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KEY POINTS

� Mechanical ventilation (MV) is a lifesaving intervention that is used in small animals to
manage a variety of conditions. Broad indications for MV include severe hypoxemia, se-
vere hypercapnia, and an increase in work of breathing.

� The ultimate goals of ventilation are to relieve respiratory distress, improve gas exchange
and oxygenation, reduce hypercapnia and concomitant respiratory acidosis, allow for in-
terventions targeted at resolution of underlying disease, and reverse respiratory muscle
fatigue.

� MV, while lifesaving in critically ill patients, can have serious complications impacting a va-
riety of organ systems. Intensive nursing care and monitoring can help mitigate several of
these complications.

� If patients are prematurely weaned from the ventilator before they have adequate respira-
tory drive, muscle strength and pulmonary function, wean failure and respiratory fatigue
may ensue.
CURRENT STANDARDS AND PRACTICES IN SMALL ANIMAL MECHANICAL
VENTILATION

Mechanical ventilation (MV) is a potentially life-saving intervention that is gaining more
widespread application in small animal critical care medicine and plays a vital role in
patient management for a variety of illnesses.
Indications for initiation of MV are variable (Table 1), but can be broadly classified

into

� Hypoxemic respiratory failure with severe hypoxemia (PaO2 <60 mm Hg or SpO2

<90% despite FiO2 >0.6)—these comprise disease conditions that result in
ventilation-perfusion mismatching, intrapulmonary shunting, and reduced func-
tional residual capacity (FRC).
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Abbreviations

AC assist-control
CMV continuous mandatory ventilation
CPAP continuous positive airway pressure
FRC functional residual capacity
I:E inspiratory to expiratory time
IMV intermittent mandatory ventilation
MV mechanical ventilation
NMB neuromuscular blockade
PEEP positive end-expiratory pressure
SIADH syndrome of inappropriate antidiuretic hormone
SIMV synchronized intermittent mandatory ventilation
TIVA total intravenous anesthesia
VAP ventilator-associated pneumonia
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� Hypercapneic respiratory failure, as evidenced by a decrease in minute ventila-
tion and subsequent severe hypercapnia (PaCO2 >60 mm Hg), that cannot be
readily reversed by treating the underlying disease.

� Increased work of breathing (WOB), with concern for impending respiratory fa-
tigue—this is a much more subjective assessment and may be evidenced by
markedly increased respiratory effort progressing to orthopnea, weakening chest
wall excursions and progressive hypercapnia (or even deceptively “normal” PCO2

levels in animals that are visibly tachypneic with increased respiratory effort).
� Cardiovascular compromise such as in decompensated shock, where MV is
used to offload energy requirements and oxygen consumption during sponta-
neous breathing.

MV allows for application of a positive pressure breath, the magnitude of which is
dependent on the compliance and resistance of the respiratory system. The ultimate
Table 1
Common causes of hypoxemic and hypercapneic respiratory failure

Common Causes of Hypoxemic
Respiratory Failure Common Causes of Hypercapneic Respiratory Failure

Bronchopneumonia
Pulmonary thromboembolism
Cardiogenic pulmonary edema
Acute Respiratory Distress

Syndrome
Interstitial lung disease
Pulmonary contusion
Smoke inhalation
Pulmonary hemorrhage
Pulmonary neoplasia

CNS disorders (reduced respiratory drive)
� Cardiopulmonary arrest
� Overdose with CNS depressants/toxins
� Cerebrovascular accident
� Traumatic brain injury
� Intracranial neoplasia
� Infectious/inflammatory CNS disease
Neuromuscular dysfunction
� Myasthenia gravis
� Tetanus
� Botulism
� Polyradiculoneuritis
� Electrolyte disorders (eg, hypokalemia)
� Spinal cord injury
Chest wall/pleural space diseases
� Flail chest/rib fractures
� Pneumothorax
� Pleural effusion
Conducting airway diseases
� Lower airway inflammatory disease (eg, feline asthma)
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goals of ventilation are to relieve respiratory distress, improve gas exchange and
thereby oxygenation, reduce hypercapnia and concomitant respiratory acidosis, allow
for interventions targeted at resolution of underlying disease, and reverse respiratory
muscle fatigue.
Mechanical ventilation in small animals has been described well in the current liter-

ature.1–9 In several studies that have evaluated outcomes in small animal patients un-
dergoing MV for various reasons, between 30% and 62.5% of canine patients
survived to discharge.1–4,9 Feline patients have been shown to have considerably
worse outcomes with between 15% and 42% of patients surviving to discharge,
although a study evaluating mechanically ventilated cats with congestive heart failure
showed a higher survival of 66%.3 Overall improved survival has been found in pa-
tients treated for primary pulmonary parenchymal diseases, when compared to those
treated for extra-pulmonary disease or hypercapneic respiratory failure caused by
hypoventilation.2 This is likely a reflection of more readily treatable underlying diseases
in the latter group. A notable exception to this general finding is the relatively high sur-
vival seen in patients ventilated for cardiogenic pulmonary edema, where ventilation is
typically required for shorter durations of time when compared to other primary lung
diseases.3

Initiating Mechanical Ventilation

Once the decision is made to initiate MV for a patient, the clinician must consider the
following:

1. Mode of ventilation to be used and associated ventilator settings
2. A sedation/anesthetic plan
3. Patient monitoring and instrumentation

In order to make a decision regarding the most appropriate mode of ventilation for a
given patient, clinicians must become familiar with basic terminology used in MV
including:

� Phase variable: these are variables that are responsible for each part of the MV
breath and can be manipulated by the operator. These include

� Trigger variable: This is the variable that initiates inspiration. This is typically
either a pressure or flow-based trigger value.

