of infarction
whereas reddish brown fluid containing large num-
bers of white as well as red blood cells indicates
more advanced changes and consequently a poorer
prognosis.

From the point of view of the practising veterinary
surgeon and pertinent to the outcome of the indi-
vidual case, every effort should be made to refer
horses with colic of unknown cause before the peri-
toneal fluid is altered. If marked small intestinal
distension is evident per rectum, paracentesis may
be contra-indicated because of the risk of lacera-
tion of the bowel.

Auscultation of the abdomen

In general, normal or increase borborygmi are not
consistent with major tissue changes whereas sus-
tained absence of intestinal sounds frequently ac-
companies irreversible morphological changes.

Laboratory Tests

Although laboratory aids permit an accurate appre-
ciation of the animal’s haematological/metabolic
status, they seldom help the surgeon to decide which
horse requires surgery.  On the other hand, they can
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be of considerable help in assessing prognosis.

If a diagnosis is not possible at the first visit, the
examination should be repeated at intervals of no
more than 2 hours and the findings compared with
those of the previous examination(s).  This should
enable the horse with an obstruction requiring sur-
gical correction to be recognised early enough in
its course to ensure a favourable prognosis.  How-
ever care should be taken during this time to avoid
the use of potent, prostaglandin synthetase inhibi-
tors such as flunixin, which mask several of the
signs of developing toxaemia on which recognition
of the surgical case is based.  The apparent re-
sponse, often for several hours, of horses with in-
testinal ischaemia, following treatment with such
compounds frequently leads to a false delay in em-
barking upon surgery.

Table 1 summarises the criteria for surgical in-
tervention in order of importance.  However, they
are only guidelines.  Such is the great variation
in the type of obstruction, the part and length of
the gut involved and the degree of occlusion, that
some cases will inevitably present problems in di-
agnosis.

When evidence for and against surgery is evenly
balanced, intuition based on clinical experience is
often the deciding factor.  I encourage veterinary
surgeons to refer cases for further examination and,
if necessary, surgery, rather than wait until they are
certain of their diagnosis.  This inevitably results
in some horses and owners making what might be
considered to be unnecessary journeys if further
evaluation at the referral centre shows that surgery
is unnecessary but, more importantly, it reduces the
number of horses which do not survive to make the
return journey.

The key to success in colic surgery is being able to
make the decision to perform surgery as early as
possible.  If this can be done, all parties including
the owner of the horse, the referring veterinarian

and the surgeon will be pleased with the outcome.

Preparation of a Horse for Transport

If a horse is to be referred to a University hospital
or other centre and this involves a journey of any
significant length, the following measures should
be taken:-

1. Decompress the stomach and, if necessary, leave
the nasogastric tube in place and tape it to the
head collar.

2. Administer an analgesic.  If it is clear that
surgery is necessary and a strangulation
obstruction is suspected, flunixin is the drug of
choice because in addition to relieving pain, it
will counter the effects of endotoxaemia.

3. If the horse is in shock, electrolytes may be given
to improve the circulating blood volume while
awaiting the arrival of a horse box but departure
to the surgical  centre should not be delayed for
the purpose of administering the large volumes
necessary to make any significant impression
on the packed cell volume.

4. Administer a broad spectrum antibiotic.

5. Rug the horse up and bandage it limbs.

6. Provide a detailed report of the treatment
administered prior to referral.

7. Provide the owner with accurate instructions
how to get to the hospital.
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TABLE 1

1. Degree of pain
In some cases of strangulation obstruction, particularly 360º large colon torsion, the pain from the
outset is so severe and unresponsive that immediate surgery or euthanasia is required.

2. Rectal findings
Positive rectal findings of obstructions such as volvulus, intussusception, marked small intestinal
distension, are indications for surgery regardless of the other clinical findings.

3. Heart rate and pulse quality
• Strangulation obstructions are accompanied by a non-fluctuating elevation in heart rate which

increase progressively as toxic shock develops.
• In general a pulse rate which has risen progressively to 60-70/minute 6 hours after the onset of

colic gives rise for concern particularly if it  remains high during quiet interludes and in the face
of adequate analgesia.

1. Cardiovascular deterioration
Progressive deterioration evidenced by a PCV > 55 and injected mucous membranes despite fluid
therapy.

2. Absence of gut sounds

3. Nasogastric reflux
Positive nasogastric reflux in excess of 2-3 litres in horses in which primary gastric dilatation can be
ruled out.

4.. Paracentesis abdominis
Positive changes in peritoneal fluid viz. an increase in RBC, WBC and protein, indicate morphological
changes of the bowel.

5. Abdominal distension
Progressive Abdominal Distension which is becoming life-threatening.
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Pathophysiology
   of  Intestinal
   Obstruction

G.B. Edwards
University of Liverpool

Any interference, be it mechanical or functional,
constitutes obstruction of the intestine.  Obstruc-
tive diseases of the alimentary tract can be classi-
fied into 3 general groups: Mechanical, vascular
and neurogenic obstructions.  Mechanical obstruc-
tions, which are by far the most common, result in
complete or partial occlusion of the lumen. Pri-
mary vascular obstructions due to thrombi or em-
boli result in functional obstructions due to inabil-
ity of the ischaemic musculature to contract but these
are usually limited to the large intestine and are
rare in the SI.  Neurogenic obstructions are
characterised by interference with the nervous con-
trol of mobility.  This may be primary as in grass
sickness, in which there is degeneration of auto-
nomic ganglia and the intestinal intramural plex-
uses, or secondary as in paralytic ileus due to peri-
tonitis or associated with surgery of the alimentary
tract.

Simple Obstruction

(a) Small intestine
Physical obstruction of the intestine usually occurs
by impacted food material, stricture or foreign body,
thereby preventing the passage of the large volume
of fluid produced in the upper alimentary tract from
reaching the absorptive surfaces of the lower in-
testine so that it becomes sequestrated or maybe
lost by nasogastric reflux.  During one day this vol-
ume almost equals the extracellular volume of the
horse (approximately 125 l), systemically the prime
concern in simple obstruction is depletion of plasma

volume and reduction in cardiac output together with
acid-base disturbances.  Gas production by bacte-
rial action continues and is even enhanced by the
static medium.  With continued secretion of fluids
and the build up of gas, the intraluminal hydrostatic
pressure (IHP) increases and distends the bowel.
As stretch receptors in the distended intestinal wall
are activated, the pain increases and becomes con-
tinuous.  Peristaltic waves diminish and then cease
altogether as the intestinal lumen is progressively
filled, leaving an atonic rapidly distending tube.
Once IHP increases above 15cm H2O, absorption
of water by the mucosa stops and instead water
begins to flow from the mucosa into the lumen.  The
increasing pressure and the expanding volume of
fluid causes reflux into the stomach.  The diameter
of the small intestine increases in a proximal to
distal direction.  Approximately 23 l of fluid can
accumulate in the distal third whereas 17 l and 13 l
can accumulate respectively in the middle and
proximal thirds.  Therefore, in a horse with ileal
impaction, 53 litres are needed before fluid begins
to accumulate in the stomach.  In a 500 kg horse
secreting 3-4 l of precaecal fluid per hour, gastric
dilatation will occur after 12-18 hours.

If the obstruction is located in the proximal third of
the small intestine, the prestenotic fluid will reach
the stomach after 3-6 hours whereas gastric dilata-
tion will occur after 6-12 hours when the obstruc-
tion is located in the middle portion (Huskamp
1998).

During the initial four hours of ileal impaction, the
water reserve in the large colon is absorbed; the
intravascular volume therefore initially remains
within normal parameters.  Once the water reserve
in the colon has been used up, PCV and TPP begin
to increase steadily and in parallel, and
hypovolaemia develops.

Increased vascular hydrostatic pressure in the bowel
promotes leakage of protein-rich plasma into the
peritoneal fluid.  Few leukocytes and no erythro-
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cytes appear in the peritoneal fluid within the first
12-24 hours but may become more numerous with
the progression of degenerative changes and vas-
cular compromise of the intestinal wall.  Damage
may be sufficient to allow absorption of endotox-
ins and cause production of prostaglandins and
leucotrienes which may further compromise the
cardiovascular system.  However, endotoxic shock
plays only a very limited part in the fatal outcome
of unrelieved simple obstruction.  Hypovolaemia
and altered blood electrolytes are the usual causes
of vascular collapse.

The severity of clinical signs associated with
simple obstruction of the small intestine depends
on the degree of obstruction (complete or incom-
plete) and the level of obstruction (proximal or dis-
tal).  In general proximal obstructions have a more
acute onset, produce greater pain, generate a greater
volume of gastric fluid sequestration and have a
more rapidly fatal cause than distal obstructions.
In proximal obstructions large quantities of chlo-
ride are lost, particularly if gastric reflux is re-
moved by nasogastric tube, resulting in metabolic
alkalosis.  Later the metabolic disturbance becomes
more complicated by acidosis secondary to
hypoperfusion.  Clinical signs resulting from dis-
tal small intestine obstructions develop more
slowly and are generally less severe due to com-
pliance of the intestine and the ability to continue
some absorption until THP initiates secretion.  Es-
tablished cases of distal small intestinal obstruc-
tions are characterised by metabolic acidosis with
low serum levels of HCO3.

(b) Large intestine
Simple obstruction of the large intestine is usually
due to impaction with foodmaterial, enteroliths or
other intraluminal masses, or a change in position
of the colon, e.g. nephrosplenic entrapment, and
may be partial or complete.

In general the clinical signs or rate of systemic de-
terioration are much lessdramatic in simple ob-

struction of the large intestine compared to simple
obstruction of the small intestine.  Incomplete ob-
struction allows the passage of small amounts of
ingesta and gas.  Dehydration is mild at first be-
cause water still passes into the caecum where it is
readily absorbed.

If the obstruction becomes complete ingesta, and
particularly gas, accumulate much more rapidly.
Distension becomes marked and may become so
great as to exert pressure on the diaphragm and vena
cava resulting in impaired pulmonary function and
venous return to the heart.  Prolonged and/or marked
distension of the caecum and colon may cause in-
terference with mucosal perfusion leading to
devitalisation and possibly fatal rupture.

Strangulating Obstruction

(a) Small intestine
Strangulating obstructions of the small intestine in-
clude incarcerations, intussusceptions and volvu-
lus, and represent a common cause of acute abdomi-
nal crisis.  The same fluid retention which occurs
due to simple obstruction is present but because
vascular compromise of the intestine is present from
the outset, the pathophysiological changes associ-
ated with strangulation obstruction are more acute
and severe.  The vascular compromise may be
venous, or venous and arterial, but the typical le-
sion will cause venous occlusion before arterial
occlusion with consequent venous congestion.
Within minutes of strangulation occurring the in-
volved segment of bowel and its mesentery become
deep red as veins and venules are distended with
blood.  If there is immediate concurrent arterial
occlusion, as in some cases of obstruction by a pe-
dunculated lipoma, the intestine becomes cyanotic
but not oedematous.  More often, thicker walled
arteries and anterioles resist compression for a while
and continue to pump blood into the distended veins
and venules.  As the involved intestine is engorged
with blood, vascular stasis develops and the seg-
ment becomes red/black in colour.  Almost imme-
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diately, the vascular endothelium becomes more
permeable and plasma diffuses into the tissue.
Within a few hours degeneration of vascular en-
dothelium becomes so extensive that blood pours
out of the distended vessels into the tissues (venous
infarction stage) and eventually into the lumen.
Eighty per cent of the blood supply to the intestine
goes to the mucosa.  The mucosal villi are extremely
sensitive to hypoxia and within minutes of oxygen
deprivation, ultrastructural morphological changes
are evident.  The epithelial cells slough in sheets
starting at the tip of the villus and working towards
the crypts.  Within 4-5 hours the mucosal epithe-
lium is completely necrotic.  By 6-7 hours the de-
generative effects of hypoxia have extended through
the external muscular layer.

As soon as the mucosal barrier is damaged, gram
negative bacteria and endotoxins permeate the
lamina propria and submucosa. Early in the devel-
opment of the ischaemic lesions, the bacteria and
endotoxins readily gain entry to the circulation via
viable tissue adjacent to the lesion.  In addition, by
6 hours or possibly earlier, as the musculous de-
generates, bacteria and toxins leak through the se-
rosa into the peritoneal cavity from which they are
readily absorbed.  Release of endotoxin into the
general circulation results in damage to endothe-
lial cells and platelets.  Platelets are immediately
stimulated and release the patent vaso-constricted
substances, thromboxane and serotonin.  Damage
to the endothelium increases vascular permeabil-
ity, prostacyclin is released and neutrophils are
stimulated especially in the lungs and sites of in-
testinal injury.  The endotoxic shock is dose re-
lated and is more severe and rapidly developing
the greater the length of bowel involved and the
severity of vascular occlusion.

The clinical picture is acute with severe pain which
is continuous and shows no, or only temporary, re-
sponse to analgesics.  The heart rate increases pro-
gressively and pulse quality deteriorates.  Mucus
membranes become congested and the capillary

refill time increases.  The PCG and TPP rise pro-
gressively and the respiratory rate increases in re-
sponse to the developing metabolic acidosis.  At
first the peritoneal fluid is slightly serosanguinous
with a mild increase in protein and leukocytes.  As
the strangulation process continues, all these sub-
stances increase

dramatically and the fluid becomes flocculent and
turbid.  Toxic neutrophils indicate leakage of tox-
ins and bacteria.  The clinical course is rapid and
most horses with an untreated strangulation obstruc-
tion of small intestine will die within 24-36 hours
of the onset of disease from irreversible septic shock
and marked vascular collapse.

(b) Large intestine
Strangulation obstructions of the large intestine in-
clude intussusception of
the caecum, volvulus of the large colon and incar-
ceration of the small colon.  The pathophysiology
is similar to that previously described for the small
intestine but there are points of variance.

The rate of systemic deterioration can vary mark-
edly between caecocaecal intussusception in which
it is slow, and 360º large colon volvulus which is
the most rapidly fatal of all intestinal obstructions
in the horse. Such is the size of the submucosal
space in the large colon, venous occlusion can re-
sult in the horse losing half its circulating blood
volume into the wall of the gut within 4 hours of a
360º volvulus occurring.

Hypovolaemia is rapidly profound and the mucous
membranes become pale and cyanotic.  The degen-
eration of the large surface area of bowel wall al-
lows massive leakage of endotoxin and bacteria
into the peritoneal cavity and the effects of
endotoxaemia are added to those of hypovolaemia.
Because of the short clinical course prior to death,
rupture is not normally seen.
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   Radiolographic
   views suggested
  for pre-purchase
      examination.

Carstens A , Section Diagnostic Imaging,
Department of Companion Animal Clinical

Studies, Faculty of Veterinary Science, Private
Bag X04, Onderstepoort, 0110, South Africa

Diagnostic quality radiographs are required to en-
sure that correct diagnoses of many musculoskel-
etal conditions of the horse in clinical practice are
made. In addition to this the correct views and the
optimal number of views per area are required.
Horses undergoing pre-purchase examinations may
also require radiographic evaluation and particu-
larly when overseas purchasers or groups like
Jockey Clubs are concerned, adhering to minimum
requirements for radiographs are often essential to
the buyer.

The purpose of this paper is to suggest the mini-
mum standard views required to be taken for clini-
cal diagnostic purposes, but also for the pre-pur-
chase scenario. The views are required to opti-
mize the evaluation of certain conditions that may
occur in each joint. The views were selected using
the references below, one of which is the  Jockey
Club of Hong Kong’s requirements for permanent
importation of racehorses.

1. Carpus: 5 views: DPa
 LM
D30°LPaMO,
D60°LPaMO

                       D45°MPaLO
Flexed LM

Conditions that may be  identified: chip fractures,

some slab fractures, degenerative joint disease,
OCD lesions

2.  Fetlock: 4 views: Front:  DPa
LM
DLPaMO
DMPaLO
FlexedLM

 4 views: Hind:    DPl
DLPlMO
DMPlLO
LM

Conditions that may be identified: chip fractures,
degenerative joint disease, OCD lesions, synovial
hyperplasia

3.   Tarsus:  4 views: DPl
D15°-35°LPlMO
Pl15°LDMO
LM

Conditions that may be identified: degenerative joint
disease, OCD lesions

4.   Stifle: 2 views: LM
CdCr
CdLCrMO

Conditions that may be identified: degenerative joint
disease, OCD lesions, subchondral cyst-like lesions

5.    Phalanx3:2 views: D65°PrPaDiO
(upright pedal)
DPa weight-
bearing
(horizontal beam)
LM

Conditions that may be identified: fractures, degen-
erative joint disease, OCD lesions,  subchondral
cyst-like lesions, pedal osteitis, hoof imbalance
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6.  Navicular: 3 views D65°85°PrPa
DiO(upright
pedal)
LM
PaPrPaDO
(skyline)

Conditions that may be identified: fractures,
degenerative joint disease, subchondral cyst-like
lesions, navicular disease.
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 How to interpret
yearling

     radiographs
H.J. Marais, Department of Compan-
ion Animal Clinical Studies, Faculty of

Veterinary Science, University of
Pretoria, Private Bag X04,

Onderstepoort, 0110.
johan.marais@up.ac.za

Radiography in pre-purchase examinations, year-
ling sales and for export of has become standard
practice in recent years.  Veterinarians are being
put under pressure from trainers and owners al-
most everyday to make a decision on future racing
performance, when evaluating radiographs.  It is
therefore of utmost importance for the practitioner
to know how to take good quality radiographs,
which views to take and more important, how to
evaluate and interpret any changes that is evident
on the radiographs.  While another paper will look
at which radiographic views to take of the limbs,
this presentation will deal exclusively with the
prevalence and distribution of radiographic lesions
in the fetlocks, carpi, tarsi, stifles and forefeet of
the horse, as well as the associations of these le-
sions with racing performance.  Due to the fact that
radiographs do not reproduce well, no radiographic
pictures are included in the proceedings.  It is how-
ever strongly recommended to obtain the two ar-
ticles below for reference.

Further reading:

1. A.J. Kane, R.D. Park, C.W McIllwraith.
Equine Veterinary Journal (2003) 35 (4), p 350
– 381.

2. 46th AAEP Proceedings 2000.
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    How to
Do ultrasound of

the normal
equine abdomen

L Sweers, Diagnostic Imaging Section,
Onderstepoort Veterinary Academic

Hospital, Onderstepoort, South Africa

 INTRODUCTION
The transcutaneous ultrasonographic evaluation of
the adult horse’s abdomen plays an important role
in the making of diagnostic decisions in patients
presenting with colic.  It allows confirmation of
abnormalities found during rectal palpation and
acquiring of additional information, which may pro-
vide increased insight into the surgical or non-sur-
gical nature of the condition.  It is important that
the clinician familiarise him- or herself with the
normal abdominal sonographic anatomy to be able
to identify and interpret pathologic changes.

EQUIPMENT
The frequency of transducer to use depends on the
size of the patient.  The highest frequency trans-
ducer that will allow the best resolution at the de-
sired depth should be used.  This is usually
achieved by using a 2.5-5 MHz transducer on most
patients, which will penetrate up to a depth of 30
cm (but with poorer image quality at that depth).  In
thinner and smaller patients even higher frequen-
cies may be used.  Linear and sector transducers
may be used.  However, because the intercostal
approach is mostly used when scanning the abdo-
men, a sector transducer with smaller footprint and
wider far field is more user friendly.

PATIENT PREPARATION
Clipping of the entire abdomen’s hair is impracti-
cal in a horse and therefore the skin and hair should
rather be thoroughly wetted with copious amounts
of fluid (i.e. methylated spirits or alcohol).  When
using an alcohol-based agent, the transducer should
be protected with a glove or condom after applica-
tion of coupling gel to the transducer’s footprint.
Coupling gel can also be used on the skin in addi-
tion to the fluid for increased coupling.

BASICS WHEN SCANNING THE
ABDOMEN
The transducer should always be held in a consis-
tent fashion to help the sonographer get familiar
with the location of organs in relation to one an-
other.  With practice and by using a consistent
method, the sonographer will be easily alerted if
something appears “out of place” or “not right”.
This will lead to further investigation and recogni-
tion of pathology.  When using the intercostal ap-
proach (thus with the transducer in a transverse
plane), always ensure that the dorsal aspect of the
patient is kept to the left of the screen.  When scan-
ning along the ventral abdomen in a transverse plane,
the patient’s right side should be kept to the left of
the screen.  When using a sagittal, parasagittal or
dorsal plane of scanning, cranial is always kept to
the left of the screen.  All organs and structures
should always be scanned in at least two perpen-
dicular planes, although it may be more difficult
when scanning intercostally.

The image should be optimised when starting the
scan by adjusting the power, gain, reject and time-
gain compensation controls.  This will be different
for different types of ultrasound machines and will
also vary between operators.  It is best to find the
most optimal image for you and then try and keep it
constant.  It is also important to note that obese
patients are always much more difficult to scan due
to poorer image quality.  The sonographer should
be aware of and be able to recognise ultrasound



74

Proceedings 36th Annual Congress

74

artifacts.  These artifacts may be confusing (use-
less) or useful in the interpretation of suspect pa-
thology. A small amount of anechoic peritoneal fluid
may sometimes be found in normal horses.

SCANNING THE LIVER
The entire liver cannot be evaluated due to the dor-
sally overlying lung.  The left side of the liver,
which is normally smaller than the right side, can
usually be seen from the 6th to 9th intercostal spaces
immediately dorsal to the sternum.  The cranial pole
of the spleen is seen medial to the liver in the 8th to
9th intercostal spaces on the left side of the abdo-
men.  The right liver is seen from the 6th to 15th

intercostal spaces, with the right dorsal colon me-
dial to it.  In the cranial to mid abdomen, the duode-
num lies between the liver and right dorsal colon.
The right kidney is seen caudal and lateral to the
caudate process of the right liver lobe.

Normal liver parenchyma is homogenous and of
medium echogenicity (less than the spleen and more
than the renal cortex) with an easily recognisable
branching vascular pattern.  The portal and hepatic
veins are seen as tubular anechoic structures within
the liver parenchyma with the portal veins having
more echogenic walls.  The hepatic veins may
sometimes be traced into the caudal vena cava in
smaller horses.  The ventral margins of the liver
should be smooth and sharp.  Liver size is difficult
to determine and relies on a relative estimation of
the amount of liver imaged ventral to the lung mar-
gin.  In older animals, atrophy of the right liver
lobe may make it more difficult to visualise.

SCANNING THE SPLEEN
The spleen can be visualised along the left side of
the abdomen, along the entire ventral border of the
lung from the 7th intercostal space to the paralumbar
fossa.  Cranially, it lies medial to the liver and
may cross the ventral midline towards the right
side in some horses.  Further caudally it lies im-
mediately adjacent to the diaphragm and left body

wall.  The left kidney lies medial to the splenic tail
in the caudodorsal abdomen.  The left dorsal colon
is seen medial to the spleen.  The left dorsal and/or
ventral colon may be seen at its ventral aspect.

The spleen is the most echogenic organ when com-
pared to the liver and kidney cortices, with the pa-
renchyma having a dense, even, homogenous
echotexture.  The splenic capsule is seen as a thin
hyperechoic line.  In the region of the 10th intercos-
tal space, the splenic vein may be seen as an anechoic
tubular structure along the medial aspect of the
spleen.  This is an easily recognisable landmark
for the location of the fundus of the stomach, which
lies immediately medial to the spleen.  The spleen’s
margins should normally be smooth and sharp.
Sedatives often cause splenomegaly.  It is impor-
tant to note that splenic size is variable even in nor-
mal horses.

SCANNING THE GASTRO-
INTESTINAL TRACT
Large intestine may be visualised almost in every
abdominal region.  The specific part of it being im-
aged is usually difficult to determine and is mostly
dependant on the location within the abdomen.
Jejenum is not that readily seen and mostly only in
the ventral abdomen.  The caecum is seen along the
right dorsocaudal body wall.  The stomach fundus
may be seen as a convex semicircular hyperechoic
structure on the left side of the abdomen, medial to
the spleen in the region of the splenic hilus and cau-
dal to the left lateral lobe of the liver.  The de-
scending duodenum is seen on the right, coursing
along the caudal and medial liver margin towards
the caudal pole of the kidney.  It can be imaged
consistently between the 14th and 17th intercostal
spaces immediately ventral to the right kidney and
dorsal and dorsolateral to the caecal base.  It nor-
mally appears collapsed until some fluidy ingesta
moves through it in a wave-like motion.

Ultrasonography is useful in assessing the lumenal
content and diameter, wall thickness and layering,
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location as well as intestinal motility and mobility.
The lumenal echo and diameter is dependent on the
type and amount of content (i.e. gas, fluid, food or
mucus).  Five sonographic intestinal wall layers
can be visualised under optimal conditions (from
inside to outside):  a hyperechoic mucosal-lume-
nal interface, hypoechoic mucosa, hyperechoic sub-
mucosa, hypoechoic muscularis and hyperechoic
serosa.

Wall thickness varies from 2-3.75 mm in normal
small and large intestine.  The ileum (only imaged
with transrectal ultrasound) may have a seven-lay-
ered appearance as a result of an extra muscular
layer and its thickness may therefore be up to 4-5
mm.  The stomach wall may measure up to a thick-
ness of 7.5 mm.  The normal frequency of intestinal
contractions is as follows:  small colon (0-3 per
minute), large colon and caecum (2-6 per minute)
and small intestine (6-15 per minute).

SCANNING THE KIDNEYS AND
BLADDER
The right kidney’s cranial pole is positioned in the
caudate lobe of the right liver (renal fossa) on the
right side of the abdomen, with the entire kidney
found from the 14th to 17th intercostal spaces at the
level of the tuber coxa.  It has a triangular curvilin-
ear or heart shape and a prominent hilar notch.  The
left kidney is more difficult to image due to its
greater depth and attenuation of the sound beam by
the laterally located spleen.  It is located more cau-
dal and ventral, from the 17th intercostal space to
the paralumbar fossa.  It normally lies medial to
the spleen in the left caudal abdomen and has a
more elongated (bean shape) when compared to
the right.

The kidneys have a distinct cortex (being finely ho-
mogenous to slightly mottled and hypoechoic to the
surrounding tissues) and a less echogenic medulla.
The cortico-medullary junction is sometimes less
distinct than in small animals.  The renal pelvis is

normally hyperechoic due to the presence of fat and
fibrous tissue.  The left kidney is 15-18 cm long,
11-15 cm wide and 5-6 cm thick.  The right kidney
measures 13-15 cm long, 15-18 cm wide and 5 cm
thick.  The renal vessels and most proximal part of
the right ureter are usually imaged at the renal hilus
as tubular anechoic structures.  The ureters (except
the most proximal part of the right ureter) are not
normally imaged.

The urinary bladder is located in the caudoventral
abdomen at the pelvic brim.  Its visualisation is
difficult due to its location, however when full, may
sometimes be seen from a pre-pelvic, ventral ab-
dominal transcutaneous approach.  It is better to
visualise the bladder transrectally, assessing the
echogenicity of the urine, wall thickness and ab-
normal contents or calculi.  The bladder should al-
ways have a rounded to oval shape.  Equine urine
is normally echogenic as a result of normal crys-
talluria and mucus.  Urine entering the bladder in
spurts from the urethra can sometimes be visual-
ized, however is better imaged from a transrectal
approach.  The bladder wall is normally hypo- to
hyperechoic and measures up to 3-6 mm depending
on its degree of distension.

SUMMARY
Transcutaneous ultrasound is a useful diag-
nostic tool for evaluating abdominal disease
or conditions in an adult horse.  It is non-
invasive and safe, but also extremely user-
dependant.  The clinician should strive to
gain knowledge in the normal anatomy and
ultrasonographic appearance of abdominal
structures as well as experience in transcu-
taneous abdominal ultrasound scanning, to
be able to diagnose abdominal pathology.
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 Ultrasonographic
  pathology of the
  gastro-intestinal
 tract of the horse
Carstens A, Section Diagnostic Imag-

ing, Department of Companion Animal
Clinical Studies, Faculty of Veterinary

Science, Private Bag X04,
Onderstepoort, 0110, South Africa.

Ultrasonographic examination of the gastro-intes-
tinal tract has become an integral part in the diag-
nostic evaluation of the horse with colic, chronic
weight loss and conditions such as fever of unknown
origin. The visualization of the organs is limited by
the acoustic windows for the abdomen (transcuta-
neous or rectal), and it must be kept in mind that
only sections of the tract can be visualized. These
areas may appear normal ultrasonographically, but
an adjacent or deeper lying section that is not vis-
ible by ultrasound may still be abnormal. The fol-
lowing short descriptions of conditions of the gastro-
intestinal tract can be diagnosed
ultrasonographically:

Stomach:
Gastric distension: the ultrasonically visualized
stomach wall is usually less circular than normal
and seen further caudally than normal up to the 15th

intercostal space. It can be gas-filled and/or filled
with anechoic to hypoechoic fluid.

Gastric impaction: the stomach is again usually
less circular than normal, extending over more than
5 intercostal spaces on the left. If severe, the dis-
tension may be seen also on the right. Hyperechoic
shadow-casting content is present.

Gastric squamous cell carcinoma: this
inhomogenous echogenic mass in the wall of the
stomach is often seen to invade into adjacent or-
gans. Peritoneal effusion may be present.

Intestines
Position, motility, peristalsis, wall thickness and
luminal content must be evaluated. An organ dis-
placed from its normal position, with wall thick-
ness of over 3mm that is hypo- to hyper- to amotile,
with abnormal content and/or volume of content is
suspect.

Enteritis / colitis: thickened walls, hyper-, hypo-,
amotile, with usually fluid content. Duodenal dis-
tension is seen with anterior enteritis as well as
secondary to jejunal obstruction.

Impaction: colon or  caecum may be visualized as
large (20-30cm) relatively amotile viscous struc-
tures with no visible haustra, filled with a
hyperechoic luminal content.

Intussusceptions: are seen as concentric multi-lay-
ered intestinal walls (target or bull’s eye lesion)
which are usually thickened. Jejunal-jejunal intus-
susception is usually found in the middle of the je-
junum and is more commonly found in foals but can
be found in adults. Ileal –ileal intussusceptions can
be ultrasonographically scanned trans-rectally as
can ileo-caecal intussusceptions which can also be
seen from the right flank area. Caeco-caecal intus-
susceptions can be seen in the right ventral abdo-
men and caeco-colic intussusceptions in the upper
right quadrant of the abdomen.

