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Patient monitoring and
monitoring equipment
Yves Moens and Paul Coppens

Introduction

When performing general anaesthesia, a reversible
‘coma-like’ state is produced. Most drugs used in anaes-
thesia have an inherent degree of toxicity and often
produce cardiovascular and respiratory side effects.
These side effects jeopardize body homeostasis and
make anaesthesia a potentially dangerous procedure.

In order to limit the risks of general anaesthesia,
‘controllable’ problems must be prevented. Patient-
related problems can be detected by the pre-anaes-
thetic examination (see Chapter 2). Checking
equipment will help to prevent problems due to tech-
nical errors (Figure 7.1; see also Chapters 4, 5 and
6). Furthermore, basic prevention of problems involves
maintaining the patient at an appropriate anaesthetic
level throughout the procedure. However, even with
adequate preparation, it is not possible to eliminate
risk because every patient may exhibit individual and
unpredictable reactions to anaesthesia. Earliest de-
tection of any adverse reaction by the patient (by
closely observing physiological functions during an-
aesthetic administration) is vital. Therefore, attention
should be focused on the monitoring of vital systems,
such as the cardiovascular and the respiratory sys-
tems, which are responsible for correct delivery of
oxygen to the organs. Additionally, other parameters
reflecting general homeostasis and the degree of anti-
nociception and unconsciousness should be carefully
observed. If deviations from normality outside defined
limits occur, analysis of the situation is necessary and
corrective measures should be taken. The results of
such action must also be evaluated.

Monitoring is performed in various ways. Initially,
the veterinary surgeon must always make full use of
his/her own senses (vision, touch, smell, hearing) to
collect clinical information, on which decisions can be
made as to whether intervention is necessary. Clinical
examination, although very relevant, does have limita-
tions. The information is, in general, more qualitative
than quantitative. Moreover, when staff availability is
limited, or when the veterinary surgeon monitors more
than one patient (or performs some adjustments to
equipment), continuous collection of patient parameters
will be difficult if not impossible. Therefore, monitoring
can be complemented by mechanical and electronic
auxiliary equipment. During the last two decades, sev-
eral new devices have come on to the market and more
affordable prices for these have led to their increasing
popularity in veterinary anaesthesia. These devices are

able to collect information on a continuous basis and
can upgrade clinical observation with more sensitive
information. The risk of anaesthesia in veterinary medi-
cine remains very high compared with that of human
anaesthesia. Healthy dogs and cats run a mortality risk
of 0.054% and 0.112%, respectively (Brodbelt et al.,
2005). Actual anaesthetic mortality in humans is re-
ported to be as low as 0.05 for every 10,000 patients
(Arbous et al., 2001). One should bear in mind that in
human medicine (unlike veterinary medicine), anaes-
thesia is performed by a medical professional specially
trained in anaesthesia.

The preventive approach: pre-anaesthetic
equipment check.

7.1

Anaesthetic machine

Check gas source(s):
• Open cylinder(s)
• Check quantity
• Check output pressure
Check flowmeter(s)
Check vaporizer(s):
• Off position
• Quantity
Check oxygen bypass
Choose and connect a breathing system
Check the breathing system; carry out a leak test:
1. Close exhaust valve
2. Obstruct the patient extremity of the breathing system
3. Fill system with oxygen until reservoir bag is under tension

(40 cmH2O)
4. Check if pressure is kept, otherwise find and fix leak
5. Open exhaust valve
If ventilator available:
• Check function
• Carry out a leak test
• Preset the parameters

Monitoring equipment

• Power on
• Battery state
• Test
• Calibration if necessary

Specific equipment

• Intravenous catheter
• Intubation
• Fluids
• Hypothermia prevention
• Ophthalmic ointment

Resuscitation equipment availability

Prepare the anaesthesia record
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Monitoring equipment occasionally provides
artefactual and wrong information. Hence, the func-
tion and limits of these devices (as well the physio-
logical significance of the information they provide)
must be very well understood if they are to be used
to increase patient safety. Furthermore, this inform-
ation must be used alongside clinical judgement
when evaluating a situation and deciding on possi-
ble therapeutic intervention.

It is erroneous to think that monitoring may be
omitted for some ‘simple’ or ‘quick’ procedures, with
specific ‘safe’ drugs or during ‘stable’ episodes of
anaesthesia. Unexpected events often occur during
short and simple procedures on apparently healthy
patients. Both clinical and technical monitoring must
not be limited only to the patient but also include the
anaesthetic machine.

Monitoring must not concentrate either on one clini-
cal sign or one measured parameter. Simultaneous

Parameters that can be monitored during anaesthesia using the senses. (continues)7.2

Sense Observation Information

Sight Mucous membrane colour
Pale Hypoperfusion, anaemia
Pink Normal
Red Vasodilation, local congestion
Brick red Haemoconcentration
Blue Cyanosis

Surgical site
Tissue colour Cardiovascular and respiratory status
Bleeding: colour, intensity
Blood vessels: colour, turgescence

Thorax, bag of the breathing system, bellows of the ventilator
Rate Respiratory rate
Amplitude Tidal volume
Type Respiratory pattern

Eye
Position Depth of anaesthesia
Lacrimation
Pupil size
Degree of third eyelid protrusion

Movement
Spontaneous motor activity Depth of anaesthesia

Touch Pulse: femoralis, sublingual, metacarpal, metatarsal arteries
Tonus/amplitude Cardiovascular system: heart rate/rhythm, blood pressure
Rate/rhythm Autonomous response to noxious stimuli
Synchronicity with heart auscultation, ECG Depth of anaesthesia

Capillary refill time Cardiovascular status: peripheral perfusion

Palpebral/corneal reflex Depth of anaesthesia

Skin temperature Body temperature

Muscle relaxation
Relaxation of the jaw Muscle tone, depth of anaesthesia

Squeeze the bag after closing the exhaust valve
Mechanical integrity of the breathing system and respiratory tract Leak

Obstruction
Pulmonary compliance
Thoracic or extrathoracic resistance

time

pressure

Pulse amplitude:
Systolic–diastolic pressure difference

Tonus of the artery

observation of several parameters (integrated moni-
toring) is necessary to build a more complete picture
of vital system function in the individual animal and
the function of the anaesthetic machine. In this way,
monitoring is the central tool to ‘pilot’ anaesthesia with
enhanced safety.

