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Summary

A 37 year old Arabian horse was presented for enucleation. Because of decompensated left heart failure and pulmonary oedema the deci-
sion for surgery in a standing position was made. The horse was sedated with acepromazine, levomethadone and xylazine and the supra-
orbital, lacrimal, infratrochlear and zygomatic nerve were blocked for desensitizing of the eyelids. In addition, an auriculopalpebral and a
retrobulbar block were performed to obtain palpebral akinesia and to prevent the occurrence of the oculocardiac reflex. The eye was enu-
cleated without any adverse effects with the horse standing calm and stable without any signs of pain.
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Sedierungsprotokoll für die Enukleation am stehenden Patienten bei einem 37 jährigen Pferd mit kongestivem Linksherzver-
sagen

Der vorliegende Fallbericht beschreibt die Enukleation eines Auges bei einem 37 jährigen Araber-Wallach. Nach klinischer und weiterfüh-
render kardiologischer Untersuchung wurden eine hochgradige Aortenklappeninsuffizienz und eine mittelgradige Mitralklappeninsuffizienz
mit deutlicher Dilatation des linken Vorhofs und linken Ventrikels sowie der Pulmonalarterie festgestellt. Nach elektrokardiographischer Dia-
gnostik wurde zudem Vorhofflimmern diagnostiziert. Aufgrund der vorliegenden Herzbefunde wurde von einem Eingriff in Allgemeinanäs-
thesie abgesehen und die Enukleation am stehenden Patienten vorgenommen. Das Pferd wurde mit 0,03mg/kg Acepromazin und
0,1mg/kg Levomethadon sediert. Nach 15 Minuten folgte ein Bolus 0,1mg/kg Xylazin gefolgt von einer Dauertropfinfusion mit
0,3mg/kg/Std Xylazin. Während des gesamten Eingriffs wurde eine Überwachung der Kreislaufparameter mittels EKG und Blutdruckman-
schette durchgeführt. Das Auge und die umliegenden Strukturen wurden mittels Mepivacain lokal betäubt. Es erfolgten eine Anästhesie der
Nervi supraorbitalis, lacrimalis, infratrochlearis und zygomaticus sowie des Nervus auriculopalpebralis. Um die Gefahr des Auftretens eines
okulokardialen Reflexes zu reduzieren, wurde zudem ein retrobulbärer Block durchgeführt. Nach der Applikation von Acepromazin und
Levomethadon stellte sich eine moderate Sedierung ein, die durch die Gabe von Xylazin eine für die Operation ausreichende Tiefe erreich-
te. Die erwarteten kardiovaskulären Nebenwirkungen des Xylazins wurden durch die vorhergehende Gabe von Acepromazin und Levome-
thadon auf ein vertretbares Minimum reduziert. Die verwendeten lokalen Betäubungen ermöglichten eine traspalpebrale Enukleation ohne
weitere Abwehrbewegungen oder Schmerzäußerungen des Patienten.

Schlüsselwörter: Enukleation / Lokalanästhesie / olulokardialer reflex / Sedierung / stehend

Introduction

Anaesthesia for ocular procedures continues to be a challen-
ge for the equine anaesthetist (Parviainen and Trim 2000).
Important considerations include maintenance of a central
eye position, an immobilised eye and avoidance of increased
intraocular pressure (Collins et al. 1995). Either, a deep pla-
ne of anaesthesia is required, with potential for hypotension
and hypoventilation, leading to further complications such as
myopathies and prolonged or traumatic recoveries from ana-
esthesia or the use of neuromuscular-blocking agents, with
the risk of residual neuromuscular blockade and adverse
recoveries. Ocular procedures may also initiate severe blood
loss, cardiac dysrhythmias, or cardiac arrest (Short and Reb-
hun 1980, Raffe et al. 1986, Gasthuys et al. 1988). Enucle-
ation using a transpalpebral approach in the standing horse
is described without causing severe complications like hae-
morrhage, bradycardia or hypotension (Hewes et al. 2007,
Pollock et al. 2008).

