
uch of the technology developed for
small animal anesthesia has been
adapted for use in birds, including

important advances in patient monitoring.
However, because mammals have different
anatomy and physiology and a larger body size
compared with most birds, there are limitations
to the use of this technology in avian anesthe-
sia. This article provides practical information
and recommendations for providing and moni-
toring avian anesthesia in the practice setting.
Patient support during anesthesia as well as
prevention and management of anesthetic
emergencies are also discussed.

PREANESTHETIC
CONSIDERATIONS
Before anesthesia, the avian patient should be
carefully assessed to ensure that it is a suitable
candidate for the planned procedure. Preanes-
thetic assessment should include a history and
thorough physical examination. In particular,
the heart and respiratory system should be aus-
cultated; the crop palpated for food or liquid;
the abdomen palpated for organ enlargement,
eggs, or other masses; and the nutrition and
hydration status assessed. Depending on the
indications for anesthesia and the patient ’s
health status, preanesthetic laboratory tests may

include a complete blood count, biochemistry
profile, fecal Gram stain, cloacal culture, and
radiography. The risk of severe complications or
death is generally low during avian anesthesia
when inhalation agents such as isoflurane or
sevoflurane are used; however, it is always
important to warn the bird’s owner of potential
risks, verbally and in writing, before the planned
procedure. The risk of complications increases
when sick or injured birds are anesthetized or
the surgical procedure is prolonged.1 Sick or
injured birds, in particular, should be stabilized
with warmed fluids, supplemental heat, and
antibiotics as needed before anesthesia.2

Preanesthetic fasting can be controversial in
avian practice. Some authors recommend fast-
ing birds for no longer than 2 to 3 hours,3 but I
have found that longer fasting periods are nec-
essary for adequate crop and proventriculus
emptying and are well tolerated by stabilized
avian patients. A general guideline for fasting
birds before anesthesia is 8 to 12 hours for
medium or larger birds (>300 g) and 3 to 6
hours for smaller birds.4 Preanesthetic sedatives
and other drugs are rarely used in birds, with
the exception of analgesics (e.g., butorphanol).
Anticholinergic drugs such as atropine are not
routinely administered to birds because thick-
ened respiratory tract secretions increase the
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injectable anesthetics have been documented to be safe in widely diverse taxonomic groups. In

addition, the ability to maintain and monitor cardiovascular and respiratory parameters within

normal physiologic ranges has improved. This article emphasizes concepts and equipment that are

applicable for companion avian patients typically seen in veterinary clinics; however, much of this

information may also be used for wild bird anesthesia and in field conditions. 
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risk of airway or endotracheal tube occlusion.5 Lastly, it
is important to organize all necessary supplies, equip-
ment, and emergency drugs before starting anesthesia
and surgery. 

ANESTHESIA SUPPLIES AND
EQUIPMENT
Isoflurane and Sevoflurane
Inhalation anesthesia is more commonly used than
injectable anesthesia in clinical avian practice. Isoflurane
is currently the anesthetic agent of choice, although
sevoflurane is also an excellent, albeit more expensive,
option.6 Respiratory depression and hypoventilation are
potential complications of both agents, so capnography
should be used to monitor ventilatory status, particularly
in birds that are breathing spontaneously.7,8 The advan-
tages of using sevoflurane versus isoflurane in birds
include faster induction and recovery due to decreased
blood and tissue solubility and smoother recoveries with
less ataxia.6,9 In practice, however, sevoflurane anesthesia

may not always result in a faster or smoother recovery.
Possible explanations for prolonged recovery may
include hypotension, acid–base imbalance, and hypox-
emia. A situation in which recovery from sevoflurane
anesthesia might not be smooth is when an avian
patient undergoes a painful procedure and postoperative
analgesia is inadequate. Rapid emergence from an anes-
thetic state coupled with pain can result in a rough
recovery. Further clinical research is needed to account
for these unexpected observations. 