The main monitor: human senses

Veterinary surgeons are used to performing a clini-
cal examination, using their senses, on a daily
basis and should adapt this skill to conditions
during anaesthesia (Figure 7.2). Moreover, even
today, the most appropriate method for assessing
the depth of anaesthesia in veterinary practice
remains the assessment of clinical signs (Figures 7.3
and 7.4).
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(continued) Parameters that can be monitored during anaesthesia using the senses.7.2

Sense Observation Information

Hearing Abnormal noise
Mechanical integrity of the breathing system and respiratory tract Leak

Obstruction

Cardiac auscultation: stethoscope, oesophageal stethoscope
Rate Cardiac system: heart rate, rhythm, heart integrity
Rhythm Autonomic responses to noxious stimuli
Synchronicity with pulse, ECG Depth of anaesthesia
Murmur

Pulmonary auscultation: stethoscope, oesophageal
stethoscope
Rate Respiratory system: rate, rhythm, integrity
Rhythm Autonomic rsponse to noxious stimuli
Lung sounds Depth of anaesthesia

Smell Presence of abnormal odour
Mechanical integrity of the breathing system and respiratory tract Leak in the presence of halogenated anaesthetic agent

Parameter Light anaesthesia Adequate anaesthesia Deep anaesthesia

Eye position Central Rotated Central

Palpebral reflex + – –

Jaw tonicity + – –

Movement Possible Absent Absent

Cornea Moist Moist Dry

Heart rate Usually increased Usually decreased

Respiratory rate Usually increased Usually decreased

Haemodynamic and/or respiratory Yes Usually no No
variations following surgical
stimulation

Clinical signs of depth of anaesthesia. Eye position, palpebral reflex and jaw tonicity are the most accurate
signs to evaluate depth of anaesthesia. Note that heart rate and respiratory rate are influenced by many other

7.3

factors. These signs are not valid for anaesthesia performed with a dissociative anaesthetic agent.

Clinical signs of depth of anaesthesia with a dissociative anaesthetic agent. Note that heart rate and
respiratory rate are influenced by many other factors.

7.4

Parameter Light anaesthesia Adequate anaesthesia Deep anaesthesia

Eye position Central Central Central

Palpebral reflex + + ±

Jaw tonicity + + ±

Movement Possible Possible Possible/absent

Cornea Moist Moist Moist/dry

Heart rate Usually increased Usually decreased

Respiratory rate Usually increased Usually decreased

Haemodynamic and/or respiratory variations Yes Usually no No
following surgical stimulation
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7.7

(b)

(a)

(a) Oesophageal
stethoscope.
(b) Tip of the
oesophageal
stethoscope.

Initially, the person in charge of anaesthesia needs
to organize his/her workplace in such a way that the
collection of clinical information necessary to assess
depth of anaesthesia and the quality of the vital signs
is easy: the concept of ergonomics. The aim of this
concept is to be able to perform, from one location, a
quick and complete assessment of all monitored para-
meters and machine function (Figure 7.5). The layout
of the workplace will help concentration on the per-
ception and integration of measurements from the
patient, anaesthetic equipment and monitoring de-
vices. This includes:

• Clinical parameters, such as eye position,
palpebral reflex, jaw tone, mucous membrane
colour, capillary refill time, sublingual pulse,
chest movement, skin temperature and, during
surgery, blood colour and bleeding intensity

• Indirect clinical parameters, e.g. movement of
the reservoir bag

• Parameters collected from technical/electronic
devices, e.g. wave forms and numeric displays
on the screen

• Monitoring of the anaesthetic machine: inlet
pressure (when available), flowmeters, vaporizer,
breathing system and function of any other
accessories like ventilators or syringe pumps.

• Act as a source for retrospective analysis,
allowing further improvement of anaesthesia
strategies

• Represent a medicolegal document, attesting
the presence of an active monitoring effort of the
patient during anaesthesia.

Monitoring of parameters that
reflect the integration of several
physiological functions

Capnometry and capnography
Capnometry is the measurement and numerical dis-
play of the carbon dioxide concentration in the respi-
ratory gas during the whole respiratory cycle
(inspiration and expiration). When a continuous
graphical display (screen or paper) is available, the
measurement produces typical curves (a capnogram)
and the technique (instrument) is often referred to as
capnography (capnograph).

The anaesthesia ‘screen’.7.6

The use of an anaesthesia ‘screen’ (Figure 7.6), so
the patient’s head can be seen, and the placement of
an oesophageal stethoscope (Figure 7.7), to make
cardiac and lung auscultation easier, are strongly rec-
ommended. However, the veterinary surgeon remains
the main monitor; he/she is the collector of parameters,
the central analyser and is responsible for all decisions
(i.e. he/she is the ‘pilot’ on board). The limit of this ‘main
monitor’ is that its quality (and thus safety) is depend-
ent on qualifications, knowledge and experience.

A record of anaesthesia, even in a simple form,
must be completed. This will:

• Aid appreciation of trends in observed and
measured parameters

• Act as a reference for future anaesthesia in an
individual animal

Ergonomics in the workplace.7.5

Anaesthetic
machine

Patient

Anaesthetic
machine

Patient

Technical
monitors
Technical
monitors

FluidsFluids
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The measuring principle relies on absorption of
infrared light by carbon dioxide molecules. Capno-
meters are available as either sidestream or main-
stream infrared analysers. Sidestream capnometers
require a sampling line connected to the airway and
continuously sample the respiratory gases (Figure
7.8a). Samples are then analysed in the measuring
chamber of the instrument. With mainstream ana-
lysers, miniaturization allows placement of the meas-
uring chamber directly in the airway and the
measurement signal is generated here (Figure 7.8b).

The capnogram
The production of the capnogram is based on the fact
that carbon dioxide is produced in cells as a result of
metabolism and then carried by the circulation to the
lungs, where it is removed by alveolar ventilation.

There are four distinct phases of the capnogram
(Figure 7.9a):

• Phase I is the inspiratory baseline. This phase
represents the analysis of the gas mixture
inspired by the patient for carbon dioxide. The

A B

C D

E

7.9
ICO2 ETCO2

• Anaesthetic machine • Metabolism Increased Decreased
ETCO2 ↑ ETCO2 ↓

• Cardiovascular Cardiac output ↑ Cardiac output ↓
ETCO2 ↑ ETCO2 ↓

• Respiratory Hyperventilation Hypoventilation
ETCO2 ↓ ETCO2 ↑

I II III IV

E

DC

BA

(a) The normal capnogram.
(b) Cardiogenic oscillations.
A–B: exhalation of carbon dioxide-
free gas contained in deadspace
at the beginning of expiration.
B–C: respiratory upstroke,
representing the emptying of
connecting airways and the
beginning of emptying of alveoli.
C–D: expiratory (alveolar) plateau,
representing emptying of alveoli.
D: end-tidal carbon dioxide level –
the best approximation of alveolar
carbon dioxide level.
D–E: inspiratory downstroke, as the
patient begins to inhale fresh gas.
E–A: continuing inspiration, where
carbon dioxide remains at zero.
ETCO2 = End-tidal carbon dioxide;
ICO2 = Inspired carbon dioxide.