Degenerative valvular disease of the aortic valve is common
in geriatric horses (Else and Holmes 1972, Patteson and

Cripps 1993, Stevens et al. 2009) and anaesthetic manage-
ment of these patients can be challenging. In the majority of
horses with aortic insufficiency, the lesion is well tolerated, but
especially old horses can show clinical signs of congestive
heart failure (Reef and Spencer 1987). Most horses that deve-
lop congestive heart failure with degenerative aortic insuffi-
ciency have ventricular dilatation to a degree that can disrupt
the mitral valve annulus and cause mitral insufficiency (Ste-
vens et al. 2009). In humans, valvular heart disease can be
associated with impaired cardiac output, and can cause pul-
monary hypertension and interstitial pulmonary oedema
which is exacerbated by general anaesthesia (Frogel and
Galusca 2010). This case report describes enucleation in a
standing 37 year old horse with decompensated left heart fai-
lure using mild sedation and local blocks.

Case report

A 37 years old Arabian horse gelding (380 kg bwt) was pres-
ented to the Clinic for Horses of the University of Veterinary
Medicine in Hanover because of a deep and very painful cor-
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neal ulcer of the left eye. After information about different the-
rapeutic options the owner decided for enucleation of the
affected eye. 

Abnormal findings of the clinical examination were an irregu-
lar heart rate with a mean of 84 min-1 and respiratory rate of
32 min-1. A holodiastolic heart murmur grade 4 and an ear-
ly systolic heart murmur grade 3 with its point of maximal
intensity over the aortic valve respectively over the mitral val-
ve were detected. Colour flow Doppler echocardiography
showed a severe aortic valvular insufficiency and a moderate
mitral valve insufficieny with mitral valve prolaps and dilata-
tion of the left artrium and ventricle and the pulmonary artery.
Electrocardiographic examination showed atrial fibrillation
with a ventricular response rate of 80 min-1. On auscultation
end-inspiratory crackles were detected over both lung sides.
Radiographs of the lungs were consistent with interstitial pul-
monary oedema. Based on the clinical examination, the dia-
gnosis of decompensated left heart failure with severe aortic
and mitral insufficiency with pulmonary hypertension and pul-
monary oedema was made and the physical status of the hor-
se categorized as ASA (American Society of Anesthesiologists)
4. Due to financial limitations the owner decided against furt-
her diagnostics and preoperative therapy. Because of the
increased anaesthetic risk associated with ASA 4 status, the
decision for transpalpebral eye enucleation in the standing
horse was made. 

Anaesthetic technique

The Horse was placed in stocks and equipped with a teleme-
tric ECG recording system (Televet 100, Rösch & Associates,
Frankfurt, Germany). Blood pressure was measured by high
definition oscillometry (VET HDO Monitor®, S+B medVet
GmbH, Babenhausen, Germany) with the cuff placed at the
base of the tail (middle coccygeal artery) every 3 minutes. The
device was connected to a computer system. By real-time
scanning the pulse waves were visualised on a PC screen and
the algorithm was capable of capturing all of the relevant
data and ignoring all pre-programmed artifacts.

A 12 gauge indwelling catheter (EquiCathTM Fastflow, Braun,
Tuttlingen, Germany) was placed into the left jugular vein. The
horse was sedated with 0.03mg kg-1 acepromazine (Vetran-
quil® 1%, Albrecht GmbH, Aulendorf, Germany) IV, 0.1mg kg-

1 levomethadone (L-Polamivet®, combination of Levomethado-
ni hydrochloridum 2.5mg, Fenpipramidi hydrochloridum
0.125mg, Intervet Deutschland GmbH, Unterschleißheim,
Germany) IV followed after 15 minutes by 0.1mg kg-1 xylazi-
ne (Xylazin® 2%, CP-pharma GmbH, Burgdorf, Germany) as a
slow IV bolus and a constant rate infusion (CRI) of xylazine at
0.3mg kg-1 h-1 using a syringe driver (perfusor®compact, B.
Braun Melsungen AG, Meslungen, Germany).