� Limit variable: This is the variable that places a maximum value on the param-
eter chosen to be controlled during inspiration.

� Cycle variable: This is the variable that causes a breath to end.
� Baseline variable: This describes what is happening in the breath during
expiration.

� Cycling mechanisms: These describe how a breath cycles between different
phases (Table 2).

� Positive End-Expiratory Pressure (PEEP): application of constant, positive pres-
sure in the airways so that at end-expiration, pressure is never allowed to reach
atmospheric pressure. PEEP is discussed in more detail in subsequent sections.

� Flow rate: This reflects the speed with which a given tidal volume is delivered.
� I:E ratio: Ratio of inspiratory time to expiratory time. Typically, the expiratory time
is longer than the inspiratory time to allow for passive exhalation andmimic phys-
iologic spontaneous breathing. However, in select circumstances, this ratio can
be modified to increase the inspiratory time to be equal to, or rarely exceed the
expiratory time (reverse I:E ventilation) as a strategy to manage refractory hypox-
emia. In general, longer inspiratory times will result in higher airway pressures



Table 2
Variables and cycling mechanisms used in mechanical ventilation

Cycling
Mechanism

Control
Variable

Dependent Variables
(Depend on
Compliance and
Resistance of the
Respiratory System) Comments

Volume VT I-time, airway pressure Two most commonly
used cycling mechanismsPressure Maximal airway

pressure
I-time, VT

Flow Flow rate VT, airway pressure

Time I-time VT, airway pressure

Abbreviations: I-time, inspiratory time; VT, tidal volume.
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and allow more time for the applied pressure to distribute more evenly across
heterogenous areas of diseased lungs.

� Ventilator breath types:
� Mandatory/controlled breaths: These breaths are triggered and/or cycled by
the ventilator. All the WOB is performed by the ventilator.

� Assisted breaths: These are triggered by the patient but cycled by the
ventilator.

� Supported breaths: These are triggered by the patient and the ventilator pro-
vides some support in the form of positive airway pressure. Most of the work of
breathing is performed by the patient.

� Spontaneous breaths: The breath is triggered and completed by the patient
with no support from the ventilator.

Modes of Ventilation

� Volume control modes (continuous mandatory ventilation-CMV and intermittent
mandatory ventilation-IMV):

� The clinician will set the respiratory rate (RR), VT to be delivered, inspiratory
flow pattern (either square or descending ramp, reflecting how rapidly the tidal
volume is delivered) and peak inspiratory flow rate (this will then determine
inspiratory time).

� The ventilator will deliver the chosen VT at the chosen RR if the patient is
apneic. Airway pressures reached are dependent on the patient’s lung
compliance.

� If the patient triggers a breath, the ventilator will continue to deliver mandatory
breaths as long as the patient’s respiratory rate is higher than the set rate. Pa-
tient triggered breaths will contribute to the total minute ventilation.

� Pressure control modes (CMV and IMV):
� A preset airway pressure to be delivered is set by the clinician. The clinician
also sets the RR and inspiratory time, and therefore, the I:E ratio (ratio of inspi-
ratory to expiratory time).

� The tidal volume delivered depends on the patient’s lung compliance and
resistance.

� As patient effort and compliance improves, the overall VT delivered will
improve and as a result, minute ventilation will increase.

With both pressure and volume control modes, breaths can be either delivered as
CMV or AC (assist-control) breaths or IMV. With the former, the machine will deliver
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the preset number of respiratory rates, but if the patient triggers a breath, the ventilator
will deliver a full assisted breath with each patient trigger. With IMV modes, a set num-
ber of mandatory breaths are delivered between which spontaneous patient breathing
can occur. In synchronized IMV (SIMV), the machine attempts to synchronize the pa-
tient’s inspiratory effort with the mandatory breaths. This mode can be used for pa-
tients that are able to perform some WOB, whereas AC modes are chosen in
patients with severe lung disease where respiratory muscle rest is desired, or those
that have no respiratory drive.

� Continuous Positive Airway Pressure (CPAP): this is an important mode of nonin-
vasive ventilation where positive pressure is applied continuously throughout the
airway cycle for a spontaneously breathing patient. This mode is a useful wean-
ing mode for animals with a strong respiratory drive, as well as for intubated pa-
tients that are ventilating well on their own but may need some support (such as
sedated patients intubated for upper airway obstructions).

� Pressure Support Ventilation: In this mode, the patient starts and ends the breath
(spontaneous breath), and the size/VT of the breath is augmented with ventilator
support. This can be used for patient support during the process of weaning, or
as a form of support for spontaneous breaths during IMV.