Sand (gravel) colic / enterolithiasis can be evalu-
ated ultrasonographically if the affected bowel is
displaced ventrally by the weight of the sand / en-
terolith and the bowel is adjacent to the body wall.
An enterolith can be seen as a shadowcasting large
hyperechoic line, often rounded. Sand can depress
the subperitoneal fat, resulting in little to no move-
ment of the bowel and may be seen as hyperechoic
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echoes casting shadows.

Nephrosplenic displacement: If the left kidney can
be visualized there is no bowel in the nephrosplenic
space. If it cannot be visualized, nephrosplenic en-
trapment of the left colon is a differential diagnosis
but not a definite diagnosis.

 Strangulating small intestines: oral to the stran-
gulated area the intestine is often fluid-filled. The
strangulated intestine usually has a thickened
oedematous wall with little motility.

Ileus: little or no peristaltic activity of the intes-
tines is present. The bowel diameter is either nor-
mal or increased and the wall thickness is usually
normal

Herniation: abdominal wall, diaphragmatic, in-
guinal and umbilical herniation of small and/or large
intestines may be seen with the intestines displaced
into abnormal positions. Depending on the insult to
the intestines various degrees of intestinal compro-
mise may be seen. Intestinal motility may be mini-
mal or absent.

Adhesions: may be seen as hyperechoic tissue be-
tween intestines or, between the intestines and other
organs or the abdominal wall. There will be de-
creased to no motility of the intestines.

Abscesses: may be associated with any gastro-in-
testinal organ and may also involve the mesenteric
root and the abdominal wall. Abdominal abscesses
often have a loculated appearance but may also
appear solid. Air-fluid interfaces can be seen
ultrasonographically and a surrounding capsule up
to 10 cm has been reported.

 Neoplasia: intestinal neoplasia may be visualized
if the affected intestine is adjacent to the abdomi-
nal wall or palpable rectally. Lymphosarcoma is
the most common mass and has a relatively homog-
enous ultrasonographic appearance. Intestinal ad-

enosarcoma, myxosarcoma, leiomyomas and benign
polyps have been reported..
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 Recent advances
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  and preventing
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Rowe, J.B., University of New England,

Armidale, NSW 2351, Australia
jrowe@pobox.une.edu.au

 Summary

It is becoming clear that the aeitiology of laminitis
in horses fed grain or grazing lush green pastures
is essentially the same and has rapid fermentation
of soluble carbohydrate in the caecum and colon
as the primary factor.  The challenge in managing
laminitis therefore focuses on controlling the in-
take and pattern of carbohydrate digestion and/or
manipulating fermentation to prevent the accumu-
lation of lactic acid and low pH that initiate the
cascade of events leading to laminitis and second-
ary complications.  This paper summarises recent
research to prevent the adverse effects of caecal/
colonic fermentative acidosis by managing lactic
acid-producing bacteria through selective antibi-
otics or by vaccination against major lactic acid
producing bacteria of the equine hind gut.

The product Founderguard has been found to be
extremely effective in reducing the risk of fermen-
tative acidosis, laminitis and even some of the ad-
verse behavioural changes that develop in horses
fed grain.  Increasing interest in vaccination as an
alternative to using antibiotics led to a detailed
study of the caecal and colonic bacteria respon-
sible for lactic acid accumulation resulting from
rapid fermentation as a first step to producing vac-
cines against these bacteria.  These studies found
that there are relatively few bacteria consistently

implicated in lactic acid accumulation and that
Streptococcus equinus and S. bovis are almost al-
ways among the most aggressive lactic acid pro-
ducers.  Unfortunately experiments to investigate
efficacy of vaccines have not demonstrated satis-
factory efficacy.  Our conclusion is that the product
Founderguard, based on the antibiotic
virginiamycin, remains the most effective method
of preventing fermentative acidosis associated with
both grain and pasture laminitis.

Introduction

Too much fermentable carbohydrate in the caecum
and colon, whether associated with grain or lush
pastures, essentially causes nutrition-related lamini-
tis.  Management and control of nutrition-related
laminitis depends on limiting the amount of ferment-
able starch consumed, ensuring digestion in the
small intestine or controlling acid production in the
hind gut.  Stated in this way the problem appears to
be relatively simple and therefore easy to manage.
However, it is variability between horses, grains
and grain processing that makes as well as signifi-
cant variation in the concentration of pasture car-
bohydrates, that makes it such an unpredictable con-
dition to manage and therefore prevent.

In addition to the unpredictable nature of its occur-
rence, the permanent serious consequence of even
a single event, makes laminitis one of the most im-
portant aspects of equine management.   Rotation is
not reversible and laminitis is therefore essentially
non-treatable.  Effective management relies on pre-
vention.  This paper reviews options for managing
the risks of hind gut fermentative acidosis and
laminitis.

Strategies for managing fermentative
acidosis

The major pathways involved in development of
acidosis and critical control points are summarised
in Figure 1.
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Figure 1.  Summary of the major pathways involved
in development of acidosis and control points where
the condition can be managed or prevented.
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Once lactic acid starts to accumulate there is a very
significant increase in acidity and decrease in pH.
For this reason many of the successful strategies for
managing acidosis focus on reducing lactic acid
production.

Feed composition and feeding

 Choice of grain:

The amount of starch and its intestinal digestibility
are the critical factors.  There are good reasons for
the traditional choice of oats as the starch is diluted
by significant levels of fibre and oil.  In addition,
oat starch tends to be more digestible in the small
intestine than other cereal grain.  Grains such as
maize and sorghum tend to be the least digestible in
the small intestine and should be used with a degree
of caution.  Recent research has found rye and cer-
tain cultivars of triticale to contain starch that is
efficiently digested in the small intestine (Bird et
al. 1999).  All methods of grain processing that in-
volve heat treatment or cooking increase small in-
testinal starch digestion and make grain safer for
horses.  Steam flaking extrusion and micronisation
are some of the most effective treatments.  Apart
from the cost of these treatments is the risk that over-
consumption or incomplete digestion delivers highly

fermentable carbohydrate to the hind gut.  Pro-
cessed feeds while safer than unprocessed grain
should therefore still be used with caution. The
second consideration is the extent and rate of fer-
mentation of undigested starch in the hind gut and
is determined by intestinal digestibility, pattern of
feeding as well as the fermentability of the carbo-
hydrate.  Frequent small meals are preferable to
large amounts of grain in a single meal to ensure
efficient digestion and also to minimize the amount
of undigested starch entering the hind gut at any
time.

Pasture:

The major store of plant carbohydrates is in the
form of fructans.  During rapid growth and active
photosynthesis fructans can build up to over 20%
of plant dry matter.  Times of the year when fructans
reach highest levels are in spring and autumn where
warm clear days, suitable for photosynthesis, are
often combined with cold nights that limit respira-
tion and the breakdown of fructans.  Fructans are
not digested in the small intestine and pass through
to the colon and caecum where they are rapidly
fermented.  Recently Pollitt and his colleagues have
demonstrated that laminitis can be induced by con-
sumption of the fructan oligosaccharide, raftilose.
The risk of excessive fructan intake involves a
combination of fructan levels in the pasture, amount
of pasture on offer, grazing pattern and rate of in-
take.  To some extent it can be managed by re-
stricting grazing time and pasture management but
it remains an extremely difficult aspect of horse
management and the risk is very real for all horses
grazing lush pastures.

Microbiology

As indicated above, lactic acid accumulation is
the main contributor to fermentative acidosis.  This
is probably due to the rate that lactic acid can be
produced relative to the volatile fatty acids and
secondly the fact that lactic acid does not appear
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Table 1:    Effect of the antibiotics avoparcin and virginiamycin on pH, L-lactate and VFA during
the incubation of mixed caecal/large colon digesta with buffer and cornstarch (15 mg
ml).

Antibiotic pH LactateTotal VFA Acet:Prop
___________    ___________ ___________ ___________

(µg/ml) Mean SE Mean SE Mean SE Mean SE
Avoparcin

0 5.34 0.042 46.8 2.93 97.5 6.56 2.9 0.18
2 6.14 0.054 8.9 1.04 102.6 1.92 2.9 0.05
8 6.33 0.006 11.0 0.42 82.1 4.92 3.3 0.06

32 6.43 0.012 15.1 0.57 89.8 2.33 3.6 0.16

Virginiamycin
0 5.34 0.042 46.8 2.93 97.5 6.56 2.9 0.18
2 6.57 0.009 0.2 0.05 93.2 5.15 2.9 0.10
8 6.66 0.009 0.2 0.10 79.7 8.75 3.2 0.03

32 6.66 0.009 0.1 0.04 87.1 0.74 3.7 0.08

to be absorbed from the hind gut.  Control of lactic
has two options – restricting the production or in-
creasing its conversion to VFA.  Antibiotics and
the possibility of vaccination offer ways of reduc-
ing activity of lactic acid producers while
probiotics offer a possible way of increasing lac-
tic acid conversion to VFA.  While a number of
probiotics have been investigated under experimen-
tal conditions but logistics and cost preclude this
as a commercial option.  Although there are a num-
ber of lactic acid producing bacteria able to func-
tion under anaerobic conditions in the hind gut those
that are almost invariably associated with devel-
opment of acidosis are Streptococcus bovis and S.
equinus.  S. bovis and probably S. equinus too,
have the ability to switch from VFA production when
roughage is the main substrate to hom-lactate pro-
duction in the presence of starch and sugar (Russell
).  This is an important adaptation.  With roughage
as the substrate, the amount of ATP per unit fer-
mented is the limiting factor and VFA production
the best option for growth.   However, with starch
or sugars available lactic acid production yields
less ATP per mole of hexose but ATP production
and growth are far more rapid.  S. bovis has a dou-

bling time of less than 30 minutes in presence of
starch or glucose and quickly multiplies to play an
important role in total lactic acid production, aci-
dosis and laminitis.  S. bovis and S. equinus ap-
pear to be the most important bacteria to control in
order to prevent acidosis and the use of a narrow-
spectrum antibiotic a powerful tool.

Virginiamycin – Founderguard
A large number of antibiotic feed additives were
examined to determine in vitro inhibition of lactic
acid production during incubation of equine caecal
and colonic digesta.  Virginiamycin was identified
as the best.  Compounds such as avoparcin and
flavomycin, while reducing lactic acid production
do not achieve the same level of control (see Table
1; as seen below).        

Efficacy of virginiamycin (as
Founderguard) in acute carbohy   drate
overload
An early experiment with avoparcin highlighted the
importance of an appropriate formulation to ensure
that the active enters the caecum in sufficient con-
centrations to be effective.  When administered as
the premix there was good activity in the colon but
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Figure 2. The changes with time in  D-lac-
tate  and blood bicarbonate measured following
dosing with ground wheat. The horses in one group
were treated with Founderguard and those in the
other received no medication (Control).

little or no effect on lactic acid production in th
ecaecum.  The Founderguard formulation of
virginiamycin was developed to overcome this
problem identified with a premix.Eight standard
bred horses were used for this experiment (Rowe
et al. 1994).  Four animals received Founderguard
and 4 animals received the same treatment but with-
out Founderguard.  The animals, which received
Founderguard, were pre-dosed for two days prior
to administration of the wheat slurry based on the
model developed by Garner et al. (1975).  The
doses of wheat administered on the third day pro-
vided 12 g ground wheat/kg liveweight.  This was
given in two equal amounts with an interval be-
tween doses. The animals were examined at 8 hour
intervals over a period of 48 hours.  Each exami-
nation included temperature, heart rate and respi-
ration in addition to assessment of lameness by an
independent operator and samples for analysis of
blood gases, D-lactate and faecal pH.  After 48
hours all animals were euthanased.

The results are summarised below in Figures 2.
These show that treatment with Founderguard pre-
vented accumulation of lactate in the gut (as shown
in blood D-lactate levels) and this had an impor-
tant effect on blood gases and pH.  D-lactate is an
important indicator.  It provides evidence of lactic
acid accumulation within the gut, of microbial ori-
gin, and also indicates a breakdown in the integrity
of the gut wall (Krueger et al. 1986; Ding et al.
1998)

Of the animals treated with Founderguard there no
animal showed any signs of lameness.  In contrast
three out of the four control animals, which received
no Founderguard, developed Obel grade 2 lame-
ness (Obel 1948).  There was a significant (p<0.05)
reduction in lameness associated with the use of
Founderguard.  The assessment of lameness by
physical examination was confirmed by histologi-
cal examination of hoof sections.  There was a close
correlation (p<0.002, R2=0.94) between lameness
assessed according to the Obel grades and the in-

cidence and severity estimated by histological ex-
amination (Pollitt 1996).

Based on the fact that it appears to take 18 to 24
hours following administration of carbohydrate
before lactic acid levels rise an experiment was
designed to examine the possible therapeutic use
of Founderguard for animals discovered during ac-
cidental exposure to grain.  Founderguard was ad-
ministered 8 hours after first dose of grain and com-
pared with no treatment or 3 days prior treatment
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Table 2 Effect of virginiamycin applied as Founderguard on faecal pH, faecal lactate and
lameness following administration of ground grain (Rowe, Pethick and Colbourn, Unpublished)

                     Control                    Therapeutic               Prophylactic

Faecal lactic acid (mmol/L)          81                      29                  8
Faecal pH                            5.8                        5.5                  6.4
Lameness (Obel scores)                            1.38                        0.80                  0

Figure 3 Relationship between the sum of all
incidents of adverse behaviour (wood chewing,
eating bedding and grasping) per horse during
the total 14 hours of observation during the week,
and the average faecal pH during the correspond-
ing week. (Johnson et al. 1998)

with Founderguard.  The results are summarised
in Table 2 and show that therapeutic use of
Founderguard cannot be recommended.

Vaccine possibility?
Research into vaccination against bacteria in fer-
mentation compartments such as the rumen encour-
aged research into vaccines against S. bovis and S.
equinus.  Vaccination has the potential to offer sig-
nificant advantages over daily prophylactic admin-
istration.  Although preliminary results have been
encouraging in terms of antibody production, in vivo
protection against acidosis and laminitis has not
been achieved.

Clays and buffers
Although clays such as bentonite and zeolite can
increase faecal dry matter and reduce cowpat faeces
they do not reduce the risk of fermentative acido-
sis.  Buffers, such as sodium bicarbonate have an
effect on blood bicarbonate and systemic acid-base
balance but do not reduce the risk of fermentative
acidosis and do not appear to have a role in man-
agement of founder.

Additional benefits of controlling fer
mentative acidosis
Behavioural changes in horses fed grain are com-
mon and include increased chewing of wood and
bedding as well as being more difficult to handle.
An experiment reported by Johnson et al (1998)
examined the effect of Founderguard on behavioural
changes in horses fed increasing amounts of grain
relative to hay. There were marked changes in the
behaviour of horses fed increasing levels of grain
without Founderguard.  During the same time the

behaviour of the horses maintained on hay only re-
mained normal indicating that the development of
abnormal behaviour was a result of change in diet
rather than boredom at being housed in a stable.
The behaviour of horses fed grain with
Founderguard was marginally, but not significantly
different from those fed hay. In animals fed grain
without Founderguard there was a significant de-
creased in faecal pH with increasing levels of grain
in the diet.  The faecal pH of horses fed grain with
Founderguard was similar to those fed hay. The in-
cidence of adverse behaviour was closely related
to faecal pH (r2=0.96) (see Figure 3).  These re-
sults are consistent with those of Willard et al
(1976) who reported that behaviour such as wood
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chewing and eating bedding was closely related to
the concentration of lactic acid in caecal contents
and negatively related to caecal pH.

Summary of experience with
Founderguard

Founderguard has now been used for nearly 10 years
and after approximately 7.5 million doses it is clear
that Founderguard provides an effective and safe
way of reducing the risk of laminitis.  Although most
use of Founderguard has been in Australia and New
Zealand there has been significant use in the UK
over the last three years.  Founderguard has there-
fore been extensively tested under a range of envi-
ronmental and dietary conditions and in different
breeds and ages of horses.

Side effects are rare but there are some that
veterinarians should be aware of.
· First introduction of Founderguard at the full

dose can reduce feed intake and cause mild con-
stipation.  This potential problem is overcome
by gradually increasing the amount of
Founderguard over 3 to 4 days before giving the
full dose.  If constipation dose occur it has been
found to respond well to conventional treatment.

· Discoloration of urine to an orange/red colour
can occur when virginiamycin is first adminis-
tered.  This phenomenon has also been observed
in dairy cattle and is thought to be associated
with pasture pigments present in lush green feed
particularly when clover is present.  There do
not appear to be any adverse effects on the ani-
mal and discoloration is transitory, returning to
normal after a few days.

· There have been anecdotal reports of horses
developing some swelling of the lower hind legs
when first given Founderguard.  This appears to
be very rare and it is not certain that it is actu-
ally associated with the use of Founderguard.
The few horses that developed swelling were
withdrawn from further treatment.

High-dose toxicity does not appear to pose a prob-
lem.  A study by SmithKline showed no adverse
effects associated with 8 times the recommended
dose.  There have also been a number of instances
where, through accidental exposure, a horse has
eaten a whole 1 kg container full without apparent
adverse effect.
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       Perioperative
    equine mortalities

G.F. Stegmann  Department of Companion
Animal Clinical Studies, Faculty of Veterinary

Sciences, University of Pretoria.

Introduction
Perioperative mortality in equines higher (1:100,
colics excluded) compared to small animals (1:700)
and human patients (1:10 000).  The mortality rate
for non-colic surgeries is 0.9 % and for all equine
surgeries 1.9%.

Perioperative mortalities
The highest number of deaths (colic surgery ex-
cluded) is associated with horses anaesthetised for
fracture repair and are not only from euthanasia
after refracture.  Prolonged anaesthetic time be-
comes a significant risk factor.

Table 1.      Incidence of perioperative equine
                      mortalities*
  SURGERY       ALIVE  DEAD %
  Non-colic
    Orth (general)       14 120         0.7
    Orth (fracture)          1087         4.7
    Urogenital          8386         0.83
    Miscellaneous          4675         0.70

  Total non-colic       35 107         0.9

  Colic
    Colic         3 487        10.8
    Other abdom           431         7.1

  Total colics        3 918        10.4
  Total all cases      39 025         1.9

  * Modified from Johnson et al. Vet Anaesth & Analg.    2002, 29, 159-170

Cardiac arrest or cardiovascular collapse, fractures,
abdominal complications and myopathy are the most
common causes of death after anaesthesia.

  Table 2.           Causes of perioperative equine
                           mortalities*
  Cause of death    Percentage
  Cardiac arrest or CV collapse        33.2
   Fracture         25.6
   Myopathy           7
   Abdominal         13.1
   CNS           5.5
   Respiratory           3.7
   Post-op haemorrhage           1.2
   Found dead           4.6
   Other                                                 9.5

  * Modified from Johnson et al. Vet Anaesth & Analg.  2002, 29, 159-170

  Table 3.      Significant factors for altered
                       perioperative mortalities*
Age ++     < 1 month

+++   > 14 years
Type of surgery +++    Fracture
Time of surgery +++    00:00 – 06:00
Day of surgery +++    Saturday & Sunday
Surgery time +++….
Premed ++      No premed

+         Romifidine  ???
- - -     ACP

Anaesthesia +++    Total inhalation ???
- - -      Total intravenous

+ increased risk, - decreased risk*
Modified from Johnson et al. Vet Anaesth &  Analg. 2002, 29, 159-170

Other significant factors involved in anaesthetic
mortalities are anaesthetic time, type of surgery,
time and day of surgery, age group, premedication
and anaesthetic drugs used.  Not using any premedi-
cation increased the risk and ACP decreased the
risk.  A high risk was associated with inhalation
induction and maintenance but probably related to
the use of this regime for emergency surgery in neo-
nates.  The low risk with intravenous induction and
maintenance is mostly associated with a short an-
aesthetic time, uncomplicated surgery performed
on young healthy animals.  Choice of intravenous
induction technique did not influence anaesthetic
mortalities.
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Causes of cardiac arrest:
Hypoxia from hypoventilation, apnoea or pul
monary disease

Respiratory obstruction from nasal oedema
Atelectasis from lateral recumbency
Residual anaesthetic respiratory depression

Hypotension, toxaemia, shock and anaphylaxis
Inhalation anaesthetic drugs
Endotoxaemia during colic
Hypocalcaemia

Overdose of anaesthetics
Relative – CV compromised
Absolute - ponies

Vasovagal reflex responses to surgery
Cardiac disease, or trauma

Arrhythmias (AV-blocks)
   (African horse sickness ??)

Hypothermia

Comments on the “ideal” equine
recovery stable design
ü shape - round or octagonal
ü shape - rectangular 3X4 m: width allow

horse to lay in lateral recumbency, and
length a little longer to prevent the horse
picking up speed into the wall of death

ü size – as small as possible, when the horse
lies flat the ears should touch one side and
feet the opposite wall

ü floor - non-slip (Linatex rubber) with
softish walls

ü ceiling should be high enough to hoist the
horse off the floor

ü door - half-high to see in and pull ropes for
recovery

ü door - opens at the top with platform ladders
to man the head and tail rope (no people
doors at floor level)

ü assistance - use head rope on everything
and have tail rope available

Current research in methods to minimize emergence
excitement associated with inhalation anaesthesia
is to administer IV anaesthetics consisting of
propofol combinations during recovery.

Conclusion
1. Prognosis plays an important role in mortality

rate e.g. abdominal surgery and fracture repair.

2. Prolonged surgical time a significant risk factor
independent from type of surgery.

3. Cardiac arrest, fractures during recovery, ab-
dominal complications and myopathy are most
common factors in postoperative period.

4. Equine recovery stable design may have some
influence on incidence of fractures during re-
covery.
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   Equine Dental
Disease
G.B. Edwards

University of Liverpool

 Introduction
The equine species has evolved as a continuously
grazing animal, developing its own dental form and
function along the way.  Every aspect of dental form
is designed to provide the animal with an ability to
detect, prehend, masticate and begin the digestion
of forage.  Horses are selective grazers and tend to
avoid eating grass in areas polluted with faeces or
horse urine.  Horses confirmed to stalls and al-
lowed free access to hay exhibit the same feeding
patterns observed in free-ranging animals and usu-
ally eat 10-12 hrs daily in sessions lasting 30-180
minutes.

In contrast, confined horses eat concentrate or
pelleted feed more rapidly and spend the remain-
ing time in boredom.

The range of motion of the mandible during masti-
cation is affected by the nature and size of the food
particles being ingested.  Horses on concentrate
and pelleted diets have a limited range of jaw mo-
tion when chewing compared with horses on grass
or long-stemmed hay roughage.  The jaw excursion
pattern has an effect on molar tooth wear and could
explain why confined horses seem to have more
problems with upper buccal and lower lingual
enamel points on their molar arcades

The dentition of the horse is classified in the het-
erodont group of animals and is further divided into
hypsodont and brachyodont types.  The canine and
first premolar teeth are brachyodont, having a
simple root and a short crown to root ratio.  These
teeth are not in occlusal contact with the opposing

teeth, therefore the need for continual eruption to
replace crown wear is not necessary.

The incisors and molarised cheek teeth (premolar
2, 3, 4 and molar 1, 2 3) are hypsodont, having the
following characteristics:

1. long anatomical crowns when the horse is
mature and before it is mature and before it  is
subjected to occlusal attrition.

2. much of the crown is held in reserve
subgingivally in the alveolar bone.

3. the root apices complete their development
after the tooth has erupted.

4. once fully formed, no further longitudinal
growth takes place in the root apices.

5.  teeth erupt throughout life at 2-3 mm per  year as
occlusal wear takes place, from  grinding and
cutting forage with a high concentration of bio-
logic silica.

The eruption of teeth into persistent occlusion and
function causes the reserve crown length to de-
crease.  The functional crown height and anatomi-
cal root length remain relatively the same from the
time of tooth maturity, but the position of the root
apex migrates coronally as the height of the reserve
crown decreases.  By having reserve crown in the
alveolar bone that erupts until the crown length is
exhausted, horses are able to maintain a functional
dental apparatus well into old age.

Due to the dependence on accurate occlusal articu-
lation of the teeth, which is responsible for even
crown wear, any disturbance in the integrity of the
dental arcades as the result of jaw fractures, mal-
occlusions or tooth loss can have serious dental re-
percussions.  Pathological over-eruption, tooth
drifting, feed packing between the teeth and root
overcrowding lead to serious dental disease. The
apical foramen of hypsodont teeth become con-
stricted once the tooth is fully mature.  Therefore,
they do not possess the extraordinary healing po-
tential of the pulps of elodont teeth.   The mature
mouth of the horse will contain six incisors each in
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both the upper and lower jaws and six upper and
six lower cheek teeth on each side of the mouth.
Three cheek teeth are premolars and three are mo-
lars.  The molarised premolars have deciduous and
permanent sets.  Molars come in at an older age
and only one set is present.

The first premolar or ‘wolf tooth’ is only present
in the upper jaw of some individuals.  A further
variation occurs between the sexes.  The male nor-
mally has all four canines while in the mare, al-
though vestigial canines are not uncommon, they
usually fail to erupt.

It is customary to refer to cheek teeth 1 to 6 rather
than premolars 2, 3 and 4 and molars 1,2 and 3.
The modified Triadan system has been introduced
to provide a more logical and easy to learn method
of identifying individual teeth.

The horse is anisonathic, which means that the bot-
tom jaw is narrower than the upper, and the lateral
excursion of the jaw favours occlusal wear of the
buccal aspect of the lower and the palatal aspect of
the upper molar arcades.  The dental arches widen
from rostral to caudal with more spaces between
the last molars than the first premolars.  The oc-
clusal surfaces of all six cheek teeth are compressed
tightly together forming a single grinding unit, thus
preventing food from accumulating between the
teeth.

The occlusal tables of the molarised cheek teeth
are sloped at an angle of 10-15° from dorsal lin-
gual to buccal ventral.  As the horse chews, the jaw
moves in a rotating or circular motion from side-
to-side with a limited rostral caudal excursion.  As
the jaw moves through a masticatory cycle, the
sloped molar arcades on one side make contact.
As the sloped arcades grind over one another, the
10-15° pitch of the grinding surface drops the man-
dible slightly, bringing the incisor arcades out of
contact.  In a well-balanced mouth, the jaws move
freely from side to side and the even grind of the
cheek teeth can be heard.

The construction of the molars with interdigitations
of enamel, cementum and dentine allow for uneven
wear with a sharp serrating surface when the horse
is continually grazing as intended.

Malocclusion of the incisor arcades perpetuates
abnormal wear patterns that eventually lead to se-
vere dental pathology.

The relationship of the upper cheek teeth to the
paranasal sinuses has important clinical implica-
tions.  The bony sockets of the last four cheek teeth
project into the maxillary sinus.  (The root of the
3rd cheek tooth may project fully or partially into
the sinus.  As the horse gets older, the volume of
the sinus increases as the teeth are extruded.

The teeth are composed of 3 calcified tissues:
enamel produced by ameloblasts, dentine produced
by odontoblasts and cement produced by
cementoblasts.  Pulp is the major soft tissue com-
ponent of the teeth.  Dentine is second in hardness
to enamel and forms the bulk of the tooth.  The com-
bination of the very hard but brittle enamel dental
skeleton, combined with a slightly softer but more
malleable dentine and cement, results in a structure
with high resistance to wear and shearing forces.
The distribution of enamel cement and dentine en-
sures a hard-wearing grinding surface on the table
which, although fairly flat overall, has various abra-
sive ridges where the enamel wears down less
readily than the softer cement and dentine. (Fig. 3).

Cement is the peripheral component in the tooth
into which the periodontal ligament attaching the
tooth to the alveolar bone inserts and which also
fills the infundibula.  The infundibula of the cheek
teeth frequently have development defects of the
cement.  The recently erupted cheek tooth has an
enamel shell with a relatively low proportion of
primary dentine and wide open pulp cavity at the
apices.  With age the deposition of secondary den-
tine on the periphery of the pulp cavity as the tooth
erupts, results in an increase in the relative pro-
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portion of dentine in the tooth.  Consequently cheek
teeth in young horses are brittle and should not be
cut with molar cutters, to avoid fracture with pulp
exposure.  Excessive overgrowths should be re-
duced with manual mechanical rasps, whilst in
older horses molar cutters may be used with less
risk of dental fracture.  These more solid, older
(7/8 year old) teeth require more effort to rasp com-
pared to the softer teeth of young horses.

The mechanism of dental eruption is unclear but
the equine periodontal ligament appears to be a
dynamic structure as demonstrated by the occur-
rence of temporary periodontal disease during erup-
tion of the permanent cheek teeth in some horses
which later resolves spontaneously.

The pulp is the gelatinous vascular tissue in the
centre of the tooth, the viability of which is neces-
sary for production of secondary dentine through-
out the life of the tooth.

Diagnosis of Dental Disease

Clinical Signs of Dental Disease
The clinical signs include the following either sin-
gly or in combination with each other:-
1. Difficulty in mastication
2.   Quidding (i.e. dropping pledgelets of           partly

chewed food from the mouth)
3     Loss of condition due to anorexia or improper

mastication
4.   Facial or mandibular swellings
5.    Maxillary infection and nasal discharge
6.     Discharging sinuses on maxilla or   mandible
7.    Halitosis
8.    Adverse reaction to bit pressure

 Examination of Equine Teeth
The equine incisors and canine teeth are readily
examined but satisfactory examination of the cheek
teeth depends largely on the temperament of the

animal.  Sedation and sometimes general anaesthe-
sia may be necessary.  Due to a combination of fac-
tors, including the limited angle of opening of the
equine mouth, the rostral positioning of the lip
commissives and the great length of the dental ar-
cade, it is difficult to visually examine the cheek
teeth, particularly the caudal cheek teeth.