The eye and associated structures were desensitized using 2%
mepivacaine hydrochloride (Scandicain® 2%, AstraZeneca
GmbH, Wedal, Germany). The supraorbital, the lacrimal, the
infratrochlear and the zygomatic nerve were blocked for sen-
sory block of the eyelids and the auriculopalpebral nerve und
a retrobulbar block were performed for akinesia of the eye.
The supraorbital nerve was blocked by injecting 2ml of mepi-
vacaine into the supraorbital foramen, 1ml as the needle was

slowly withdrawn and another 2 ml subcutaneously immedia-
tely over the foramen. The lacrimal nerve was blocked at the
lacrimal canthus along the dorsal rim of the orbita with 3ml
mepivacaine and another 3ml mepivacaine were placed
around the infratrochlear nerve at the dorsal rim of the orbi-
ta near the medial canthus. The zygomatic nerve was blocked
with 5ml mepivacaine on the lateral aspect of the bony orbit
and the auriculopalpebral nerve was blocked at the ventral
edge of the temporal portion of the zygomatic arch. A retro-
bulbar block was performed transpalpebral choosing injec-
tion site at the lateral canthus of the orbital fossa just caudal
to the caudal aspect of the bony dorsal orbital rim. The slight-
ly bended needle (18 gauge, 80mm Tuohy needle, Perican®,
Braun, Tuttlingen, Germany) was advanced until slight dorsal
movement of the eye was noticed, indicating a position at the
retrobulbar muscle cone. Eight ml mepivacaine were deposi-
ted at this site. A total volume of 24ml of mepivacaine 2%
was used for the local blocks.

The horse was mildly sedated after acepromazine and levo-
methadone, but this combination was not sufficient for the
horse to tolerate performance of the local blocks which made
deepening of sedation by xylazine necessary. Heart rate was
80min-1 before sedation and remained unchanged after
sedation with acepromazine and levomethadone. Immediate-
ly after the bolus of xylazine heart rate decreased to 64min-1

followed by a slow incremental increase over time and during
xylazine CRI to a maximum of 76min-1 at the and of surgery.
Baseline value of mean arterial blood pressure before medi-
cation was 72mmHg (systolic blood pressure 99mmHg, dia-
stolic blood pressure 62 mmHg) and decrease after injection
of acepromazine and levomethadone 70mmHg (systolic
blood pressure 92 mmHg, diastolic blood pressure
58mmHg). After injection of xylazine, there was a marked
increase in mean arterial blood pressure to 101mmHg (systo-
lic blood pressure 135mmHg, diastolic blood pressure
82mmHg) and it decreased over time and during surgery con-
tinuously to 77mmHg (systolic blood pressure 101mmHg,
diastolic blood pressure 65mmHg) at the end of surgery.

The eye was enucleated successfully using a transpalpebral
technique and the horse was standing calm without any signs
of pain, adverse reactions or heart rate and blood pressure
response to incision.

Discussion

A horse with decompensated left heart failure was presented
to the Clinic for Horses because of a deep, very painful cor-
neal ulcer. Different options for therapy were discussed and
owners decided for enucleation of the effected eye.  

Human patients with decompensated valvular heart disease
have a reduced cardiac output and a higher incidence for
hypoxia than other patients (Frogel and Galusca 2010).
Because of aortic and mitral valvular insufficiency leading to
impaired ventricular function and decreased diastolic filling
mild hypotension was noticed in our patient. In men atrial
fibrillation leads to reduced cardiac output (Daoud et al.
1996). Cardiovascular function during anaesthesia is well
maintained in horses with atrial fibrillation without underlying
cardiac disease (Schauvliege et al. 2009). In patients with left
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heart failure cardiac output can be compromised due to left
heart failure. Because of this severe hypotension would be
expected during general anaesthesia because of further car-
diovascular depression of the anaesthetic drugs. Treatment
and management of congestive heart failure includes ACE
inhibitors for afterload reduction (vasodilation), sodium and
fluid loss and amelioration of myocardial remodeling (Gard-
ner et al. 2004, Gehlen et al. 2003). In severe cases digoxin
can be administered to increase force and velocity of myo-
cardial contraction, to decrease conduction velocity through
the atrioventricular node and to decrease activity of the adre-
nergic nervous system (Sweeney et al. 1993). Additionally

furosemide should be initiated to reduce congestion and lung
water and lower pulmonary transcapillary pressure (Senior
2005) because pulmonary oedema impairs gas exchange
and oxygen-uptake of the lungs and therefore also increases
the risk of hypoxia. Therapy of both, heart failure as well as
lung oedema is absolutely recommended before elective sur-
gery to reduce anaesthetic risk. However, due to financial
limitations the owners decided against preoperative treatment
of left heart failure and lung oedema.