(a)

(b)

(a)

(a) Close-up of a connector for sampling gas
(sidestream capnograph). (b) Adaptor and sensor

7.8

of a mainstream capnograph.

(b)
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baseline should have a value of zero, otherwise
the patient is rebreathing carbon dioxide

• Phase II is the expiratory upstroke. This
represents arrival at the sampling site of carbon
dioxide from the alveoli and the mixing with gas
present in the conducting airways. It is usually
very steep

• Phase III is the expiratory (alveolar) plateau,
which represents pure alveolar gas (of
emptying alveoli). Due to uneven emptying of
alveoli, the slope continues to rise gradually
during the expiratory pause. The peak of this
exhaled carbon dioxide is called the end-tidal
carbon dioxide

• Phase IV is the inspiratory downstroke. This is
the beginning of the inhalation and the carbon
dioxide curve falls steeply to zero.

During anaesthesia, with long expiratory times,
phase III can show cardiogenic oscillations caused
by movement of the heart and this is considered
normal (Figure 7.9b).

The capnometer usually displays respiratory rate,
the value of end-tidal carbon dioxide and sometimes
the value for inspiratory carbon dioxide. If a capno-
graph is used, the presence of a normal shape of the
capnographic curve indicates that the number dis-
played for end-tidal carbon dioxide is likely to repre-
sent a true end-expiratory sample. When grossly
normal ventilation/perfusion conditions in the lungs
exist, the end-tidal carbon dioxide reflects the partial
pressure of carbon dioxide in arterial blood (PaCO2;
Figure 7.10). Hence capnometry offers a continuous,
non-invasive way to reflect the partial pressure of car-
bon dioxide in arterial blood, which is directly deter-
mined by alveolar ventilation.

End-tidal carbon dioxide is displayed as a concen-
tration in volume percent (%) or as a partial pressure
(in mmHg or kPa). Concentration can be converted
into mmHg with the formula:

PCO2 = (Pbar-47) x %CO2/100

where Pbar is barometric pressure in mmHg.
Capnometers can often perform the conversion be-
cause of a barometric pressure sensor in the device.
End-tidal carbon dioxide concentrations between 5 and
6% (35–45 mmHg; 4.6–6 kPa) are considered nor-
mal in anaesthetized animals.

Interpreting the capnogram
The approach for proper interpretation of capno-
graphic information is initially to check if a normal
capnographic curve is present and then to note the
numerical value of end-tidal carbon dioxide. One
must acknowledge the possible contribution of
metabolism, circulation and ventilation to the pro-
duction of this number. When two functions are
stable, capnometry monitors closely the third func-
tion, e.g. if metabolism and circulation are stable,
the capnometer monitors ventilation. Conversely, if
metabolism and ventilation are stable, the state of
the circulation will be more closely reflected. Addi-
tionally, capnography will provide information
about airway patency, technical faults and ade-
quacy of gas flow in non-rebreathing systems.
Capnography has become standard care for intra-
operative monitoring of ventilatory efficiency and
thus decreases the need for invasive arterial blood
gas analysis.

Increased ETCO2: Increases in end-tidal carbon
dioxide concentrations (Figure 7.11a) may be due to
impaired alveolar ventilation (anaesthetic-induced res-
piratory depression), increased metabolism (malignant
hyperthermia or early sepsis), increased cardiac out-
put or the addition of carbon dioxide to the circulatory
system as a result of rebreathing carbon dioxide.
In the latter case, increased inspired carbon dioxide
will be associated with increased end-tidal carbon
dioxide (Figure 7.11b). Increased end-tidal carbon
dioxide is also observed during laparoscopy due to
absorption from the peritoneum of carbon dioxide used
to inflate the abdomen.

Capnography:
the principle.

7.10

PvCO2 PaCO2

PACO2

CO2 MONITOR

DISPLAY UNIT

PACO2 = Alveolar carbon dioxide;
PaCO2 = Partial pressure of
carbon dioxide in arterial blood;
PvCO2 = Partial pressure of carbon
dioxide in venous blood.
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ICO2 ETCO2

• Anaesthetic machine • Metabolism Increased Decreased
ETCO2 ↑ ETCO2 ↓

• Cardiovascular Cardiac output ↑ Cardiac output ↓
ETCO2 ↑ ETCO2 ↓

• Respiratory Hyperventilation Hypoventilation
ETCO2 ↓ ETCO2 ↑

E

DC

BA

ICO2 ETCO2

• Anaesthetic machine • Metabolism Increased Decreased
ETCO2 ↑ ETCO2 ↓

• Cardiovascular Cardiac output ↑ Cardiac output ↓
ETCO2 ↑ ETCO2 ↓

• Respiratory Hyperventilation Hypoventilation
ETCO2 ↓ ETCO2 ↑

E

DC

BA

(a)

(b)

Capnographs showing (a) increased end-tidal carbon dioxide; (b) increased inspired carbon dioxide.
(continues)

7.11
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Decreased ETCO2: Decreased end-tidal carbon
dioxide concentrations (Figure 7.11c) may be due to
hyperventilation, low cardiac output (low blood vol-
ume delivered to the lungs) or pronounced hypother-
mia. Rapidly falling end-tidal carbon dioxide, in the
presence of respiratory movements and absence of
hyperventilation, is a good indicator of failing circula-
tion and cardiac arrest. Absent end-tidal carbon diox-
ide can indicate respiratory arrest (no alveolar
ventilation), cardiac arrest (no circulation) or techni-
cal problems (see below). Rapid diagnosis of cardiac
arrest increases the chance of a successful outcome
for cardiopulmonary resuscitation. End-tidal carbon
dioxide values during resuscitation and cardiac mas-
sage reflect efficiency of lung perfusion, and in hu-
man medicine have been considered to have
prognostic value for successful restoration of sponta-
neous circulation.

Technical monitoring: Several technical aspects
of breathing systems, their function and connection
to the patient are also monitored by quantitative
(capnometer value) and qualitative analysis
(capnogram morphology). The presence of inspired
carbon dioxide (rebreathing) (see Figure 7.11b) can
be due to soda lime exhaustion; an incompetent
expiratory valve on a circle system allowing exhaled
carbon dioxide to be re-inhaled (even with normal
function of soda lime); insufficient gas flow in a non-
rebreathing system. An abnormal capnogram may
be due to:

• A dislodged endotracheal tube
• A misplaced endotracheal tube (oesophageal

intubation)
• An obstructed endotracheal tube or airway

(endotracheal tube cuff hernia; Figure 7.12)

E

DC

BA

Capnograph showing
increased resistance at

7.12

expiration.