� Airway Pressure Release Ventilation: This is a specialized mode of bi-level venti-
lation available in newer ventilators. A high level of CPAP is applied, and the pa-
tient is allowed to breathe spontaneously. Each period of high airway pressure is
interrupted by very short periods of low airway pressure that facilitates expira-
tion, along with the application of PEEP. The ratio of time spent at high versus
low airway pressures determines the rate of mandatory ventilation. This is a
newer mode of ventilation that has been described in a veterinary case report.10

There are other modes of bi-level ventilation available where the periods of high
and low airway pressure are alternated for variable periods of time. These
methods may minimize patient-ventilatory dyssynchrony because there is no re-
striction on the patient’s ability to take spontaneous breaths.

� High Frequency Oscillatory Ventilation: This is a mode of ventilation where very
small tidal volumes are applied at a very high rate. The theory behind this venti-
latory mode is that delivery of small tidal volumes with frequent oscillations can
avoid lung overdistension and further injury. This has not been reported in recent
clinical veterinary studies but has been reported in older experimental canine
studies.11 This mode has been recently widely evaluated in humans with ARDS
and has fallen out of favor due to negative outcomes in some studies.12

Application of Positive End-Expiratory Pressure

Positive end-expiratory pressure (PEEP) is a vital part of ventilator settings. PEEP has
many beneficial effects, and a thorough understanding of the consequences of PEEP
is imperative for clinicians managing ventilated patients. PEEP, when applied properly,
can help splint open and “recruit” alveoli at the end of expiration and prevent airway
collapse from atelectasis, thereby minimizing airway trauma and shear injury from
cyclical opening and closing (atelectrauma).
In addition, PEEP can have complex effects on a patient’s hemodynamic status and

can increase intrathoracic pressure. PEEP can cause a reduction in right ventricular
filling, a fall in the left ventricular stroke volume, and subsequently a decrease in car-
diac output.13 Therefore, while application of PEEP can play a crucial role in improving
oxygenation and minimizing ongoing injury in severely diseased lungs, patients should
be carefully monitored when high levels of PEEP are used. Relative contraindications
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for the use of PEEP include ongoing cardiovascular instability, unilateral lung disease,
or hyperinflated lungs (such as with emphysema). PEEP should be used with caution in
patients with elevated intracranial pressure where PEEP may impede cerebral venous
return, although some recent studies suggest that this effect may be minimal.14

When selecting an optimal level of PEEP for a patient, care must be taken not to
select too high of a level, which may result in lung overdistension. The pressure-
volume loop, displayed on most ventilators for each patient, may be used as a guide-
line to select optimal PEEP levels. Ideally, the PEEP level chosen should be between
the lower and upper inflection points (Fig. 1).

Suggested Initial Settings

While the appropriate ventilator modes and settings for each small animal patient may
vary considerably based on their underlying primary disease process as well as other
comorbidities, a general set of guidelines can be helpful to provide a starting point
from which the settings can be further tailored to each patient (Table 3). The author
typically uses the below settings as an initial starting point that is then customized
further depending upon the patient’s needs:

� Fraction of inspired oxygen: 100%
� Mode: Pressure/Volume controlled AC
� Target tidal volume: 8 to 12 mL/kg
� Pressure above PEEP: 10 to 15 cm H2O
� PEEP: 3 to 7 cm H2O
� I:E ratio: 1:2
� Inspiratory trigger: �1 to �2 cm H2O (Pressure trigger) or 0.5 to 2.0 L/min (Flow
trigger)
Fig. 1. Pressure-Volume loop illustrating upper and lower inflection points for optimal PEEP
selection.



Table 3
Various commonly used mechanical ventilation modes with their indications, advantages, and disadvantages

Mode Indications Advantages Disadvantages Other Considerations

VC/AC Normal respiratory drive but weak
muscles

WOB is too high

Allows patient control of rate with
guaranteed minimal delivery of
preset rate and volume

Patient cannot control volume or
duration of breath.

Respiratory alkalosis may ensue.
Auto-PEEP may result.
Disuse atrophy of muscles

Monitor:
� PIP
� Exhaled VT
� Patient comfort
� Acid-base status

VC/SIMV Normal respiratory drive but weak
muscles

Patients can maintain their own
RR/CO2

WOB is too high.
Weaning modality

Less risk of disuse atrophy and
respiratory alkalosis

Less hemodynamic impact since
spontaneous breaths have a
lower mean airway pressure and
average pressure over time is
less

WOB is still high for spontaneous
breaths due to circuit resistance
and lag time

Monitor:
� PIP
� Patient RR
� Exhaled VT, especially of

spontaneous breaths
� Patient comfort

CPAP During spontaneous breathing
trials for weaning

Promotes alveolar stability and
improves FRC.

Obstructive airway disease

Caution to ensure apnea and low
exhaled Vt alarms are active

Monitor:
� Patient RR, watch for signs of

fatigue.
� Exhaled VT
� Patient comfort

PS During spontaneous breathing
trials for weaning

Reduces WOB

Patient controls RR, I-time, and VT � Inspiration ends when flow
decreases to set limit (flow-
cycled)

� Ensure trigger sensitivity is set to
allow for minimal patient work

PC/AC Full vent support to patients with
poor oxygenation

Can reduce PIP and subsequent
barotrauma.