Observation

1.  Look for swelling of the maxillary region or
mandible, purulent, often foetid, nasal discharge,
or discharging sinuses.  Observe the horse eat-
ing and look for restricted mandibular movements
which may be totally confined to one side of the
mouth.  Listen to see whether there is a reduc-
tion in the normal grinding sounds.  The degree
of lateral mandibular movement and the animal’s
response to manipulation can be manually as-
sessed by fixing the maxilla with one hand with
the horse’s mouth closed, and sliding the man-
dible transversely.

2.  Palpate the cheek teeth through the cheeks.  Feel
for evidence of food pocketing, or major irregu-
larities such as a missing or deviated tooth.
Check for evidence of pain when the cheek is
pressed against the teeth which would suggest
the presence of sharp enamel points.

3.  Examine the incisors for angle and abnormal
wear (e.g. due to crib biting).

4.  Check for the presence of wolf teeth.

5.  Although a cursory examination of the more ros-
tral cheek teeth can be carried out by withdraw-
ing the tongue to each side in turn and illuminat-
ing the buccal cavity with a torch, a detailed
equine oral examination can only be performed
using a full mouth speculum (gag) such as a
Hausmann gag.  Horses tolerate having this some-
what cumbersome piece of equipment in their
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mouth remarkable well.  Care should be taken
to ensure that you or your assistant are not struck
in the face should the horse throw its head about.
Although some practitioners use a gag in
unsedated horses, sedation facilitates the exami-
nation and reduces the risk of injury.  If it is
difficult to open the horse’s mouth using the gag,
first check that the noseband is sufficiently loose.
Pushing a thumb against the hard palate will usu-
ally prompt the horse to open its mouth further.
Food retained in the oral cavity should be re-
moved by flushing the oral cavity with water.
Manual removal of remaining food accumula-
tions may be necessary after flushing.  The use
of a head light (a pen torch is much less satis-
factory) and a long metal ‘toothpick’ greatly fa-
cilitates the examination.  Major problems, es-
pecially of the caudal upper and lower cheek
teeth and of the adjacent periodontal membranes,
can be easily missed unless all the teeth. and
adjacent soft tissues (gums) are carefully visu-
ally examined and palpated.

1.   Examine the upper and lower arcades for evi-
dence of sharp edges, hooks, fractured or devi-
ated teeth, food impacted in gaps between the
teeth and evidence of separation at the gum  mar-
gin.

ii.    Examine the cheeks and tongue for abrasion or
ulceration.

iii.  Smell your fingers after completing the oral
examination.  A foetid smell indicates anaero-
bic infections most commonly of the periodon-
tal tissues, but also of the teeth themselves.

iv.   Check the occlusal surfaces for irregular con-
tour associated with wave or step mouth.  Many
equine cheek teeth disorders, especially in the
younger horse, are due to localised periapical
abscessation, but in most cases, little or no
change is usually visible at the occlusal surface
of the crown, except in some maxillary teeth

apical infections where fractures and gross den-
tal caries may be present.

Radiography of Equine Teeth

Dental radiography is especially valuable for evalu-
ation of localised apical infections, traumatic and
other types of dental fracture, supernumerary and
misaligned cheek teeth, and dental related tumours.
Because of the excellent contrast between the air-
filled nasal cavity and sinuses, and the teeth and
supporting bones, high powered x-ray machines are
not necessary to obtain diagnostic radiographs of
equine dental disease.

In most cases root and reserve crown detail rather
than exposed crown detail is required.  Therefore,
oblique views are essential to project the roots un-
der scrutiny, clear of the contra-lateral side.  The
radiographic changes are often subtle and their dem-
onstration requires high quality radiographs which
depend on careful positioning, correct beam angle
and absence of movement.

Although it is technically easier to obtain dental
radiographs with the horse under general anaesthe-
sia, satisfactory radiographs can be safely taken in
the standing horse provided certain procedures and
precautions are taken.

· Heavy sedation is helpful in that it results in low-
ering of the head and reduces the likelihood
of movement

· When taking lateral films, the cassette should
be placed in contact with the side of the head
corresponding with the affected dental arcade

· Grids are not required
· Handlers should wear lead gowns, gloves and a

radiation exposure badge
· A cassette holder should be used where pos-

sible
· Handlers should stand clear of the main beam

which should be collimated
· A  fabric, webbed head-collar without metal
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components should be used
· Centre the beam on the suspect tooth at the middle

of the arcade.  Always include cheek tooth 1 or
6 to allow identification of individual teeth

· If an external sinus tract is present in the man-
dible or the rostral maxillary region, a straight
malleable, metallic probe should be inserted into
the tract prior to taking the radiograph

 Lateral radiographs

This view is obtained with the x-ray plate in a ver-
tical position as close as possible to the affected
side of the head, with the x-ray beam centred on
the suspect tooth and perpendicular to the screen.
The main disadvantage of this projection is that
both teeth arcades are superimposed.  However, it
is valuable in demonstrating fluid lines in the max-
illary sinuses which can be caused by periapical
disease of cheek teeth 3 to 6.  If the paranasal si-
nuses are full of inspissated pus, this will have to
be removed by lavage via a trephine hole prior to
taking projections to show the tooth roots.

To identify disorders of the erupted crown, an open
mouth latero-oblique projection is useful.  The
mouth is held open with a piece of plastic piping
or wood and a latero-oblique projection of 15° is
taken.

Lateral Oblique Radiographs of the
Maxil lary Teeth

Latero-ventral radiographs taken at 30° to 35°
angles (higher in smaller animals) are necessary
to outline the separate apices of the maxillary teeth.
The x-ray plate is placed vertically close to the
affected side and the x-ray tube is placed at a higher
level on the opposite side and is directed ventro-
laterally at the appropriate angle.  Care should be
taken to avoid rostro-caudal angulation.  Accurate
positioning is critical.

Latero-oblique Radiographs of Man

dibular Cheek Teeth

Similarly, latero-dorsal projections of 45° outline
the apices of the mandibular cheek teeth.

Dorso ventral Radiographs

Dorso ventral radiographs must be taken with the
beam centred very accurately because the mandibu-
lar cheek teeth rows are so close together.  Conse-
quently slightly oblique projections will not out-
line the medial aspect of the cheek teeth.

The limited areas of the nasal cavity and sinuses
that are exposed medial to the mandible can exhibit
dystrophic nasal calcification and sinus empyema.
Lateral displacement of sagittal maxillary cheek
tooth fractures, and gross destructive dental changes,
can also be detected as can mandibular and maxil-
lary fractures.

Intra-oral Occlusa Radiographs
Evaluation of incisor teeth is best done using intra-
oral ventro-dorsal or dorso-ventral projections.

Radiographic Signs of Dental Disease

Experience of the normal is essential.  The appear-
ance of the normal permanent teeth varies with the
age of the horse and the stage of development of the
teeth.  Eruption is brought about by an increase in
pulp vascularity which is seen as a cystic disten-
sion of the lamina dura (a radiographic white line
which represents the interface of the periodontal
ligament and alveolar bone).  These distensions can
vary is size between individual horses and give rise
to concern if they are large.  However, they can be
distinguished from apical abscesses by their asso-
ciation with an erupting tooth, their regular outline
and absence of sclerosis and periosteal reaction.

The radiographic appearance of apical infections
varies greatly.  Change include loss of definition of
the lamina dura, loss of normal outline of the tooth
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apex, irregular bone lysis surrounded by irregular
sclerosis, clubbing of the tooth root due to cement
deposition and occasionally discrete spherical ag-
gregations of cement.

The apices of normal, recently erupted cheek teeth
will have a radiolucent appearance when compared
with more mature teeth but there is no surrounding
sclerosis.  For example, major radiographic dif-
ferences are present between the apices of the 3rd

and 4th cheek teeth in a 4 year old horse because
the 4th cheek tooth is 3 years older than the 3rd.
Therefore, caution must be exercised when com-
paring the radiographic appearance of adjacent
cheek tooth apices in young horses.

A more marked sclerosis develops around the api-
ces of all of the mandibular teeth and upper cheek
teeth 1-3 which are positioned in denser bone than
the thin alveolar bone covering the roots of cheek
teeth 4-6 within the maxillary sinuses.  In some early
cases of periapical infection in the maxillary si-
nuses, a rounded, soft tissue granuloma or, later, an
encapsulated abscess, may be apparent over the
infected apex.

Even experienced clinicians can differ greatly in
their radiographic interpretation of dental infections
especially in early cases.  Because of the serious
consequences of removing the wrong tooth or com-
plications which could arise from removing a tooth
unnecessarily, it is better to have a very conserva-
tive approach to these cases.  If it is not clear
whether a tooth needs to be removed, it is better to
err on the side of caution and to re-evaluate radio-
graphically 4-6 weeks later.

Additional Diagnostic Aids

Scintigraphy
Scintigraphy can be useful in identifying precisely
which tooth has apical infection when conventional
radiography and clinical examination has failed to

provide unequivocal evidence of disease.

Gamma scintigraphic examination of the equine
head can be performed easily and relatively quickly
in the standing patient.  Sedation, the use of blink-
ers and plugging the ears with cotton wool help to
reduce the frequency of movement in response to
external stimuli.  Providing a stable headrest also
helped to reduce movement.

Ten MBq/kg cwt 99m technetium methylene
diphosphonate is administered via an indwelling
1/v vatheter and images are obtained 3-4 hours later.
Right lateral, left lateral, dorsal and ventral views
are obtained.  The arcades of the maxillary and
mandibular premolar and molar teeth are identi-
fied as regions of high radioisotope uptake (RU) in
all views.  There is no RU in the teeth themselves.
However, RU in the alveolar and periodontal bone
results in multiple arch-like intensities in the max-
illary and less prominently in the mandilular ar-
cades.  There are striking differences between im-
ages taken from horses of different age groups on
the lateral views of the dental arcades.  In horses <
6 years of age, the multiple arch-like intensities
are clearly defined, particularly in the maxillary
cheek teeth and it is easy to identify the site of each
cheek tooth.  In contrast, in horses > 11 years of
age, the definition of these arches is reduced and it
is increasingly difficult to define the outline of in-
dividual teeth.

In horses with dental disease, scintigraphic exami-
nation will show discrete areas of radionuclide
uptake indicating increased bone metabolism as-
sociated with periapical infection and periodontal
disease.  The radionuclide uptake is seen in the
interproximal and periapical bone.  The presence
of periapical infection leads to discrete focal ar-
eas of increased RU in the periapical alveolar bone
associated with dental infection.  The presence of
periodontal disease causes an increase in RU in
the interproximal bone, sometimes of multiple teeth.
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Scintigraphy therefore, can provide complemen-
tary information to radiography, allowing for a
more accurate diagnosis of periapical dental in-
fection in horses.  A study evaluating the use of
scintigraphy for detection of dental disease showed
that it had a high sensitivity (90%) but a moderate
specificity (75%) for the detection of periapical
infection.  In comparison, radiography had a mod-
erate sensitivity (66.7%) but a high specificity
(95.2%).  When radiography and scintigraphy were
used together, there was a high sensitivity (93%)
and a high specificity (95.2%).

Computed tomography and magnetic resonance im-
aging provide a means of obtaining detailed im-
ages of dental abnormalities but will not be widely
available for economic reasons for the foreseeable
future.

DENTAL DISEASES

A. Developmental Diseases

Developmental dental anomalies that occur in
horses include supernumerary teeth, odontomas and
tumours including teratomas, impactions, missing
teeth, retention of primary teeth, maleruption, mal-
occlusion and malposition of teeth and the devel-
opmental absence of cementum.

 Polydontia
This term refers to any anomaly in which the num-
ber of permanent teeth exceeds the normal dental
formula.  The supernumerary teeth lie inside or out-
side the dental arcade, but in the case of the molar
arcade are usually lingual.

Treatment is indicated when mastication is impaired
by inflammation following mechanical injury to
adjacent soft tissues.
Supernumerary cheek teeth are not uncommon.  The
teeth are usually abnormally large and irregularly
shaped as if formed from two or even three
vestigeal cheek teeth.  They most commonly occur

at the caudal aspect of the cheek teeth arcade.  Food
pocketing occurs between them and the 6th cheek
tooth with resulting pain and possibly deeper in-
fections.  If unopposed, they will later form large
overgrowths.  Either the tooth or the overgrowth
may require removal.

Retained Deciduous Teeth
The term pseudopolydontia is sometimes applied
to persistence of the temporary teeth which results
from the faulty positioning of the corresponding
permanent tooth and the absence of the mechanical
pressure necessary to result in root resorption of
the milk tooth and its eventual expulsion.  They are
relatively common in the incisor arcade.  If the per-
sistent tooth is pushed labially, it can cause ulcer-
ation of the mucosa of the lip.  Removal is simple.

Retention of remnants of the deciduous cheek teeth
can occur in horses between 2-6 years of age.  When
very loose, or just partially retained by gingival
attachments, they may cause oral irritation.  Affected
horses may quid, or suffer bitting problems and oc-
casional loss of appetite for a day or two.  Such
signs in horses in this age group warrant a careful
examination of the rostral 3 cheek teeth for evidence
of loose ‘caps’.  If present, they should be removed
using a specialised ‘cap extractor’ or a long slim
screwdriver.

Diastema
The occlusal surfaces of all 6 cheek teeth are nor-
mally compressed tightly together and the cheek
teeth function as a single grinding unit.  Even with
age (the cheek teeth taper in slightly from crown to
apex) the progressively smaller reserve crowns
usually remain tightly compressed at the occlusal
surface.
However, if spaces (often 2-5 mm wide) which are
termed diastema to develop, clinical problems will
occur.  In some cases, the diastemata will be due to
insufficient angulation of the cheek teeth to supply
enough compression.  In other cases, diastemata
occur along with displacements and apparently nor-
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mal angulation indicating that the dental buds de-
veloped too far apart.

Food will become impacted into these abnormal
interdental spaces and will lead to progressively
deeper secondary periodontal disease.  Diagnosis
can be difficult without the use of an endoscope.

Treatment is problematical .  Many horses may
show severe clinical signs when fed hay but im-
prove greatly when at grass.  If marked diastemata
are present between a small number of teeth, ex-
traction of a tooth on one side of the diastema will
often result in a complete cessation of quidding.

Inferior Brachygnathia or ‘Parrot
Mouth’

This developmental abnormality in which the up-
per incisors lie in front of the lower ones is com-
mon in horses.  It causes little or no difficulty in
prehension but rostral positioning of the maxillary
arcades relative to their mandibular counterparts
will, in time, lead to the development of large
overgrowths (hooks) on the first upper and last
lower cheek teeth.  Regular removal of the 1st up-
per CT hook using a carbide rasp or power tool is
required throughout the horse’s life.

The overgrowths on the caudal aspect of the 6th
(caudal) lower cheek teeth frequently go undetec-
ted and can lacerate the adjacent mucosa.  There is
very little space between the occlusal surfaces of
the caudal cheek teeth and even less if a large over-
growth is present.  There is also little space be-
tween these teeth and the vertical ramus of the man-
dible so it is easy to damage this bone when vigor-
ously rasping the lower cheek teeth.

Molar cutters and percussion guillotines can be
used to remove these overgrowths but fracture of
the tooth with exposure of the pulp can occur, es-
pecially in small breeds which have marked dor-
sal curvature of the caudal surface of the cheek teeth.
Such fractures and pulp exposure can lead to sep-

tic infection of the mandibular and pharyngeal ar-
eas.  Consequently, power tools are now commonly
used to safely and controllably remove these
overgrowths.

Displacement of Cheek Teeth
Two causes of cheek teeth displacement are
recognised.  In most cases, the medial or lateral
displacements appear to be due to overcrowding
of the dental rows during eruption and this type of
displacement is usually bilateral.  Rotation of the
displaced tooth is also sometimes present.  Gross
overgrowths then develop on areas of the displaced
tooth and their occlusal counterparts which are not
in contact.

Acquired cheek teeth displacements (usually man-
dibular) can develop in older horses and are asso-
ciated with less displacement and limited
overgrowths.  These acquired displacements are
believed to be caused by abnormal angulation of
the occlusal surfaces.

The protruding parts of the teeth and the
overgrowths can lacerate the oral soft tissues and
in some cases deep food pocketing can lead to pe-
riodontal disease.  In these cases, the displaced
tooth has to be extracted.  Less severe cases can be
managed by regular removal of protrusions with a
motorised tool.

Dental Tumours

1.  Odontoma
This tumour can arise from any one of a combina-
tion of various mesodermal elements making up the
tooth.  It may become cyst-like and is most com-
monly sited in the mandible.  Treatment comprises
curettage under general anaesthesia.

2. Adamantinoma
This tumour is epithelial in origin and arises from
the ameoloblasts in the enamel organ.  Occasion-
ally it may undergo malignant changes and invade
surrounding tissues.
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Temporal Teratomas (Dentigerous cysts)
A dentigerous cyst is a special form of dental ter-
atoma characterised by the presence of dental tis-
sue at the base of a draining sinus tract.  It appears
as a  fluctuating swelling at the base of the ear in a
young horse, often accompanied by a discharging
fistula which opens part of the way up the margin
of the pinna.  In some cases, the swelling com-
prises a cyst without aberrant dental tissue.

Treatment comprises surgical excision.  An oblique
radiograph will give some indication how closely
the tooth is related to the skull.  Care must be taken
when freeing the tooth not to fracture the temporal
bone.

B. Acquired Disorders of the
Cheek Teeth

1, Disorders of Wear
Due to their prolonged eruption (circa 20-25 years),
any areas of equine teeth that are not in full occlu-
sion will continue to erupt and such areas will even-
tually project beyond the normal occlusa surface
as overgrowths.

The normal movement of the narrower mandibular
dental arcade across the maxillary arcade results
in the outer (buccal) edges of the maxillary teeth
and the inner (lingual) edges of the mandibular
cheek teeth becoming sharp.  During mastication,
food lying between the maxillary and mandibular
cheek teeth is initially crushed by closing the jaws
.  This is followed by a sideways medial move-
ment of the mandible which involves the medial
(lingual) edges of the mandibular teeth moving
across the lateral (buccal) surface of the maxillary
teeth in a shearing action that is referred to as the
‘power stroke’.  The buccal aspect of the maxil-
lary cheek teeth and the lingual aspect of the man-
dibular teeth are consistently the leading edges but
undergo the least wear due to anisognathism.

The power stroke is exerted on either the right or
left side and food is frequently masticated on the
same side repeatedly before being moved to the
contra lateral side or swallowed.  It appears that
the amplitude of the lateral mandibular movement
is greater when chewing forage compared to con-
centrate feeds.  While eating more particulate con-
centrate feeds which may have a reduced tendency
to bind as a bolus compared to forage, a restricted
lateral mandibular movement maintains the food in
close proximity to the cheeks.  This may result in
reduced wear of the leading edges of the arcades
and subsequent development of enamel points.

Food stagnation will occur at the gum margin due
to lack of normal movement of food and saliva
around the oral cavity and this will lead to second-
ary periodontal disease.  As dental eruption is de-
pendent upon the presence of a healthy periodontal
membrane, teeth that have marked periodontal dis-
ease will erupt more slowly than the adjacent teeth
with healthy periodontal membranes.  This may lead
to the occlusal surface of the cheek teeth develop-
ing an uneven or undulating occlusal surface, termed
wavemouth.  Some cases of wavemouth, however,
are unrelated to periodontal disease.

Step Mouth
The height of adjacent teeth due to defective growth,
or extraction of a tooth.

Sheer Mouth
This is an extreme form of cheek tooth malocclu-
sion with reduction of the lingual surfaces of the
maxillary teeth and buccal surfaces of the mandibular
teeth.  There is complementary overgrowth of the
buccal surfaces of the maxillary teeth and lingual
surfaces of the mandibular teeth.  The result is se-
vere malalignment of the cheek teeth surfaces and
extremely sharp ineffective edges.

In advanced cases of dental overgrowths, affected
animals may not be able to fully clear their mouth
of food.  Semi-permanent hamster-like cheek swell-
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ings may occur in badly affected horses, due to the
accumulation of fibrous food wedges between the
lateral aspects of the cheek teeth and the cheeks.  In
the presence of oral pain, and later also due to me-
chanical factors due to large overgrowths, some
horses chew very slowly and don’t make the nor-
mal vigorous crunching sounds when eating for-
age.  Some horses may use just one side of their
mouth for chewing rather than using alternative
sides, or they may hold their head in an abnormal
position during chewing.

Treatment of these abnormalities includes removal
of major overgrowths using specialised dental
shears, chisels, guillotines, power tools or embryo-
tomy wire followed by careful rasping.  As unop-
posed cheek teeth may erupt abnormally quickly,
there is a danger that if a large cheek tooth over-
growth (e.g. a 3cm long stepmouth) is cut to the
level of the remaining cheek teeth, the pulp may be
exposed.  This is because sufficient secondary den-
tine may not have developed at that level to oc-
clude the pulp cavity. This prevent such end-stage
disorders as severe periodontal disease and loose
teeth by regular (twice yearly) dental inspections
and removal of any detected overgrowths thereby
encouraging normal chewing action and allowing
the free movement of food and saliva around the
oral cavity.Smooth mouth, i.e. absence of enamel
on the occlusal surface of cheek teeth, is common
in old horses.  Teeth without enamel are ineffec-
tive at grinding food.

C. Dental Diseases

Periodontal disease

Inflammation of the periodontium is usually due to
infection of its fibrous layer from the oral cavity.

In older horses it starts following gingival retrac-
tion, or loosening of some teeth due to senile atro-
phy of the bony support apparatus, or altered pres-

sure during mastication brought about by irregular
occlusal wear.

In young horses, the disease is due to congenital
defects (polydontia, diastema) or disturbances in
eruption of the cheek teeth.  Only the cheek teeth
are usually affected.

Periodontal disease in the horse has been divided
into four categories based on the evaluation of the
severity of the lesion.

1. Local gingivitis with hyperaemia and
oedema.

2. Erosion of the gingival margin 5mm and
periodontal pocket.

3. Periodontitis with loss of gum.

4. Gross periodontal pocketing, lysis of alveo
lar bone, loosening of bone support.

Horses with grades 1 & 2 periodontal disease may
not show overt signs of oral discomfort.  The care-
ful owner may notice some excess salivation and a
sensitivity to cold water.  Halitosis is the pathog-
nomonic sign for severe periodontal disease in the
horse.

As soon as the tooth and mucoperiosteum separate,
feed and debris accumulate and bacterial fermen-
tation leads to progressive infection of the peri-
odontal membrane and eventually the alveolar wall.
The tooth loosens as the dental supporting struc-
tures are gradually destroyed.  In the upper cheek
teeth, the infection may break through into the nasal
cavity or into the maxillary sinus.

Treatment

Prevention is better than treatment.  Once gum re-
cession and loss has occurred, it is not possible to
undertake a treatment regime which will result in
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re-attachment of gum and a reduction of gingival
pocket size.  In the horse, consequently, the equine
clinician’s role is to eliminate irregularities of wear,
oral ulcers and other conditions that may initiate
the progressive process of periodontal pathology.

In horses with major irregularities of wear and ad-
vanced periodontal pocketing, treatment is aimed
at restoring as closely as possible, normal or near
normal occlusion.  Loose teeth should be extracted
and periodontal pockets enlarged and irrigated.

Dental Decay and Endodontic Disease
In many species, and particularly in man, dental
caries is the most common cause of dental decay.
Caries is a disease of the calcified tissues of the
teeth characterised by demineralisation of the in-
organic, and destruction of the organic, substance
of the tooth.

Dental caries does occur in the horse but the term
has been subjected to various interpretations based
on aetiopathogenesis.  Horse caries occur under a
number of circumstances.  Some foods that are car-
ies forming may adhere to the tooth crowns (sweet
feeds, high molasses content).

It has frequently been misinterpreted that infundibu-
lar cemental hypoplasia is in fact caries but histo-
pathological examination reveals that this is not
the case.

Despite the confusion over the incidence and sig-
nificance of maxillary teeth cemental hypoplasia,
there is no doubt that the presence of food material
impacted into areas of hypoplastic cement does cre-
ate the potential for bacterial fermentation, acid
production and caries of cement to be initiated.
Dental caries is a progressive localised destruc-
tion of dental tissue due to chemical and bacterial
processes.  It requires an initial mechanical injury
to the outer cement layer and the upper cheek teeth
are commonly involved due to the pattern of the

infundibulum.  Extension of the necrosis eventually
leads to involvement of the pulp cavity.

Pulpitis
nflammation of the pulp cavity, which has both blood
and nerve supply, usually results from caries, hy-
poplasia of the cement lakes or, occasionally, frac-
tures of the teeth, although the last mentioned is of-
ten secondary.  The inflammation may be confined
initially to one root.  Pulpitis leads to periapical
abscess with swelling and fistula formation or in-
fection of the maxillary sinus depending on the tooth
involved.

Dental Surgery

Cheek Tooth Extraction
Cheek teeth may be removed via the mouth, by ret-
ropulsion via trephine holes or, in the case of the
more rostral teeth, by lateral buccotomy.

Oral extraction of cheek teeth in very old horses
whose teeth have very little reserve crown remain-
ing, or grossly diseased or fractured teeth, is rela-
tively straightforward.   In recent years with the
availability of effective sedatives and improved
instrumentation, there has been a move towards oral
extraction of cheek teeth in much younger horses.

General anaesthesia, preferably with a cuffed en-
dotracheal tube to prevent aspiration of blood clot
or debris, is essential if a tooth is to be removed by
trephination or by lateral buccostomy.

Thorough radiological and clinical examination
should be carried out to determine the tooth or teeth
involved and the nature of the condition.  On the
basis of this examination the site for trephination is
chosen, bearing in mind that variations occur in the
position of the dental root relative to the crowns as
the horse gets older.

The operator must be aware of the location of im-
portant structures such as the infra-orbital and fa-
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cial nerves, facial artery and vein and parotid duct
which may encroach on the proposed site of trephi-
nation or buccostomy.

 Mandibular Teeth
The trephine hole is made over the root of the af-
fected tooth on the ventral border of the jaw. Once
the tooth root is exposed, the tooth is repelled us-
ing an 8mm x 25cm punch and a heavy steel ortho-
paedic mallet.  Care must be taken to ensure that
the correct tooth is removed and that the punch does
not slip off the root damaging the adjacent tooth or
the medial or lateral mandibular plates.  In rela-
tively young animals the tooth must be struck re-
peatedly for several minutes before any progress
is made.  The sudden loosening and movement of
the tooth is heralded by a distinct change in tone as
the punch is struck.

Maxillary Teeth  (Fig. 5)
The course of the nasolachrimal duct corresponds
to a line drawn from the medial canthus of the eye
to the angle formed by the nasal and premaxilla
bones.  Therefore, to avoid injury to it, the trephine
holes must be placed below this line.

Cheek teeth 1 and 2 lie in front of the sinus; 3, 4
and 5 are approached via the maxillary sinus and
6, which is only rarely affected, via the frontal si-
nus and the fronto-maxillary opening.  Because of
the curvature of the face, a suitably angled punch is
necessary in order to apply the necessary force
along the long axis of the tooth.

Following retropulsion of a tooth, it is examined to
check that it is complete.  The alveolus is searched
with a finger and any fragments of bone are re-
moved by curetting the cavity.  If possible, postop-
erative radiographs are taken to ensure that all po-
tential sequestra have been removed.  Alternatively,
insertion of a wide endoscope into the mouth en-
ables fragments of tooth to be identified.  In order
to prevent food entering the sinuses or alveolus,
the oral entrance of the alveolus is plugged with

gutta-percha softened in warm water.  The remain-
der of the mandibular alveolus, or trephine hole in
the maxillary sinus is plugged with a roll of gauze
which can be removed to allow daily irrigation until
healing is well advanced.

Although the majority of cases heal satisfactorily,
a significant proportion (50% or more) require fur-
ther surgical intervention because of persistent al-
veolar infection due to sequestra.

Extraction of Cheek Teeth by Lateral
Buccotomy  (Fig. 6)
This technique affords direct vision to remove the
buccal alveolar bone before sectioning the tooth
and delivery of the segments.  The advantages of
this approach are the safety of adjacent teeth and
the simplicity of aftercare.

Vital anatomical structures in the area must be
avoided.   (7th cranial nerve, and parotid duct es-
pecially in the region of cheek teeth 2 to 4, the fa-
cial branches of the external maxillary artery and
vein, and the buccal venous plexus).

A horizontal skin incision is made at the level of
the occlusal surface of the tooth in question.
Branches of the facial nerve are identified and the
buccinator muscle incised without damage to the
nerve.  This exposes the tooth.  A muco-periosteal
flap is created and the exposed buccal bone is re-
moved with an osteotome or drill.  The tooth is
then sectioned longitudinally and the two halves
elevated and removed.  Any fragments of root are
carefully removed.

The socket is packed with ribbon gauze soaked in
metronidazole exited through a stab incision in the
face.  The mucoperiosteal flap and the skin are su-
tured.

The technique is most frequently employed in the
removal of upper and lower cheek teeth 1 and 2 but
can be employed to remove the 5th lower cheek
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tooth which is sometimes displaced medially.  This
requires an incision along the rostral margin of the
masseter muscle, care being taken to avoid damage
to the parotid duct and vessels.  The masseter muscle
is then separated from the underlying mandible, suf-
ficiently far caudally to expose the alveolar bone
covering the reserve crown of the 5th tooth.

Extraction via the Mouth
More recently there has been a move back to ex-
tracting cheek teeth via the mouth.

 Improved sedative techniques and instrumentation
allow teeth to be removed in the standing horse.
Proper extraction technique based on sound dental
surgical principles minimises postoperative discom-
fort and encourages rapid healing of associated soft
tissues.

Oral extraction can be performed on any tooth but
special consideration should be given to teeth with
gross caries as these crowns may disintegrate dur-
ing extraction.  Diseased caudal maxillary teeth are
often associated with secondary sinusitis and surgi-
cal drainage of the sinuses is required.  The more
caudally situated teeth are more difficult to access
through the mouth making instrument placement and
manoeuvring more challenging.

Careful preoperative examination of the patient is
important and all aspects of the approach should be
planned before surgery is undertaken.  Special con-
sideration should be given to the age of the horse,
type of dental pathology, position and number of root
apices and to the structural integrity of the tooth
crown.  Radiographic and endoscopic examinations
should be carried out pre- and post-operatively to
support the clinical findings.