ICO2 ETCO2

• Anaesthetic machine • Metabolism Increased Decreased
ETCO2 ↑ ETCO2 ↓

• Cardiovascular Cardiac output ↑ Cardiac output ↓
ETCO2 ↑ ETCO2 ↓

• Respiratory Hyperventilation Hypoventilation
ETCO2 ↓ ETCO2 ↑

E

DC

BA

(c)

(continued) Capnograph showing (c) decreased end-tidal carbon dioxide.7.11
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Sensor of a pulse oximeter. (a) On the tongue. (b) On a non-pigmented toe.7.14

(a) (b)

• A leak around the endotracheal tube cuff
(Figure 7.13)

• Disconnection of the endotracheal tube from the
breathing system.

Capnometry versus capnography: The drawback
of a capnometer compared with a capnograph is
that the former lacks the capnogram and, therefore,
cannot provide a qualitative analysis and precise
diagnosis from the morphological changes of exhaled
carbon dioxide.

When ventilation/perfusion mismatch in the lungs
becomes important, the end-tidal carbon dioxide
underestimates PaCO2 due to an increase in alveolar
deadspace (e.g. low cardiac output, pulmonary
thromboembolism).

With sidestream devices, artefactually low end-tidal
carbon dioxide is seen:

• When concomitant aspiration of ambient air
occurs anywhere between sampling site and
measuring chamber

• With rapid respiratory rates and very low tidal
volumes

• When sampling at the level of fresh gas delivery
in non-rebreathing systems. The sampling line
can become obstructed by condensation drops
or aspiration of any fluids.

With mainstream capnographs, the measuring
chamber in the airway adaptor can become dirty or

damaged, leading to erroneous end-tidal or inspired
carbon dioxide values. Sidestream technology offers
other (less important) possibilities like sampling
directly from a nostril in non-intubated patients. Main-
stream technology can be used only in the presence
of an endotracheal tube, but copes better with rapid
respiratory rates and very small tidal volumes.

Pulse oximetry
The pulse oximeter is a device that allows non-
invasive measurements of the saturation of haemo-
globin with oxygen (SpO2); in addition, it displays
heart rate. The principle of measurement is as fol-
lows: a probe, which features a transmitter and re-
ceiver of red and infrared light, is positioned to
transilluminate a pulsatile arteriolar bed. In small
animal patients, it is usually placed on the tongue,
prepuce or other unpigmented area (Figure 7.14).

Computer software analyses the total absorption
of the light and detects the pulsating component of
the absorption that originates from cyclic arrival of
arterial blood in the tissue. The absorption of infra-
red and red light by the pulsatile component is meas-
ured differentially. Because oxyhaemoglobin and
reduced haemoglobin absorb more infrared and
red light, respectively (Figure 7.15), a ratio is calcu-
lated that corresponds to a percentage of haemo-
globin saturated with oxygen (Figure 7.16). Because
maximal total light absorption corresponds to a
pulse, the pulse oximeter also provides a figure
for pulse rate.

E

DC

BA

Capnograph showing
leakage at the level of

7.13

endotracheal tube and/or breathing
system.
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The threshold of hypoxaemia occurs at an arterial
oxygen tension of 60 mmHg (8 kPa). As shown on
the dissociation curve of haemoglobin (Figure 7.17),
this threshold corresponds to a saturation of 90%.
During anaesthesia, therefore, oxygen saturation must
be kept above 90%. When oxygen is supplied (or even
in a healthy patient breathing room air), a saturation
closer to 100% should be expected. The usual preci-
sion of measurement of a pulse oximeter is ± 2%. It is
important to note that SpO2 only indicates that the
patient is receiving enough oxygen; SpO2 can be nor-
mal in hypoventilating patients when the inspired oxy-
gen fraction is increased (which normally should be
the case during anaesthesia). In these circumstances,
SpO2 gives no information about adequacy of ventila-
tion. Conversely, when a patient hypoventilates whilst
breathing room air, SpO2 will fall.

Light absorption of reduced haemoglobin and
oxyhaemoglobin.

7.15

oxyHb

reduced Hb
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Ratio red/infrared light absorption

Relationship
between the ratio
of red to infrared
light absorption
and the saturation
of haemoglobin
with oxygen
(SpO2).

Any general cause of poor peripheral perfusion,
such as vasoconstriction associated with shock,
hypothermia or use of alpha-2 agonists, causes erro-
neously low values or failure to measure. Local
hypoperfusion can also be induced by progressive
pressure from the clip holding the probe; changing
the position of the clip and the probe every so often
temporarily solves the situation.

Other factors can also interfere with pulse oximetry
readings:

• The presence of abnormal haemoglobin will
affect measurement. For instance, in the
presence of carboxyhaemoglobin SpO2 will be
overestimated

• Interference from ambient light will reduce the
quality of the signal received

• Motion or shivering, use of electrosurgical
equipment and mucosal or skin pigmentation.

Some pulse oximeters display a photoplethysmo-
graphic waveform. The presence of a regular and dis-
tinct waveform similar to an arterial pressure waveform
confirms the validity of the displayed SpO2 values (Fig-
ure 7.18). Moreover, this can be supported by a dis-
played heart rate equivalent to the true heart rate.
However, the amplitude of the waveform does not
necessarily reflect the quality of the signal because
the gain can be automatically adapted.

Haemoglobin–oxygen dissociation curve.7.17
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(a) Pulse oximeter: display of SpO2, heart rate
and waveform. (b) Display of capnography

7.18

(a)

(b)

and pulse oximetry.

Capnography and pulse oximetry
Capnography and pulse oximetry (see Figure 7.18b)
provide complementary information. It has been
shown that the proper interpretation of information
received by capnography and pulse oximetry, used
together, have the potential to prevent 93% of the com-
plications during anaesthesia in human medicine
(Tinker, 1989).

Blood gas analysis
Blood gas analysers measure directly the pH and the
partial pressures of oxygen and carbon dioxide in a
blood sample. They also calculate derived variables,
such as plasma bicarbonate concentration (HCO3

–),
base excess and saturation of haemoglobin with oxy-
gen (SaO2). In traditional analysers, the blood sample
is aspirated into a circuit bringing the blood in contact
with different electrodes to perform the measurements.
These machines are expensive and require careful
maintenance. Recently, portable and even handheld
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blood gas analysers have become available, allow-
ing blood gas analysis to be performed in remote lo-
cations. These devices use disposable cartridges,
which need only a minimal amount of blood to per-
form the measurement. They measure blood gas para-
meters but offer the option to measure additional
parameters, e.g. electrolytes, glucose and lactate.