Rapid initial pressure rise can open
collapsed alveoli and splint
them throughout inspiration
(rise time).

More even distribution of pressure
within lung with laminar flow
(decelerating flow wave
pattern)

Increased mean airway pressure
can reduce preload and cardiac
output

Monitor:
� Set RR
� Exhaled VT and VE

� Hemodynamic status
� I:E ratio

(continued on next page)
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Table 3
(continued )

Mode Indications Advantages Disadvantages Other Considerations

PC/SIMV Normal respiratory drive but weak
muscles

Patients can maintain their own.
RR/CO2

WOB is too high.
Weaning modality

Guaranteed minimum VE with
each mandatory breath, patient
can modify Vt of spontaneous
breaths.

Less hemodynamic impact than PC/
AC

Monitor:
� PIP
� Patient RR
� Exhaled VT, especially of

spontaneous breaths
� Patient comfort

Abbreviations: PC, pressure control; PIP, peak inspiratory pressure; PS, pressure support; VC, volume control; VE, minute ventilation.
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Monitoring the Mechanically Ventilated Patient

Mechanically ventilated patients are among the most fragile of ICU patients and are
heavily dependent on intensive nursing care with round-the-clock monitoring
(Fig. 2). Appropriate nursing care is crucial in these patients to avoid or minimize
ventilator-associated complications (which can be life-threatening) and to maximize
chances of patient recovery and increase chances for a successful wean. Consider-
ations for care of these patients include:

1. Equipment care and safety checks:
� Essential supplies should be kept close to the patient at all times and be easily
accessible to the care team including an Ambu bag, suction catheters (both ster-
ile catheters to suction the endotracheal tube and catheters to suction the
oropharynx), suction apparatus connected to a wall unit or portable suction,
emergency reintubation supplies (endotracheal tubes, cuff syringe, and laryngo-
scope), drugs for rescue sedation (such as propofol), and an emergency drug
sheet with doses of CPR drugs calculated for ease of reference.

� All ventilator and related equipment should be present and working well, and the
ventilator should be connected to uninterrupted power supply. Ventilator safety
alarms should be checked before each patient use. All medications and infusions
should be checked for accuracy of dosage, composition, infusion rates and be
clearly labeled.

2. Patient care
� Patient vitals should be monitored at least hourly. The “ABCs” should always be
prioritized—
Fig. 2. Amechanically ventilated dog with complete monitoring in the ICU including contin-
uous ECG, direct arterial blood pressure, pulse oximetry, and capnography.
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i. Airway: Is the endotracheal tube or tracheostomy tube patent and secure?
Does the tube need suctioning or repositioning?

ii. Breathing: Ensure adequate air movement and appropriate chest wall move-
ment and assess mucous membrane color.

iii. Circulation: The patient should have its heart rate, pulse quality, and mucous
membrane color assessed closely. Continuous blood pressure monitoring,
preferably directly through an arterial catheter, is recommended in these
patients.

� Respiratory System Care and monitoring:
i. Artificial airway:
. 3
co
� Check for endotracheal tube or tracheostomy tube patency and secure tie.
� The endotracheal tube cuff should be inflated and overinflation or underin-
flation should be avoided. Overinflation may risk tracheal necrosis while un-
derinflation may result in airway leaks and loss of VT. The cuff should be
deflated and repositioned before inflating the tube if readjustment of the
tube is needed.

� The ventilator tubing should be monitored for excessive condensation,
kinks, or leaks.

ii. The patient’s RR (set rate and actual rate), VT (set volume and actual volume),
pulse oximetry, and capnography should be monitored continuously to
ensure optimal oxygenation and ventilation.

iii. Arterial blood gas analysis should be performed at least every 6 to 12 hours to
assess the effectiveness of ventilation and how well the patient is
oxygenating.

iv. Ventilator settings and patient parameters should be recorded on a ventilator
flow sheet at least hourly or after any changes.

v. Airway secretions should be closely watched. Suctioning is vital to maintain
a patent airway and can be used to obtain airway samples for cytology and
culture. Patients should be preoxygenated with 100% oxygen before suc-
tioning and aseptic technique should be used. Airway humidification is
crucial and allows for protection of the airway epithelial lining and keeps se-
cretions from thickening and drying out. Humidifier units can be attached to
the patient circuit or alternatively, heat-moisture exchanging filters can be
used to provide humidification. In-line suction catheters are also available
for use in patients where disconnecting from the ventilator to suction
them can result in a precipitous loss of alveolar recruitment and hypoxemia
(Fig. 3).
. In-line suction unit attached to the endotracheal tube and ventilator circuit to avoid
nnecting the patient from the ventilator during suctioning of the endotracheal tube.
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vi. Rapid patient desaturation can occur occasionally for a variety of reasons,
and this can be assessed using the useful “DOPES” acronym.15

� Displacement/Dislodgement: If the capnograph waveform is lost or de-
creases dramatically in magnitude, the patient should be evaluated imme-
diately to ensure that they are not at risk for imminent cardiopulmonary
arrest. Then they should be assessed for displacement or dislodgement
of the endotracheal tube or circuit, or a leak in the circuit.