Instruments required include:-

1. Molar spreader or separators
2. A set (4) of molar extraction forceps

3. Dental fulcrum
4. Molar cutter
5. Set of dental elevators and curettes

Oral extraction cannot be performed without first
loosening the tooth (400-500 kg force is required
to extract a cheek tooth from a fresh cadaver skull).

1. The molar spreaders are used to place pressure
on the periodontal ligaments, stretching them
beyond the elastic limit over a 5-10 minute pe-
riod.

2. The gingival mucosa is separated from the buc-
cal and lingual edges of the tooth crown with a
sharp dental elevator to expose enough crown
to allow forceps placement.

3. Proper sized extraction forceps are placed on
the tooth crown and the handles tied together.
The forceps are rocked from side to side until
the tooth is felt to loosen indicated by  a sucking
sound.  Undue haste or too great a force must be
avoided.  It may take 1-2 hours in younger horses
before the tooth becomes loose.

4. Once the tooth is loose, the forceps should  be
repositioned to get a firmgrip of the crown and
with the aid of a fulcrum block placed near the
head of the forceps the tooth is removed using
gradual firm traction.

5. Check to make sure the tooth has been removed
in its entirety.

Endodontic Therapy

Endodontics is the branch of dentistry that covers
the diagnosis, management and prophylaxis of dis-
ease of the dental pulp and periapical tissues.  Some
of the principles of endodontic therapy used in man
can be applied to the horse.  In horses in which a
diagnosis of pulp infection is based on clinical and
radiographic findings the selection of endodontic
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therapy versus tooth extraction is based upon the
summation of the following observations:-

a. absence of other significant disease
b. the localisation of the peri radicular disease pro-

cess
c. the availability of equipment and operative dis-

ease
d. economic factors

In young horses (4-6 years old), there may not be
adequate maturation of the tooth roots to enable feel-
ing to be achieved.

1.  In very simple terms the procedure involves ex-
posure of the apex of the diseased tooth fol-
lowed by transection.

2. Sterilisation of the diseased pulp chamber by
physical removal of all the non-vital necrotic
pulp tissue with a file followed by high volume
irrigation of the cavities with sterile saline and
2.5% sodium hypochlorine solution.  The com-
plexity of the shape of the pulp chambers in the
horse means that complete cleansing is almost
impossible.

3. Complete filling of the exposed pulp chamber.
The cavity must be dry.  Best material is a com-
bination of gutta percha and a mixture of zinc
oxide and eugenol.  The zinc oxide and eugenol
is mixed and injected via a syringe.  The pulp
chamber is then lined by this material and filled
with gutta percha.

4.  Apical Seal:  The apex is sealed with multiple
mixes of standard amalgam.

Results

Best results reported in mandibular teeth.  Eighty-
four per cent absence of complications.  If the tech-
nique fails, tooth extraction is performed.

Equine Dental Equipment

Dental Rasps (floats)

In order to effectively rasp (float) a horse’s teeth, a
set of dental rasps (floats) are required.  A mini-
mum of 4 different shaped or length handles are
required.

1. A long straight handled rasp for the caudal 2 or
3 (or even all) of the lower cheek teeth.

2. A short straight float for the rostral lower cheek
teeth.

3. A short handled  rasp with an angled or offset
head to rasp the first and second upper cheek
teeth.

4. A long handled, obtuse angled rasp for the cau-
dal upper cheek teeth.

     Rasp blades
Two main types of rasp blades are currently
utilised:-

a Metal blades with particles of tungsten carbide
chips attached which can vary from fine, me-
dium to coarse.  They are inexpensive and ro-
bust, and are suitable for removing routine
enamel point but are very ineffective at remov-
ing major overgrowths which, if extensive, could
take hours of manual rasping to reduce.

b Solid tungsten carbide blades which can be flat
or concave.  They can havea variety of cutting
surfaces varying from fine, medium, to coarse
cutting edges; the latter is too aggressive for rou-
tine dental rasping (floating).  These blades are
both very expensive and brittle, and need to be
carefully looked after.  They can, however, be
used to quickly remove all but the largest dental
overgrowths relatively quickly.  In young horses
care should be taken not to excessively rasp the
teeth with these blades.  Due to the fact that  these
blades cut in only one direction, the blades
should be set in the handle to cut in a rostral
direction (‘on the pull’) for the caudal cheek
teeth overgrowths, in order to prevent trauma to
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the vertical ramus of the mandible.  Likewise,
shorter rasps with solid carbide blades fitted to
cut in a caudal direction (‘on the push’) are used
for removing rostral mandibular cheek teeth
overgrowths.

‘S’-Floats
These floats usually come as short (30cm long) and
long (45cm) floats.  The shorter S float is usually
gritted with tungsten carbide chips on both sides,
often with fine gut on one side and coarse gut on
the other.  Consequently, when using such a float
the soft tissues of the mouth should be protected
from the back of the float by keeping the operators
fingers on the back of the blade.

The longer S-float which is mainly used for the
caudal cheek teeth, is gritted on one side only.  S-
floats are very versatile and essential instruments,
especially for awkward areas in the horse’s mouth.

A bucket with a brush attached to the inside is nec-
essary to allow dental debris to be readily removed
from the rasp blades during dental procedures.  It
should be filled with lukewarm water containing a
dilute disinfectant such as povidone iodine or
chlorhexidine.

Motorised Equine Dental Instruments
Motorised dental tools have the advantage of re-
ducing operator fatigue and allowing even the large
overgrowths to be quickly, fully and controllably
removed.  A large variety of such instruments are
available.  Some with a wide diameter are not ef-
fective at removing overgrowths at the caudal as-
pect of the equine mouth.  This is especially true of
overgrowths of the 6th lower cheek teeth.

One instrument (Eisenhuit) has a blade that is rela-
tively atraumatic to soft tissue and which rotates
horizontal to the occlusal surface of the teeth.  Op-
erators should use face masks and safety goggles
when using such instruments.

These power instruments are used mainly for re-
moval of major dental overgrowths but are being
used increasingly for routine prophylactic dental
treatment.  Due to their great power, there is a risk
of over-rasping the teeth and leaving the occlusal
surface smooth.  This will prevent proper chewing
of forage in the short term until differential wear
between occlusal enamel, cement and dentine re-
stores the grinding surface, and in the long term will
reduce the longevity of the teeth.

Dental Shears
Dental shears have been the instruments tradition-
ally used to remove larger dental overgrowths.
Molar cutters can have single or compound joints,
and either A type jaws which have no space be-
tween the blades or D type jaws where the blades
are over 2cm apart when closed.

They should not be used in younger horses (< 8 yrs
of age) whose teeth are shell-like because of the
high proportion of brittle enamel with minimal
amounts of secondary dentine; these teeth are likely
to fracture if cut with shears.  Motorised instru-
ments are used in these cases.

Percussion Instruments
Percussion instruments can also be used to remove
focal overgrowths but again, due to the risk of frac-
ture, they should be confined to tall narrow
overgrowths of the caudal cheek teeth, particularly
in older horses.crotic  pulp tissue with a file fol-
lowed by high volume irrigation of the cavities with
sterile saline and 2.5% sodium hypochlorine solu-
tion.  The complexity of the shape of the pulp cham-
bers in the horse means that complete cleansing is
almost impossible.

3.  Complete filling of the exposed pulp chamber.
The cavity must be dry.  Best material is a com-
bination of gutta percha and a mixture of zinc
oxide and eugenol.  The zinc oxide and eugenol
is mixed and injected via a syringe.  The pulp
chamber is then lined by this material and filled
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with gutta percha.

4. Apical Seal:  The apex is sealed with multiple
mixes of  standard amalgam.

Results

Best results reported in mandibular teeth.  Eighty-
four per cent absence of complications.  If the tech-
nique fails, tooth extraction is performed.

Equine Dental Equipment

Dental Rasps (floats)
In order to effectively rasp (float) a horse’s teeth, a
set of dental rasps (floats) are required.  A mini-
mum of 4 different shaped or length handles are
required.

1. A long straight handled rasp for the caudal 2 or
3 (or even all) of the lower cheek teeth.

2.  A short straight float for the rostral lower cheek
teeth.

3. A short handled  rasp with an angled or off set
head to rasp the first and second upper cheek
teeth.

4. A long handled, obtuse angled rasp for the cau-
dal upper cheek teeth.

 Rasp blades
Two main types of rasp blades are currently
utilised:-

a  Metal blades with particles of tungsten carbide
chips attached which can vary from fine, medium
to coarse.  They are inexpensive and robust, and
are suitable for removing routine enamel point but
are very ineffective at removing major overgrowths
which, if extensive, could take hours of manual rasp-
ing to reduce.

b Solid tungsten carbide blades which can be flat
or concave.  They can havea variety of cutting
surfaces varying from fine, medium, to coarse
cutting edges; the latter is too aggressive for rou-
tine dental rasping (floating).  These blades are
both very expensive and brittle, and need to be
carefully looked after.  They can, however, be
used to quickly remove all but the largest dental
overgrowths relatively quickly.  In young horses
care should be taken not to excessively rasp the
teeth with these blades.  Due to the fact that  these
blades cut in only one direction, the blades should
be set in the handle to cut in a rostral direction
(‘on the pull’) for the caudal cheek teeth
overgrowths, in order to prevent trauma to the
vertical ramus of the mandible.  Likewise,
shorter rasps with solid carbide blades fitted to
cut in a caudal direction (‘on the push’) are used
for removing rostral mandibular cheek teeth
overgrowths.

‘S’-Floats
These floats usually come as short (30cm long) and
long (45cm) floats.  The shorter S float is usually
gritted with tungsten carbide chips on both sides,
often with fine gut on one side and coarse gut on
the other.  Consequently, when using such a float
the soft tissues of the mouth should be protected
from the back of the float by keeping the operators
fingers on the back of the blade.

The longer S-float which is mainly used for the
caudal cheek teeth, is gritted on one side only.  S-
floats are very versatile and essential instruments,
especially for awkward areas in the horse’s mouth.

A bucket with a brush attached to the inside is nec-
essary to allow dental debris to be readily removed
from the rasp blades during dental procedures.  It
should be filled with lukewarm water containing a
dilute disinfectant such as povidone iodine or
chlorhexidine.
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Motorised Equine Dental Instruments
Motorised dental tools have the advantage of re-
ducing operator fatigue and allowing even the large
overgrowths to be quickly, fully and controllably
removed.  A large variety of such instruments are
available.  Some with a wide diameter are not ef-
fective at removing overgrowths at the caudal as-
pect of the equine mouth.  This is especially true of
overgrowths of the 6th lower cheek teeth.

One instrument (Eisenhuit) has a blade that is rela-
tively atraumatic to soft tissue and which rotates
horizontal to the occlusal surface of the teeth.  Op-
erators should use face masks and safety goggles
when using such instruments.

These power instruments are used mainly for re-
moval of major dental overgrowths but are being
used increasingly for routine prophylactic dental
treatment.  Due to their great power, there is a risk
of over-rasping the teeth and leaving the occlusal
surface smooth.  This will prevent proper chewing
of forage in the short term until differential wear
between occlusal enamel, cement and dentine re-
stores the grinding surface, and in the long term
will reduce the longevity of the teeth.

Dental Shears
Dental shears have been the instruments tradition-
ally used to remove larger dental overgrowths.
Molar cutters can have single or compound joints,
and either A type jaws which have no space be-
tween the blades or D type jaws where the blades
are over 2cm apart when closed.

They should not be used in younger horses (< 8 yrs
of age) whose teeth are shell-like because of the
high proportion of brittle enamel with minimal
amounts of secondary dentine; these teeth are likely
to fracture if cut with shears.  Motorised instru-
ments are used in these cases.

Percussion Instruments
Percussion instruments can also be used to remove

focal overgrowths but again, due to the risk of frac-
ture, they should be confined to tall narrow
overgrowths of the caudal cheek teeth, particularly
in older horses.
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Introduction
Grading of recurrent laryngeal neuropathy
(RLN)
Clinicians are generally obsessed with scoring or
grading the disorders with which they come into
contact whether it be the severity of feather peck-
ing in chickens, hip dysplasia in dogs or the func-
tion of the equine larynx. The purpose is invariably
to provide an objective and repeatable method to
document observations so that the clinician will be
able to know with confidence the state of a condi-
tion on a given day or, should the proverbial bus
come around the corner at an inopportune moment,
others will be able to use the clinical data to good
effect.

The five point scheme shown here to grade the en-
doscopic perception of equine laryngeal motility
at rest in the stable, including on return from exer-

cise – quiet breathing - has been used at Bristol
since the early 1980s and in Australasia since1993
(Lane, 1993, Kannegeiter and Dore, 1995). It is
not very different from the 4-point scale used in
North America (Rakestraw et al,,1991) and has
been continued simply because it has been found to
be workable in everyday equine laryngological
practice.

Grade 1.
All movements, both adductory and abductory are
synchronised and symmetrical regardless of whether
sedated or examined before or after exercise. A
‘mirror’ effect is achieved through a perspective
artifact whereby the right arytenoid appears less
abducted when the endoscopy is performed through
the right nostril and the left is similarly less ab-
ducted when the larynx is viewed via the left nasal
chamber

Grade 2.
All major movements are symmetrical and a full
range is achieved. Transient asynchrony, flutter  or
delayed opening may be seen (Baker, 1983)

Grade 3.
There is asymmetry of the rima glottidis at rest due
to reduced motility by the left arytenoid cartilage
and vocal fold, but there are occasions, typically
after swallowing or during the nostril closure ma-
noeuvre, when full symmetrical abduction is
achieved

Grade 4.
There is consistent asymmetry of the rima glottidis
but with some residual active motility by the left
arytenoid cartilage and vocal fold. Full abduction
is not achieved at any stage

Grade 5.
True hemiplegia. There is obvious and consistent
asymmetry of the rima glottidis with no residual
active motility by the left arytenoid cartilage and
vocal fold.  No responses to the ‘slap’ test are pro-
voked
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  Total:  3497

  RLN Grading

  1            2                3              4                 5       Not
                Graded

784        2008           618             69 9           12

22.4%      57.4%          17.6%          2.0%        0.26%      0.34%

Authors Group Size Population RLN Incidence
(sic. Grades 4 and 5)

Pascoe et al (1981) 235 Horses in training 2.6%

Raphael (1982) 479 “ 3.3%

Baker (1983) 537 “ 4.7%

Lane et al (1987) 6860 Yearlings at sale 0.96%

Sweeney et al (1991) 678 Horses in training 1.8%

Survey of 3500 yearlings
At the request of a major owner/breeder video-
endoscopic recordings were made of the upper res-
piratory tracts of 3500 yearlings during a 15 year
study and the findings have been reviewed. The
study has provided a unique opportunity to esti-
mate the prevalence of laryngeal disorders as well
as to assess the distribution of functional anoma-
lies in the Thoroughbred.

Although the subjects represent an elite group of
horses on the basis of genetic selection, unlike pre-
vious investigations (Pascoe, et al, 1981; Raphael,
1982; Baker, 1983; Lane et al, 1987; Sweeney, et
al, 1991), these were unbroken and therefore un-
tried animals. Initially approximately half of the
yearlings had been purchased, some privately and
some at auction, and half were homebred. In recent
years the majority of the yearlings examined have
been homebred and yet the distribution of the find-
ings has remained constant. The findings in regard
to the distribution of gradings was as follows:
The twelve yearlings for which no grade was as-
signed included seven animals afflicted with the
fourth branchial arch defect syndrome and an addi-

tional five where there was mal-function on the right
side and where no physical explanation was dis-
covered

The value, or otherwise, of using any system of
grading equine laryngeal function during quiet
breathing, will be discussed later in this workshop.
It is sufficient to say here that all  horses showing
Grade 5 were later confirmed to show severe ob-
structive dyspnoea and that most of the Grade 4
horses were also clinically diseased.

This is in line with previous findings (Morris and
Seeherman, 1991) which showed that dynamic col-
lapse of the left arytenoid cartilage (ACC) and vo-
cal fold (VCC) developed in the overwhelming
majority – 20 out of 27 horses with Grade 4 (sic)
motility at rest. The prevalence of clinically sig-
nificant RLN, i.e. Grades 4 and 5, was found to be
2.26% and this can be regarded as a base level for
an unselected population of Thoroughbred horses.
It compares with previous reports of selected
groups (see below):

The greatest diversity of opinion hinges on the sig-
nificance of Grade 3 motility and whether this rep-
resents a performance-limiting malfunction, or
whether it should be viewed as a variant of nor-
mality. This grading does not discriminate between
the abilities to achieve and to maintain full abduc-
tion as these are subjective judgements. A large
number of group, listed and stakes race winners
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have come from the horses with this grading. The
numbers of Grade 3 horses which required or were
subjected to corrective surgery later in life is not
known but from studies of animals examined by
highspeed treadmill endoscopy (see later) it is safe
to conclude that the majority are ‘normal’ showing
sustained symmetrical abduction of the arytenoid
cartilages and vocal folds throughout exercise.
However, horses with Grade 3 RLN are at a sig-
nificantly greater risk of sustaining ACC and or
VCC at exercise than horses with Grades 1 and 2
RLN.

Although the designation of a Grade 1 or 2 score
during quiet breathing does not convey absolute
protection against ACC or VCC during exercise,
susceptible horses invariably show other features
such as palpable atrophy of the crico-arytenoideus
dorsalis muscle and a progressive inspiratory noise
at exercise.

In conclusion, the 5-point grading scheme for RLN
has proved to be a practicable means to assess la-
ryngeal function in Thoroughbred horses which has
a useful predictive value in regard to the likeli-
hood of clinical disease provided that it is used in
conjunction with other techniques such as palpa-
tion and an exercise test. Assessments of upper res-
piratory tract function which rely on endoscopy
during quiet breathing alone should be regarded as
inadequate.

Long-term longitudinal study of laryngeal
function in 187 foals
The sale of foals to be retained to go into training
or to be resold as yearlings - “pin-hooking” forms
a major component in the marketplace for Thor-
oughbred horses. Prospective purchasers seek to
take precautions to ensure that the animals con-
cerned will be suitable for resale, or can be trained
effectively for racing. It has become fashionable
for foals to be subjected to endoscopic examina-
tions on behalf of prospective purchasers prior to

sale. Some breeders also seek endoscopic exami-
nations of foals ahead of sales if only for peace of
mind. However, is endoscopy of foals a worthwhile
procedure and are the results dependable?

A number of congenital structural abnormalities of
the URT can be diagnosed accurately by a combi-
nation of palpation and endoscopy (Embertson,
1997). These conditions include midline clefts and
other defects of the palate, pharyngeal and sub-epi-
glottal cysts and fourth branchial arch defects. These
abnormalities are collectively relatively unusual
and arise in no more than 0.5% of Thoroughbreds
born (see later). A major interest for foal purchas-
ers often centres on laryngeal function and the iden-
tification of RLN.

In order to assess the reliability of the interpreta-
tion of laryngeal function a group of 197 foals were
examined by endoscopy and 187 were available
for re-examination one year later. The video-endo-
scopic records were reviewed “blindly” - the find-
ings are shown in the table below and the obvious
conclusion to be drawn is that there are inconsis-
tencies in the two series of results.

The laryngeal function of some foals appeared to
be within normal limits, but then to have ‘deterio-
rated’ over the following 12 months, while others
which would have been damned had they been ex-
amined prior to sale as foals turned out to be totally
normal. Chance would have it that there was no
foal or yearling in the group studied which was af-
flicted with any of the congenital abnormalities
mentioned above. In summary, endoscopy of foals
is not an absolutely dependable technique and de-
cisions on whether to buy or to reject should not be
based upon this technique.

A review of subsequent racing performances at 2,
3 and 4 years of age showed that the median stakes
winnings of the yearlings in this study were great-
est in the Grade 3 group.
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Laryngeal  1      2  3           4          5
Grade            (32)    (112)    (37)       (6)       (0)

Median
Winnings       1933    5358    5367     724        0
(£)

Thus, the median stakes winnings of the yearlings
in this study were greatest in the Grade 3 group.

Conditions of sale at public auctions
relating to respiratory impediments

The implementation of Conditions of Sale relating
to respiratory impediments at public auctions is
controversial. The justification for such procedures
is obvious when obstructions of the URT are known
to be performance-limiting and purchasers should
have the confidence that the animals which they are
buying have a chance equal with others to be trained
and race effectively if not successfully.  ‘Wind’ test-
ing at sales also has a deterrent effect against the
unscrupulous vendor who may wish to pass off a
horse knowing it to be defective. In order to give
confidence ‘wind’ testing must be practicable, safe
and provide consistent results. Suffice it to say here
that there is not, and cannot ever be, a system which
tales account of every rare situation and delivers
the correct decision in all cases.

At North American sales yearlings and horses in
training  are deemed returnable to vendor if they
are found to be afflicted with one or more of a speci-
fied list of disorders: “laryngeal hemiplegia (com-
plete immobility or inability to fully abduct (!) the
arytenoid cartilage); rostral displacement of the
palato-pharyngeal arch; clefts of the palate; epig-
lottal entrapment; permanent dorsal displacement
of the soft palate; severe arytenoid chondritis or
chondroma; and sub-epiglottal cyst or cysts. These
Conditions of Sale are implemented solely on the
basis of endoscopic examinations of the standing
horse.

In the UK  ‘wind’ Conditions of Sale are limited to
RLN so that other, albeit rarer, disorders are not
proscribed. This was the case at Goffs until this
year when a list of specified diseases similar to
those itemised in the USA has been included. The
major difference between the UK/Ireland and the
USA is that in order to be returnable the lot must
also produce a characteristic inspiratory noise when
actively exercised as well as showing endoscopic
evidence of disease. Horses are usually lunged soon
after sale by a veterinary surgeon engaged by the
purchaser and, provided that he/she is satisfied that
the lot is unsatisfactory on both counts, the horse is
referred for adjudication by a veterinary panel ap-

Yearling Grades (187)

1 (32) 2 (112) 3 (37) 4 (6) 5 (0) NR

      Foal Grades (197)

1  (36) 12 14 4 0 0 6

  2  (123) 17 86 16 1 0 3

 3  (29) 3 11 12 2 0 1

4  (9) 0 1 5 3 0 0

5   (0) 0 0 0 0 0 0
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pointed by the auctioneers. The role of the panel is
to assist the auctioneers in the interpretation of their
Conditions of Sale, not to represent the interests of
breeders, purchasers or insurance underwriters,
and nor are they engaged to forecast changes which
may take place at a later date. Their role is simply
to determine on the day whether or not the features
shown by the horse fulfill the criteria for it to be
returned to the vendor.

Between 1987 – 1995 the total number of year-
lings sold at Tattersalls Houghton and October sales
was 9524 of which 78.8% were examined by pur-
chasers’ veterinary surgeons. 149 (1.56%) were
referred for a panel assessment and 59 (0.65%)
were found to be returnable to vendor. Such a level
of ‘failure’ confirms that a selection process has
already taken place when yearlings are presented
for sale – the 0.65% failure rate should be com-
pared with the 2.26% with Grades 4 and 5 RLN in
the unselected population – and/or that ‘wind’ Con-
ditions of Sale do indeed have a deterrent effect.
The fate of all horses presented to the panel has
been reviewed in order to check on the validity of
‘wind’ procedures. A cohort of control horses was
created by reference to the sales’ catalogues and
taking the two horses sold on either side of each
horse referred to the panel.

Between 1984 and 2002 no yearling has sustained
a significant injury during the ‘wind’ testing pro-
cess and, thus, the procedures can be regarded as
safe. The overwhelming majority of panel deci-
sions were made unanimously and in the rare cases
where there was dissent this was generally on the
basis of whether the noises heard were ‘character-
istic’. A review of the racing records of the horses
at 2, 3 and 4 years of age together with their life-
time performance data has shown that the ‘failed’
group were less successful at all levels.

They were twice as likely to be unraced (34% vs
17% of the control group), had fewer race starts
and were less likely to win or be placed. No infor-

mation is available regarding which of the returned
horses, if any, was subjected to corrective surgery.
In regard to the 90 horses which were ‘passed’ by
the panel after referral there was no statistically
significant disparity between them and the control
cohort using any of the parameters above. The re-
sults of this review support the view that in a field
which will inevitably produce instances of injus-
tice the panel  scheme is successful in safely iden-
tifying a group of horses which will perform below
expectation.
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 External Hernias
in Horses

Barry Edwards
University of Liverpool

Definition of an External Hernia: -
The protrusion of a viscus, or part of a viscus,
through a naturally occurring opening in the abdomi-
nal wall to produce a swelling covered by skin.
They include umbilical and scrotal/inguinal her-
nia.  The term rupture is often used loosely instead
of hernia, but strictly speaking applies to an abnor-
mal opening in the abdominal wall.

A hernia may be reducible or irreducible.  Most
hernias are reducible and the contents of the her-
nial sac can be returned to the abdomen by gentle
pressure, allowing the defect to be readily palpated.
Hernias become irreducible when the contents be-
come incarcerated within the hernial sac or are
fixed by adhesions.

The contents of the hernial sac may comprise small
intestine, caecum, or omentum.

An incarcerated hernia is one where distension of
the herniated viscus increases its diameter to the
point where it is tightly held at the hernial ring.  At
this early stage, there is no vascular impairment of
the bowel and the bolus of gas or ingesta may move
on spontaneously or respond to gentle pressure.  If

the intestine remains trapped, the constricting pres-
sure obstructs the venous and lymphatic drainage,
causing an increase in mural thickness and quickly
leads to arterial occlusion (strangulated hernia).
This complication frequently develops in animals
which have had a reducible hernia for several
weeks or months.  Intermediate sized hernial rings
are potentially the most serious because they are
big enough to allow intestine through, but not large
enough to accommodate any sudden increase in di-
ameter due to distension.

Strangulated hernias require immediate surgical
correction.  Animals with incarcerated hernias
which reduce spontaneously, or in response to ma-
nipulation, should undergo surgery to close the ab-
dominal defect without too much delay to avoid the
same complication recurring.  A Richter type her-
nia involves protrusion of only part of the total di-
ameter of intestine causing only partial occlusion
of its lumen.  If corrected promptly, the degree of
ischaemic damage is such that it will often resolve
without resection.  However, if not surgically cor-
rect, such hernias which most commonly involve
ileum or caecum in the horse and abomasum in
cattle, result in necrosis of the viscus and an
enterocutaneous fistula.

The term ventral hernia is applied to hernias (?rup-
tures) involving any part of the ventral abdominal
wall excluding the umbilicus and inguinal canals.
They include traumatic ruptures which commonly
occur at a particular site associated with inherent
weakness of the abdominal wall, and incisional
hernias.

  Types of hernia rupture and species in which they are seen most commonly

                                                Horses        Cattle Sheep          Goat          Pigs
Umbilical                                         +            +                    +
Congenial Scrotal                             +                                +
Acquired Inguinal / Scrotal                 +            +     +
Ventral ruptures                             +            +     +              +
Incisional                                         +            +
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Umbilical hernias

Horses
Relatively common.  Present at birth or soon after-
wards.  More common in filly than in colt foals.
Possibly a hereditary factor.  An American study
suggested that they are less common when the cord
is allowed to break naturally.  The defect varies
from 1 finger to 4-5 finger diameter, but most are
small.  Those of 1-2 finger diameter may resolve
spontaneously as the foal grows.  For this reason
surgery is often delayed until after weaning.

However, it is routine on the Newmarket studs to
apply rubber elastrator rings across the base of the
hernial sac in young foals after careful manipula-
tion of its contents back into the abdomen.  This
procedure may be performed with the foal standing
or alternatively under sedation with the foal re-
strained on its back.  The umbilical sac sloughs 3-
4 weeks after application of the ring.  Surprisingly
maybe, foals with defects up to 3-4 fingers in di-
ameters, healing takes place without apparent prob-
lems.  Personally I prefer to close the ring with
sutures where the defect is 3 fingers or greater in
width.

Diagnosis

In uncomplicated cases palpation of the swelling
at the umbilicus allows the contents to be easily
reduced allowing the defect in the abdominal wall
to be identified and a hernia confirmed.  The size,
shape and rigidity of the margin of the defect should
be assessed as this may influence choice of treat-
ment method.  Infections of the umbilical remnants
in foals are much less common than in calves and
are rarely a complicating factor in diagnosis.

 When incarceration of a viscus occurs the foal
shows sudden onset colicky pain and the previously
relatively flaccid hernial sac is now tense and pal-
pation is resented.  Ultrasonographic evaluation
will demonstrate an entrapped viscus and allow

any thickening of its wall to be identified.

Surgical Repair

The surgery is performed under general anaesthe-
sia with the foal in dorsal recumbency.  After rou-
tine preparation, the skin is incised in the mid line
extending from just caudal to the ring to a similar
distance cranial to it.  Encircling the umbilical scar
leaving it attached to the peritoneal sac provides a
useful point for application of fixation forceps dur-
ing dissection of the sac.  In most small hernias
removal of excess skin is unnecessary, but if re-
quired, it is useful to mark the location of the ellip-
tical incision at this stage in the surgery by making
a very superficial incision of the skin.

The dissection is now continued through the nu-
merous layers of connective tissue which can be
seen to separate as the knife is drawn across until
the peritoneal sac, which is usually relatively thick,
is reached.  Once this is identified, the remaining
dissection can proceed quite quickly to the same
level allowing the peritoneal sac to be isolated
down to the abdominal wall.

I prefer to leave the peritoneal sac intact and insert
it into the abdomen.  In the majority of cases, the
defect in the abdominal wall can be closed using
interrupted, modified mayo sutures which overlap
the margins for a few mm.  In some cases, the size
and/or rigidity of the defect makes it necessary to
use a piece of mesh to fill the defect rather than
attempting closure with suture which could be dis-
rupted be excessive tension.  Applying fixation for-
ceps to either side of the ring and attempting to
overlap the edges will give an indication of the
degree of traction necessary.  If considered to be
quite difficult to overlap the edges, it is preferable
to use mesh bearing in mind the tension on the ab-
dominal wall will be significantly greater when the
animal is standing.