Blood gas analysis is the ‘gold standard’ method
for evaluation of gas exchange. It provides invaluable
information about the oxygenation, ventilation and
acid–base status of the patient. Interpretation of the
values for pH, PCO2 and HCO3

–, coupled to the clinical
history of the patient, allows identification of respira-
tory and metabolic acidosis and alkalosis, as well as
ongoing compensatory mechanisms. The detailed
interpretation of blood gas measurements can be
complex as all the results are interrelated, and inter-
ested readers are advised to consult standard textbooks
on the subject. Figure 7.19 summarizes basic inter-
pretation of blood gas analysis.

If the ability of the lungs to oxygenate blood is to
be assessed, sampling of arterial blood is mandatory.
The value of PaO2 (partial pressure of oxygen in arte-
rial blood) on its own is not meaningful to evaluate
oxygenation if the inspired oxygen fraction (FiO2) is
not known. Classical indices of oxygenation are:

• The ratio PaO2/FiO2 (normal: >300)
• The alveolar–arterial difference for PO2

((A-a)PO2) where PAO2 = ((Pbar -47) x FiO2) –
1.2PaCO2 (normal: 5–10 mmHg if FiO2 = 0.21,
100 mmHg if FiO2 = 1.0).

The ‘gold standard’ to evaluate the efficiency of
ventilation is PaCO2. The assessment of venous blood
samples does not provide straightforward information
about oxygenation, but it does allow satisfactory moni-
toring of the ability to remove carbon dioxide by ven-
tilation and the acid–base status.

The classic blood gas machine uses samples of
heparinized blood. Failure to use the correct samples
causes clotting within the circuit. To obtain accurate
results, blood samples should be withdrawn anaerobi-
cally (no air bubbles) to avoid actual gas tensions be-
ing modified by gas exchange with room air. Analysis
is best done promptly, but storing blood samples for
less than 1 hour in iced water is acceptable. Taking an
arterial blood sample is relatively easy in larger ani-
mals, but rather difficult in very small ones. Femoral
and dorsal metatarsal arteries are often used. Without
careful attention to technique, complications such as

Basic interpretation of blood gas analysis.7.19

Parameter Normal values Decrease Increase

pH 7.35–7.45 Acidaemia Alkalaemia

PaCO2 35–45 mmHg Respiratory component: alkalosis Respiratory component: acidosis

HCO3
– 22–26 mmol/l Metabolic component: acidosis Metabolic component: alkalosis

PaO2 If oxygen level in inspired gas (FiO2) = Hypoxaemia: <60 mmHg (8kPa) Due to increased FiO2 or increased
21%: 80–100 mmHg (10.7–13.3 kPa) atmospheric pressure

SaO2 95–100% Hypoxaemia: < 90 %

haematoma or bruise formation at the site of sampling
can occur. In particular, pressure should be applied to
the site for several minutes after sample collection to
allow the vessel to seal. If it is likely that multiple sam-
ples will be required, insertion of an arterial catheter
should be considered; this is often done in combina-
tion with invasive blood pressure measurement.

Blood gas analysis is useful in the management
of critically ill patients and patients with ventilatory
problems. Specific treatment can be planned from the
results of initial blood gas analysis, and the response
to this treatment can be monitored by taking further
blood gas samples. The necessity of repeated blood
sampling in anaesthesia is diminished when non-
invasive monitors of oxygenation and ventilation are used
simultaneously, e.g. pulse oximetry and capnometry.

Cardiovascular monitoring

Heart rate indicator
Heart rate indicators exist as separate devices but
more often heart rate counting is a feature of an
electrocardiographic monitoring system. The heart
rate is deduced using detection of the QRS complex.
The number of complexes is counted over a certain
time period and calculated as beats per minute. Algo-
rithms are based on human use and in veterinary
patients regularly cause the display of a double heart
rate when relatively high T waves are erroneously
detected as QRS complexes. The displayed heart rate
must be regularly double-checked by clinical exami-
nation. There is no information about the pumping
function of the heart (see Electrocardiography, below)
and consequently such heart rate indicators can give
a false feeling of security.

Blood pressure

Arterial blood pressure
Arterial blood pressure is one of the most useful meas-
ures of cardiovascular function available to the vet-
erinary surgeon. Two methods of measuring blood
pressure can be used: invasive (direct) and non-inva-
sive (indirect). Invasive blood pressure measurement
is less straightforward to carry out in practice condi-
tions but, on the other hand, non-invasive blood pres-
sure measurement might not fulfil the expectations of
reliability and accuracy.
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Invasive blood pressure measurement: Invasive
blood pressure measurement is considered the ‘gold
standard’ technique. A catheter must be placed in a
peripheral artery. In the dog, the dorsal metatarsal
artery is most commonly used, but the femoral
artery or the palmar artery can also be used. In the
cat, the femoral artery is the most common site. The
catheter is connected to a pressure transducer via
non-compliant tubing filled with heparinized saline.
Pure mechanical pressure transducers have been
mostly abandoned for electronic ones connected
to the monitoring device. The transducer must be
‘zeroed’ to ambient air at the level of the right atrium.
The transducer–monitor combination gives a continu-
ous reading of blood pressure and shows the pres-
sure waveform. Systolic and diastolic pressures are
taken as the cyclic maximum and minimum pres-
sures, respectively. Mean pressure is automatically
calculated. To allow trouble-free continuous moni-
toring (avoiding clotting in the arterial line), the set-
up is combined with a pressurized continuous flush
system that does not influence the accuracy of the
pressure reading (Figure 7.20). Repeated arterial
blood sampling (blood gas analysis) is easy when
an arterial catheter is in place.

Non-invasive blood pressure measurement: There
are two methods generally used to measure blood
pressure non-invasively: the oscillometric method and
the Doppler method. Both methods are based on the
occlusion of blood flow to an extremity by the inflation
of a cuff and detection of reappearance of blood flow
during deflation. Any of the limbs or the tail can be
used. The ideal cuff width is usually quoted as 40% of

Set-up for
invasive blood
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the circumference of the limb. Wider cuffs will lead to
underestimation of the true pressure, while narrow
cuffs will tend to overestimate. Most cuffs have a mark
that should be placed directly over the artery.

Using the oscillometric method, returning blood
flow is detected by pulsatile pressure changes in the
cuff itself. The pressure at which pulses in the cuff
appear is taken as systolic blood pressure. As the cuff
is further deflated, diastolic and mean blood pressure
are measured. Oscillotonometric devices record mean
blood pressure as the pressure at which the pulses in
the cuff are maximal and diastolic pressure as the
pressure below which they disappear. The option of
automated function provides non-invasive blood pres-
sure measurements at adjustable time intervals. Heart
rate is also usually displayed.