In my experience, birds are usually induced and main-
tained at 3% to 4% and 1% to 2.5%, respectively, for
isoflurane and 4% to 6% and 3% to 4%, respectively, for
sevoflurane. An oxygen flow rate of 150 to 200
mL/kg/min is commonly reported,3 but I typically use a
rate of 1 L/min in most medium and large birds
(approximately >300 g). Induction and uncomplicated
recovery generally take less than 5 minutes each. Inhala-
tion anesthesia induction is more rapid in birds than
mammals because of the greater lung surface area and an
efficient cross-current gas exchange in the air capillar-
ies.10 Likewise, small changes in vaporizer settings can

produce dramatic changes in patient response, so careful
monitoring is necessary. Recovery can be prolonged with
procedures longer than about 45 minutes or when the
patient is compromised by hypothermia, respiratory aci-
dosis, hypovolemia, or other metabolic disturbances.
During induction, the bird is manually restrained until
immobilized and then placed in a recumbent position on
a padded surface. During recovery, the bird is gently
restrained in a towel and extubated once it starts to resist
the presence of the tube, but oxygen is administered via
an open mask until the bird is recovered from anesthesia
and able to stand. Further recovery is done in a card-
board box or in a smooth-walled cage in a darkened
room. I recommend against placing parrots in a regular
cage for at least an hour after anesthesia to avoid possible
injury from climbing and falling. 

Injectable Anesthetic Agents
Injectable anesthetics, such as propofol or medetomi-
dine–ketamine (followed by reversal with atipamezole),

may be useful for remote field locations where commer-
cial shipment of hazardous gases and anesthetic agents is
logistically complicated or prohibited11,12 or for use in
large birds for which mask induction may be challenging
(i.e., ratites).13 More information related to injectable
anesthetic options in birds can be found elsewhere.5,6,14–16

Local Anesthetic Agents
Local anesthetics block ion channels to prevent pain
impulse generation and conduction, and they should be
combined with general anesthesia when used in birds to
reduce handling stress. Lidocaine can be used preopera-
tively (maximum recommended dose: ≤4 mg/kg to pre-
vent toxicosis).17 Bupivacaine (2 mg/kg) at the site of
incision or as a ring block may provide postoperative
analgesia.11

Masks 
Commercially available masks designed for dogs and
cats can be used for induction of avian anesthesia. The
black rubber gasket is replaced with a latex glove that
is tied or taped over the opening (Figure 1), and a
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because of the presence of complete tracheal rings. 
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small oval is cut into the latex glove. During mask
placement, the handler restrains the bird’s head while
the anesthetist spreads the opening for the mask to
place it over the bird’s head. The advantage of using a
latex glove for the gasket is that if the patient (e.g., a
parrot with a large beak) bites the glove, it is simple
and inexpensive to replace. The latex glove forms a
good seal around the patient’s neck to prevent waste
gas from escaping, and when the procedure is com-
pleted, the latex glove is discarded and the mask disin-
fected before use on the next patient. A properly sized
mask allows the entire head and beak to be inserted
while minimizing dead space. 

Masks can be modified to accommodate the widely
diverse anatomic variations of avian species. For example,
for budgerigars and finches, a cut-down 35- or 60-mL
syringe case can be used, with a hole drilled at the closed
end to facilitate insertion of the adapter piece for the cir-
cuit (Figure 1). At the other extreme, a 1- to 2-liter soft
drink bottle can be cut down to facilitate masking a large
toucan. Other examples of homemade masks include
urine specimen cups and small, plastic food containers. 

Endotracheal Tubes and Intubation
Birds should be intubated for procedures that will last
longer than 30 minutes. Intubation is done after the
patient is in a medium plane of anesthesia (no muscle

tone or response to a toe pinch). The tube should pro-
vide a good seal but should not be tight within the tra-
chea. Cuffed endotracheal tubes should be avoided
because of the presence of complete tracheal rings.10 I
prefer using pediatric Cole tubes for intubating birds
such as parrots, pigeons, and most raptors because these
tubes provide a good seal at the glottis (Figure 2). The
disadvantage of these tubes is that only 1.5 to 2 cm of
tube is inserted into the trachea, so it is important to
carefully tape the tube in place (Figure 3). Uncuffed
endotracheal tubes provide a suitable alternative to Cole
tubes. Suitably sized endotracheal tubes for birds weigh-
ing less than 100 g are not commercially available. Red
rubber feeding tubes can be cut down, beveled, and
sanded smooth, but great caution should be exercised
when using small tubes in birds because of possible
mucus occlusion during surgery. 

The glottis is located at the caudal aspect of the
tongue. Intubation is facilitated by the holder opening
the upper and lower beak and pushing dorsally on the
tongue from underneath the intermandibular space,
while the anesthetist grasps the tongue to pull it ros-
trally for tube placement. It is important to remember to
slide the tongue and tube back into the oral cavity after
intubation, as the tongue can slide off a short tube (e.g.,
a Cole tube). Once the bird is intubated, the tube is
securely taped to the mandible and the neck is extended
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Figure 1. Commercially available anesthesia masks are
adapted for use in birds by replacing the black rubber
gasket with a disposable latex glove. Other options shown
include a modified small food container and a cut-down 35-mL
syringe case. 