Closure with suture
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Non-absorbable suture material such as prolene is
used.  I prefer to use a multifilament sheathed ny-
lon suture (supramid) because of greater ease of
handling.  Using a round bodied needle 3-5 modi-
fied mayo sutures are laid, but not tied off.  By
introducing a finger below the margin of the de-
fect, thereby pushing the peritoneal lining against
the underneath surface of the abdominal wall, any
risk of damage to intestine can be eliminated.  When
all the sutures are in place, traction is applied to
all at the same time allowing the edges to be over-
lapped.  This traction is maintained until all these
sutures have been tied.  If excess skin needs to be
removed, it is excised at this stage.  The ample
subcutaneous connective tissue which was previ-
ously dissected from the peritoneal sac is closed
with a continuous suture of 0 vicryl followed by
the skin with interrupted non-absorbable sutures
or staples.  Any potential dead space can be oblit-
erated using a stent, or if necessary, a belly band
which can be removed 72 hours later.

Mesh Closure
The surgical procedure up to the stage of returning
the peritoneal sac to the abdominal cavity is iden-
tical to that described.  A piece of woven polypro-
pylene mesh (Marlex mesh     ) is cut to shape, so
that it overlaps the margin of the defect by 2cm.
Sutures of 1 prolene are placed in the mesh N, S,
E, & W and points in between and held in artery
forceps.  The suture at one pole of the mesh is then
taken through the margin of the defect from inside
to out taking the same precaution to avoid damage
to the intestine as previously described.  This is
tied securely.  The procedure is repeated with the
remaining sutures, alternating between the two
sides.  By ensuring that the sutures are placed the
same distance apart as in the mesh, the mesh will
be placed under even tension giving the appear-
ance of the top of a trampoline.  Closure of subcu-
taneous connective tissue and removal of excess
skin is as previously described.

Ventral Hernias
Flank ruptures

Although these can involve any part of the abdomi-
nal wall, they most commonly occur at a specific
site which is the same in all the species.  This site
located just in front of the stifle joint corresponds
with the weakest part of the abdominal wall just
lateral to the border of the rectus muscle.  Here the
two oblique muscles and the transversalis muscle
are aponeurotic.  Most of these ruptures result from
a sudden increase in intra-abdominal pressure due,
in the horse, to collisions with vehicles or, more
commonly, becoming straddled over a gate.

The animal presents with a swelling which may be
small and well defined if the peritoneum remains
intact, or large and diffuse if it too has ruptures.  In
the latter case, there is nothing to prevent intestine
which has left the abdominal cavity from tracking
along the plane of least resistance, which is deep to
the cutaneous muscle.  The breach in the abdominal
wall takes the form of splits along the direction of
the fibres of the aponeuroses creating in effect a
grid iron incision.  Surprisingly, despite this and
the long length of gut which herniates, intestinal ob-
struction and resultant colic signs are unusual.

The diagnosis of these flank ruptures is less simple
than for umbilical hernias, because the nature of the
defect prevents the contents being returned to the
abdominal cavity by manipulation.  In some cases a
few cm of the margins of the tears in the various
aponeuroses may be palpable but this is far less
convincing that being able to palpate the whole cir-
cumference of an umbilical ring. The differential
diagnoses are abscess and haematoma.  Both result
in swellings of a similar size and location because
blood and purulent material like intestine track along
lines of least resistance.  Both conditions are fre-
quently the result of trauma and in all cases oedema
may further complicate diagnosis.

It is unwise to tap the swelling at this early stage if
the possibility of a haematoma or hernia exists.  In-
troduction of a needle into a haematoma may result
in the bleeding recommencing due to release of pres-
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sure and lead to abscess formation despite every
attempt to sterilise the skin.  Our main aim at this
stage is to eliminate or confirm the presence of her-
niated bowel.

Rectal examination is not helpful because the
breach in the abdominal wall is out of reach.  Aus-
cultation over the swelling will often give the im-
pression that borborygmi are close to the surface
when a hernia is present.  However, the availabil-
ity of ultrasonography has greatly simplified the
diagnosis.  In the case of a hernia, loops of small
intestine, or occasionally large intestine, can be
demonstrated located deep to the cutaneous muscle
and surrounded by fluid.  Ultrasonography is also
helpful in identifying abscess and haematoma.

In cases in which herniation has led to intestinal
obstruction and colic, immediate surgery is neces-
sary to expose an evaluate the viability of small
intestine which, if healthy is returned to the abdo-
men prior to an attempt at closing the defect.  Any
devitalised intestine must be resected.  Returning
the intestine to the abdomen is often difficult be-
cause it has to be eased back through each apo-
neuroses tear in turn.  When large lengths of small
intestine are involved, it is often necessary to make
a short midline abdominal incision to allow trac-
tion to be applied to the herniated bowel.

Closure of the defect is attempted using interrupted
sutures of 2 vicryl in each of the layers in turn.
However, in these fresh cases, because the fibres
either side of the splits have frequently separated,
when the sutures are tied, further defects are cre-
ated.  Even if this is not apparent at the time of
surgery, the repair may dehisce during attempts to
stand on recovery from anaesthesia.  The recur-
rence of an identical swelling as before, an hour or
so later will confirm that this has happened.  For
that reason, surgery is delayed 7-10 days or some-
times longer in those horses which do not have in-
testinal obstruction.  By this time, deposition of
collagen at the site of trauma will have significantly

increased the tensile strength of the tissues which
are to be repaired.  In these cases, I prefer to close
the transverses and peritoneum and internal oblique
aponeuroses with 1 vicryl and to place a piece of
polypropylene mesh between the oblique aponeuro-
ses sutured to the external oblique.  The subcutane-
ous tissues and skin are closed in the usual manner.
A Penrose or continuous suction drain may be re-
quired to prevent accumulation of inflammatory
exudate in the dead space.

The same procedures are applicable in cattle and
small ruminants with the same problem.  Hernias
which are located immediately caudal to the bor-
der of the rib cage present problems because there
is no muscle along the cranial border to suture or
attach mesh to.  If the defect is relatively small and
there has been no suggestion that incarceration is
likely, they are probably best left untouched.  Al-
ternatively, mesh may be anchored to the rib.

Incisional Hernias

With the increasing number of midline laparoto-
mies performed in horses, particularly for colic
surgery, more cases of incisional hernia are encoun-
tered.  The incidence is reported to vary from 1-
16%.  A number of risk factors have been reported
(Table 1, see next page).

Infection plays a significant part in the develop-
ment of incisional hernias.  Reports on postopera-
tive complications after colic surgery have indi-
cated that between 10 and 25% of cases develop
subcutaneous midline infection.

Of 40 horses with incisional hernias referred to the
Liverpool University Equine Hospital, 37 had un-
dergone ventral midline laparotomy for colic; of
which 7 had had a relaparotomy through the same
incision.  The hernia had first been noticed 3-24
weeks after surgery.  The majority were seen when
the horses were first turned out or resumed light
work.  Most of the horses were large with a mean
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Kobluk et al 1989

Kawak and Stashak 1995

       Intestinal surgery
       Large horses

        Wound Infection
       Postoperative leucocytosis
       Relaparotomy at the same site
       Chronic catgut closure

        Geldings
        Excessive incisional oedema
        Excessive exercise at termination of box rest

        Nutritional deficiencies
        Prolonged Shock
        Excessive recumbency

        Strenuous recovery
       Abdominal distension
       Near-far-far-Near suture
       Polypropylene/polyester suture

Wilson et al 1995

weight of 510kg.  Eleven horses had developed
mild incisional infection postoperatively.  Of these,
70% had had an enteratomy or enterectomy per-
formed.  The size of the defect varied consider-
ably between individual cases depending on the
length of the original incision and the proportion
which had broken down.  The largest deficit mea-
sured 35cm x 20cm.  36 horses had a single defect
while the remaining 4 had 2 or 3 defects separated
by a ‘bridge’ of intact abdominal wall.  Most de-
fects involved the cranial end of the incision where
the thinner abdominal wall and greater weight bear-
ing were likely to be significant factors.

Surgery was delayed until 16 weeks after the origi-
nal colic surgery by which time all infection had
resolved, the margin of the defect was firm and
well-defined and the skin had healed.  Horses in
the latter half of the series underwent
ultrasonographic scanning of the swelling to check
for evidence of adhesions, but none were found.
However, one horse was found at surgery to have
a focal adhesion between the caecum and the her-
nial sac.  Although there are several reports of re-
pair of incisional hernias using a variety of suture
materials and patterns to close the abdominal wall
defects, I much prefer to use a mesh prosthesis.

The horses are starved for 24 hours prior to sur-
gery to reduce the bulk of the intestinal contents.
The defect was repaired in all 40 cases using a
single piece of woven polypropylene mesh placed
between the peritoneum and the inner sheath of the
rectus muscle without encroaching on the perito-
neal cavity.  The midline skin incision extends from
3cms cranial to 3cms caudal to the palpable defect.
Dissection is continued through the remaining ab-
dominal tunic to the peritoneal sac.  Once the sac is
identified, the dissection is continued in this plane
to a distance of 3cms beyond the defect.  The peri-
toneum is carefully dissected free from the margin
of the defect and a shelf created along the plane of
the retroperitoneal fat for whatever distance neces-
sary to provide adequate support for the prosthe-
sis.  The mesh is then cut to size so that it overlaps
the margin of the defect by 3cms and is then sutured
in place using 4 metric monofilament polypropy-
lene.  The sutures are placed in the mesh and ab-
dominal wall in such a way that the mesh is under
even tension and a degree of traction is applied to
the margin of the defect.  In those cases with more
than one defect, the bridge of intact abdominal wall
is left to provide additional support for the single
piece of mesh.  The subcutaneous tissues are then
closed with a continuous suture of 0 polyglactin.
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The decision as to how much, if any, excess skin
needs to be removed to minimise dead space is
taken at this point.  The horses with the largest de-
fects are fitted with an elasticated belly band for 2-
5 days postoperatively.  Postoperative ultrasound
was used to check the position of the mesh prior to
discharge from the hospital 7-10 days after sur-
gery.  Healing is usually uneventful; any localised
swelling quickly resolves.  One horse in this series
had slight incisional drainage, while a second de-
veloped an abscess, which was surgically drained.
Both healed uneventfully.  These results show that
a single piece of polypropylene mesh is sufficient
even for very large hernias thus simplifying the sur-
gery and reducing cost.  Infection is very uncom-
mon and if it does occur, quickly responds to drain-
age.

Inguinal/Scrotal Hernias

Inguinal/scrotal hernias can be classed as congeni-
tal or acquired.

Congenital Scrotal Hernias occur principally in
foals and pigs and are present at birth or soon af-
terwards.  Considerable lengths of small intestine
pass through the deep inguinal ring to come to lie
within the vaginal sac in contact with the testis and
cord.  This is designated an indirect hernia.  The
condition is usually unilateral and results in gross
enlargement of the hemiscrotum.  The intestine is
easily reducible and there is no tendency for ob-
struction to occur.

However, in the foal, rupture of the vaginal sac can
occur just distal to the deep inguinal ring after the
intestine leaves the abdominal cavity allowing it to
pass through into the subcutaneous region.  The
small size of the hole quickly leads to strangulation
of the bowel.  The foal, which is usually 1-2 days
old, presents with severe colic and extensive
oedematous swelling extending forwards from the
scrotum along the abdominal wall.  This is the re-
sult of peritoneal fluid escaping through the defect

in the vaginal sac.  These foals require immediate
surgery to free and resect the affected bowel.  Cas-
tration allows recurrence of hernia to be avoided
by twisting the vaginal sac into a pedical prior to
ligating it.

Management of scrotal hernias in foals may be con-
servative or surgical.  In many cases, repeated ma-
nipulation of the intestine back into the abdomen
during the first few weeks of life results in sponta-
neous resolution of the problem. It is probable how-
ever, that these cases have a greater risk of hernia-
tion at castration if an open technique is used.

In those foals where the hernia persists, surgical
repair is performed at a few months of age.  Under
general anaesthesia, an oblique incision is made
from the scrotum in the direction of the external
inguinal ring.  The vaginal tunic is carefully dis-
sected free from the overlying skin and connective
tissue down to the level of the ring.  In the process,
most of the herniated intestine will fall back in to
the abdominal cavity under gravity.  Usually the
small testis can be held fixed in the vaginal sac, but
if it too has fallen back into the abdomen may re-
quire the sac to be opened in order to locate it.
The sac is progressively twisted into a pedicle,
thereby gently returning any remaining intestine to
the abdomen.  One or two transfixing ligatures are
placed as high up the pedical as possible, one of
which is anchored to the external inguinal ring be-
fore the testis and excess sac are removed with
scissors or emasculator.  Further sutures may be
used to close the ring if necessary.  The procedure
is repeated on the other side even though there may
be no overt evidence of hernia.

Acquired Inguinal Hernia

Horse
Although it can occur in almost any breed, inguinal
hernia is most common in standardbreds,
warmbloods and, to a lesser extent, shires.  In most
cases, the onset of the problem is sudden and acute,
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but occasionally the horse may have had short bouts
of discomfort which have resolved spontaneously.
It is not uncommon for the stallion to have just
served a mare or have been exercised prior to the
onset of colic.  It is important that any stallion
showing colic should undergo examination of its
scrotum to identify, or eliminate , an inguinal her-
nia.  The hernia is unilateral and most frequently
occurs to the left side.  Only a short length of small
intestine, most commonly ileum, passes through the
deep inguinal ring to lie high up in the inguinal
canal.  No intestine can be palpated within the scro-
tal sac.  However, there is marked enlargement of
the scrotum on the affected side because obstruc-
tion to its lymphatic and venous drainage due to
compression of the cord by the herniated loop of
intestine rapidly leads to severe engorgement of
the testis.  The testis is large, firm and cool to the
touch.  The major differential condition is 360° or
greater torsion of the testis which leads to similar
severe colic and unilateral scrotal enlargement.  In
cases of inguinal hernia, distended small intestine
may be felt per rectum at the deep inguinal ring.
Ultrasonography of the scrotum in both conditions
merely shows dilation of vessels.  It is usually im-
possible to scan high enough up the inguinal canal
in the standing horse to demonstrate herniated in-
testine.  It is possible, however, with the horse in
dorsal recumbency under general anaesthesia.

Except in cases referred very soon after herniation
of gut has occurred, irreversible ischaemic changes
will have occurred in the testis necessitating its
removal.  This also applied to a testis which has
undergone torsion.  This simplifies surgery to oblit-
erate the inguinal ring in horses with hernia.  Both
the midline and the scrotal areas are prepared for
surgery.  With the horse in dorsal recumbency, an
oblique incision is made in the skin extending from
the scrotum towards the external inguinal ring.  The
scrotal sac is dissected free from the surrounding
tissues down to the external inguinal ring.  The
scrotal sac is incised to reveal the darkly congested
testis and, deep in the inguinal canal, the short loop

of intestine which will show varying degrees of dis-
tension, mural oedema and serosal petechiation or
cyanosis depending on the length of time the hernia
has been in existence.  The testis can be removed at
this stage following ligation of the cord.  Only very
limited decompression can be achieved by needle
suction.  In most cases a short ventral midline ab-
dominal incision is necessary to allow traction to
be applied to the small intestine at the deep inguinal
ring.  Even then it can be difficult because the in-
testine is gripped by a constricting band of tissue
comprising the vaginal sac 1-2cm distal to the deep
inguinal ring where the short funnel-shaped first part
of the vaginal process ends.  Carefully making a
small cut in this band using the tip of a pair of blunt
ended scissors will relieve the pressure and allow
the intestine to be drawn back into the abdomen.
The herniated segment is withdrawn from the ab-
domen and evaluated objectively as to its viability.
If any doubt exists it is replaced in the abdominal
cavity and re-evaluated after the scrotal sac has
been obliterated by twisting into a pedicle and two
transfixing ligatures of 1 vicryl applied which are
anchored to the external ring.

Experience has shown that short lengths of strangu-
lated small intestine < 30cm remain viable even
when they have been trapped for several hours.  It
is unusual for resection and anastomosis to be nec-
essary.  Because of the possibility that the condi-
tion is hereditary, it is debatable whether or not the
other testis should also be removed.  The matter
should be discussed with the owner prior to sur-
gery.  Stallions can function perfectly well with one
testis, should be decision be made to carry out
hemicastration.

With the development of laparoscopes and
laparoscopic instruments, techniques have been re-
ported allowing early cases of incarceration to be
corrected by gently withdrawing the herniated in-
testine from the deep inguinal ring followed by par-
tial obliteration of the ring using polypropylene
mesh.
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Fourth branchial arch defects (4-BAD)

Aetiopathogenesis
Hast (1972) has described the development of the
larynx in the early human embryo and showed that
the extrinsic structures are derived from the fourth
branchial arch and the intrinsic structures from the
sixth arch. 4-BAD is a syndrome of irreparable
congenital defects resulting from a failure of de-
velopment of some or all of the derivatives of the
fourth branchial arch. The structures which may be
defective are the wings of the thyroid cartilage, the
crico-thyroid articulation, the crico-thyroideus
muscles and the crico-pharyngeal sphincter muscles.
Any permutation of aplasia or hypoplasia of these
structures may arise uni- or bilaterally. The absence
of a firm bond between the wing of the thyroid and
the cricoid cartilages deprives the larynx of a stable
skeleton to facilitate the function of its intrinsic

musculature. For example, in the face of such de-
fects, the action of the crico-arytenoideus dorsalis
muscle will be ineffective and the extent of arytenoid
abduction is reduced. Clearly, this may convey a
false impression of RLN on the affected side or
sides. The absence of the crico-pharyngeus muscles
has two obvious effects, firstly the inability to close
the upper oesophageal sphincter which results in
involuntary aerophagia.  Secondly,  there is no
means to anchor the palatal pillars into a position
caudal to the apices of the corniculate cartilages
resulting in rostral displacement of the palatal arch
(RDPA).

Prevalence
Surveys of structural and functional abnormalities
of the upper respiratory tract of the horse have pre-
viously been based upon selected populations for
example those submitted to public sales (Lane et
al, 1987) or in training (Pascoe, et al, 1981;
Raphael, 1982; Baker, 1983;  Sweeney, et. al,
1991), where unsaleable or untrainable individu-
als will have been excluded earlier. In addition, no
survey of dynamic dysfunctional conditions, occur-
ring only under exercise conditions, has been at-
tempted to date. Thus, it is generally held that dor-
sal displacement of the soft palate (DDSP) and re-
current laryngeal neuropathy (RLN) are the two most
frequently encountered disorders of the region.   The
prevalence of non-RLN URT disorders found dur-
ing the video-endoscopic study of 3500 yearlings
was as follows:

   Fourth branchial arch defects (4-BAD)
                   7 cases    0.20%

    Sub-epiglottal cyst (SEC)
                   5 cases     0.14%

    Epiglottal entrapment (EE)
                   2 cases     0.06%

     Right laryngeal malfunction

                   5 cases     0.14%
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The condition has been identified in other breeds
such as the Hanovarian, warmbloods,   Welsh Sec-
tion A ponies and the Haflinger (Cook, 1974;
Goulden et al 1976; Wilson et al, 1986; Deegan et
al 1987; Klein et al 1989; Dixon et al) As often as
not it has been reported under titles such as rostral
displacement of the palato-pharyngeal arch (RDPA)
or cricopharyngeal-laryngeal dysplasia.

Clinical findings
The author has reviewed the findings in 60 4-BAD-
afflicted Thoroughbred horses and the results are
summarised here. The presenting signs of horses
with 4-BAD are variable and reflect the severity
of the absence of the structures involved. However,
in order of frequency, the signs are abnormal res-
piratory sounds at exercise (50 out of the 60 horses),
belching (13), nasal discharge (10), coughing (10)
and recurrent colic (5). The involuntary aeroph-
agia and eructation sometimes may be confused
with the noises produced by ‘wind-suckers’.

There is no current evidence that the syndrome is
genetically transmitted.

A complete evaluation of the extent of 4-BAD can
only be made at exploratory surgery or autopsy but
the combined findings of palpation, endoscopy
and radiography are generally sufficient to justify
a diagnosis. When the cartilage components are
defective, an unusually wide gap can be palpated
between the caudal margin of the thyroid and the
rostral edge of the cricoid whereas in the normal
larynx the two structures overlap. The two endo-
scopic features to alert the clinician to the possi-
bility of 4-BAD are RDPA (33 cases) where the
caudal pillars of the soft palate form a cowl which
partly obscures the corniculate processes dorsally
and defective arytenoid motility (45 cases). 4-BAD
is the commonest explanation for apparent right-
sided RLN and there is be a marked over-repre-
sentation of right-sided cases. In the 60 cases 15
were bilateral, 39 were right unilateral and in 6 the
defects were confined to the left side. In one in-

stance 4-BAD was only detected as dynamic RDPA
during treadmill exercise. RDPA itself is simply an
endoscopic symptom of a major underlying laryn-
geal disorder and should not be regarded as a dis-
ease in its own right. It arises when the upper oe-
sophageal sphincter muscles are not present to pro-
vide an anchor for the palatal arch caudal to the
apices of the corniculate processes of the arytenoid
cartilages. When the crico- and thyro-pharyngeus
muscles are absent there is a failure to close the
upper oesophagus so that lateral radiographs will
reveal a continuous column of air extending from
the pharynx into the oesophagus. The RDPA is seen
as a ‘dew drop’ intruding into this air column from
the dorsal wall. Repeated aerophagia leaves those
animals without an upper oesophageal sphincter
susceptible to episodes of colic which may be life
threatening. Three horses have died or been de-
stroyed through tympanitic and one other has re-
quired surgical decompression.

The performance records of 51 of the horses have
been traced: 22 were un-named; 29 were named
but unraced; 11 raced but were unplaced; 4 were
placed and 7 won albeit all in minor competitions.
Thus, horses afflicted with 4-BAD are generally
ineffective athletes.

Prevalence of other laryngeal disorders
in young horses
Five cases of right laryngeal malfunction, other than
the 7 cases of 4-BAD, were identified in the stud
survey of yearlings. Three of these were later sub-
jected to surgery with a view to prosthetic laryn-
goplasty but were found to be inoperable by virtue
of hypoplasia of the muscular process of the right
arytenoid cartilage. Given that the arytenoid
cartilages develop from the sixth branchial arch dare
we contemplate adding a 6-BAD syndrome to the
clinical vocabulary!?

It is generally believed that sub-epiglottal cysts are
congenital and if this is so the incidence of 0.14%
demonstrates that the disorder is indeed rare. In
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contrast the aetiopathogenesis of epiglottal
entrapment is not known and the results of repeated
endoscopic examinations confirm that at least some
cases are acquired. Thus, the identification of only
2 cases in 3497 yearlings does not reflect the overall
incidence. Similarly arytenoid chondropathy is
known to be an acquired disorder and a failure to
record a single case even in quite a large population
of young horses is not significant.

Epiglottal entrapment (EE)

Aetiopathogenesis
In this condition the cartilage of the epiglottis be-
comes enveloped by a fold of glosso-epiglottic
mucosa which arises between the epiglottis itself
and the base of the tongue and extends laterally as
the aryepiglottic folds.  The aetiology of EE is usu-
ally not known as the condition can be reproduced
on most equine laryngeal post-mortem specimens
and it is not clear why some horses develop the
clinical condition  and others do not.  The aetiol-
ogy of EE is more straightforward when the epig-
lottis is congenitally hypoplastic or where it is as-
sociated with a sub-epiglottic cyst. These possi-
bilities should be checked by endoscopy and/or
radiography before surgical correction is attempted.

Clinical signs
The signs associated with EE are highly variable
and include exercise intolerance with inspiratory
and/or expiratory noises at exercise, intermittent
gurgling from secondary DDSP and coughing after
eating. The noises which are associated with EE
are usually vibrant and are more readily provoked
than those of dynamic DDSP. In addition, it should
be noted that EE may be a chance endoscopic find-
ing in horses which are asymptomatic.

Reports of the prevalence of EE in endoscopic sur-
veys of athletic horses at rest suggest an incidence
in the range of 0.75% to 3.3%. However in the
author’s video-endoscopic survey of an unselected
population of 2522 yearlings only 2 cases were

identified - in the same survey there were 3 sub-
epiglottal cysts and 6 yearlings afflicted with fourth
branchial arch defects. The implication is that EE
is an acquired disorder rather than a congenital
defect

The relationship between EE and dynamic DDSP
is confusing. Treadmill studies have confirmed
what has been suspected for some time inasmuch
as EE is likely to provoke secondary DDSP during
exercise. However this does not explain the clini-
cal observation that horses which have been af-
flicted with EE and have been subjected to surgi-
cal correction may become susceptible to DDSP
later, and vice versa.

Diagnosis of epiglottal entrapment
Definitive diagnosis of EE is achieved by endos-
copy: the normal epiglottis has a sharply defined
wrinkled cartilage outline and the superficial blood
vessels on the dorsal surface are clearly visible.
In EE the epiglottis loses its wrinkled cartilage
border and the superficial blood vessels are ob-
scured by the entrapping mucosa. However, a struc-
ture with the overall shape of the epiglottis remains
present. In a proportion of cases the mucosa over-
lying the epiglottis is ulcerated.

EE may be intermittent and it is important, as a
routine part of endoscopic procedure, to stimulate
a series of deglutition sequences in an attempt to
identify the condition.

Occasionally the free border of the soft palate is
found to be dorsally displaced throughout the en-
doscopic examination of a horse showing abnor-
mal respiratory sounds at exercise. Epiglottal en-
trapment and sub-epiglottic cyst are the two most
common explanations for persistent DDSP in the
horse at rest. Attempts should be made to stimulate
swallowing while the endoscope is in place in the
hope that the epiglottis can be brought into view
because, in the face of persistent DDSP, it should
be obvious that the epiglottis cannot be seen at all.
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Should this manoeuvre prove to be ineffective a
lateral radiograph of the pharynx is indicated to
determine whether or not entrapment is present.  On
this projection the epiglottis should measure at least
7.0 cm from tip to hyoid articulation;  an epiglottis
with a length less than 5.5 cm is indicative of hy-
poplasia and surgery is contra-indicated.

In rare cases EE may be present only during vigor-
ous exercise so that high speed treadmill endos-
copy provides the best opportunity to establish a
diagnosis of this form of intermittent entrapment.

Treatment of epiglottal entrapment

The treatment options for epiglottal entrapment are:

a. resection of the entrapping mucous membrane
via ventral laryngofissure

b. axial division of the entrapping mucosa per os
c. axial division of the entrapping mucosa per

nasum
d. transendoscopic Nd: YAG laser resection per

nasum

 Methods (a) and (b) require general anaesthesia
but both (c) and (d) can be performed on the stand-
ing horse with the obvious advantage of minimal
disruption of training and racing schedules.

Methods (b) and (c) utilise a hooked bistoury to
make a longitudinal cut in the loose mucous mem-
brane overlying the epiglottal cartilage. The most
important practical limitation of these methods is
the stability of the entrapment. Whenever the en-
trapment is insecure or intermittent it may not be
possible to make a satisfactory section of the re-
dundant mucosa because the forward pull of the
bistoury may displace the entrapment from the apex
of the epiglottis. An inadequate incision is likely
to be followed by recurrence within a short time.

However, if the entrapment is secure the hooked
bistoury techniques are applicable. Obviously a
sharp instrument introduced into the pharynx of a

fractious horse in method (c) has the potential for
causing serious injury. Thus, it is essential that the
patient is thoroughly sedated and the pharynx is
desensitised by the infusion of local anaesthetic
solution. The procedure of axial section of the EE
is performed under endoscopic surveillance - the
endoscope is passed through one nostril while the
bistoury is introduced through the other.  The aryepi-
glottic mucosa is quite tough and care is required
to prevent a disastrous palatal injury when the hook
suddenly cuts free from the entrapment.  Method
(b) is safer, albeit with the risk of anaesthesia, and
represents the technique of choice in those clinics
which do not possess a laser facility .

Surgical relief via laryngotomy uses a conventional
approach through the crico-thyroid membrane. For
the resection itself the endotracheal tube must be
withdrawn so that the entrapped epiglottis can be
reverted towards the incision. It is sensible to place
a stay suture through the tissue to be excised at an
early point in the procedure.   An elongated oval
section of mucosa 6 cm x 1 cm is removed and it is
preferable to commence with incisions from lat-
eral to medial through the doubled layer of mucosa.

Care is taken not to traumatise or cut into the carti-
lage of the epiglottis. Haemorrhage is usually mini-
mal and surgical closure of the defect in the sub-
epiglottic mucosa is unnecessary.

Regardless of the technique used, endoscopy per-
formed in the days after surgery should confirm that
the entrapment has been successfully relieved al-
though the epiglottis itself may appear swollen and
flaccid. Hence anti-inflammatory medication should
be provided routinely after treatment of EE.

Prognosis

All of the methods of treatment mentioned above
yield a high rate of uncomplicated resolution of EE.
The possibility of recurrence of entrapment is great-
est with the axial section techniques but even this is
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uncommon. Iatrogenic trauma to the epiglottal car-
tilage can provoke granulomas and other distor-
tions which may compromise the relationship be-
tween the epiglottis and the soft palate. Chronic
coughing associated with low grade dysphagia is a
rare but recognised complication of resection of
the glosso-epiglottal mucosa.

Sub-epiglottal Cysts

Aetiopathogenesis
Developmental cysts are occasionally recognised
in the pharynx of horses and represent  causes of
dyspnoea and/or dysphagia. The most frequently
encountered of these lesions is the sub-epiglottic
cyst which is thought to be derived from the em-
bryological  remnants of the thyroglossal duct, a
structure which runs from the level of the epiglottis
to the anterior mediastinum. However, it is strange
that comparable cysts do not arise elsewhere in the
course of this duct. It is believed that sub-epiglot-
tic cysts are present from birth although they may
not be discovered until the horse is mature and com-
mences training. An overall incidence of 1 per 1000
Thoroughbreds born was indicated in the survey
outlined above. The cysts themselves consist of
smooth-walled, sometimes multilobular, structures
filled with straw-coloured slightly tenacious fluid.
They arise from within the loose glosso-epiglottic
mucosa lying between the base of the tongue and
the epiglottis. It is uncommon for a sub-epiglottic
cyst to be found which is not located within an epi-
glottal entrapment.