Using the Doppler method, placement of an ultra-
sound probe over an artery distal to the cuff is neces-
sary. The emitted ultrasound is reflected by the moving
blood and a frequency shift is converted to an audible
signal. The pressure at which blood flow recom-
mences, characterized by a typical ‘whoosh’ sound,
is taken as systolic blood pressure. Diastolic pressure
is more difficult to determine. No automatic function
is available but leaving the probe in place with a de-
flated cuff allows one to hear the blood flow continu-
ously, hence turning it into a continuous monitor.
Changes in the pitch of the tone suggest changing
haemodynamics. The Doppler technique can be ap-
plied to any size of animal, including cold-blooded
animals, and is relatively inexpensive. It requires more
operator experience than automated oscillometric
measurement and the noise it produces can be dis-
turbing to some unless headphones are used.
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Note that the zero point on
the saline manometer is set
at the level of the
manubrium in the laterally
recumbent patient.

Significance of information: There is a wide range
in blood pressure encountered in anaesthetized dogs
and cats. Ranges commonly seen are between 90
and 120 mmHg for systolic, between 55 and 90 mmHg
for diastolic, and between 60 and 120 mm Hg for mean
blood pressure.

Generally, arterial blood pressure gives an indica-
tion of the adequacy of cardiovascular function. The
systolic blood pressure is determined by a combina-
tion of peripheral vascular resistance, stroke volume
and intravascular volume, whereas diastolic blood pres-
sure primarily arises from peripheral vascular resist-
ance. Measurement of systolic and diastolic blood
pressures allows estimation of pulse pressure, which
is the difference between systolic and diastolic pres-
sures (pulse quality). Mean blood pressure is an im-
portant factor in relation to general tissue perfusion.
Blood flow to the major organs of the body is
autoregulated across a range of mean blood pressures
from about 60 mmHg to about 120 mmHg. When mean
blood pressure falls below this range, blood flow to the
major organs is jeopardized. This results in inadequate
oxygen delivery and accumulation of lactic acid, lead-
ing to acidosis. On the other hand, it must be realized
that a normal mean blood pressure does not neces-
sarily equate to good overall tissue perfusion. If a nor-
mal blood pressure is generated by excessive
vasoconstriction, perfusion of tissue might be insuffi-
cient. Acute hypertension can have deleterious effects
on the central nervous system and the lungs.

Changes in blood pressure and heart rate can be
seen with inadequate anaesthetic depth, anaesthetic
agent overdose, hypovolaemia and overhydration (see
also Chapters 19 and 29). Analysis of the arterial
waveform with invasive blood pressure measurement
allows semiqualitative estimation of ventricular
contractility, hypovolaemia, cardiac output and the
role of peripheral resistance, e.g. a low dichrotic

notch indicates vasodilation, steepness of upstroke
represents strength of contraction.

Invasive blood pressure monitoring is less practi-
cal than non-invasive techniques in the clinical set-
ting. It requires more expensive equipment, skills in
placement of a catheter (especially in smaller patients)
and correct calibration. There is a risk of haematoma
formation, particularly after withdrawal of the catheter,
and a risk of infection.

Individual blood pressure values obtained by non-
invasive methods must always be regarded cautiously.
Oscillometric blood pressure measurements tend to
be less accurate or the measuring devices regularly
cease to function during hypotension and peripheral
vasoconstriction (especially in small patients <5 kg
bodyweight). The Doppler technique, in principle, only
indicates systolic pressure; in cats the Doppler tech-
nique underestimates true systolic pressure and tends
to be more closely related to mean blood pressure.

Central venous pressure
Central venous pressure (CVP) represents the bal-
ance between the filling of the central venous reser-
voir and the pumping ability of the heart. CVP is
measured in the vena cava within the thoracic cavity
via a long intravenous catheter. The classical ap-
proach is to position the catheter, via the jugular vein,
in the thoracic portion of the cranial vena cava. Al-
ternatively, the femoral or saphenous approach can
be used to position the catheter in the thoracic por-
tion of the caudal vena cava. CVP can be measured
using the technique described for invasive arterial
blood pressure. The zero reference point is the level
of the right atrium. Landmarks are the manubrium
(in lateral recumbency) and the scapulohumeral joint
(in patients in dorsal recumbency). Instead of elec-
tronic transducers, a cheap saline manometer is of-
ten used (Figure 7.21).
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A change of CVP over a short time period, in the
absence of a changed fluid load suggests changes in
cardiac function. A low or falling CVP suggests the
presence of hypovolaemia. High or rising CVP can
be due to fluid overload or to failing heart function.
The administration of a fluid bolus, which is followed
by a transient rise in CVP, suggests hypovolaemia
but adequate cardiac function. Subsequent fluid
therapy can be guided by CVP control. CVP can be a
valuable aid in differentiating low arterial blood pres-
sure due to hypovolaemia from low arterial blood pres-
sure due to heart failure. The normal range is quite
variable (3–8 cmH2O), so single values have limited
meaning. Conversely, repetitive measurements and
determination of trends provide valuable information.

CVP measurement is not a routine procedure dur-
ing anaesthesia. In many cases, CVP measurement
may have already begun before anaesthesia. It is of
particular use in critical patients who need extensive
and prolonged fluid therapy and/or are being treated
for haemodynamic instability. During intermittent posi-
tive pressure ventilation (IPPV), CVP is influenced by
the elevated intrathoracic pressure, especially when
positive end-expiratory pressure is used, and CVP
measurements have to be corrected accordingly.

Electrocardiography
The electrocardiogram (ECG) was the first monitor-
ing to be made compulsory in human medicine and it
may be the most frequently used monitor in veteri-
nary anaesthesia.

In veterinary practice, the three electrode system
is almost exclusively used: the electrical activity of the
heart is measured between two electrodes, with the
third electrode acting as the ground electrode. They
are normally located on left and right forelimbs and
the left hindlimb. Perfect electrical contact with the
skin is essential to obtain reliable and prolonged ECG
tracings. This contact can be achieved with adhesive
electrode patches, crocodile clips or transcutaneous
needles. In general, electrode gel is recommended to

improve electrical contact and is preferred to alcohol;
the latter tends to evaporate and the associated loss
of electrical contact can be the cause of artefacts.
Placing adhesive electrode patches on the skin ne-
cessitates shaving, but this can be avoided when they
are attached to the pads of the paws. Patches can be
reused when fixed with self-adhesive bandage.