� Occlusion/Obstruction of the endotracheal tube or airways: the endotra-
cheal tube should be checked for mucus plugs or secretions. Broncho-
spasms or an acute pneumothorax can also result in acute desaturation.
This should especially be a consideration if there is unexpected resistance
encountered while bagging a patient.

� Pneumothorax/Pulmonary thromboembolism/Pulmonary edema: the pa-
tient should be evaluated using point-of-care ultrasound to assess cardiac
size and function, evaluate for B-lines indicating new or worsening pulmo-
nary edema, and thoracic radiographs should be considered.

� Equipment failure: If the patient’s SpO2 rises rapidly once they are discon-
nected from the ventilator and bagged manually, this may indicate an issue
with the ventilator/equipment and this should be assessed carefully.

� Stacked breaths: If the patient’s desired RR is significantly different from
the set rate, or if the expiratory time set is insufficient to allow for complete
exhalation, breath stacking may occur resulting in patient-ventilator dys-
synchrony and hypoxemia.

� Cardiovascular System Care:
i. The patient’s heart rate and rhythm should be monitored via continuous ECG
or telemetry.

ii. Direct blood pressure measurements are ideal in these patients, although in-
direct measurements can be employed if an arterial catheter is not able to be
placed.

� Oral and ocular care:
i. Oral complications of MV include decreased swallowing of saliva and ranula
formation (Fig. 4), oral ulceration, glossal edema, and increased bacterial
colonization in the oropharynx.

ii. Stringent oral care is vital in ventilated patients and has been shown to be
associated with a significant decrease in the risk of ventilator-associated
. 4. Ranula formation in a mechanically ventilated dog.
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pneumonia (VAP).16–18 Human studies have evaluated various techniques for
oral care including a combination of antiseptics such as chlorhexidine and us-
ing toothbrushes as well as total gastric decontamination with antibiotics to
prevent VAP.17 The prevalence of VAP in veterinary medicine is still un-
clear—there is only one published study evaluating this in dogs, which re-
vealed that 46.2% of ventilated patients developed VAP (defined as new
onset pneumonia/new bacterial isolate detected >48 hours after initiation of
MV).19 The author recommends the use of dilute chlorhexidine (0.2%–2%)
for oral care at least every 4 hours in mechanically ventilated dogs and
cats. Patients should be watched closely for development of VAP and early,
appropriate antimicrobial therapy should be initiated if VAP is suspected.

iii. Glycerin can be used to help prevent desiccation of the oral mucosa in venti-
lated dogs and cats. The tongue can be wrapped in saline or glycerin moist-
ened gauze that is changed every 4 hours or sooner if soiled.

iv. Ocular care: Eyes should be lubricated at least every 4 hours to prevent
corneal ulceration.

� Gastrointestinal Care:
i. Nutritional support for the ventilated patient is a crucial aspect of their care in
the ICU. Early nutritional support can help reduce catabolism, attenuate
muscle wasting, and maintain nutritional status.20 Enteral nutritional support
can also modulate the immune response and reduce oxidative stress and in-
fections by limiting bacterial translocation via the gut.20,21 While nutritional
support in mechanically ventilated small animals has not been reviewed spe-
cifically in the veterinary literature, it has been heavily studied in human pa-
tients. Lower mortality and more ventilator-free days have been reported in
septic patients with severe pneumonia reaching higher protein and caloric
intake earlier in their ICU stay.22 It is also important to remember that nonnu-
tritional calories (through infusions of dextrose or propofol) can also
contribute to the caloric intake for individual patients.

ii. Patients should be evaluated for the presence of ileus via auscultation for
borborygmi, ultrasonographic evaluation of the GI tract to look for evidence
of peristalsis or dilation of the stomach/bowel loops.

iii. Nasogastric tubes can be placed to keep the stomach decompressed in pa-
tients with significant ileus to minimize the risk of regurgitation and aspiration
of gastric contents.

iv. The frequency and character of bowel movements should be noted.
v. The route of delivery of nutritional support has been heavily debated in hu-

man medicine, with recent evidence skewing in favor of enteral nutrition
over parenteral nutrition in most patients. Enteral nutrition can be delivered
in dogs and cats via nasogastric, gastric, or postpyloric (such as jejunal)
routes.

vi. Patients should be monitored closely for signs of enteral feeding intolerance,
which may include high gastric residual volumes, regurgitation, and diarrhea.
Recent data in humans have questioned the validity and utility of frequent
measuring of gastric residual volumes23; however, repeated incidence of
enteral feeding intolerance over multiple days has found to be associated
with a worse clinical outcome.24

vii. Enteral feeding for critically ill patients receiving vasopressors has also been
studied extensively in humans but little data exist in mechanically ventilated
dogs and cats. A recent study evaluating the use of enteral and parental
nutrition in ventilated cats and dogs revealed that only 31% of patients
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received nutritional support, with a majority (88.9%) receiving parenteral
nutrition. The study also found that animals with absent caloric intake for
greater than 72 hours had poor implementation of nutritional support.25

The Society of Critical Care Medicine and American Society for Parenteral
and Enteral Nutrition clinical practice guidelines26 suggest delaying enteral
nutrition in uncontrolled shock, during periods of hypotension, active resus-
citation, or high dose vasopressors, but recommend initiating nutrition as
soon as shock is controlled, or when pressor doses are low and stable.
These patients should be watched closely for signs of GI intolerance
including abdominal distension, lactic acidosis, dilated bowel loops, mark-
edly worse nasogastric tube residual volumes), worsening hemodynamic
status (potentially indicating gut ischemia).