The morbidity and mortality rates for horses subjected to
general anaesthesia are higher than for many other domestic
species, ranging between 6.4% and 13.7% for morbidity
(Richey et al. 1990, Senior et al. 2007) and between 0.12%
and 0.8% (Bidwell et al. 2007, Johnston et al. 2002) for
mortality rate. Factors influencing morbidity and mortality
were among other things ASA-category, cardiovascular status
and the age of the horse (older horses have higher risk).
Recovery from general anaesthesia is the most critical phase
in equine anaesthesia because of the inability of complete
control and is mainly affected by the anaesthetic conditions.

Especially horses after ocular surgery are at greater risk for
unsatisfactory recoveries from anaesthesia (Parviainen and
Trim 2000) compared to other elective procedures. Perfor-
ming surgery in the standing and well sedated horse avoids
the risk of poor recoveries and might reduce morbidity and
mortality in these patients. 

The decision to perform a procedure in the standing patient
rather than in general anaesthesia depends on many factors,
such as patient health and related anaesthetic risk, safety,
comfort and experience of the surgeon and anaesthetic exper-
tise. The risk for further damage or injury of the horse is easier

Fig. 1 Injection sides for the (1) auriculopalpebral nerve (akine-
sia of the upper eyelid) and the (2) supraorbital, the (3) lacrimal, the
(4) infratrochlear and the (5) zygomatic nerves (sensory block of the
eyelids).
Injektionsstellen zur Blockade des (1) Nervus auriculopalpebralis
(Akinesie des oberen Augenlieds) sowie des (2) Nervus frontalis, (3)
des Nervus lacrimalis, (4) des Nervus infratrochlearis und (5) des
Nervus zygomaticus (Nerven 2-5 sind sensorische Nerven)

Fig. 2 Sensory block of the eye: A The supraorbital nerve was
blocked by injecting 2 ml of mepivacaine into the supraorbital fora-
men, 1 ml as the needle was slowly withdrawn and another 2 ml sub-
cutaneously immediately over the foramen. B The lacrimal nerve was
blocked at the lacrimal canthus along the dorsal rim of the orbita
with 3 ml mepivacaine. C Another 3 ml mepivacaine were placed
around the infratrochlear nerve at the dorsal rim of the orbita near
the medial canthus. D The zygomatic nerve was blocked with 5 ml
mepivacaine on the lateral aspect of the bony orbit.
Durchführung der Blockade sensorischer Nerven am Auge des Pfer-
des. A Um den Nervus frontalis zu anästhesiesen werden 2 ml des
Lokalanästhetikums in das Foramen supraorbitale injiziert, ein 1 ml
wird bei zurückziehen der Injektionskanüle im Kanal abgesetzt und
weitere 2 ml subkutan im Bereich der Einstichstelle injiziert. B Die
Punktionsstelle zur Anästhesie des  Nervus lacrimalis befindet sich am
dorsalen Rand der Orbita, oberhalb des nasalen Augenwinkels. Hier
werden 3 ml Lokalanästhetikum in die Tiefe appliziert. C Die Punk-
tionsstelle zur Anästhesie des Nervus lacrimalisbefindet sich ebenfalls
am dorsalen Rand der Orbita, jedoch oberhalb des lateralen Augen-
winkels. D Die Blockade des Nervus zygomaticus erfolgt, indem 5 ml
des Lokalanästhetikums an den ventralen Rand der knöchernen Orbi-
ta in die Tiefe appliziert werden. 
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to prevent during general anaesthesia and surgery in the
immobilised patient is safer for the surgeon, the anaesthetist
and the equipment (Wilkie 1991). In standing procedures the
horse is sedated but arousable and may react to touch or noi-
se and by definition even in deep sedation purposeful respon-
ses to painful stimuli are possible. Aseptic draping, maintai-
ning sterility of the suture and the instruments is more difficult
or is often omitted in standing surgery because of movement
of the horse. Also visibility is poorer and therefore knowledge
of the anatomy is more important for precise surgical dissec-
tion. As a result there is an increase in risk of infection and of
poor cosmetic outcome for standing enucleation. However the
increased risk for hypotension and hypoxia because of the left
heart failure and the lung oedema leading to high risk of ana-
esthetic related mortality in combination with the increased
age of this horse resulted in the decision to avoid general ana-
esthesia and perform enucleation in the standing horse.