Clinical signs
The age and manner by which the cysts cause clini-
cal signs is dependant on their size. Large cysts
can be a cause of dysphagia and respiratory ob-
struction in foals. Such foals may present within a
few days of birth with reflux of milk from the nares
and will require an endoscopic examination for dif-
ferentiation from foals with palatal clefts. Often
aspiration of fluids into the trachea will lead on to
inhalation pneumonia and in addition to surgical

relief, vigorous antibiotic medication will be re-
quired.

Older animals with cysts may present with a vari-
ety of respiratory signs including nasal discharge f
rom dysphagia and abnormal respiratory sounds at
exercise. Horses with small sub-epiglottic cysts
may present with a history of choking up under ex-
ertion and will require differentiation from DDSP.

Diagnosis
The diagnosis is easily established by endoscopy
provided that the cystic lesions are available to be
seen. In some horses with this condition persistent
DDSP is present, in which case it will be neces-
sary to resort to other diagnostic procedures such
as plain and contrast radiography.

The cysts may be intermittently obscured by the
palatal arch when the cartilage of the epiglottis lies
above the palate and the cyst is trapped below. Pa-
tient inspection with repeated stimulation of de-
glutition should always be part of the endoscopic
routine for horses with suspected pharyngeal le-
sions such as entrapment or cysts. Endoscopy per
os with the patient anaesthetised is a justifiable tech-
nique if endoscopy per nasum and radiography have
failed to provide a definitive explanation for per-
sistent DDSP, .

Treatment
The objective of treatment is to ablate the cyst by
sharp excision which can be achieved per os using
an ecraseur provided that the mouth of the horse is
large, and the hand of the surgeon is small, for ac-
curate placement of the ecraseur loop around the
cyst without risk of injury to adjacent structures,
most notably the epiglottis itself. Resection by con-
ventional ventral laryngofissure is generally sim-
pler and safer.

The technique is similar to that used for the treat-
ment of epiglottal entrapment and, again, once the
tip of the epiglottis has been retroverted towards
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the laryngotomy incision, stay sutures to stabilise
the tissues before resection are a useful practical
precaution. Haemorrhage is usually slight and there
is no need for closure of the mucosal defect fol-
lowing excision.

Nd : YAG laser destruction of the cysts can also be
used when the facility is available.

Prognosis
The cystic lesions can often be excised intact and
even if they should be ruptured during removal a
favourable prognosis can be given. Unlike thyro-
glossal cysts in man, recurrence is most unlikely to
occur after excision in the horse.

Arytenoid chondritis

Aetiopathogenesis
Arytenoid chondritis (chondropathy) consists of the
development of suppuration within the matrix of
one or both arytenoid cartilages. The mechanism
of development of micro-abscessation with dis-
charging tracts to the luminal surfaces is not clear
but young male Thoroughbreds are usually in-
volved. The condition appears to be more preva-
lent in the USA than Europe. The condition can
arise in horses of any breed and at any age and
presumably pyogenic organisms become inoculated
through the muco-perichondrium into the cartilage
from the luminal surface.

Clinical findings
The signs associated with arytenoid chondritis arise
through a combination of airway obstruction and
compromised glottic protection. Thus, stridorous
noises are heard when the horse is exerted and if
there is bilateral involvement there may be airway
obstruction at rest. Coughing may be evident at any
stage.

The diagnosis of arytenoid chondritis is primarily
made by endoscopy showing distortion of the af-
fected cartilage. As the micro-abscesses develop

the cartilage thickens and shows axial displacement
towards the midline and reduced motility. In the
early stages, particularly when the left side is in-
volved, casual endoscopy may suggest a diagnosis
of RLN. As the condition advances, so the distor-
tion of the cartilage becomes more obvious and
granulomatous eruptions appear on the medial face
of the corniculate process. Contact lesions may de-
velop on the contralateral arytenoid cartilage.

Lateral radiographs of the larynx usually show fo-
cal  mineralisation even in early cases.

Progress and management
The progress of arytenoid chondritis may be ar-
rested in the early stages by the prolonged (i.e. six
weeks) use of potentiated sulphonamide medica-
tion per os but once the chronic stage has been
reached, the only treatment option is arytenoidec-
tomy.

Total arytenoidectomy implies that the entire
arytenoid cartilage together with the corniculate
process is removed. In partial arytenoidectomy
the muscular process and articular facet are left in
situ and in  sub-total arytenoidectomy part or all
of the corniculate process is also left in place. The
greater the extent of cartilage resection the greater
is the possibility that the ability of the larynx to
protect the lower airways during deglutition will
be compromised and that marked dysphagia with
aspiration pneumonia will ensue. Partial
arytenoidectomy offers the best compromise to sal-
vage a horse afflicted with laryngeal chondritis for
breeding or for quiet exercise but full athletic ca-
pacity cannot be restored by any surgery.
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  HOW TO
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 SUSPENSORY

 DISEASE
Ingrid Cilliers

Companion Animal Clinical Studies,
Faculty of Veterinary Science, Univer-

sity of Pretoria, Onderstepoort.

Acute cases of high suspensory disease may present
with slight, palmar (plantar), oedematous swell-
ing, heat distension of the medial palmar (plantar)
vein and/or pain.  Chronic cases or those rested
immediately after onset of lameness usually have
no detectable clinical signs suggestive of the source
of pain.  In these cases local analgesia is required
to identify pain in the proximal metacarpal (meta-
tarsal region).  Diagnosis often requires a combi-
nation of diagnostic local analgesic techniques and
diagnostic imaging techniques, including ultrasonog-
raphy, radiography and nuclear scintigraphy.

Anatomy
In the forelimb the third interosseous muscle
(TIOM) / suspensory ligament (SL) arises proxi-
mally from the distal row of carpal bones and from
the adjacent parts of the palmar aspect of the proxi-
mal extremity of the metacarpal bones, principally
the third metacarpal bone.  The proximal part of
the TIOM is incompletely separated into two main
divisions originating from the second and third car-
pal bones.  The distopalmar outpouchings of the
carpometacarpal joint, located between the axial
surfaces of the second and fourth metacarpal bones
and the abaxial surface of the suspensory ligament,

extend distally a mean distance of 2,5 cm 3. These
outpouchings lie in close proximity to the palmar
metacarpal nerves in the proximal metacarpal re-
gion.  In the hindlimb, the main area of attachment
is at the proximal  and plantaromedial aspect of the
third metatarsal bone: there is less attachment to
the plantar tubercle of the first, third and fourth tar-
sal bones.  A distal recess of the tarsometatarsal
joint is in contact with the lateral aspect of the proxi-
mal TIOM in some horses 1.

The body of the TIOM descends between the sec-
ond and fourth metacarpal (metatarsal) bones, and
gradually is separated from the palmar aspect of
the third metacarpal bone.  The level at which it
divides into two branches is approximately between
mid-metacarpus and the distal fourth of this area.
These branches insert on the abaxial surface of the
corresponding proximal sesamoid bone.

In the forelimb, the TIOM is rectangular, strong,
and about 20 to 25 cm long.  In the hindlimb, it is
thinner, round and 25 to 30 cm long.  It is mainly
collagenous and contains variable amounts of stri-
ated muscular fibres, especially in the proximal and
deep part.

The interosseous muscle is innervated by the deep
branch of the lateral palmar nerve which emerges
at the level of the midcarpal region and contains
fibres from both the ulnar and the median nerves.
The level at which the deep branch detaches from
the lateral palmar nerve is not clear.  It has been
described by some authors to arise proximal to the
metacarpus and others describe it as distal to the
communication between the ulnar and the median
nerves 2.

It is therefore not clear whether a high palmar
metacarpal nerve block would include the stem of
the deep branch of the lateral palmar nerve and
thus desensitise the insertion of the TIOM.  Proxi-
mal diffusion of local anaesthetic solution may re-
sult in effective desensitisation.  However, a pal-
mar metacarpal nerve block, 4.5 cm or less distal
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to the carpometacarpal joint, carries the risk of an
intra-articular anaesthesia 3.

Diagnostic analgesic techniques  for the
forelimb:
Infiltration at the origin of the suspensory
ligament.
The carpus is held in slight flexion with the fetlock
extended.  A 3,8 cm, 18G needle is inserted at the
palpable junction of the head and shaft of MCIV
on the axial surface.  The needle is directed be-
tween the suspensory ligament and the distal ac-
cessory ligament of the deep digital flexor tendon.

Subcarpal lateral palmar and medial and
lateral palmar metacarpal nerve blocks per
formed at the proximal end of the metacar
pus
using 6 to 8ml of mepivicaine (1 %)4.  To avoid
penetration of the distopalmar outpouchings the
needle must be inserted perpendicular to the skin
surface, more than 4.5cm from the carpometacar-
pal joint 3.  At this level, however, these nerve
blocks may not desensitize proximal metacarpal
lesions and are not effective in desensitizing the
origin of the suspensory ligament.

Palmar and palmar metacarpal nerve blocks
at the level of the accessory carpal bone.
The carpus is held in slight flexion and the fetlock
extended, a 1.5 cm, 25G needle is inserted to the
hub in a palmarolateral to dorsomedial direction
at the distal aspect of the accessory carpal bone.
With this technique perineural infiltration of the
lateral palmar nerve is obtained.  At this level, the
lateral palmar nerve is a continuation of the pal-
mar branch of the ulanar nerve and a portion of the
median nerve, and located just proximal to the deep
branch of the lateral palmar nerve, which divides
into the medial and lateral palmar metacarpal
nerves.

The medial palmar nerve can not be infiltrated at
the level of the accesory carpal bone because it

lies within the carpal synovial sheath 3.  This method
is advantageous because the lateral palmar nerve
is desensitized before the deep branch of the lat-
eral palmar nerve is given off.    With this tech-
nique, it is not necessary to use a large volume of
fluid to infiltrate the origin of the suspensory liga-
ment and risk injection into the distal carpal joints.

Diagnostic analgesic techniques  for the
hindlimb
Subtarsal nerve block.
Dyson performs this block with the limb bearing
weight.  A small volume (1ml) of local anaesthetic
is deposited subcutaneously plantar to the base
(head) of MTIV approximately1.5 cm distal to TMT
using a 0.9 x 40mm needle.  The needle is inserted
more deeply, directed medial to the fourth metatar-
sal bone and dorsally until resistance is encoun-
tered.  After aspiration to ensure that synovial fluid
is not withdrawn, 3ml of local anesthetic is injected;
if resistance is met the needle is withdrawn slightly
while injection proceeded.

The needle is withdrawn partially, directed further
dorsomedially and an additional 3ml of local anes-
thetic is deposited.  If there is excessive resistance
to the injection, the needle is withdrawn slightly
prior to injection.  The lameness is re-evaluated
after standing for 15 mins and if no improvement,
again after a total of 30 mins.

Inadvertent local anaesthetic injected into the tar-
sometatarsal joint may alleviate pain from the tar-
sometatarsal and centrodistal joint, from the inser-
tions of the tibialis cranialis and / or fibularis ter-
tius, and in some cases from the tarsal sheath and
DDFT. False negative results for subtarsal analge-
sia may be achieved by inadvertent injection into
the tarsal sheath or into a blood or lymphatic ves-
sel5 .

Dyson and Romero’s (1993) results indicate that
extension of local anesthetic solution into the TMT
joint probably occurs infrequently, in contrast to the
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relatively high risk of infiltration of the combined
middle carpal and carpometacarpal joint capsule
after some techniques of proximal metacarpal an-
algesia (Ford et al. 1989).

Tibial nerve block.
This block alleviates pain associated with PSD
without significantly influencing tarsal pain.  Twenty
minutes may be required before analgesia is effec-
tively achieved due to the large diameter of this
nerve.

 Ultrasonography
High quality ultrasonographic images are essential
for accurate diagnosis.  Abnormalities associated
with PSD include the following:4,6,7,8

• Enlargement of the cross-sectional area.  This
may result in reduction of space between the
SL and the palmar cortex of MCIII, or reduced
space between the SL and the accesssory
ligamnet of the deep digital flexor tendon.

• Poor demarcation of the margins of the SL,
especially the dorsal margin.

• Focal or diffuse areas of reduced echogenicity.
These may extend less than 1 cm
proximodistally and occupy less than 10% to
up to the entire cross-sectional area of the
ligament.

• Focal anechoic core lesions.
• Reduced strength of fiber pattern.
• Focal mineralization

Central, circular hypoechoic lesions were most
common in the forelimb, whereas in the hindlimb a
diffuse decrease in echogenicity of two-thirds or
more of the cross-sectional area of the ligament
was the most frequent lesion in studies done by
Dyson 4.

Radiography
There are usually no detectable radiographic
abnormalities of MCIII (MTIII) in acute cases of
PSD.  In chronic cases the following
abnormalities may be seen:4,7

• Increased opacity of the proximal aspect of
MCIII (MTIII) seen in dorsopalmar views.

This may represent sclerosis of the trabeculae
and / or entheseophyte formation on the palmar
(plantar) aspect of the bone.  It should be
differentiated from sclerosis associated with a
palmar cortical fatigue fracture.

• If entheseophyte formation is extensive, it may
also be seen in a lateromedial view as an
opacity on the palmar (plantar) aspect of the
bone superimposed on the second and/or fourth
metacarpal (metatarsal) bones.

• The trabeculae in the subchondral bone on the
palmar (plantar) aspect of MCIII (MTIII) may
be more obliquely orientated and coarser, with
or without sclerosis.

Secondary bony changes in a forelimb are
associated with a more guarded prognosis6.

Nuclear scintigraphy
Nuclear scintigraphy is generally unnecessary for
diagnosing PSD, provided that good quality
ultrasonographic images are obtained, but may give
additional information about associated bone turn-
over at the insertion of the SL.  Not all horses with
PSD have detectable abnormalities if examined
using nuclear scintigraphy.  In bone phase images
there may be an increased radiopharmoceutical
(RPU) uptake in the proximoplantar (palmar) as-
pect of MTIII (MCIII) in some, but not all cases of
PSD.  Abnormal RPU in the bone phase, seen in
absence of ultrasonographic and radiographic ab-
normalities, is more likely to reflect a primary
pathological condition of the bone 6 .
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The detection of dysrhythmias on auscultation of
the equine heart, with or without associated pulse
deficit, is not uncommon and frequently does not
have clinical significance. Atrioventricular conduc-
tion delays are reported to be the most common
equine conduction disorders and first and second
degree atrioventricular blocks (AVB) may be nor-
mal variations in this species, closely related to
vagal tone. Such physiologic dysrhythmias are
likely to disappear after moderate exercise, and
inclusion of an exercise test is therefore a valuable
addition to the initial investigation of these cases.
Pathologic equine dysrhythmias often occur sec-
ondary to underlying cardiac or gastrointestinal dis-
ease, metabolic disorders or endotoxaemia, and a

thorough clinical examination is required in each
case plus assessment of peripheral biochemical
parameters and electrolytes. However, significant
dysrhythmias such as atrial fibrillation may also
occur in the absence of detectable clinicopatho-
logical abnormalities due to the large size of the
equine heart. In order to accurately diagnose and
treat rhythm disturbances it is essential to obtain an
appropriate electrocardiogram (ECG).

COLLECTION OF AN ECG
In many cases, collection of a resting ECG using a
base-apex system with a paper trace machine is
sufficient: place right arm (red/negative) electrode
over the right jugular groove, and attach the left
arm (yellow/positive) electrode over the left heart
base, with the final earth electrode distant from the
heart. Readings should then be collected from ‘Lead
I’ to record electrical flow from base to apex. To
improve the quality of the trace the horse must be
kept as still as possible; contact between the skin
and electrodes is improved by application of spirit,
or adhesive electrode pads may be used on areas
of shaved skin; background noise can be reduced
using the filter setting on most ECG machines. A
paper speed of 25 mm/s and deflection setting of
10 mm/mV is usually adequate unless QRS com-
plexes are extremely rapid or bizarre. However,
certain dysrhythmias may occur infrequently or be
present only at exercise such that further technol-
ogy is required to collect a diagnostic ECG. Appli-
cation of these further techniques will be discussed
in detail in this talk:
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Continuous Holter Monitoring:
These continuous ambulatory monitors require just
2 electrodes, generally positioned under a surcingle,
and can record and store ECG data for at least a 24
h period. The ECG is analysed retrospectively and
this may be performed automatically by software
such as the Medilog Excel Ambulatory ECG sys-
tem. At rest, holter monitoring is particular useful
for detection of periodic (ventricular) dysrhythmias
that may be involved in episodic collapse cases.
Recordings taken during exercise facilitate the di-
agnosis of dysrhythmias such as paroxysmal atrial
fibrillation that may resolve spontaneously at rest.

·Radiotelemetric recording:
As a radiosignal transmits the ECG trace to a dis-
tant monitor, this technique offers the advantage of
providing a real-time display of the ECG at exer-
cise, and is useful for interventional therapy if re-
quired. Due to the signal strength, exercise must
usually be restricted to a treadmill rather than a
racetrack.

Digital recording:
Palmtop computers and small digital holter record-
ers now offer an innovative, cheaper alternative to
traditional equine holter monitoring. The light 2-
lead monitor is set to record by a Psion Palmtop
computer, which is subsequently used to download
and display the ECG trace. This light system is re-
sistant to movement artifact and has been used to
produce excellent traces from racehorses at full
gallop (e.g. Oxford Cardiology Products).

INTERPRETATION OF THE ECG
Heart rate should be calculated from the R-R inter-
vals, and an assessment made of the overall rhythm:
is it regular or (regularly/irregularly) irregular?
Each QRS complex should be similar (narrow and
negative in lead I), and preceded by a P wave. In
supraventricular complexes the P waves are ab-
sent, but the QRS complex is of normal form. This
is different to ventricular complexes in which both
the QRS complex and T wave will be wide and

different to usual. When ventricular depolarisation
arises from the junctional tissue, the QRS complexes
will be of supraventricular form but frequently be
superimposed by the P wave. Fluctuation of the P-
R interval and of P wave morphology may be seen
with supraventricular ectopic beats, whilst replace-
ment of the P waves with a fluctuating baseline of
F waves is seen in atrial fibrillation. Examples of
ECG traces will be presented from horses with both
physiologic and pathologic dysrhythmias – differ-
entiation between these is essential before progress-
ing further with the case.   Having identified a patho-
logical dysrhythmia, all attempts should be made
to identify the underlying cause so that a more ra-
tional approach can be used to design the treatment
plan. Correction of electrolyte or acid-base de-
rangements may resolve the dysrhythmia without
further treatment, whilst failure to address such
problems may cause specific pharmacological in-
tervention to fail. Assay of serum cardiac troponin
I concentration may be useful to confirm a diagno-
sis of myocarditis. This myocardial polypeptide is
a highly sensitive and specific biomarker of myo-
cardial injury in people and dogs, and a serum ref-
erence range has been established recently for thor-
oughbreds. Echocardiographic evaluation (B-mode,
M-mode and Colour flow Doppler) should also be
performed in each case to identify significant val-
vular regurgitation, chamber enlargement or myo-
cardial disease. Drugs and dosages used for the
treatment of pathologic equine dysrhythmias are
shown in Table 1.

PATHALOGIC
BRADYDYSRHYTHMIAS:
DIAGNOSIS AND THERAPY
Sinus node failure in older horses or in neoplastic
conditions may occasionally lead to a pathological
sinus bradycardia, resulting in episodic collapse.
The ECG is characterised by normal complexes,
but shows profound resting bradycardia (< 20 beats/
min) and variable R-R interval. Compensatory
chamber enlargement is likely to occur as the con-
dition is progressive; treatment by pacing is pos-
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sible but unlikely to be economic.

Atrioventricular Block:
Pathological second degree AVB is not common,
but is generally characterized by an irregularly ir-
regular bradycardia. The resting ECG shows mul-
tiple successive P waves that are not followed by a
QRS complex, and the periods of AVB do not dis-
appear at exercise. In third degree AVB, the ven-
tricular rate is also slow but the condition is marked
by complete dissociation of atrial and ventricular
electrical activity. The ECG trace shows variable
QRS complexes with unrelated regular P waves.
The morphology of the QRS complexes is depen-

Table 1 Doses of drugs commonly used to treat cardiac dysrhythmias in the horse

Drug Indication Dose
Atropine Severe vagal bradycardia 0.01-0.1 mg/kg IV
Bretylium tosylate Life-threatening ventricular tachycardia (VF) 3-5 mg/kg IV, repeated

up to 10 mg/kg total
Dexamethasone VPCs; atrial arrhythmias and VT 0.05-0.22 mg/kg IV
Digoxin Congestive heart failure 2.2 mcg/kg IV q12 h or

11 mcg/kg PO q12 h
Rapid atrial dysrhythmias (AF) 11 mcg/kg PO q12 h

Enalapril Vasodilatation in congestive heart failure 0.5 mg/kg PO q24 h
Glycopyrrolate Severe vagal bradycardia 0.005 mg/kg IV
Lignocaine Ventricular tachycardia 20-50 mcg/kg/min IV or

0.5 mg/kg very slowly IV
to effect; repeat in 5-10min

Magnesium sulphate Ventricular tachycardia 1-2.5g/450 kg/min IV not
 to exceed 50 mg/kg total

Phenytoin Digoxin-induced ventricular tachycardia 7.5 mg/kg IV or
10 mg/kg PO q24 h

Procainamide Ventricular tachycardia, atrial fibrillation 1 mg/kg/min IV, not to
exceed 20 mg/kg total  or
25-35 mg/kg q8 h PO

Propanolol Refractory VT and SVT (quinidine toxicity) 0.03-0.16 mg/kg q12 h IV 
0.38-0.78 mg/kg PO q8 h 

Quinidine gluconate Acute onset atrial fibrillation 1.1-2.2 mg/kg IV q10 min
Ventricular tachycardia not to exceed 12 mg/kg total

Quinidine sulphate Atrial fibrillation 22 mg/kg PO q2 h until
converted, toxic or plasma
[quinidine] = 3-4 mcg/ml

Verapamil Supraventricular tachycardia 0.025-0.05 mg/kg IV q30
min up to 0.2 mg/kg total

dent on their origin, and will be normal if from a
supraventricular idionodal pacemaker, but wide and
bizarre if from a ventricular pacemaker. The ven-
tricular rate is markedly slower than the atrial rate
in third degree AVB.

Both of these conditions may be caused by
hyperkalaemia (e.g. in foals with a ruptured blad-
der) or myocarditis. Hyperkalaemia must be cor-
rected by diuresis or infusions of dextrose and in-
sulin to lower circulating levels if the condition is
critical. If myocarditis is present, dexamethasone
therapy is recommended. Transvenous pacing is the
only further treatment option for third degree AVB.
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Atrial fibrillation
This is the commonest pathologic dysrhythmia in
horses, and of the greatest economic importance as
it may occur in fit racehorses. On auscultation the
pulse is irregularly irregular with a low, normal or
raised heart rate and a fluctuating systolic murmur
may be present. The diagnosis must be confirmed
by ECG, which demonstrates normal narrow QRS
complexes with an irregularly irregular R-R inter-
val and no preceding P waves. The baseline is
marked by characteristic fibrillation (‘F’) waves.
The diagnosis of paroxysmal AF (which resolves
once exercise has stopped) requires telemetric or
holter electrocardiography at exercise.

A normal horse is capable of sustaining reentrant
pathways within the atrial myocardium due to the
large atrial size and predominant vagal tone. The
presence of this dysrhythmia does not indicate car-
diac pathology, but concurrent echocardiographic
examination should always be performed before
considering treatment.

Both mitral valve incompetence and severe tricus-
pid regurgitation may cause sufficient right atrial
enlargement and stretching to cause AF. This dys-
rhythmia is therefore common in horses with con-
gestive heart failure. The major clinical importance
in the different aetiologies of AF is that medical
antidysrhythmic therapy is likely to be less suc-
cessful in conversion to sinus rhythm in horses with
concurrent pathological heart enlargement. There
is likely to be a higher incidence of side effects in
the latter group also due to the higher dose of qui-
nidine sulphate required, and a greater rate of re-
currence.

The most common treatment for AF remains oral
dosing with incremental quantities of quinidine sul-
phate (see Table 1) at 22 mg/kg until conversion if
achieved; 5 doses have been given, or toxic side
effects have appeared. The administration of this
treatment is simple, but the management of poten-
tial complications such as life-threatening supraven-

tricular or ventricular tachycardia is more difficult
and advance preparation for dealing with such prob-
lems is essential. Much research has been per-
formed on the indications for treatment, different
therapeutic strategies and management of the po-
tentially life threatening complications that may
arise from attempted atrial conversion in the horse
and the reader is directed to the reference list. Con-
version to sinus rhythm is most successful when
the duration of AF is less than 4 months, auscul-
tated murmurs of less than grade 3/6 and the resting
heart rate is below 60 beats per minute. With care-
ful case selection, a successful outcome can be
achieved in approximately 85% cases of uncom-
plicated AF.

TACHYDYSRHYTHMIAS AND
ECTOPIC BEATS
Supraventricular ectopic beats:
Atrial premature depolarizations (APDs) may oc-
cur in normal horses, but frequent APDs may pre-
dispose to AF. The APDs have different P wave
form to the preceding complex and occur prema-
turely within the cardiac cycle but are often fol-
lowed by a normal QRS complex if the ventricles
are repolarised. Frequent APDs may resolve with
rest at pasture but treatment options should include
correction of electrolyte abnormalities and use of
corticosteroids where myocarditis is suspected.

Supraventricular tachydysrhythmias:
Supraventricular tachycardia (SVT) is defined as
a run of APDs with a sustained rapid ventricular
response. If the heart rate exceeds 100 bpm in the
absence of underlying cardiac disease, quinidine
sulphate can be used successfully. In the presence
of AF and congestive heart failure, then digoxin
therapy is most useful as it decreases ventricular
response by delaying conduction through the AV
node and is a positive inotrope. When used for over
3 days, therapeutic drug monitoring is recommended
to ensure that plasma digoxin concentrations remain
within the therapeutic range (0.5 – 2 ng/ml).
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Ventricular ectopic beats:
Ventricular premature contractions (VPCs) are seen
as wide QRS complexes, followed by abnormal T
waves and are not preceded by a P wave. Up to 5
isolated VPCs occurring over a 24 h monitoring
period has been reported as a normal finding in
healthy horses. However, runs of greater than 4
VPCs (paroxysmal ventricular tachycardia) may
require prophylactic treatment, particularly if heart
rate is greater than 80 bpm. Such dysrhythmias fre-
quently occur secondary to colitis, endotoxaemia
or myocarditis and may resolve spontaneously.
Monitoring is required to ensure that ventricular
tachycardia, with a sustained rate of over 100 bpm
does not occur. Good success has been reported
with phenytoin (20-22 mg/kg PO q12 h) for the treat-
ment of persistent ventricular ectopy: after 4 doses,
ectopy was resolved in 9/9 horses. Oral dosing
should be adjusted to maintain a plasma concentra-
tion of approximately 9 mg/ml as sedation and ex-
citement can occur at higher concentrations.

Ventricular tachydysrhythmias:
 Uniform VT occurs when the ectopic focus origi-
nates from one place in the ventricle, creating only
one abnormal QRS and T wave complex. This car-
ries a better prognosis than multiform VT in which
multiple different forms of QRS and T complex may
be present. The latter is indicative of increased elec-
trical heterogeneity and instability and has an in-
creased risk of progression to terminal ventricular
fibrillation. Close examination for the ‘R on T’ phe-
nomenon, when a QRS complex occurs within the
preceding T wave should also be performed, as
this indicates urgent requirement for
antidysrhythmic therapy. Specific treatment of this
condition is recommended if heart rate exceeds 100
bpm or if there is evidence of cardiac output re-
duction or ‘danger’ complexes in the ECG.
Procainamide infusion (1 mg/kg/min) may be the
optimum treatment for VT in the conscious horse
as this Class 1A antidysrhythmic does not not have
vagolytic effects, such that it is unlikely to produce
vagotension. However, it is very expensive and an

infusion of quinidine gluconate (0.64% solution at
1l per h per 500 kg) is a reasonable, cheaper alter-
native. But, quinidine gluconate should not be given
when there is concurrent hypotensive cardiac out-
put failure as it promotes peripheral vasodilata-
tion. Lignocaine infusion is a cheaper alternative
to both of the agents above, and is also effective at
terminating VT. This class 1B antidysrhythmic is
recommended to be infused slowly at a rate of 20-
50 mcg/kg/min. If side effects of exciteability do
occur (although this is rare in the author’s experi-
ence), then these may be controlled with diazepam
(0.05 mg/kg IV). If VT remains refractory to this
treatment, then further agents may be added to the
regimen, such as bretylium tosylate or an infusion
of magnesium sulphate (See Table 1). When VT is
not life-threatening, therapy should be approached
carefully (and calmly!) using the minimum number
of different agents so as to minimize the likely side
effects of treatments. It should be remembered that
all antidysrhythmic agents have potential undesir-
able cardiac effects.
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  Deglutition is divided into three stages.
1.  The oral phase which includes the gathering of

food, movements within the oral cavity, masti-
cation and the formation of boluses of ingesta at
the base of the tongue is under voluntary con-
trol.

2. The presence of a bolus gathered at the tongue
base triggers the split-second sequence of re-
flexes, collectively known as swallowing, which
propel the ingesta from the pharynx - the pha-
ryngeal phase – into the oesophagus. The glosso-
pharyngeal nerve(IX) and the pharyngeal
branches of the vagus (X) innervate the pharynx
and larynx and their afferent and efferent path-
ways are co-ordinated in the swallowing centre
in the brainstem.

 3.  waves of peristalsis convey the ingesta along
the oesophagus to the stomach – the oesophageal
phase of deglutition.

Oral phase of deglutition
Prehension in the horse relies on the incisor teeth
to grasp and section herbage, on the lips up pick up

smaller pieces of ingesta as well as to contain it
within the mouth and to manipulate food towards
the cheek teeth. Prehension necessitates normal
opening and closure of the incisor teeth and normal
motility of the lips.