A normal ECG trace is shown in Figure 7.22. The
three-electrode system is effective for arrhythmia
analysis, but in human medicine is considered insuf-
ficient for detection of myocardial ischaemia (analysis
of the ST segment). When the surgical site does not
allow normal electrode placement, a base–apex deri-
vation can be used: one electrode is placed dorsal to
the base of the heart, another ventrally near the apex
and the third peripherally. Transoesophageal ECG,
using a special oesophageal probe or stethoscope
equipped with ECG electrodes, is also a very con-
venient method of monitoring cardiac rhythm.

The ECG:

• Provides information limited to electrical activity
of the heart. It does not provide any information
about pumping function and haemodynamic
consequences. An extreme example is
electromechanical dissociation, where the ECG
remains normal but the heart is not beating

• Allows quick diagnosis of the type of cardiac
arrest (asystole, ventricular fibrillation,
electromechanical dissociation) and is the only
way to detect and analyse any other
arrhythmias.

Examples of common ECG abnormalities during
anaesthesia are shown in Figure 7.23.

Common causes of artefacts in ECG monitoring
are poor electrical contact of the electrodes (insuffi-
cient gel, dirty crocodile clips), detachment of elec-
trodes, 50/60 Hz interference, electrical interference
from electrosurgical devices and movement of the
patient.
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Respiratory monitoring

Respiratory rate counters
One type of respiratory rate monitor uses a connec-
tor attached to the end of the endotracheal tube. This
connector is equipped with a thermistor, which de-
tects the movement of respiratory gases (expired gas
is warmer than inspired gas). These monitors can emit
an audible tone synchronous with the detection of
movement of gas. They can also display the time in
seconds since the last breath, or the respiratory fre-
quency. They produce an alarm in case of apnoea
(‘apnoea detector’). However, the respiratory rate dis-
played should not be used as a safe indicator of the
efficiency of ventilation, because no information is
provided about tidal volume. A ‘normal’ displayed res-
piratory rate, and even tachypnoea, can be associ-
ated with hypoventilation. In addition, if instrument
sensitivity is not properly adjusted, it is possible for
these monitors to produce artefactual acoustic sig-
nals and display erroneous information.

Airway pressure gauges
It is highly desirable to have an airway pressure gauge
(Figure 7.24) in an anaesthetic breathing system. This
is a simple mechanical aneroid (or Bourdon-type)
manometer with a scale varying from –10 to +100
cmH2O. This instrument helps the performance of a
pre-anaesthetic quantitative leak test of the anaes-
thetic machine and breathing system. The monitoring
of the typical pressure cycles of IPPV will serve as a
guide during manual ventilation and for adjustment of
automatic ventilators. The absence of pressure swings
indicates major leaks or disconnection of patient and
anaesthetic apparatus. Airway pressure monitoring will
detect dangerously high airway pressure, e.g. due to
maladjustment of ventilator settings or when the ex-
haust valve remains inadvertently closed during spon-
taneous ventilation. If the delivered tidal volume is
known, the ratio of tidal volume to airway pressure is
an indicator of compliance of the respiratory system
when IPPV is applied. Moreover, the level of positive
end-expiratory pressure can be checked.
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Spirometers
A simple method to evaluate the efficiency of ventila-
tion is the use of a mechanical respirometer (Figure
7.25). This instrument measures the volume of expired
gases and is often fixed in the expiratory limb of a
breathing system. Alternatively, it can be connected
directly to an endotracheal tube or facemask. A
respirometer indicates tidal volume and thus the minute
volume must be calculated using a stopwatch. Some
respirometers have a built-in timer and automatically
display the minute volume (minute volume (MV) is the
product of respiratory rate (RR) per minute and tidal
volume (Vt) of the patient (MV = Vt x RR/minute)).

Oxygen analyser
The measurement of oxygen concentration in inspired
gas (FiO2) is compulsory in human anaesthesia. When
several gases are used (oxygen, nitrous oxide, air),
monitoring of the inspired oxygen fraction is a basic
method to prevent delivery of a hypoxic gas mixture
and hypoxaemia. The measurement of FiO2 also al-
lows safe use of low-flow anaesthesia techniques (see
Chapter 5). This measurement is often included in
respiratory gas analysis performed by multiparameter
anaesthetic monitors and different physical principles
are used. A popular simple stand-alone device is
based on a chemical reaction in a fuel cell. The lifespan
of this relatively costly cell is limited and depends on
the amount and time of oxygen measurement. A mini-
mum of 30% oxygen in the inspired gas should be
provided during anaesthesia of healthy patients.

Temperature monitoring

The continuous measurement of body temperature is
performed by a thermistor or a thermocouple mounted
on an appropriate probe. The probe can be placed in
the oesophagus, nasopharynx or rectum.

Perioperative monitoring of body temperature is
important to detect hypothermia, which commonly
develops during anaesthesia. Among other reasons,
this is due to depression of hypothalamic thermo-
regulation and heat loss from surgical exposure of body
cavities. Hypothermia leads to reduced cellular meta-
bolism, decreased anaesthetic requirements (danger
of overdosage), delayed recovery, bradycardia and
increased morbidity. It is important to take preventive
measures, such as insulation of the surgical table, use
of a circulating warm water mattress, warm blankets
and heating pads. However, if not well controlled, there
is a potential risk of inducing iatrogenic hyperthermia.
Hyperthermia is also seen occasionally during low-flow
anaesthesia in a warm environment, and during
sepsis and malignant hyperthermia.

Inhalational anaesthetic agent
monitoring

Monitors that continuously measure the concentra-
tion of inhaled anaesthetic agents in the breathing
system are available. In many of these devices, infra-
red analysis is used, and is often combined with the
measurement of oxygen and carbon dioxide.

Measurement allows control of the dosage of
volatile agent administered to the patient and corre-
lation of this with its clinical effects. The principle is
that alveolar (end-tidal) concentration of an agent
reflects its arterial and cerebral concentration; this
value can be compared with the documented mini-
mum alveolar concentration (MAC) value of the agent
(see Chapter 14). However, a very large number of
factors influence MAC value (e.g. individual varia-
tion, sedative and analgesic drugs) and measured
values are indicative of the dosage of the agent but
not of the depth of anaesthesia. Clinical examina-
tion remains the key factor in the assessment of an-
aesthetic depth.

7.25

Spirometer.

7.24

Airway
pressure
gauge.

Electronic spirometers exist in different forms for
both research and clinical purposes and are based
on different physical principles. However, they are
expensive and rarely found in veterinary practice.
Some devices do not provide any more information
than the mechanical spirometer.

Spirometry is reliable and shows whether or not
ventilation is within acceptable limits (minute volume
100–300 ml/kg/minute, tidal volume 7–15 ml/kg). How-
ever, acceptable values for ventilation are not neces-
sarily associated with acceptable gas exchange;
because the contribution of deadspace volume (about
one third in normal circumstances) remains unknown,
the alveolar part of the minute volume (which deter-
mines PaCO2) remains speculative. In this respect,
capnometry and blood gas analysis are most useful.