Figure 2. Uncuffed endotracheal tubes (bottom tube) are
used in birds to prevent tracheal necrosis. Commercially
available endotracheal tubes are not always available for smaller avian
patients, so red rubber catheters can be modified for use (top tube).
Pediatric Cole tubes (middle two tubes) are available in multiple sizes
(8 to 22 Fr) and provide an excellent seal at the glottis. 
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to prevent kinking of the trachea. Capnography is
extremely useful for monitoring proper ventilation dur-
ing anesthesia. If the bird develops hypercapnia or dysp-
nea or if the expiratory phase is prolonged, endotracheal
tube kinking or obstruction should be ruled out. During
intubation, the patient must be handled very gently to
prevent trauma to the trachea, as severe tracheal necrosis
with associated fibrosis and stenosis may develop.18

These changes may not be apparent until weeks to
months after surgery, when the bird becomes dyspneic. 

Breathing Circuits
Nonrebreathing circuits, such as the Bain circuit or modi-
fied Jackson-Rees circuit (i.e., Ayre’s T-piece), rely on a
high flow rate to eliminate carbon dioxide, typically more
than 200 mL oxygen/kg/min.19 The advantages of these
circuits include decreased resistance to breathing by the
patient and rapid responses to changes in the vaporizer
setting. A 0.5- to 1.0-L bag is used for most birds. The
entire circuit should be disinfected and dried between
patients to prevent disease transmission.

Mechanical Ventilators
Mechanical ventilators that are suitable for patients as
small as cockatiels are available. Ventilators can be pres-
sure limited or volume limited. Pressure-limited ventila-
tors deliver a tidal volume until a predetermined airway
pressure is reached, while volume-limited ventilators
deliver a predetermined tidal volume regardless of air-
way pressure. A peak inspiratory pressure of 5 cm H2O

was used in African grey parrots undergoing mechanical
ventilation during isoflurane anesthesia in one study.20 If
an endotracheal tube is occluded, a pressure-limited
ventilator will deliver a lower tidal volume and the
patient will be underventilated. Under the same circum-
stances, a volume-limited ventilator will trigger an alarm
when the airway pressure exceeds a certain limit. In
another study, pigeons anesthetized with isoflurane
anesthesia and ventilated with a pressure-limited venti-
lator developed respiratory alkalosis after the coelomic
cavity was opened. With this “open system,” the ventila-
tor could not achieve the predetermined pressure and
the birds were overventilated.21 Use of a volume-limited
ventilator under these circumstances would be less likely
to cause acid–base derangements. Regardless of ventila-
tor type, if the patient is monitored by capnography,
hypercapnia secondary to poor ventilation can be
quickly recognized and corrected.

Manual Ventilation
An alternative to mechanical ventilation is manual ven-
tilation, or bagging. Airway pressures should not exceed
15 to 20 cm H2O to prevent overinflation of air sacs.4

From a practical perspective, the clinician should be able
to observe the rise and fall of the keel without any audi-
ble noises from the patient during bagging. Manual res-
piration should be employed when a bird is breathing
shallowly or becomes apneic or hypercapnic.

ANESTHESIA MONITORING
The key to effective anesthesia monitoring is a dedi-
cated anesthetist who is assigned to monitor the patient
throughout the anesthesia period. No single monitor
covers all the possible parameters, and individual prefer-
ences and resource availability often dictate the types of
monitoring used for avian anesthesia. 

Basic Parameters
At a minimum, heart and respiratory rates and rhythms
should be monitored using a stethoscope and visual
observation. The bell of the stethoscope should be
placed under the feathers in direct contact with the skin.
For heart auscultation, suitable places to listen with
minimal sound muffling include the keel bone, the tho-
racic inlet, the axillae, and the back on either side of the
spine. Heart rates may be difficult to count in small
birds and vary widely between species. The length and
depth of anesthesia also affect heart and respiratory
rates. Rather than using a published heart rate for a par-
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Figure 3. Intubated green conure with the endotracheal
tube taped to the mandible. After intubation, it is important
to securely tape the anesthesia circuit to the table to prevent the
endotracheal tube from being inadvertently dislodged from the
trachea.
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ticular species, it is more important to assess the rate,
rhythm, and intensity of sound throughout the proce-
dure as a guide to patient status during anesthesia. Like-
wise, respiratory rates vary widely between species, so it
is more important to monitor the individual patient’s
changes in respiratory rate and depth. Use of clear plas-
tic surgical drapes facilitates visual monitoring of the
respiratory rate. It is important to ventilate the bird at
least once per minute throughout anesthesia to prevent
hypoventilation and possible respiratory acidosis. More
frequent ventilation (approximately six to 10 breaths per
minute) may be necessary if the depth of respiration is
very shallow or if the bird becomes dyspneic. 