The molar and premolar teeth are responsible for
the mechanical crushing of the fibrous diet prepa-
ratory to the chemical breakdown of the cellulose-
based ingesta in the lower alimentary tract. The
tongue and buccal musculature assist to manipulate
the ingesta between the maxillary and mandibular
dental arcades. Mastication requires free opening
and closure of the temporo-mandibular joints
(TMJs) through the action of the masticatory muscles
– the masseter, pterygoid and temporal muscles
close the jaws and gravity assisted by the digastric
muscles open them. The masticatory muscles re-
ceive their innervation through the mandibular
branch of trigeminal (V). The shape of the articular
surfaces of the TMJs together with the presence of
menisci permit lateral movements by the mandibu-
lar teeth across the wearing surfaces of the upper
cheek teeth.

The tip of the tongue assists in prehension and
moves the ingesta between the cheek teeth. Con-
traction of the tongue base helps in the formation of
boluses and once collected each bolus is driven
caudally by the piston action of the tongue and it is
this which triggers the involuntary phases of de-
glutition by driving food and fluid caudally from
the oro-pharynx. The tongue is attached to the hy-
oid apparatus and free movement at the tympano-
hyoid articulation is required for the antero-poste-
rior tongue motion which facilitates bolus forma-
tion in the oro-pharynx. The glossal musculature
receives its motor supply via the hypoglossal nerve
(XII).

The action of the levator palatini muscles draws
the soft palate dorsally to close off the naso-phar-
ynx and prevents the nasal reflux of ingesta; this
marks the onset of the involuntary stages of degluti-
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tion. The horse has an intra-narial larynx, i.e. the
larynx is locked into the caudal wall of the pharynx
by the free border of the palatal arch – the arcus
palato-pharyngeus – at all times other than during
the momentary disengagement for deglutition. The
levator palatini muscles lie parallel with the drain-
age ostia of the auditory tube diverticula (ATDs)
so that when they contract the ostia shorten and open
to allow exchanges of air for pressure equilibra-
tion across the ear drum, between the middle ear
and the external ear canal.

Pharyngeal phase of deglutition
The constrictor action of the circular muscles of
the pharyngeal walls embraces both oro-pharynx
and naso-pharynx – the latter can be appreciated
during endoscopic examinations of the naso-phar-
ynx. A wave of constriction follows the contrac-
tion of the tongue base and passes from rostral to
caudal efficiently to empty the oro-pharynx – the
pharyngeal “stripping wave” – leaving minimal
quantities of ingesta at the base of the tongue.

Aspiration of food and fluid through the rima
glottidis is prevented primarily by the tight adduc-
tion of the vocal folds and arytenoid cartilages and
to a lesser extent by the retroversion of the apex of
the epiglottis. Laryngeal adduction is achieved by
the action of the crico-arytenoideus lateralis
muscles which, like the dorsal muscle, is inner-
vated by the recurrent laryngeal branch of the va-
gus (X). However, dysphagia is not a recognised
feature of recurrent laryngeal neuropathy. Fluid
boluses tend to pass the larynx in the lateral food
channels and solids take the midline route over the
retroverted epiglottis. Following deglutition the
larynx is restored into its intra-narial position, i.e.
it is held in position within the caudal wall of the
nasopharynx by the arcus palato-pharyngeus before
respiration is resumed.

The upper oesophageal sphincter is formed by the
thyro- and crico-pharyngeus muscles and these are
maintained in a state of contraction to prevent in-

voluntary aerophagia, especially during forced ex-
ercise. Relaxation of the crico-pharynx simulta-
neous with the pharyngeal stripping wave permits
the food and fluid boluses to pass caudally into the
proximal oesophagus.

Oesophageal phase of deglutition
It is arbitrary whether the oesophageal phase be-
gins with the relaxation of the crico-pharyngeus
muscle or with its subsequent closure. However,
after each bolus has passed through into the proxi-
mal oesophagus, primary peristaltic waves are ini-
tiated by the active closure of the cricopharynx.
Waves of reduced intra-luminal pressure precede
the bolus in the form of muscular relaxation while
waves of increased pressure by muscular contrac-
tion follow to propel food and fluid caudally. Pri-
mary oesophageal peristalsis carries individual
boluses to the cardia, but the process is not com-
pletely efficient and small quantities of ingesta are
left at variable levels in both the cervical and tho-
racic oesophagus even in normal horses. This in-
gesta is either picked up in the bolus of a subse-
quent primary wave or by locally generated sec-
ondary peristalsis which is triggered by segmental
stretching responses.

Diagnostic approach to cases of dysph-
agia
History – signs of dysphagia
The signs of dysphagia include an unwillingness to
eat; slow, messy feeding; halitosis; rejection of
semi-masticated food onto the ground (“quidding”);
productive coughing; and the nasal reflux of saliva,
ingesta and fluids. Horses which are unable to mas-
ticate ingesta efficiently may be prone to impactive
colic and will show abnormal quantities of undi-
gested fibre in their faeces. Obviously, horses which
are unable to eat and swallow food are likely to
lose weight rapidly but this process is accelerated
if the horse develops secondary inhalation pneu-
monia, which is a common sequel of dysphagia. A
moist cough is typical of animals aspirating food
or saliva into the rima glottidis.
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 In addition to a clear case history recording the
circumstances and rate of onset of the dysphagia,
careful observation of the patient’s attempts to eat
and drink can be invaluable to deduce which phase
of deglutition is awry. Whenever a horse shows
return of ingesta from the mouth, the site of the dys-
function must lie in the oral cavity or the orophar-
ynx, certainly no further caudal than the epiglottis.
Nasal reflux of ingesta points to an abnormality of
the pharyngeal or oesophageal phase of degluti-
tion.

Physical examination, external and oral in
spection
During the external assessment of the patient, evi-
dence of systemic and/or toxic disease, including
Strep. equi infection, botulism, grass sickness, ra-
bies, upper motor neurone disease, lead poisoning
and tick paralysis should be sought. The inspec-
tion should check for evidence of concurrent neu-
ropathies such as facial palsy, Horner’s syndrome
or head tilt. The mouth should be opened to check
jaw tone, painful responses on opening the mouth
and tongue mobility. Thoracic auscultation should
check for signs of inhalation pneumonia. Local lym-
phadenopathies and firm distension of the oesopha-
gus to the left side of the trachea are changes which
might be found during palpation of the throat area.
Useful information can be obtained by attempting
to pass a stomach tube.

This should determine whether pharyngeal swal-
lowing reflexes are still present or whether the up-
per alimentary tract is physically obstructed. Un-
der sedation and, with a full mouth (Hausmann)
gag in place, a detailed inspection of the oral cav-
ity should look for evidence of dental malalignment,
enamel pointing of the cheek teeth, fractures of the
dental crowns, periodontitis, soft tissue lesions of
the buccal cleft and palate, oral foreign bodies and
lesions of the tongue. While an effective light is
invaluable the structures involved often require
hands-on manipulation to complete the examina-
tion and a tell-tale foul smell points to the pres-

ence of stale entrapped ingesta. The faeces should
be inspected for abnormal quantities of  undigested
fibre.

Defects of the palate cannot be appreciated from a
conscious examination of the mouth because they
are generally restricted to the soft palate and the
restricted opening of the equine jaws prevents direct
inspection of the more caudal oral cavity other than
with a rigid endoscope passed into a securely
gagged mouth.

Endoscopy per nasum
Conchal necrosis may accompany prolonged dental
suppuration and may be seen on endoscopy of the
nasal chambers.

Provided that an endoscope with an external diam-
eter of 8.0 mm or less is available, the diagnosis of
congenital palatal defects in foals should present
no difficulties. This requires an inspection of the
floor of the naso-pharynx per nasum. Some defects
occur at the midline with no absolute absence of
tissue, simply a failure of fusion of the secondary
palate while others represent a unilateral hypopla-
sia of the soft palate.

Endoscopy per nasum is necessary to confirm
whether pharyngeal paralysis is present. The usual
findings  consist of a mixture of saliva and ingesta
on the walls of the nasopharynx, persistent dorsal
displacement of the palatal arch, poor constrictor
activity during deglutition and failure of dilation of
one or both ATD ostia after swallowing which is
stimulated by contact with a biopsy wire or by wa-
ter passed through the endoscope. Many cases where
functional pharyngeal paralysis is diagnosed are,
in fact, afflicted with pharyngeal hemiplegia, i.e.
the glosso-pharyngeal neuropathy is unilateral, for
example in cases of guttural pouch mycosis. How-
ever, true pharyngeal paralysis may be seen in cases
of botulism or heavy metal poisoning. Whenever a
neurological cause of dysphagia is suspected, it is
always correct to inspect the ATDs for evidence of
mycosis or diverticulitis.
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Other abnormalities which may cause dysphagia
and which can be confirmed by endoscopy of the
pharynx or larynx include:
- iatrogenic palatal defects after “over-enthusias-

tic” palatal resection (staphylectomy)
- intra-palatal, pharyngeal and sub-epiglottic cyst

formation
- epiglottal entrapment, with or without a sub epi-

glottal cyst
-    evidence of a sub-epiglottal foreign body seen

as unilateral oedema in the region of  the ary-
epiglottal folds with partial unilateral entrap-
ment

-  fourth branchial arch defects (4-BAD syndrome)
-     nasopharyngeal cicatrix
-     pharyngeal neoplasia
-   pharyngeal compression by external compres

sive lesions such as abscesses
-     arytenoid chondropathy
- evidence of previous laryngeal surgery

Clearly it is helpful to obtain an impression of the
extent of the tracheal aspiration of ingesta which
accompanies the dysphagia and tracheoscopy is
helpful in this context.

Oesophagoscopy is often a less rewarding tech-
nique than might be imagined in the investigation
of dysphagia simply because physical or functional
obstructions invariably lead to a build-up of in-
gesta and saliva in the lumen which, in turn, inhib-
its a satisfactory field of view of the segment under
suspicion. However, when the patient has been
starved before endoscopy evidence of conditions
such as oesophagitis, megoesophagus, stricture, rup-
ture, tracheo-bronchial fistulation, diverticulum,
intra-mural cyst and neoplasia may be found. A
major caveat for those intending to perform
oesophagoscopy is the very real hazard of expen-
sive if not irreparable damage to a flexible endo-
scope should it retrovert against an obstruction and
pass craniad towards the teeth!

Radiography and fluoroscopy
Plain lateral radiographs of the pharynx, larynx and

cervical oesophagus are used  to investigate the
relationships between normal anatomical structures
and to identify intra-luminal, mural and extra-mu-
ral soft tissue swellings. Contrast media can be
helpful to outline these structures. Fluoroscopic
studies, again using contrast media, are required
for a dynamic investigation of deglutition. Clearly
it is preferable for the patient to take up the con-
trast medium voluntarily and, in the author’s clinic,
bran mash impregnated with barium sulphate is of-
fered to the horses, although a variety of flavourings
such as molasses are included to make the meal
more palatable.

The shortcomings of the technique are that it is de-
pendent on the enthusiasm of the patient to eat, and
also it takes no account of those dysphagias which
vary in severity between foods of differing consis-
tencies. The forced introduction of liquid barium
sulphate into the mouth (oro-pharygography)
through a syringe is far from ideal but it can be
useful to outline intra-oral, pharyngeal and oesoph-
ageal lesions. Although it has been found that seda-
tion does not significantly distort the process of
deglutition, most horses will take part in the inves-
tigation without resentment once they have become
familiarised with the ambient noises of the radio-
graphic equipment. The sequence of events which
make up deglutition is very rapid and facilities for
video-recording of the fluoroscopic images for sub-
sequent analysis including slow-motion replay are
invaluable. Lateral radiographs of the chest are a
useful aid to monitor the progress of aspiration
pneumonia which shows a characteristic pattern of
consolidation in the dependant lung lobes.

Oral examination under general anaesthesia
General anaesthesia is necessary to complete the
inspection of the oral cavity and the tendency of the
soft tissues to obscure the view particularly towards
the base of the tongue can be overcome by the use
of an endoscope passed through a polypropylene
mare gynaecological speculum. Again, general ana-
esthesia is required for a more detailed manual ex-
amination of the caudal oral cavity, especially in
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the region of the epiglottis and ary-epiglottic folds.

Aetiology of dysphagia: oral phase
abnormalities

Facial palsy and lip lesions
Facial paralysis inhibits the ability of a horse to
prehend and retain ingesta in the oral cavity. The
location of the facial nerve injury can often be
localised by assessment of other structures inner-
vated by the facial nerve.  Flaccidity of the upper
lip and nostril margins indicates injury to the dor-
sal buccal branch of the nerve which separates from
the ventral buccal branch as it crosses the lateral
aspect of the masseter muscle. Dysfunction of the
ventral buccal nerve produces drooping of the
lower lip with resultant messy feeding through an
inability to retain food and saliva within the mouth.

Laceration wounds at the commissures of the lips
can arise when a horse becomes hooked at the cor-
ner of the mouth and a major avulsion injury fol-
lows. Careful anatomical reconstruction of the lip
margins is required to ensure normal function as
well as acceptance of a bit after the wound has
healed. Sarcoids may develop at the lip margins
especially the commissures and the method of
therapy, be it excision, cryosurgery or chemical cau-
tery, which is used to ablate the lesions must also
take regard of the acceptance of a bit after healing.
Temporomandibular joint and hyoid
disorders
TMJ disorders are rare in the horse but when they
do occur they cause marked pain and a rapid loss
of bodily condition. Disuse leads to obvious atro-
phy of the masticatory muscles, most obviously the
masseters. The superficial position of the TMJ ren-
ders it vulnerable to trauma  most common disor-
der afflicting this joint is the penetrating wound
with septic arthritis. The joint is located at the cau-
dal extremity of the zygomatic arch and it lends
itself to direct palpation. Clinical examination also
shows resentment of attempts to open the mouth

and even under general anaesthesia the range of
opening may be severely reduced. Radiography of
the TMJs is difficult and the best imaging modali-
ties are ultrasonography and scintigraphy.

Hyoid apparatus involvement usually accompanies
otitis media in the horse and ankylosis of the
temporo-hyoid articulation is a likely result. Patho-
logical fracture of the stylo-hyoid bone follows and
one of the effects of this is to limit the horse’s abil-
ity to move the tongue. Radiography of the area and
endoscopy of the ATDs contributes to the diagno-
sis. The dysphagia can be relieved by pre-empting
the pathological fracture by osteotomy of the stylo-
hyoid, or more accessible is the kerato-hyoid, and
treating the underlying otitis media with broad spec-
trum antibiotics.

Lingual abnormalities
Hypoglossal nerve injuries with lingual paralysis
are rare in the horse and trauma, either in the form
of lacerated wounds or tongue-strap strictures, ac-
counts for the majority of tongue lesions in this spe-
cies. A horse with a severely injured tongue may be
unable to manoeuvre ingesta around the mouth and
is inclined to drop food or to collect it in the buccal
cleft. Similarly horses which loose the rostral por-
tion of the tongue through incisive wounds can main-
tain normal bodily condition albeit showing messy
feeding patterns. Foreign bodies may become bur-
ied in the lingual tissues and the painful suppura-
tive response can reduce a horse’s inclination to
eat.

Dental disorders
Dental disorders are discussed at length later in
these proceedings but the reason why dental dis-
eases cause dysphagia is through oral pain. There
is little evidence that horses are afflicted with
“tooth-ache” per se, but soft tissue pain through lac-
erations of the oral mucosa by sharp dental projec-
tions and at the gingival margins in the form of pe-
riodontitis is a major contributor to the inability to
masticate food adequately. The dental projections
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may take the forms of enamel pointing from ne-
glected abrasive wear, maleruptions and displaced
dental fragments usually the result of pathological
fracture of teeth.

Congenital and acquired palatal defects
The presence of a defect in the soft palate prevents
an effective seal between the oral cavity and the
naso-pharynx during the lingual propulsion of in-
gesta towards the tongue base and during pharyn-
geal contraction. The result is that food and fluids
are directed dorsally and are refluxed via the nasal
chambers to the nares.

Not all palatal clefts occur as simple midline lin-
ear defects although these provide the most com-
mon explanation when younger patients are pre-
sented with nasal reflux of milk. The various per-
mutations of unilateral hypoplasia of the soft pal-
ate and pseudo-uvula formation can escape confir-
mation until the patient is considerably older. They
often occur in association with epiglottal entrap-
ment.  Although there have been descriptions in the
veterinary literature of palatal reconstructive sur-
gery using mandibular symphysectomy to gain ac-
cess to the area the results are invariably disap-
pointing if success is measured as rendering the
horse suitable for athletic endeavour. It may be pos-
sible to control the dysphagia by this very radical
surgery, but such is the subtle function of the pala-
tal arch as an organ of respiration that it has never
been possible to create a stable relationship with
the larynx.   Excessive palatal resection (staphyl-
ectomy) in the treatment of DDSP is an ominous
complication because it is irreparable for the rea-
sons given above. Iatrogenic defects can usually
be differentiated from congenital palatal deformi-
ties at endoscopy because the end-points of the re-
section are  visible and the margin of the free bor-
der has a more rounded appearance. Inadvertent
splits in the palate have been reported after the re-
lief of epiglottal entrapment by section with a
hooked bistoury passed per nasum in the standing
horse. This complication can be avoided by per-

forming a similar technique through the mouth with
the patient anaesthetised.

Other oral conditions: foreign bodies,
 neoplasia
The most common foreign bodies in the oro-phar-
ynx are brambles which become lodged in the sub-
epiglottal area or in the lateral food channels caus-
ing acute-onset dysphagia. Endoscopy per nasum
will show oedema in the ary-epiglottic folds even
if the foreign body itself cannot be seen. Such an
endoscopic finding is an indication for an oral ex-
amination, either by palpation or with a guarded
endoscope, under general anaesthesia. Other for-
eign bodies such as wire fragments may become
wedged between teeth.

Squamous cell carcinomas, lymphosarcoma and
connective tissue tumours arise sporadically in
horses and they tend to cause dysphagia simply by
virtue of space occupation. Although each must be
confirmed by biopsy and treated on its  merits de-
pending on location, size etc. they generally carry
a poor prospect of successful treatment by the time
they are presented for investigation.

Aetiology of dysphagia:
pharyngeal phase abnormalities

Pharyngeal paralysis
Paralysis or paresis of the pharyngeal constrictor
muscles arises when the function of the glosso-pha-
ryngeal nerve (IX) is compromised. When food and
fluids are not propelled into the upper oesophagus
they may be returned via the nostrils, be aspirated
into the laryngeal airway or are spilled out of the
mouth. The most common causes of pharyngeal pa-
ralysis are guttural pouch mycosis, ATD diverticu-
litis, botulism and heavy metal poisoning. It is al-
ways correct to investigate the possibility of ATD
disease in cases of pharyngeal dysfunction. When
there is marked inhalation of ingesta leading to
broncho-pneumonia or  evidence of dehydration,
the condition of the patient demands euthanasia on
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humane grounds. However,  some horses with par-
tial pharyngeal dysfunction may survive without
distress and simply show an occasional cough and
nasal discharge without progress to aspiration
pneumonia. Such horses should be given the ben-
efit of the opportunity for the natural restoration of
pharyngeal function even if this takes many months
to return.

Pharyngeal compression:
strangles abscessation
The presence of extra-mural soft tissue swellings
adjacent to the pharynx may cause dysphagia be-
cause of external compression of the pharynx and
also, in the case of abscessation, because of the
pain associated with the movement of food boluses
past the lesions.

Pharyngeal cysts, palatal cysts
The origin of pharyngeal cysts is not known but
intra-palatal cysts may well develop from salivary
tissue which is normally distributed widely in the
palatal mucosa.  Diagnosis of both conditions is
by a combination of endoscopy and radiography
and again these lesions cause dysphagia by virtue
of space-occupation. While cysts on the pharyn-
geal walls or at the free border of the palate can be
excised, the lesions within the substance of the soft
palate are not easily treated because fistulation of
the palate is a likely sequel to surgery.
 Epiglottal lesions, including sub-epiglottic cysts
Both peracute and sub-acute inflammation of the
epiglottis are described in horses. The per-acute
form of epiglottitis, with oedema and cellulitis, is
probably a complication of upper respiratory tract
viral infections and can be so severe that a poten-
tially fatal airway obstruction occurs. A less se-
vere form of epiglottitis with swelling and distor-
tion of the epiglottis may have a similar aetiology
and causes dysphagia and coughing presumably
through discomfort during deglutition combined
with reduced flexibility. Afflicted horses also pro-
duce untoward respiratory sounds at exercise. The

diagnosis is established by endoscopy but it can be
difficult to differentiate this form of epiglottitis,
which is likely to be responsive to vigorous antibi-
otic therapy, from a para-epiglottic foreign body.

The increased mass of the epiglottis arising in en-
trapment by the glosso-epiglottal mucosa  but more
usually with sub-epiglottic cysts, causes dysphagia
because of space-occupation and a restriction of
the freedom for epiglottal retroversion.  Secondary
persistent dorsal displacement of the palatal arch
is not uncommon and this will frustrate diagnosis
by endoscopy because the displaced palate obscures
the view of the epiglottis. Persistent DDSP is an
indication for lateral radiography or oro-
pharyngography using contrast medium. Both con-
ditions are amenable to successful excisional sur-
gery.

Laryngeal abnormalities
Compromised glottic protection leading to the as-
piration of ingesta into the lower airways may arise
spontaneously in cases of arytenoid chondropathy,
or through iatrogenic causes such as complications
of prosthetic laryngoplasty or partial arytenoidec-
tomy. The precise cause of post-laryngoplasty dys-
phagia is not known but over-abduction of the
arytenoid cartilage, cicatrisation associated with
reactive implants and nerve injuries are amongst
the suggestions which have been proposed. The
presence of ingesta in the trachea can be established
by endoscopy as the cause of coughing and reflux
of ingesta to the nostrils may provided outward evi-
dence of this complication. Removal of the pros-
thesis is often, but not always, effective in control
of the dysphagia, but, of course, the respiratory ob-
struction for which the surgery was originally per-
formed can be expected to return as the arytenoid
cartilage reverts to its collapsed state.

Fourth branchial arch defects (4-BAD)
When the 4-BAD syndrome includes aplasia or hy-
poplasia of the crico- and thyro-pharyngeal muscles
the proximal oesophageal sphincter remains per-
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manently open. Although horses with 4-BAD are
more likely to present with abnormal respiratory
noises at exercise, some may cough when eating
and drinking and show a nasal discharge. They also
show bizarre eructation-like noises at rest and may
be confused with wind-suckers. The failure to be
able to generate primary peristaltic waves com-
bined with an oesophagus which is dilated by air
could lead to confusion with megoesophagus. In
addition, the involuntary aerophagia which accom-
panies this condition predisposes afflicted horses
to colic.

Aetiology of dysphagia: oesophageal
phase abnormalities

Megoesophagus
Megoesophagus has been reported sporadically in
the horse, sometimes as a primary congenital dis-
order and sometimes secondary to other conditions
causing obstruction of oesophageal function such
as vascular ring strictures. Coughing, nasal reflux
of ingesta and distension of the cervical oesopha-
gus may all be features. Confirmation of the diag-
nosis is easily achieved by contrast radiography.

Oesophageal obstruction (“choke”)
Obstruction of the oesophagus results from the im-
paction of dry fibrous material occluding the lu-
men of the oesophagus, typically in the cervical
segment, and is the commonest cause of acute dys-
phagia in the horse. Older horses seem to be more
susceptible but this may relate to the diets offered
to animals which are not being fed for competitive
exercise. However, at the opposite extreme, foals
which are beginning to take herbage occasionally
plug the oesophagus with a bolus of dry grass.

Acute obstruction of the oesophagus by impacted,
dry ingesta is typically associated with access to
inadequately soaked sugar beet pulp in the UK and
no doubt each geographical region will have its
individual prevalent causal agent. The dry fibrous
material swells with the absorption of saliva and

an expanding bolus occludes the oesophageal lu-
men. Subsequent boluses compound the obstruc-
tion.

Horses with “choke” present in an acutely distressed
state with copious reflux particularly saliva to the
nostrils. Cross-examination of the person respon-
sible for feeding the horse does not always lead to
a confession of guilt in regard to failure adequately
to soak the sugar beet pulp or even to an admission
of access to this material at all.

The initial diagnostic challenge in cases of oesoph-
ageal obstruction is to differentiate this condition
from other causes of acute dysphagia most notably
pharyngeal paralysis. The cervical oesophagus may
be palpably distended with firm ingesta and the
passage of a stomach tube beyond the pharynx is
generally not possible . Inhalation tracheitis is in-
variably present and pneumonia is likely to follow
if treatment is not promptly instituted. Endoscopy
of the pharynx and ATDs may be helpful when the
case history convincingly rules out access to the
common causes of obstruction.

Although most “chokes” are relieved by heavy se-
dation and the repeated administration of
spasmolytics, and it is correct to attempt this for a
few hours, the distressed state of the patient and
the likelihood of serious respiratory complications,
demand that conservative management should not
be prolonged. The author’s preferred approach in
referred cases, which have invariably received
conservative therapy for at least 24 hours, is
promptly under general anaesthesia, to institute vig-
orous lavage by stirrup pump through a stomach
tube. Obviously the patient’s trachea should be in-
tubated and the head is positioned over a support-
ing bag with the nose inclined downwards. In this
way the impacted ingesta is progressively washed
back out at the nostrils. Other clinicians prefer to
attempt relief using a similar lavage technique with
the patient standing but sedated.  The prognosis for
a complete recovery after the relief of an oesoph-
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ageal obstruction is good. The possibility of re-
currence of the “choke” or of long-term stricture
development can be reduced by withholding dry
fibrous foods for at least 72 hours followed by the
gradual re-introduction of a soft diet. Oesophageal
motility is likely to remain weak for several days.
The inhalational tracheitis or bronchitis is usually
self-limiting but broad spectrum antibiotic cover
should be maintained for 7 – 10 days.

Oesophageal strictures/stenosis
Oesophageal strictures are thought to be the sequel
of episodes of acute obstruction and horses with
this condition are presented with recurring “choke”.
Confirmation of the diagnosis is best achieved by
contrast radiography. The most common site for
stricture development is at the thoracic inlet. Re-
section of the stenosed segment of oesophagus may
be attempted but a guarded prognosis is indicated
because recurrence of the stricture at the site of
anastomosis is a frequent complication.

Intra-mural oesophageal cysts
Congenital intra-mural cysts may be encountered
in young horses and cause dysphagia through re-
stricting peristalsis and the passage of oesophageal
boluses. The lesions may be seen as swellings in
the oesophageal wall at endoscopy or be demon-
strated by ultrasonography or contrast radiography.

Oesophageal rupture
Ruptures of the oesophagus may arise through
trauma or by rough misuse of a stomach tube. Re-
gardless of the cause, the condition carries a poor
prognosis unless cases  are presented for treatment
soon after the injury has occurred because of the
rapid advance of contamination and cellulitis into
the surrounding tissues. Most cases arise through
obvious external trauma by kicks or stake wounds
but a number of horses have been referred to the
author’s clinic where rupture of the pharyngeal or
oesophageal wall has occurred through excessively
forceful attempts to pass a stomach tube or, in one
case, an endotracheal tube.

Neoplasia
Tumours of the oesophagus are very rare in the horse
but squamous cell carcinoma at this site has been
reported.

“Wind-sucking”
Recent research using simultaneous video-endos-
copy and video-fluoroscopy has elucidated the
events which occur in the pharynx and upper oe-
sophagus during wind-sucking behaviour. Contrary
to popular belief, horses performing this stereotypy
do not swallow air and deglutition is not part of the
sequence of events. The muscles of the upper neck
contract to create a pressure gradient across the soft
tissues of the throat so that the walls of the pharynx
and upper oesophagus are pulled apart. The sudden
in-rush of air through the open crico-pharynx coin-
cides with the gulping sound which is typically heard
during attacks of wind-sucking, but the majority of
the air is returned from the oesophagus to the phar-
ynx immediately.

Grass sickness
“Grass sickness” is a dysautonomia which produces
dysphagia in its acute form but colic in the sub-
acute and chronic forms. The condition is seen in
horses of all ages throughout the United Kingdom
and northern Europe. Afflicted horses are gener-
ally severely depressed with patchy sweating, el-
evated pulse and ileus. The dysphagia arises as a
part of total gastro-intestinal stasis and nasal reflux
of ingesta adds to the pitiful appearance of the pa-
tients. There is currently no reliable in vitro diag-
nostic test, apart from gut wall biopsy during ex-
ploratory laparotomy, but the radiographic demon-
stration of oesophageal stasis and the endoscopic
identification of ulceration of the oesophageal mu-
cosa are helpful pointers to the likely diagnosis.
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Introduction

Dorsal displacement of the soft palate (DDSP) is
the most frequent form of dynamic upper respira-
tory tract obstruction to afflict the athletic horse
and is primarily a disorder of the racehorse. In a
survey of UK trainers 4% of horses in training per
annum were afflicted with this malfunction
(Franklin, 2002) which compares with approxi-
mately 2.5% per lifetime afflicted with recurrent
laryngeal neuropathy (RLN).

Functional concepts  of the equine
conducting airways

The horse is designed to be an obligatory nose-
breathing animal and never to breathe through its

mouth. It is equipped with an intra-narial larynx
whereby the cartilages of the larynx are locked into
the caudal wall of the nasopharynx by the palato-
pharyngeal arch which acts to provide an air-tight
seal. In this context the anatomical and functional
integrity of the palatal arch is essential to maintain
the stability of the conducting airways.

An oro-pharyngeal seal also exists through contact
between the dorsal surface of the tongue and the
ventral surface of the soft palate. The palatal arch
must be able to disengage momentarily for degluti-
tion, but at all other times while the larynx remains
in its intra-narial position, the oro-pharynx is no
more than a potential space as the palate and tongue
are in contact with one another. The nasopharynx is
a musculo-membranous tube where the ventral as-
pect is formed by the soft palate. Active effort by
the muscles of the palate - the tensor veli palatinus,
the levator palatinus, the pharyngo-palatinus and
the palatinus - is required to maintain the anatomi-
cal relationships during exertion, and particularly
to prevent the separation of the palate from the base
of the tongue.

Aetiopathogenesis of DDSP

DDSP arises as an acute respiratory obstruction
which occurs while a horse is at fast exercise and
when the free border of the palatal arch becomes
dislodged from its normal sub-epiglottic position
so that the unsupported soft tissues occlude the rima
glottidis. Ventilation studies of DDSP-afflicted
horses confirm that the greater obstructive effect
occurs during expiration (Franklin et al. 2002, a).