Some spirometers allow advanced monitoring of
ventilation because they use physical principles that
permit measurement of respiratory flow and airway
pressure, calculate compliance of the respiratory
system, and provide graphic presentation of the pres-
sure–flow and pressure–volume relationships in the
form of loops.
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If properly calibrated, these monitors can be used
to check the accuracy of the output of vaporizers. In
this case, it is imperative that sampling be done at the
outlet of the vaporizer and not in the breathing system.

Monitoring depth of anaesthesia

In clinical veterinary anaesthesia, the most accurate
method to assess the depth of anaesthesia is based
on collection and interpretation of relevant clinical
parameters (see Figure 7.3). The use of neuro-
muscular-blocking agents as part of a balanced an-
aesthesia protocol eliminates many of these important
clinical parameters (see Chapter 15). In human medi-
cine, this has occasionally led to difficulties in estima-
tion of anaesthetic depth, resulting in awareness
during anaesthesia, or undesired recall afterwards.
For this reason, there is an increased use in human
clinical practice of electronic devices to evaluate depth
of anaesthesia. These devices are based on compu-
terized analysis of the electroencephalogram (EEG)
(bispectral analysis) or EEG reaction to auditory stimu-
lation (middle latency auditory evoked potentials). In
veterinary anaesthesia, this kind of monitoring is
reserved for research purposes.

Monitoring of the neuromuscular
junction

For information on monitoring of the neuromuscular
junction, see Chapter 15.

Additional monitoring

When a urinary catheter is in place, the urine output
can easily be measured by collecting the urine in
a bag (normal 1–2 ml/kg/h). A normal urine output
reflects correct cardiovascular status and normal
renal perfusion. Renal perfusion can be reduced due
to cardiovascular failure, hypovolaemia and shock
(see Chapter 23). Urine output is part of the fluid
balance evaluation comparing fluid input during an-
aesthesia (intravenous infusions) and fluid losses
(blood, urine, transudates).

In some circumstances, the perioperative moni-
toring of blood glucose concentration (e.g. anaes-
thesia of diabetic patients and those with insulinoma)
or electrolytes, haematocrit and total protein (unsta-
ble critical patients with emergency surgery) may
be necessary.

Guidelines for monitoring strategy in
veterinary anaesthesia

When organizing and purchasing anaesthetic moni-
toring equipment, there are several factors to bear
in mind:

• Staff numbers and qualifications
• Costs versus benefits
• Case load and nature of those cases

• The anaesthetic techniques used
• The need to monitor several cases

simultaneously
• The need for post-anaesthetic monitoring.

The choice of which monitoring equipment to buy
depends on:

• The organization of the practice: if nobody is
available to monitor anaesthesia, more
equipment will be necessary to alert the
surgeon, but this method has clear limits. It is far
preferable to have a trained person to monitor
anaesthesia, rather than rely exclusively on the
use of electronic monitors. It cannot be
overemphasized that the purchase and use of
monitors is of no use if:
– Clinical monitoring is not mastered
– Artefactual information cannot be identified
– The physiological meaning of the

information provided is not understood and
the right corrective steps cannot
consequently be undertaken. Adequate
training of staff is therefore of utmost
importance, and the practice must be
organized in a way that allows someone
with adequate training to assess
anaesthetized patients on a regular basis

• The budget: cost of the equipment is a limiting
factor. Also, to invest in expensive monitoring
equipment which is not properly understood (and
whose information cannot be correctly
interpreted) will be of no use in either improving
quality of anaesthetic management or reducing
the incidence of anaesthetic mishaps

• Patient condition (ASA status): patients with
increased anaesthetic risk will require more
complete monitoring of their vital functions so
that rapid detection of abnormalities is possible
and correct assessment and therapeutic
decisions can be made quickly

• The chosen anaesthetic technique:
– Capnography in non-intubated patients is

difficult, whereas pulse oximetry can be used
– High doses of alpha-2 agonists in intubated

patients may increase the likelihood of
unreliable pulse oximeter function, but
capnography will still be reliable

– When nitrous oxide is used, or when using
low-flow techniques, there is a potential risk
of administration of a hypoxic gas mixture. In
this case, the use of an oxygen analyser in
the breathing system and/or a pulse oximeter
is recommended (SpO2)

• The case load and the types of surgery or
diagnostic examinations: it is not obligatory to
use all available monitoring equipment for very
short and simple procedures on healthy patients.
A pulse oximeter in non-intubated patients or a
capnograph in intubated patients can suffice.
Generally, the greater the disturbance in
homeostasis that is anticipated, the greater the
number of physiological functions that must be
monitored. Invasive surgery (e.g. thoracotomy),
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or surgery associated with specific
pathophysiology or problems (e.g. bleeding) will
need appropriate monitoring.

For practices performing invasive procedures or
dealing with emergency cases and postoperative care,
capnography, pulse oximetry, ECG, non-invasive
blood pressure measurement (with the option of in-
vasive blood pressure measurement) and temper-
ature monitoring are highly desirable. Nevertheless,
regular clinical assessment of depth of anaesthesia
remains necessary because no technical device can
replace this evaluation (Figure 7.26).

Conclusion

It is clear that monitoring equipment can never re-
place a suitably qualified person: it has not been
proven that monitoring equipment necessarily de-
creases anaesthetic risk. As complexity increases, the
chances for errors to occur due to artefacts and mis-
interpretations increase accordingly. The preparation
and set-up of monitoring equipment can be time-
consuming and the devices are usually expensive;
such considerations could lead one to question the
true benefits.

One important aspect is that the whole concept of
monitoring provides continuous information about the
patient, and thus becomes a kind of teacher support-
ing the person in charge of anaesthesia. This teacher
demonstrates the physiological consequences of ad-
ministered drugs and dosages, and of the complex
interactions between anaesthesia, disease and sur-
gical manipulation. In this way one can become a
better veterinary surgeon, with more insight into what
one is actually ‘doing’ to the patient.

In conclusion, ‘when applied appropriately, oper-
ated properly, and interpreted correctly, however,
monitors afford the patient the best possible outcome’
(Lawrence, 2005).
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The use of normal anaesthetic and monitoring
equipment inside a magnetic resonance unit is not
possible. The magnetic field attracts all ferrous metal
and electronic functions are disturbed. Special moni-
toring equipment that can remain inside the room is
available, but is very expensive. For respiratory gas
analysis, including capnography, a simple alternative
solution is to sample via a very long line while the
monitor is stationed outside the room. For ECG and
pulse oximetry, special sensors are necessary.