Central Nervous System
Assessment of certain reflexes can assist in determining
the anesthetized patient’s plane of anesthesia.19,22 Pain
reflexes (i.e., toe pinch or feather pluck) are lost when
the bird is in a medium (surgical) plane of anesthesia.22

Palpebral reflexes are usually lost by a medium plane of
anesthesia, but corneal reflexes persist until the deep
plane of anesthesia.19 The presence of a mask over the
bird’s head usually interferes with the ability to assess
ocular reflexes, but the loss of muscle tone in the legs or
wings can be useful for assessing transition from a light
to a medium plane of anesthesia.19 Generally, the heart
and respiratory rates increase when the bird is experi-
encing pain or when the depth of anesthesia is too low;
conversely, these rates may decrease in the deep plane of
anesthesia, signaling the need to adjust the flow of anes-
thetic gases accordingly.19,22

Circulatory System
Ultrasonic Doppler Monitoring
The ultrasonic Doppler flow detector is an excellent
device for monitoring heart rate and rhythm. An ultra-
sonic beam is transmitted into the artery and is reflected
by erythrocytes onto a receiving transducer. The differ-
ence in frequency between the transmitted and reflected
beams is linearly proportional to the rate of blood flow
in the vessel and therefore can be used to develop an
audible signal proportional to flow rate.22 The sensor is
commonly placed over the cranial tibial artery, palpable
on the cranial aspect of the hock joint; the superficial
ulnar artery, palpable on the ventral surface of the elbow
joint (Figure 4); or the deep radial artery, palpable on
the ventral surface of the distal radius near the carpal
joint. The sensor is taped to the preferred location, or,
for the wing locations, secured in place by a pair of

tongue depressors taped together at one end to form an
atraumatic “clip”22 (Figure 4). The most common prob-
lems with correct sensor placement are occlusion of the
artery by applying too much pressure over it (i.e., taping
the sensor too securely) and inadequate contact with the
skin over the artery due to insufficient gel or failure to
move or remove feathers at the site. The audible signal
can become faint or disappear if the sensor is dislodged
or cardiovascular depression occurs. 

Ultrasonic Doppler flow detectors can also be used for
indirect blood pressure (BP) monitoring. Direct BP
monitoring is difficult in most birds because of their
small, relatively inaccessible arteries. Indirect BP mea -
surements are a useful, inexpensive alternative and can
provide systolic BP values and trend changes during
anesthesia. Indirect BP measurements have been found
to correlate well with direct BP measurements in anes-
thetized ducks.7,23 The ultrasonic Doppler flow detector
sensor is positioned over one of the locations mentioned
previously, and a small BP cuff is placed on the limb
proximal to the sensor (i.e., distal humerus or distal
femur). The cuff width should be approximately 40% of
the circumference of the wing or leg; for example, a #1
cuff is appropriate for cockatiels, a #2 cuff for African
grey parrots, and a #3 cuff for larger cockatoos.24 The
cuff is inflated until the Doppler signal is no longer
audible. As pressure is slowly released from the cuff, the
systolic pressure (in mm Hg) is recorded from the
sphygmomanometer when the heartbeat becomes audi-
ble again. The normal mean systolic BP for eight species
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Figure 4. Anesthetized blue and gold macaw being
monitored with an ultrasound Doppler flow detector,
capnograph, and cloacal temperature probe. The Doppler
sensor is being held in place by a pair of tongue depressors acting as
an atraumatic clip, and the capnograph is set up to sample expired
breaths via a port incorporated into the endotracheal tube.
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of psittacines while awake was 139 mm Hg (range: 113
to 157 mm Hg); during isoflurane anesthesia, it was 107
mm Hg (range: 96 to 140 mm Hg).24

Esophageal Stethoscope Monitoring
A simple esophageal heart rate monitor may be substi-
tuted for stethoscope monitoring in birds that have sim-
ple crop anatomy (i.e., waterfowl, raptors, most aquatic
and wading birds), but not in parrots and pigeons.22 The
monitor is placed in the portion of the esophagus caudal
to the thoracic inlet. 