� Metabolic care and monitoring:
i. Patients should have regular monitoring of acid-base status, electrolytes,
blood glucose, lactate, and complete blood count and chemistry profiles as
needed.

ii. Body temperature should be monitored continuously, and an indwelling rectal
temperature probemay be used in these patients to detect hypothermia or hy-
perthermia/pyrexia. Hyperthermia may occur in patients with significant
patient-ventilator dyssynchrony or during weaning trials, if the patient has
excessive respiratory effort, and must be differentiated from pyrexia, which
may be indicative of infection (such as VAP, or a different septic focus such
as urosepsis or septic peritonitis) or inflammation (such as acute pancreatitis).

� Renal/urinary care:
i. Serial monitoring of renal values and urine output is recommended to monitor
renal function.

ii. Placement of a urinary catheter with a closed collection system in place is
essential to prevent patient soiling, maintain hygiene, and quantify urinary
output as well as guide fluid therapy.

iii. Urine output should be measured at least every 4 hours and urine specific
gravity should be monitored as well. Strict aseptic precautions should be
applied when handling the urinary catheter and collection system.

iv. Mechanically ventilated patients have been known to develop hyponatremia
and syndrome of inappropriate antidiuretic hormone secretion (SIADH), likely
from nonosmotic stimulation of ADH secretion as pulmonary venous barore-
ceptors respond to a reduction in effective blood volume (due to decreased
left atrial pressure from increased pulmonary vascular resistance, or due to
increased compression from hyperinflated lungs).27 In addition, opioid ther-
apy may also trigger ADH secretion due to stimulation of opioid receptors
in the hypothalamus.28 Hypoxemia can also be a direct stimulus for ADH
release by hypothalamic stimulation or arterial baroreceptor activation. There
are no published studies documenting SIADH in ventilated dogs and cats, but
the author has anecdotally noted oliguria to be a frequent occurrence in venti-
lated small animals. A single case report in a bulldog with aspiration pneu-
monia documents the development of SIADH, likely due to a combination
of hypoxemia and decreased left atrial tension, although this dog was not me-
chanically ventilated.29 Low-dose furosemide administration is often helpful
in managing oliguria in these patients—the author typically uses a dose of
0.5 to 1.0 mg/kg IV every 6 to 8 hours as needed, or a low dose furosemide
continuous infusion at a rate of 0.1 to 0.2 mg/kg/hr.

� Neurologic care and monitoring:
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i. Most ventilated small animals are maintained in a state of total intravenous
anesthesia (TIVA), but animals that are maintained with tracheostomy tubes
instead of endotracheal tubes may be able to remain much less sedated
and more awake.

ii. Sedative infusion protocols are typically a combination of 2 or more drug in-
fusions and commonly include opioids (including pure mu agonists such as
fentanyl or a mixed agonist-antagonist such as butorphanol), benzodiaze-
pines, lidocaine, ketamine, dexmedetomidine and propofol. The combination
and infusion rates selected should ensure an adequate sedation plane such
that the patient tolerates the endotracheal tube and patient-ventilator dyssyn-
chrony is avoided, particularly in the early stages of initiating ventilation.
These infusions may also result in cardiovascular changes including hypoten-
sion, and doses may need to be adjusted in patients experiencing these ef-
fects. Inhalant anesthetics may be used as well, but this is less common.
� Sedation protocols should be chosen based on a patient’s underlying dis-
ease process, anticipated duration of ventilation, comorbidities, cost and
availability considerations, and clinician comfort levels.

� Commonly used drugs and infusion rates include:

a. Fentanyl: 2 to 15 mcg/kg/hr
b. Butorphanol: 0.1 to 1.0 mg/kg/hr
c. Midazolam (or diazepam): 0.1 to 1.0 mg/kg/hr
d. Lidocaine: 25 to 60 mcg/kg/minute
e. Dexmedetomidine: 0.1 to 1.0 mcg/kg/hr
f. Ketamine: 0.05 to 0.5 mg/kg/hr
g. Propofol: 0.05 to 0.5 mg/kg/minute
h. Alfaxalone: 4 to 8 mg/kg/hr
iii. Sedation interruption or “sedation vacation” has been extensively studied in
human patients who are mechanically ventilated. The rationale behind seda-
tion interruption is that prolonged continuous infusion of sedative drugs can
cause bioaccumulation of these medications and cause potential adverse ef-
fects. The goal of sedation interruption (stopping or lowering sedation doses
for a set period each day) is to minimize tissue drug accumulation and poten-
tially allow for faster clearance, which may facilitate more successful weaning
when the patient is ready. Despite these benefits, recent studies have not
documented a definitive survival benefit with this approach.30,31 In general,
the author recommends lowering sedation doses each day to the minimum
effective dose to avoid excessive drug accumulation—a useful strategy is
to lower sedation doses during night hours or other times when the ICU is
likely to be quieter, to avoid causing stress and agitation in a patient on lower
sedation doses.