Transpalpebral enucleation in the standing horse is described
as eliminating the risk and costs of general anaesthesia (Pol-
lock et al. 2008). Proper use of nerve blocks, topical analge-
sia and sedative drugs are necessary to perform this techni-
que (Wilkie 1991). Sensory denervation of the eye and the
eyelids requires anaesthesia of four individual nerves: the
supraorbital, lacrimal, zygomatic and infratrochlear nerve.
The block of the supraorbital nerve desensitizes the forehead,
including the middle two thirds of the upper eyelid and pal-
pebral motor supply from the medial portion of the palpebral
branch of the auriculopalpebral nerve (Manning and Claire
1976). Anaesthesia of the lateral cantus and the lateral
aspect of the upper eyelid are achieved by blocking the lacri-
mal nerve and medial canthal anaesthesia is performed by
blocking the infratrochlear nerve (Manning and Claire 1976).
For local anaesthesia of the lower eyelid and its surrounding
skin and connective tissue, the zygomatic nerve has to be
blocked (Manning and Claire 1976). With these four blocks
all sensitive branches of the trigeminal nerve innervating the
eye are desensitized in the horse. Palpebral akinesia is achie-
ved by blocking the auriculopalpebral nerve (Rubin 1964). As
being a branch of the facial division of the trigeminal nerve it
also carries motor fibres to the orbicularis muscles. Blocking
this branch of the trigeminal nerve, in addition to anaestheti-
zing the optical nerve and the retrobulbic muscles, reduces
the incidence of the oculocardiac reflex (Ludders 1994, Raffe
et al. 1986). This reflex is mediated by nerve connections bet-
ween the trigeminal cranial nerve and the vagus nerve of the
parasympathetic nervous system. The afferent tracts are deri-
ved mainly from the ophthalmic division of the trigeminal ner-
ve, although tracts from the maxillary and mandibular divi-
sion have also been documented (Lang et al. 1991). These
afferents synapse with the visceral motor nucleus of the vagus
nerve, located in the reticular formation of the brain stem.
The efferent portion is carried by the vagus nerve from the
cardiovascular centre of the medulla to the heart, of which
increased stimulation leads to decreased output of the sinua-
trial node (Lang et al. 1991). Bradycardia, junctional rhythm,
asystole and death can be induced through this reflex, which
mainly occurs during ocular surgery during manipulation of
the eye immediately before it is removed.

In this case the combination of acepromazine and levome-
thadon produced no adequate sedation to perform the local
blocks. Acepromazine was used in this case because it pro-

duces mild sedation with less reduction of locomotor activity
(Muir and Hubbel 2009). In addition it has a direct vasodila-
tatory effect on the blood vessels (Walker and Geiser 1986)
leading to a reduction of the afterload comparing to the
effect of ACE inhibitors. After additional medication with xyla-
zine the horse was well sedated and local blocking of the eye
and peripheral structures as well as performing the surgery
was possible. Xylazine was used in very low dose to reduce
adverse cardiovascular effects like reduction in heart rate,
alteration of heart rhythm, an initial hypertension followed by
a prolonged hypotension and a decrease in the cardiac out-
put (England and Clarke 1996). Cardiovascular side effects
were only moderate due to the low dose, the slow application
time (CRI) und the combination with acepromazine.

During surgery no signs of pain were noticed. The horse sho-
wed no adverse or aversive reactions to the stimuli and no
changes in heart rate or in blood pressure resulting from the
surgical procedure. Special attention was given to the direct
manipulation of the eye which can potentially produce a ocu-
locardiac reflex, but no signs of bradycardia or arrhythmia
were noticed during enucleation.

Conclusion

The decision to perform a procedure with standing sedation
rather than general anaesthesia must be made on basis of the
temperament of the horse and skill of the veterinarian. The
surgical experience in performing procedures standing is also
important for a successful outcome. Although enucleation in
general anaesthesia is technically easier to perform with
decreased risk for infection of the wound or injury of the sur-
geon or anaesthetist, in this case patient risk considerations
resulted in the decision for standing surgery.
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