Electrocardiography
The application of electrocardiography for monitoring
avian anesthesia has the benefits of recording heart rates
that are too rapid to count manually and providing spe-
cific information about cardiovascular abnormalities or
arrhythmias that may be present in the anesthetized
patient. Electrodes are positioned at the patagium and
inguinal skin web locations using flattened alligator
clips, or small hypodermic needles are passed though
the skin and attached to alligator clips.25

Respiratory System and Ventilatory Status 
Capnography
The anesthetized patient’s ventilatory and circulatory
status is effectively monitored using capnography. In my
opinion, short of ensuring that the heart is still beating
and the bird is still breathing (or being ventilated manu-

ally or mechanically), this is the most important tool for
monitoring the avian patient during anesthesia. This
noninvasive method measures the respiratory rate and
partial pressure of end-tidal carbon dioxide (ETCO2)
and indirectly estimates the partial pressure of arterial
carbon dioxide (PaCO2). Sidestream monitors are recom-
mended for use in birds and other small patients
because they contribute minimal dead space to the anes-
thesia circuit (Figure 5). Capnometers are available with
or without capnographic waveform displays. The former
are more expensive but provide a visual display of
ETCO2 changes, which is important in determining the
accuracy of the airflow readings. 

An ETCO2 of 30 to 45 mm Hg should indicate ade-
quate ventilation during inhalation anesthesia in most par-
rots and approximates a normal physiologic range of 25 to
40 mm Hg for PaCO2 for awake birds.20 If the ETCO2

level exceeds approximately 45 mm Hg, increasing the
ventilatory rate should facilitate a return to the normal
range, assuming that the endotracheal tube is patent and
the trachea is not obstructed. If the bird’s respiratory rate
is normal but its breaths are shallow, the bird can become
hypercapnic and should be ventilated at least once or twice
per minute or as needed to maintain the ETCO2 within
the normal range.20 At the other extreme, excessive venti-
lation can “blow off ” CO2, resulting in an ETCO2 that is
below the recommended range. Failure to maintain
ETCO2 below the upper limit of the normal physiologic
range may result in development of respiratory acidosis. 

Pulse Oximetry
Pulse oximetry is a noninvasive method of estimating
arterial oxygen status. It offers advantages such as real-
time monitoring of arterial oxygen saturation and heart
rate, but due to different absorption characteristics of
hemoglobin in birds compared with mammals, the pulse
oximeter has a tendency to underestimate values at low
oxygen saturation levels.26 Motion artifact is another
complication with this technology, particularly for surgi-
cal procedures involving patient manipulation (i.e.,
orthopedic procedures or laparoscopy). The sensor is
placed over unfeathered locations, such as nonpig-
mented toes or lower legs.26 It is important to note that
a patient can be well oxygenated (especially during
inhalation anesthesia) yet still be hypercapnic, so moni-
toring ETCO2 is very important, as discussed previ-
ously. While I do not recommend acquisition of a pulse
oximeter specifically for avian anesthesia monitoring, if
a practice owns one already, it can be beneficial for mon-
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Figure 5. Capnometer with tubing connected to a
sidestream adapter that is connected to an endotracheal
(Cole) tube and nonrebreathing circuit. The sidestream
adapter at the base of the endotracheal tube contributes minimal
dead space to the anesthesia circuit. 
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itoring rapid avian heart rates (up to 500 bpm) and
trends in oxygen saturation. 

Temperature
Birds generally have a higher core body temperature than
mammals but are prone to heat loss from the compara-
tively larger surface area relative to body mass.27 Radiant
and conductive heat loss can occur from loss of insula-
tion (removal or plucking of feathers), preparation and
moistening of surgical sites, and use of room-tempera-
ture fluids and anesthetic gases. Perianesthetic drugs can
also interfere with normal thermoregulation. The
patient’s core body temperature should be monitored
throughout anesthesia via a cloacal or esophageal tem-
perature probe.28 Avian esophageal and cloacal tempera-
tures are well correlated in studies that compared the two
sites29; however, cloacal temperature probes are prone to
being dislodged or recording a cooler temperature if they
are not secured appropriately within the cloaca. 