iv. Neuromuscular blockade (NMB) and the use of paralytic agents during MV
can be considered in patients to reduce patient-ventilator dyssynchrony
and WOB.32 Nondepolarizing NMBs such as atracurium and cisatracurium
are most commonly employed but should be used with great caution by
intensive care clinicians experienced with their use. The recommended
dose of atracurium is an initial bolus dose of 0.1 to 0.5 mg/kg IV, followed
by a continuous infusion at a rate of 3 to 9 mcg/kg/minute.33 Risks of neuro-
muscular blockade include muscle weakness and atrophy with protracted
use, and failure to completely reverse paralytic effects. Seizures have also
been reported in ventilated dogs receiving atracurium infusions.34 These
drugs should not be routinely used to paralyze a dyssynchronous patient until
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underlying causes of patient-ventilator dyssynchrony have been thoroughly
evaluated and addressed.

� Integument and musculoskeletal care:
i. Recumbent, sedated patients on MV remain at risk for development of decu-
bital ulcers or pressure sores and can also develop atelectasis.

ii. The patient’s recumbency should be noted and they should be turned at least
every 4 hours to prevent pressure sore development. Patients should be well
cushioned with adequate bedding (Fig. 5).

iii. Passive range of motion exercises can be performed every 4 hours to prevent
limb muscle atrophy from disuse, and massage and physical therapy exer-
cises can also improve peripheral circulation and lymphatic flow, thereby
helping improve edema formation.

iv. Intravenous catheter sites should be inspected several times every day and
catheters should be rewrapped frequently to minimize limb swelling and
thrombophlebitis as well as minimize the risk of catheter-related infections.

Complications of Mechanical Ventilation

MV, while lifesaving in critically ill patients, can have serious complications impacting a
variety of organ systems. Intensive nursing care and monitoring can help mitigate
several of these complications. These are summarized in Table 4.

Weaning from Mechanical Ventilation

Weaning is the process of liberating the patient from the support of MV and from the
endotracheal tube.37 For a successful wean, the following criteria should be met:

� The patient should have adequate respiratory drive.
� The patient should have adequate neuromuscular function in order to take
breaths of appropriate VT.

� The patient’s pulmonary function should be adequate to ensure that oxygenation
can occur without ventilatory support.

� Ideally, the underlying disease that precipitated the need for MV should be ad-
dressed and should be either improving or resolved.

There are a multitude of different approaches to weaning patients and each
approach involves making small, single, incremental changes at a time to assess
Fig. 5. Adequate padding and bedding should be ensured, especially in larger patients, to
prevent formation of decubital ulcers with prolonged recumbency during MV.



Table 4
Complications of mechanical ventilation

Hemodynamic effects � High intrathoracic pressure can negatively impact right
ventricular afterload and function due to increased
pulmonary vascular resistance.

� Increased intrathoracic pressure can also reduce venous
return to the right side of the heart.

� Increased right ventricular afterload may cause bulging of
the interventricular septum toward the left ventricle
resulting in decreased left ventricular size, volume,
compliance and ultimately cardiac output.

� Hypotensive effects of sedative drugs via vasodilation,
negative inotropy, or central mechanisms.

Respiratory complications � Ventilator associated pneumonia
� Respiratory muscle and diaphragmatic weakness
� Ventilator-associated lung injury (VALI)35: Components of

VALI include:
1. Volutrauma: Damage caused by overdistension of lungs

with excessive VT.
2. Atelectotrauma: Lung injury associated with shear forces

from repeated alveolar recruitment and collapse—may
be prevented by using a level of PEEP greater than the
lower inflection point of the pressure volume curve.

3. Biotrauma: Pulmonary and systemic inflammation caused
by the release of pro-inflammatory mediators/cytokines
from lungs subjected to injurious MV.

4. Oxygen toxicity: Damage caused by a high concentration
of inspired oxygen (typically FiO2 >60% for protracted
periods of time). Consequences include reabsorption
atelectasis, decreased parasympathetic tone,
vasoconstrictive effects on cerebral and coronary
perfusion, and free-radical production.

5. Barotrauma: High pressure induced lung damage. This
can result in pneumothorax, pulmonary interstitial
emphysema, pneumomediastinum, pneumoperitoneum,
pneumoretroperitoneum, and subcutaneous
emphysema.

Renal effects � Reduced renal blood flow due to reduced cardiac output can
cause a “relative hypovolemia” and stimulation of the renin-
angiotensin-aldosterone system leading to sodium and
water retention.

� SIADH in mechanically ventilated patients can cause
decreased urine production.

Hepatic effects � Downward movement of the diaphragm from positive
pressure ventilation can increase portal venous pressure and
impairment of bile and hepatic venous flow.

GI effects � Functional ileus due to compromised splanchnic blood flow
and reduced cardiac output.