Recent research has attempted to explain how DDSP
occurs with studies ranging from the slow-motion
analysis of the events leading up to displacement
of the free border above the epiglottis, to selective
denervation of the pharyngeal muscles. Treadmill
endoscopy, performed in step-wise tests to the point
of fatigue in clinical cases of DDSP, has revealed
a consistent sequence of events which leads to dy-
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namic DDSP. This commences with palatal insta-
bility (PI) which may reflect progressive weaken-
ing of the palatal musculature. PI is first seen as
wave movements by the soft palate from its junc-
tion with the hard palate backwards.

These billowing movements can only occur once
the soft palate has become separated from the base
of the tongue. The observation that the billowing
movements are generated at the junction of the hard
and soft palates suggests that the primary dysfunc-
tion has little to do with the free border of the pal-
ate, and yet this is the site at which much correc-
tive surgery is directed! When the palate and tongue
separate, the oropharynx is no longer a potential
space but becomes occupied by air. Once the soft
palate is free, it rises against the ventral surface of
the epiglottis so that the shape of the cartilage
changes as it becomes contoured to the palate. In
the early stages of exercise the epiglottis has an
independent rigidity and little of its ventral surface
is in contact with the soft palate.

In ‘normal’ horses this remains the situation until
the exertion is completed. However, in those horses
which are afflicted with palatal dysfunction, the
epiglottis appears to become progressively more
flaccid as the soft palate rises against it, but this is
simply a reflection of the unstable relationship be-
tween the tongue base and the ventral surface of the
palate rather than an indication of some form of
epiglottal hypoplasia. Contraction by the hyo-
epiglotticus muscle adds to the impression of flat-
tening  of the epiglottis against the soft palate.

Finally, but not in every horse, the palatal arch spon-
taneously slips from beneath the epiglottis to ob-
struct the rima glottidis. It is as if once air enters
the oro-pharynx, the palate behaves like a wet sail
and flaps until it is finally freed from beneath the
epiglottis. Deglutition rarely, if ever, triggers DDSP.

While an anatomical account of DDSP is relatively
straightforward, the underlying causes which have

been proposed are more complex. A series of stud-
ies by Holcombe et. al. at Michigan State Univer-
sity have provided food for thought:

1.  Experimental section of the tendinous portion of
the tensor palatini muscles at the level of the
hamulus of the pterygoid leads to billowing move-
ments by the rostral  portion of the soft palate, but
not to full DDSP

2.  Temporary denervation of the palatal muscles
by the application of local anaestheticsolution to
the pharyngeal branch of the Vagus nerve as it
crosses the medial wall of  the ATD causes charac-
teristic DDSP

3.  Denervation of the hyo-epiglotticus muscle,
which serves to maintain the epiglottis in a de-
pressed position, can be achieved by blocking the
hypoglossal nerve. Such a  technique leads to epig-
lottal retroversion and does not provoke DDSP

The conclusions to be drawn from these studies
are multiple, but they are not in conflict with the
treadmill endoscopic observations outlined above.
DDSP appears to represent the end-point of weak-
ening of the palatal musculature as a whole rather
than of any individual muscle leading to instability.
The role of epiglottal anomalies has probably been
overstated as a cause of DDSP and the observation
that PI and DDSP do not occur in the face of epig-
lottal retroversion in naturally occurring cases sup-
ports the view that the epiglottis is innocent.
What remains to be clarified are the factors which
compromise the function of the palatal musculature
so that it can no longer maintain stable contact with
the base of the tongue. From the survey of trainers
in the UK (Franklin, 2002) it was concluded that
DDSP is often preceded by exposure to upper res-
piratory tract viral infection.

Management of DDSP

Conservative measures
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Every attempt should be made to eliminate the pre-
disposing factors, including unfitness, oral discom-
fort through dental disease and concurrent small
airway inflammation. Aids  such as a dropped or
crossed noseband or a change of bit to a simple
rubber snaffle, or even the use of a bitless bridle,
all aim to prevent air gaining access to the orophar-
ynx. Tongue straps or tongue-ties are used to dis-
courage caudal retraction of the tongue and can be
rationalised on the basis that they help to maintain
the tongue/palate contact. Experemental studies with
horses exercised on a highspeed treadmill with and
without the application of a tongue-tie produced
inconclusive results (Franklin et al, 2002, b). In
the author’s clinic, horses for which a face mask is
used to record physiological data are much less
likely to show DDSP than when the mask has been
removed. One of the effects of the mask is to close
the mouth. Thus, the crossed noseband is the
author’s preferred riding aid to inhibit DDSP.

Surgical Treatments
Whenever a wide range of surgical remedies is
available for a clinical disorder and none has
proved to be significantly superior to the others,
there must be grounds to suspect that all are em-
pirical and that the underlying causes are not un-
derstood or cannot be reversed. The various op-
erations proposed to inhibit DDSP fall into five
broad groups where the perceived objectives are
quite different, (1) interferences to the free border
of the palate, (2) resections of part of the strap
muscles, or their tendons, attaching to the larynx
and/or hyoid apparatus, (3) techniques to render
the epiglottis longer and more rigid (4) attempts to
increase tension in the rostral soft palate from its
oral surface, and (5) replacing a weakened thyro-
hyoid muscle and thereby altering the shape of the
nasopharynx. It is ironic that very similar ap-
proaches have been employed as remedies for hu-
man snoring which can also be attributed to weak-
ness of the pharyngeal musculature in overweight,
unfit people and that similarly unpredictable re-
sults are achieved. In both species is it accepted

that there is no surgical method which makes the
muscles of the palate stronger but whatever tech-
nique is used it should avoid damage to these struc-
tures. The palatal musculature lies immediately
beneath the nasopharyngeal mucosa and dorsal to
the aponeurosis of the palate and thus, the recent
vogue to apply trans-endoscopic laser cautery per
nasum appears to be contra-indicated.

1.  Staphylectomy comprises the resection of a
strip of tissue from the anterior margin of the palato-
pharyngeal arch. This technique appears to be quite
illogical inasmuch as the source of palatal dysfunc-
tion does not lie at the free border of the palate.
Also an effect of the surgery is to increase the size
of the intra-pharyngeal ostium so that the intra-narial
configuration of the larynx would be expected to
be less stable. Some advocates of the technique
argue that the effect is more one of scarifying the
border of the arch. However, a proportion of horses
appear improved by staphylectomy - 59% in one
survey - and it has been suggested that the improve-
ment arises through a reduction in the mass of the
tissues available to obstruct the rima glottidis. The
major detractions of staphylectomy are the need for
general anaesthesia and the possibility that exces-
sive removal of palatal tissue, or damage to the
pharyngeal wall, will precipitate chronic palatal
instability with or without a permanent dysphagia.

2.  Myectomy includes resection of a segment from
the sterno-thyroideus and sterno-hyoideus muscles,
and may be extended to include part of the omo-
hyoideus muscle, or be limited to cutting the ten-
don of insertion of the sterno-thyroid on each side.
Protagonists of the technique claim that it inhibits
the laryngeal retraction which they say precedes
DDSP. The procedure can be performed on the
standing horse under local analgesia, or more safely
under general anaesthesia.  The overall ‘success’
rate of 60% which has been recorded after myec-
tomy is not significantly different from that achieved
by staphylectomy. However, there is absolutely no
endoscopic evidence or airflow data to support the
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concept of laryngeal retraction as a trigger of DDSP,
in fact studies in normal horses has shown that im-
pedance in the URT is increased by this surgery
(Holcombe et al, 1994).

Composite surgery - on the basis that myectomy
and staphylectomy performed independently pro-
duce approximately 60% success, some surgeons
hold that the two techniques performed together in-
crease the possibility of inhibiting DDSP. The
“Llewellyn” procedure consists of a combination
of staphylectomy and sterno-thyroid tenotomy. In
practice, the results of the composite operation are
not one iota superior to the component techniques
performed independently.

3.  Epiglottal augmentation has the objective to
increase the size and rigidity of the epiglottis in the
belief that hypoplasia of the cartilage is a signifi-
cant factor in the aetiopathogenesis of DDSP. Epi-
glottal hypoplasia may be defined as an epiglottal
cartilage which is abnormally small or which lacks
rigidity. It is a common observation that the epig-
lottis of young horses appears flaccid but the natu-
ral ageing process from foal to yearling to juvenile
brings increased rigidity. Thus, it is both unneces-
sary and unjust to condemn yearlings at the time of
sale on account of their epiglottal conformation.
Epiglottal hypoplasia based on the length of the
cartilage is said to occur occasionally in Standard-
breds but it is very rare indeed in Thoroughbreds.
Treadmill endoscopic observations and the hypo-
glossal nerve resection studies have cast consider-
able doubt on the role of the epiglottis in the main-
tenance of the intra-narial larynx - the epiglottis is
not necessary to “hold down the soft palate.”

In spite of the lack of reasoning behind the augmen-
tation technique, a comparable level of success to
other methods is reported. However, the potential
for major complication cannot be overstated. The
epiglottis may not be as important in respiratory
function as previously thought but it is vital in the
protection of the lower airways during deglutition

and misplacement of the surgical Teflon may pre-
cipitate irreversible dysphagia.

4.  Tension palatoplasty techniques aim to stabilise
the contact between the palate and the base of the
tongue by reducing flaccidity in the palatal tissues
in the area between the hard/soft palate junction
and the level of the fauces. Protagonists suggest
that such procedures prevent disruption of the oro-
pharyngeal seal and thereby arrest DDSP at its
source.  The palate is approached through the mouth
but only the structures ventral to the aponeurosis of
the palate are tensioned. Thus, the palatal muscles
which lie dorsal to the aponeurosis  remain un-
touched, and yet weakness of these muscles appears
to be a primary factor in the aetiology of DDSP.
The methods used to increase tension in the soft
palate include partial thickness resection of the pala-
tal tissue (“Ahern” procedure), the injection of scle-
rosing solutions and the physical cautery of the su-
perficial palatal tissues per os. There are as yet no
published results from any tension palatoplasty tech-
nique.

5. Thyro-hyoid replacement – “tie-forward”.
Recently Ducharme has proposed the use of bilat-
eral prosthetic implants to replace the thyro-hyoid
muscle. These are placed ventrally between the
basi-hyoid bone and the thyroid cartilage. The rea-
soning behind this proposal is that dynamic imag-
ing of the region has suggested that the position of
the hyoid apparatus in relation to the larynx is not
normal in DDSP-afflicted horses. Although his early
results are encouraging giving a superior level of
success to all other reported techniques the posi-
tion of the larynx as it is engaged through the arcus
palato-pharyngeus is altered but the dynamics of
deglutition must also be compromised.

Prognosis and future developments

It is remarkable how consistently a “success” level
of 60% is achieved in the surgical management of
DDSP regardless of the method used. The obvious
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unanswered question is what proportion of cases
of DDSP would resolve spontaneously without
treatment. Perhaps it is not surprising that many
veterinary reputations in this field have been es-
tablished from surgery on 2 year old horses which
are improved in time for their 3 year old season.
The role of upper respiratory tract infections in the
onset of DDSP has not been explored and yet some
form of subtle inflammatory change in the pharyn-
geal musculature or its innervation could explain
why DDSP can occur in “clusters” in the aftermath
of URT infections.



146

Proceedings 36th Annual Congress

146

The Hock accounts for most hind limb lameness in
performance horses. A large number of conditions
involving the tarsocrural joint, arthrodial joints,
tendon sheaths, bursae, tendons or ligaments con-
tribute to this high incidence.

Distal tarsal synovitis and
osteoarthritis (Bone Spavin)

Bone spavin is an osteoarthritis and periostitis that
involves the distal intertarsal and tarsometatarsal
and occasionally proximal intertarsal joints. It is
considered to be the most common cause of tarsal
lameness.  The vast majority of horses affected have
radiographic indicators of osteoarthritis but a small
percentage lack physical or radiographic evidence
and are said to have occult or blind spavin.   These
animals however may have scintigraphic evidence
of distal tarsal inflammation.  Occult and distal tarsal
osteoarthritis should be considered different stages
of the same process in which synovitis results from
radiographically inapparent cartilage lesions which
can be found at autopsy.  In addition, desmitis of
the intertarsal ligaments can produce lameness.

Treatment of Distal Tarsal
Osteoarthritis

In most cases, determining how to treat horses with
distal tarsal osteoarthritis is more difficult than
making the diagnosis.  There are a variety of treat-
ment options available that can be tailored to the
needs of each affected horse.  The success of the
treatment usually depends on the use of a combina-
tion of specific treatments

Medical or non-surgical treatments

Most horses with D.T.O. respond favourably to
various forms of medical management, including
intra-articular medication, combined with short-
term rest, oral phenylbutazone and corrective shoe-
ing.  In general, medical management is attempted
initially and if it is not satisfactory in restoring the
horse to its intended use, surgical options are then
considered.  Medical management is considered
unsatisfactory when lameness does not improve or
if repeat intra-articular medication is required in
less than 8-10 weeks.

Reduced Exercise
If the degree of disability is minimal and the per-
formance demands of the owner are flexible, some
horses benefit from decreasing their workload and
altering their intended use.

Corrective Shoeing
The goal of corrective shoeing in healing DTOA is
to reduce stress on the distal tarsus by encouraging
breakover of the hind foot and restoring hoof bal-
ance.  Breakover can be improved by squaring or
rolling the toe and setting the shoe back on the hoof.

NSAIDS
NSAIDS are often used as an adjunctive treatment.
Phenylbutazone is used most often.  Low doses of
phenylbutazone are often effective in managing pain
associated with DTOA and may extend the perfor-
mance longevity of the horse.  Occasionally phe-
nylbutazone may permit sufficient activity to achieve
functional ankylosis of the joints although this is
controversial.  In general, horses in continuous work
or training are not candidates for PBZ therapy be-
cause of the risks of prolonged use.  Ideal candi-
dates are occasional use performance horses.  Rec-
ommendations include 4.4mg/kg PBZ before the
athletic activity and continued administration for
1-2 days.  Alternatively, it may be given on an on-
off schedule – given for a few days and then stopped
for a few days.

Hock lameness
Barrie Edwards
University of Liverpool
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Alternative or Complementary Therapies
These include acupuncture, low energy light-therapy
lasers, magnetic therapy and therapeutic ultrasonog-
raphy.  The mechanism of action, efficacy and thera-
peutic protocols have not been substantiated.  Re-
cently extracorporeal shock-wave therapy (ESWT)
is a new treatment modality that has been investi-
gated.  The focussed shock waves are thought to
stimulate bone remodelling, increase blood flow
to bone-tendon interfaces, stimulate cellular me-
tabolism and provide short-tem analgesia.

The horse is placed in lateral recumbency under
general anaesthesia.  Under fluoroscopic guidance
the joint spaces and lesions are mapped on the skin
surface.  Each joint is administered 2000 pulses at
0.89 mJ/mm2 with the primary focus point at the
site or sites of the lesion.

Following treatment, the horse is stall-rested for
one week.  Then, before resuming full work, they
are restricted to walking in hand and ground work
for 4 more weeks.  In one study, 80% of horses had
improved at least 1 lameness grade 12 weeks fol-
lowing treatment.  Follow-up; radiographs 12
weeks post-treatment did not show any consistent
changes compared to pre-treatment radiographs.
Horses that responded to treatment continued to
perform as expected without lameness returning.

Surgical Treatment

A variety of surgical treatments have been reported.

Cunean Tenotomy
Cutting the cunean tendon is thought to relieve pres-
sure over the ‘seat of spavin’ but its efficacy is
controversial because lesions contributing to
DTOA are predominantly intra-articular rather than
peri-articular.  It is more likely to be effective in
treatment cunean bursitis.

Intra-articular Medication
Most horses with DTOA benefit from intra-articu-
lar medication of the distal tarsal joints with corti-
costeroids or hyaluronan or a combination of these
drugs.  There has been concern about the detrimen-
tal effects of corticosteroids on articular cartilage
however these have primarily been demonstrated
in high motion joints.  Whether repeated intra-ar-
ticular corticosteroid treatment hastens the progres-
sion of OA in horses with DTOA remains contro-
versial and unknown.  Theoretically they should
help promote clinical ankylosis of the distal tarsal
joints but repeated injections appear to rarely re-
sult in ankylosis in most clinically affected horses.

The corticosteroid most frequently used is methyl-
prednisolone acetate, although triamcinolone
acetonide and betamethasone acetate combined
with sodium phosphate may also be effective.

Typically the dose of methylprednisolone acetate
ranges from 30-60mg/joint and that of triamcino-
lone acetonide is 3-12mg/joint.  In general the low-
est dose that achieves clinical improvement should
be used.

5-10mg of hyaluronan are frequently combined with
corticosteroid and the combined intra-articular
medication is believed to produce a better clinical
response.  Although some veterinarians treat only
the TMT joint because injection of the DIT joint is
more difficult, because of the variability in joint
communication a more consistent clinical response
is likely if the DIT and TMT joints are treated in-
dividually.

Adjunctive Articular Medications
Additional articular medications which have been
used include oral glucosamine and chondroitin sul-
phate products, i/v hyaluronan and i/m polysulfated
glycosamino-glycans.  No specific study has evalu-
ated these products.  In general they are most ben-
eficial in combination with other therapies.
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Wamberg Operation
A rhomboid incision is made through the periosteal
tissues to section the local nerve supply of the joint
capsule under the cunean tendon.  The efficacy of
this technique is equally controversial.

Tarsal Arthrodesis
As natural ankylosis of the distal tarsal joints is
slow and often incomplete, several techniques, both
surgical and chemical, have been developed for
tarsal arthrodesis.  Arthrodesis is fusion of a joint
involving destruction of articular cartilage, with
subsequent intra-articular and peri-articular bone
formation.  This is thought to stabilise the joint and
alleviate pain associated with OA.

Articular Drilling With or  Without Stabilisation
Several variations of intra-articular drilling tech-
niques have been reported for the distal intertarsal
joints.  Most involve making a curvilinear incision
on the medial aspect of the hock over the cunean
tendon which is usually cut to permit exposure of
the TMT and DIT joints.  The position and plane of
the joints are identified using needles and their in-
tra-articular position is confirmed using radiogra-
phy or fluoroscopy.  Initial surgical procedures de-
scribed a drilling technique aimed at destroying
60% of the articular cartilage of the two joints.

Good clinical results were obtained but concerns
about the severity of post-operative pain thought to
be possibly due to resultant instability has led to
modifications involving a less aggressive intra-ar-
ticular drilling technique.  Three drill holes each
2-3 cm in depth, are made from the medial aspect
of each of the distal two joints.  The goal is to ‘spot
weld’ the bones of the joints together without nec-
essarily achieving complete joint arthrodesis.  Us-
ing a drilling technique combined with joint
stabilisation with a small dynamic compression
plate may provide superior results.

Laser Facilitated Arthrodesis
A technique using a ND:YAG laser to athrodese

the distal joints has recently been reported.  With
this technique a 600 micron conical tipped laser
fibre ensheathed in a 16 gauge stainless steel can-
nula is placed into the dorsomedial aspects of the
joint spaces under general anaesthesia.  Egress
needles are placed in the joints 1cm from the laser
fibre to evacuate the plume generated by the laser.
Approximately 800-1000 joules of energy are de-
livered to each joint.  The goal of the procedure is
to heat the articular cartilage and collagen in the
surrounding joint capsule by boiling the synovial
fluid until it vaporises.  Good success has been
reported in improving lameness and returning horses
to work with no major complications.  In some
cases horses become sound before radiographic
evidence of joint arthorodesis is evident.  Horses
with extensive periosteal bone formation around
the TMT and DIT joints may not be ideal candi-
dates for laser facilitated arthrodesis because of
the difficulty in placing the laser fibre intra-
articularly  in the affected joints.

 Chemical Arthrodesis
Chemical fusion of the distal tarsal joints has been
performed using sodium mono-iodoacetate (MIA).
Sodium MIA is a chemical that causes a rapid de-
crease in chondrocyte intracellular triphosphate
concentration resulting in inhibition of glycolysis
and chondrocyte death.  Tarsal fusion using MIA
was reported to occur within 24 weeks in normal
horses and was proposed as a relatively easy, in-
expensive and non-invasive treatment for distal tar-
sal OA.

Despite this advantage, there are many potentially
serious complications.  Most notably, horses may
develop severe DIT and tarsocrural joint OA fol-
lowing MIA injection, despite no obvious commu-
nication between the TMT, DIT and proximal joints.
The exact cause is not known.  Early post-injection
complications include severe lameness, swelling,
skin sloughing and infection.  Additionally, MIA
cannot be used in joints that are difficult to inject
or if the TMTand DIT are found to communicate
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with the PIT or tarsocrural joints following con-
trast arthrography.  Because of these limitations and
potential complications, I would not recommend
MIA.  All of the distal tarsal arthrodesis proce-
dures should be considered invasive, potentially
painful procedures.  Peri-operative analgesia is rec-
ommended

Synovitis of the Tarsal Sheath
(Thoroughpin)

The tendon of the deep digital flexor muscle
(DDFT) traverses the groove formed at the back of
the tarsus by the plantar surface of the sustentacu-
lum tali and the medial surface of the tuber calcis.
Its substance is extremely dense at this level and is
partially cartilaginous.  The tarsal canal is bounded
cranially in its proximal part by the caudal face of
the common ligament of the tibiotarsal joint, and
below by the tarso metatarsal ligament both of which
are intimately attached to the tarsal bones.

They are also in part cartilaginous and form a
smooth surface over which runs the deep flexor ten-
don.  Laterally the canal is bounded by the grooved
inner face of the tuber calcis, whilst caudally its
boundaries are completed by a fibrous arch which
stretches across the back of the os calcis to merge
with the medial collateral ligament.

The canal is lined by an extensive synovial mem-
brane, the tarsal sheath, which covers the caudal
surface of the common ligament of the tibiotarsal
joint and envelops the tendon thus facilitating its
gliding movement. The sheath begins 5-7.5cm
proximal to the level of the medial malleolus and
extends downwards to the upper third of the meta-
tarsus.  Proximal to the sustentaculum the sheath
overlies the joint capsule of the tibiotarsal joint
where the latter pouches plantar to the distal end of
the tibia

Tarsal sheath distension is characterised by dis-
tinct swellings either side of, and approximately

5cm cranial to the Achilles tendon and sometimes
by a third swelling below the hock on the medial
aspect at the level of the tarsometatarsal joint.

When the condition is unilateral, it is usually due
to trauma.  Most frequently it is chronic with ab-
sence of heat and no tenderness on palpation.  Lame-
ness is usually absent.  In some horses, however,
tarsal sheath distension is accompanied by moder-
ate to severe lameness related to pathological
changes in the sustentaculum tali resulting from di-
rect trauma.

In horses presenting with tarsal sheath distension
and lameness, the medial aspect of the hock should
be carefully examined for evidence of a kick or
similar injury.  In some there may be an open wound
which may or may not communicate with the sheath.
In others there may be little or no skin damage.

The radiographic examination should be directed
at bringing the medial border of the sustentaculum
tali into profile using a plantaro lateral dorsomedial
oblique (PLDMO) projection.

This area is masked in the dorsoplantar plane by
the trochea of the tibiotarsal bone and a consider-
able amount of dense new bone has to be present
before it can be seen on lateral-medial views. If
the horse will allow flexion of the hock, the dorso
flexed tangential projection is very useful.

Synoviocentesis will confirm or eliminate sepsis
of the sheath.  Contrast radiography is a valuable
adjunct to investigation of changes within the sheath
such as adhesions.

Arthroscopy or exploratory surgery on the sheath
will allow further assessment of any tendon dam-
age, adhesion formation and the integrity of the sur-
face of the sustentaculum tali over which the DDFT
runs.

The radiographic findings reported in 37 horses
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with tarsal sheath distension include:-

Sustentaculum tali
   Bony proliferations on medial border 13
   Fracture  9
    Destructive or mixed destructive  7
        and proliferative changes

Calcaneus
     Bony proliferations on the medial
      surface                                                 4

Tarsal Sheath
      Radiodensities involving the DDFT 4
       Radiodensity involving the sheath           1

None            8

In the case of horses presented with acute onset
tarsal sheath distension and lameness, evidence of
fracture of the medial border of the sustentaculum
tali may be present.  Small chip fractures are the
most common.  If accompanied by a communicat-
ing wound into the sheath, these should be removed
during surgical exploration and lavage of the sheath.
If there is no open wound, removal of fragments is
still indicated to try to minimise proliferative
changes which will subsequently cause severe ten-
don abrasion.

The amount of new bone can vary from slight ir-
regularity in outline to large proliferations depend-
ing on the severity of the initial injury and the dura-
tion of the problem.  When these proliferative
changes are already established, irreparable dam-
age to the DDFT will already have occurred.
Arthroscopic or post mortem examination reveals
gross fibrillation of the surface of the DDFT for a
distance of 10cm where it has been abraded by con-
tact with the damaged bone of the tarsal canal.  The
extent of the tendon damage is not surprising in view
of the range of tendon movement within the tarsal
canal and its tension during flexion and extension
of the hock.  The surface of the sustentaculum may
be found during exploratory surgery or at autopsy
to be much smoother than might be expected from

the radiographic evidence because of fibrous tis-
sue partially covering the pitted irregular surface.
Irreparable damage may have occurred, however,
before any irregularities in the surface of the tarsal
canal can be reduced by natural repair processes.
Osteomyelitis of the sustentaculum often results in
gross irregularities due to lysis of bone and these,
together with proliferative new bone which accom-
panies it, lead to very severe abrasive damage to
the DDFT.  Abrasive damage to the tendon invari-
ably leads to extensive fibrous adhesions of the
DDFT to the thickened discoloured sheath.

In a small number of cases, horses with tarsal sheath
distension are found on X-ray to have dense calci-
fied areas which involve the DDFT or, more rarely,
the sheath itself.  These may be associated with
repeated injections of corticosteroids into the sheath.
Surgical removal has been attempted but the re-
sidual tendon pathology usually results in chronic
lameness.

Summary

The frequency with which chronic distension of the
tarsal sheath accompanied by lameness is associ-
ated with bony changes in the sustentaculum tali
emphasises the importance of a careful radiographic
examination.  Together with clinical and labora-
tory findings, X-rays are of considerable help in
assessing the prognosis and formulating appropri-
ate treatment.  A more favourable prognosis may
be given in cases of tarsal sheath effusion in which
there is minimal lameness and absence of bony
changes affecting the sustentaculum tali.  Horses
with established radiographic changes in the suste-
ntaculum, particularly if associated with sepsis,
carry a very poor prognosis and frequently require
euthanasia.

Calcaneal Bursa Problems

Wounds to the plantar aspect of the tarsus present a
diagnostic and treatment challenge.  They frequently
involve the calcaneal bursae and carry a guarded
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prognosis.

The planteroproximal aspect of the tuber calcanei
is associated with several bursae including the po-
tential subcutaneous bursa (SCB) which develops
superficial to the superficial digital flexor tendon
(SDFT); the intertendinous calcaneal bursa (ICB)
located between the SDFT and the gastrocnemius
tendon (GNT) and the gastrocnemius bursa (GCB)
located dorsal to the insertion of the GNT on the
tuber calcanei.  Traumatic wounds over the point
of the hock may result in sepsis of any of these
bursae.  The injury may also involve the plantar
ligament, tarsal sheath, or tarsocrural joint.  The
complex anatomy can make diagnosis and treatment
of cases of septic calcaneal bursitis difficult.

The clinical signs of septic calcaneal bursitis in-
clude progressive lameness, a discharging wound
and generalised swelling at the point of the hock.
However clinical examination may fail to distin-
guish the origin of the swellings in the plantar as-
pect of the tarsus.  Digital exploration provides lim-
ited information about the extent of the injury.
Synoviocentesis can be an effective diagnostic tool
but the technique can be difficult in cases with
generalised swelling and open wounds.  Diagnos-
tic aids which can provide valuable information
include ultrasonography, plain and contrast radi-
ography and endoscopy.

Early diagnosis and treatment of septic synovial
structure are essential to improve the prognosis for
survival and return to work.

Ultrasonography is helpful in identifying ICB effu-
sion, and tendinous or ligamentous abnormalities
in many cases.  Although mild fibrillation of the
SDFT which is evident at surgery will not be picked
up on ultrasonography, more severe damage such
as necrotic areas in the SDFT, partial lacerations
of the SDFT, the SDFT retinaculum, or the gastroc-
nemius tendon and hypoechoic areas in the plantal
ligament or gastrocnemius tendon can be identified.

Radiography
In addition to standard radiographic projections,
dorsoplantar, dorsal 45o latero-plantaromedial ob-
lique, plantar 45o  latero-dorsomedial oblique and
lateromedial, numerous lesion-orientated oblique
projections, with slight variation in angles are of-
ten required to obtain a radiograph aligned to dem-
onstrate an osseus lesion clearly.  If the horse is
willing flex the tarsus, a plantaroproximal-
plantarodistal projection should be taken of the cal-
caneus.  Radiographic changes of the
tubercalcaneum are found in approximately 40%
of cases and are associated with reduced survival.

The changes include poorly demarcated lysis, pro-
liferative osteitis, sequestrum and proximal frag-
mentation.  The use of contrast radiography may
help to identify involvement of the ICB and GCB.

Treatment
Surgical treatment is recommended in all cases.  It
includes extension of the wound, aggressive debri-
dement, lavage with several litres of polyionic fluid
and partial wound closure under general anaesthe-
sia.  In any case showing radiographic abnormali-
ties, the tuber calcanei should be exposed.  Repeat
surgery may be necessary particularly in those
horses with radiographic lysis.

Post-operative management should include box rest,
parenteral and oral antibiotics, NSAIDS and ban-
daging or casting. When available the decision re-
garding the antibiotic of choice is based on bacte-
rial culture and sensitivity.  Systemic administra-
tion of antibiotics is continued until the wound has
healed with a healthy bed of granulation tissue (av-
erage 309 days).

The prognosis is excellent for horses with involve-
ment of only the subcutaneous bursa but is signifi-
cantly poorer for those with wounds involving the
intertendinous calcaneal bursa.  Horses with in-
volvement of the tuber calcanei have only a fair to
guarded prognosis.
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