ROUTINE PATIENT SUPPORT DURING
ANESTHESIA
Fluid Therapy
Fluid therapy is a critical component of avian anesthe-
sia, particularly for procedures lasting longer than 30
minutes. Ideally, an intravenous or intraosseous (IO)

catheter is placed to facilitate fluid administration; how-
ever, subcutaneous fluid administration may be adequate
for routine or relatively short procedures in otherwise
stable patients.30 Subcutaneous fluids can be adminis-
tered in the ventral skin web between the femur and
body wall or in the interscapular space over the back, on
either side of the spine. Intravenous catheters can be
placed in the jugular vein (the right jugular vein is typi-
cally larger in birds), the basilic vein on the ventral
humerus, or the medial metatarsal vein on the distal
leg.30 A 24-gauge over-the-needle Teflon catheter works
well in birds weighing more than approximately 250 g.
Alternatively, a butterfly catheter can be taped in place
or a regular hypodermic needle can be used for a single
bolus administration. An intraosseous catheter can be
placed in the distal ulna or proximal tibiotarsus for fluid

administration.31 This technique is commonly used in
small birds, when intravenous access is limited by the
size of the vein, or when the veins are preserved for
other purposes. The fluids should be warmed to approx-
imately 101˚F to 105˚F (38.3˚C to 40.5˚C) and adminis-
tered as a continuous infusion (especially for sick or
debilitated surgical patients) or as a bolus at the begin-
ning and end of anesthesia.5

Heat
Hypothermia can lead to prolonged anesthesia recovery,
metabolic acidosis, and death.28 Birds deprived of ther-
mal support during isoflurane anesthesia can lose 3˚C to
3.5˚C within 40 minutes,29 and the expected rate of heat
loss is even higher if the coelomic cavity is exposed in
birds that are not being provided supplemental heat.
Birds become hypothermic during anesthesia even when
supplemental heat is provided from circulating hot
water blankets, mechanical ventilators with heated air, or
infrared heat emitters.29,32–33 Radiant heat sources and
forced-air warmer systems (e.g., Bair Hugger Warming
System [Augustine Medical, Eden Prairie, MN]) appear
to be the most suitable for helping maintain core body
temperature within an acceptable clinical range in anes-
thetized birds.29,32 Use of transparent plastic surgical
drapes can also aid in trapping heat next to the patient,

but supplemental heat is still required to aid in ther-
moregulation.32 Hyperthermia, although rare during
anesthesia, can develop as a result of equipment mal-
function (i.e., excessive heat generation from an operat-
ing lamp)34 or when working with well-insulated aquatic
birds acclimated to northern temperatures. 

Analgesia
Preoperative analgesics, such as butorphanol, are indi-
cated for painful surgical procedures and may decrease
the level of anesthesia required during surgery as well as
provide analgesia after surgery.35 Other options include
NSAIDs such as ketoprofen, carprofen, or meloxi-
cam.17,36 Species variability to possible nephrotoxic
effects of NSAIDs may exist11; therefore, it is important
to ensure that the bird is well hydrated and has normal
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renal function. More information related to preventing
and managing avian pain is available in two review arti-
cles.17,37

ANESTHETIC EMERGENCIES AND
COMPLICATIONS
Respiratory Emergencies
Respiratory emergencies involving apnea are not
uncommon during inhalation anesthesia, especially dur-
ing procedures lasting longer than 30 to 40 minutes;
however, they generally have a good prognosis if correc-
tive steps are initiated promptly. If an endotracheal tube
is not already in place, one should be inserted and man-
ual or mechanical ventilation initiated at a rate of 10 to
12 breaths/min or as indicated using capnographic
monitoring. The level of gas anesthesia may be reduced,
if indicated, but not necessarily reduced to zero. Apnea
is commonly reported in aquatic birds and is thought to
be related to their diving physiology. Management of
apnea in these birds is usually transient and similar to
that for companion birds.38 Doxapram can be adminis-
tered for respiratory depression or during cardiopul-
monary resuscitation (5 to 20 mg/kg IM, IV, or IO).39

Air Sac Cannula
It is important for avian practitioners to know how to
place an air sac cannula as an alternative “breathing tube”
in the event of an obstruction of the trachea, syrinx, or

major bronchi caused by a foreign body, granuloma, or
other mass. Other indications for placement of an air sac
cannula are surgeries or procedures involving the beak or
oral cavity, where an endotracheal tube may be in the
way of the procedure. An air sac cannula placed in the
caudal thoracic air sac and connected to the anesthesia
circuit is an effective tool for maintaining anesthesia40

(Figure 6). While the air sacs themselves play no role in
gas exchange, they are important in providing a reservoir
for air movement across the lungs. Air from the air sacs
travels through the parabronchi (tertiary bronchi) into
the air capillaries, where gas exchange occurs.41

There are a number of air sac cannula options, includ-
ing shortened endotracheal tubes, balloon-tipped Foley
catheters, red rubber feeding tubes, and commercially
available air sac cannulas with an attached disk for
securing to the skin (Avian Air Sac Surgical Catheter or
Avian Air Sac Tube with retention disk [Benson Med-
ical Industries, Markham, Ontario]). In my experience,
red rubber feeding tubes are advantageous because they
are inexpensive, sterile, and blunt-tipped; have at least
two side ports; and come in a variety of diameters. The
cannula should approximate the bird’s trachea in diame-
ter and be 7 to 10 cm in length. 