� GI bleeding from stress ulceration—this has been
documented in humans36 but has not definitively been
established in ventilated small animal patients.

Complications related to
operation of the ventilator

� Inaccurate or inappropriate ventilator settings.
� Failure to set or address ventilator alarms.
� Accidental loss of electrical power or disconnection of

patient from the ventilator
� Ventilator malfunction or failure (electrical, pneumatic or

microprocessor).
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the impact of each change on the patient. As the patient’s underlying disease im-
proves or resolves, ventilatory support can be gradually reduced (such as reducing
the magnitude of applied inspiratory pressure or PEEP) or allowing the patient to
perform more of the WOB through modes such as SIMV or CPAP with pressure sup-
port. Each time such a change is made, the patient should be watched closely for
signs of decompensation including desaturation and hypoxemia, hypercapnia and
respiratory acidosis, tachypnea, tachycardia, hyperthermia, agitation/patient distress,
hypotension, or patient-ventilator dyssynchrony and increased respiratory effort. If
these occur, weaning efforts should be halted and the patient should be placed
back on the previous level (or higher if needed) of ventilatory support. Spontaneous
breathing trials that assess the patient’s ability to breathe spontaneously with minimal
ventilator support are a crucial aspect of the weaning process.
The author recommend initially reducing the patient’s FiO2 from 100% down to at

least 60% or lower during the first 24 to 48 hours of ventilation, if possible, to minimize
the risk of oxygen toxicity. Subsequent weaning efforts will depend on how well the
patient’s underlying disease is improving. It is also important to plan for weaning at-
tempts when assessing patient readiness by gradually titrating down doses of seda-
tive infusions 12 to 24 hours ahead of time (particularly if long-acting medications such
as barbiturates have been used for sedation) so that patients have adequate respira-
tory drive and are not excessively sedate during weaning attempts. Controlling patient
anxiety and agitation as they are weaned is helpful to increase chances of success—
the author typically uses low doses of acepromazine (0.003–0.01 mg/kg IV) adminis-
tered 30 to 60 minutes before the patient is weaned to facilitate a calmer recovery.
Rectal administration of trazodone has been recently described in dogs and may be
a useful adjunct when weaning a patient off MV and discontinuing TIVA.38 The author
has had anecdotal success with rectal administration of trazodone (3–10 mg/kg)
administered 30 to 60 minutes before discontinuing TIVA and weaning the patient.
It is important to remember that weaning a patient off MV is as much an art as it is a

science, and there is a great deal of trial and error, coupled with close patient moni-
toring involved. Weaning attempts will either succeed, in which case patients may
be extubated ultimately, or fail, in which case patients may need to be reintubated
and placed back on MV. Weaning failure in human patients is typically defined as fail-
ure of a spontaneous breathing trial or the need for reintubation within 48 hours of a
prior extubation.39 There are currently no accepted or established definitions for
weaning failure in dogs and cats. Ultimately, if patients are prematurely weaned before
they have adequate respiratory drive, muscle strength, and pulmonary function, wean
failure and respiratory fatigue may ensue. If a patient is able to be successfully weaned
off ventilatory support but fails extubation, consideration should be given to upper
airway obstruction or excessive respiratory secretions that cannot be managed by
the patient.

Recovery from Mechanical Ventilation

Human patients that recover from MV have been documented to have a variety of
long-term consequences that impact their quality of life and functional status. In vet-
erinary medicine, this subject has not been explored in depth, likely due to a different
patient population and comparatively shorter periods of time spent on the ventilator.
However, a recent survey of pet owners whose pets survived MV, revealed that
cats and dogs are generally likely to recover well with minimal adverse effects on their
quality of life.40 In this study, owners of pets with neurologic diseases, particularly
lower motor neuron diseases reported poor quality of life for their pets. This is valuable
information that may help critical care veterinarians when discussing the risks and
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benefits of MVwith pet owners as part of a multipronged approach to clinical decision-
making for these patients.
In conclusion, MV, when used appropriately, is a vital aspect of managing

increasing numbers of critically ill small animals. As the use of MV in companion animal
critical care grows, future research will be helpful in establishing guidelines and stan-
dards of care similar to those found in human medicine.

CLINICS CARE POINTS

� Once the decision is made to initiate mechanical ventilation (MV) for a patient, the clinician
must consider the following:
� Mode of ventilation to be used and associated ventilator settings
� A sedation/anesthetic plan
� Patient monitoring and instrumentation

� Positive end-expiratory pressure (PEEP), when applied properly, can help splint open and
recruit alveoli at the end of expiration and prevent airway collapse from atelectasis,
thereby minimizing airway trauma and shear injury from cyclical opening and closing
(atelectrauma). Judicious use of PEEP can be extremely beneficial for patients with diseased
lungs but care should be taken to monitor for its deleterious effects, including hemodynamic
compromise and alveolar overdistension.

� As the patient’s underlying disease improves or resolves, ventilatory support can be gradually
reduced (such as reducing themagnitude of applied inspiratory pressure or PEEP) or allowing
the patient to perform more of the work of breathing through modes such as synchronized
intermittent mandatory ventilation or continuous positive airway pressure with pressure
support to facilitate weaning.
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