Placement of an air sac cannula requires that the bird
be anesthetized, usually via mask induction of inhalant
anesthesia. The patient is placed in right or left lateral
recumbency, the wings are extended and taped dorsally,
and the legs are pulled caudally (or cranially, if the air
sac cannula is to be placed behind the leg). The feathers
are plucked in a 3 cm–diameter area caudal to the last
rib, cranial to the quadriceps muscles over the femur,
and ventral to the lateral spinal processes. The feathered
margins are taped, the skin aseptically prepped with 1%
betadine solution, and the surgical site draped. A small
skin incision (~0.5 cm) is made in the space (or between
the last two ribs). A mosquito forceps is used to bluntly
dissect through the muscle layers until the tips of the
forceps “pop” into the air sac space. Gently spreading the
jaws of the forceps facilitates passage of the cannula into
the air sac. The tube is inserted approximately 2 cm in
most medium-sized birds (300 g). Correct positioning
of the cannula can be verified by holding a small downy
feather at the opening to the cannula while the anes-
thetist ventilates the bird. If there is no air movement
through the tube, make sure that the tube has passed
through the peritoneum and is not in the ventral groin
web or pushed against the gastrointestinal organs. Slight
tube rotation or repositioning can sometimes be success-
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Figure 6. Anesthetized Moluccan cockatoo in lateral
recumbency, with a cannula placed in the left caudal
thoracic air sac and secured in place with a butterfly tape
tab and two sutures. The anesthesia circuit is connected to an
adapter on the cannula, and the bird is being maintained under
anesthesia using positive pressure ventilation. 
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ful. The tube is secured to the skin using a “finger trap”
suture or a small butterfly tab and two simple inter-
rupted sutures. If the air sac cannula is to be used to
deliver anesthetic gas, an adapter is added to the cannula
for connection to the anesthesia circuit. When an air sac
cannula is placed in a dyspneic bird, the anesthesia cir-
cuit should be quickly moved from the anesthesia mask
to the cannula because the bird can awaken rapidly
while breathing room air via the cannula. 

Placing an air sac cannula in a dyspneic bird gives the
clinician some time to address the underlying obstruc-
tion (i.e., perform endoscopic examination or remove a
tracheal foreign body) or respiratory disease. Cannulas
can be left in place for several days if the patient is hos-
pitalized and being managed with appropriate antimi-
crobials. Occasionally, an air sac cannula will become
obstructed if air sacculitis is present, so the bird must be
carefully monitored for potential complications. If a
cannula is placed to facilitate beak or oral surgery, it is
removed at the end of surgery, and the incision is
allowed to heal by second intention.

Cardiac Emergencies
If bradycardia develops, the anesthetist must assess
whether it represents a true emergency or is a transient,
normal response observed in some diving birds.38 If
bradycardia develops in a nonaquatic bird, the level of
inhalant anesthesia should be reduced.38 Anticholinergic
agents such as atropine can be used to increase the heart
rate.5 Maintaining adequate respiration is important
because cardiac arrest usually follows apnea within several
minutes; however, if apnea is promptly addressed, cardiac
arrest is uncommon.5 If cardiac arrest and apnea occur
simultaneously, successful resuscitation is unlikely. Car-
diac arrest without apnea is uncommon during avian
anesthesia, but the prognosis for recovery is poor for avian
patients that go into cardiac arrest.5 The solid keel inter-
feres with effective cardiac massage, although in the event
of cardiac arrest, attempts should be made to compress
the sternum at a rate of 60 to 100 compressions/min.
Emergency drugs, including epinephrine (1:1000; 0.5 to
1.0 mg/kg IM, IV, IO, or intratracheal), atropine (0.5
mg/kg IM, IV, IO, or intratracheal), and doxapram,
should also be administered.39 A set of emergency drugs
should be available during anesthesia or surgery. 

Hypotension
Hypotension, defined as systolic BP less than 90 mm
Hg, can develop secondary to several conditions during

anesthesia, including cardiovascular depression caused by
the anesthetic agent or hypovolemia related to dehydra-
tion or blood loss.22 Identification and correction of the
underlying cause should be initiated immediately. The
level of anesthesia should be reduced, rate of fluid
administration increased, and core body temperature
assessed and addressed as needed. Warmed IV or IO
bolus crystalloid fluid administration (10 mL/kg) is indi-
cated for hypovolemic birds and can be repeated if neces-
sary to increase systolic BP to more than 90 mm Hg.23

Synthetic colloid solutions (i.e., hetastarch [Abbott Lab-
oratories, North Chicago, IL], 10 mL/kg IV) may be
used for plasma expansion and treatment of hypovolemia
in birds that are hypoproteinemic or in birds that have
suffered acute blood loss during surgery.5 Blood transfu-
sions may also be indicated for acute blood loss.23
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1. Uncuffed endotracheal tubes are used in avian
anesthesia because 
a. they have less dead space than comparably sized

cuffed tubes.
b. it is easier to intubate birds with uncuffed tubes.
c. it is easier to find appropriately sized uncuffed tubes

for most birds.
d. cuffed tubes, if inflated, can cause trauma to the tra-

cheal mucosa because of complete tracheal rings.
e. none of the above

2. Ultrasound Doppler flow detectors are 
a. used for monitoring heart rate and rhythm during

avian anesthesia.
b. used with a sphygmomanometer to measure indirect

systolic BP.
c. ineffective with inadequate gel contact between the

sensor and skin.
d. ineffective when the artery is occluded by excessive

pressure.
e. all of the above

3. Appropriate management for hypotension dur-
ing avian anesthesia includes 
a. incremental fluid boluses (100 mL/kg) until the sys-

tolic BP is greater than 90 mm Hg.
b. incremental fluid boluses (10 mL/kg) until the systolic

BP is greater than 90 mm Hg.
c. doxapram administration.
d. atropine administration.
e. butorphanol administration.
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4. Indications for use of an air sac cannula during
avian anesthesia include
a. pneumonia or air sacculitis.
b. endoscopic evaluation and removal of a foreign body

from the trachea.
c. endoscopic evaluation of air sacs.
d. surgical procedures involving the oral cavity or beak. 
e. b and d

5. Which statement about air sac cannulas is false?
a. Sterile technique is not needed because the cannu-

lated air sac will be exposed to room air. 
b. The diameter of the air sac cannula should be

approximately the same as that of the bird’s trachea.
c. The cannula is most often placed in the caudal tho-

racic air sac. 
d. Manual or mechanical ventilation can be administered

via the air sac cannula.
e. Lack of air movement through the cannula can be

due to improper positioning within the air sac.

6. Which statement regarding capnographic moni-
toring during avian anesthesia is true?
a. The ETCO2 should be maintained below 25 mm Hg.
b. The ETCO2 should be maintained above 45 mm Hg.
c. Respiratory acidosis can occur when the ETCO2 is

less than 50 mm Hg.
d. Respiratory alkalosis can occur when the ETCO2 is

more than 50 mm Hg.
e. Even birds that are breathing spontaneously can

become hypercapnic.

7. Which statement regarding pulse oximeter
monitoring during avian anesthesia is true?
a. A bird that is well oxygenated during anesthesia is

being adequately ventilated.
b. The presence of air sacs can interfere with oxygen

saturation levels recorded during anesthesia.

c. Pulse oximetry is less effective than capnography for
monitoring ventilation during avian anesthesia.

d. Motion artifacts during surgery do not interfere with
pulse oximetry.

e. Pulse oximeters have a tendency to overestimate val-
ues at low oxygen saturation levels.

8. If apnea occurs during avian anesthesia, the vet-
erinarian should
a. immediately turn the anesthetic vaporizer to zero

and abandon the procedure.
b. intubate the patient and start manual or mechanical

ventilation.
c. check the heart rate because the heart will stop just

before apnea develops. 
d. place an emergency air sac cannula. 
e. administer atropine and bolus fluid therapy.

9. Body temperature is most effectively maintained
during avian anesthesia by
a. placement of the patient on a circulating hot water

blanket.
b. placement of the patient on an insulated surface.
c. use of a heated forced-air system.
d. use of warmed intravenous fluid therapy.
e. use of warmed anesthetic gases.

10. Core body temperature monitoring is important
during avian anesthesia because 
a. feather plucking (i.e., loss of insulation) before sur-

gery can lead to heat loss. 
b. a large surface area relative to small body size results

in rapid heat loss in birds.
c. birds can develop hypothermia even when supple-

mental heat is provided. 
d. hypothermia can lead to prolonged recovery from

anesthesia or death. 
e. all of the above
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