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· Brachycephalic dogs (BD) have increased negative intrathoracic pressure, which may predispose them to reflux, vomiting and regurgitation, which increase the risk of asp pneumonia and ass complications.
· Aspiraton pneumonia was the most common pathologic process.
· Patient survival and discharge closely related with indication for MV
· BD were more likely to receive MV than non-BD dogs
· 6 (40%) severe hypoxema, 2 (13%) hypercapnea, 7 (47%) respiratory fatigue
· Complications included dysrhythmias, cardiac arrest and weaning failure.  Obstruction occurred at least once in 8 dogs (53%), no ulcers of mouth or eyes noted
· Combination of propofol, opioid, and benzodiazepine was most commonly used protocol for induction and maintenance.
· 7 patients were successfully weaned from vent (47%), 3 later euthanized and 4 discharged (27%)
· Dogs that were weaned had greater final, preweaning P/F ratio
· Tracheostomy: 5/7 with trach were weaned, 2/8 with orotracheally intubation were weaned, however this difference was not statistically significant. 
· All patients that were discharged were from the respiratory fatigue group.
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Outcome and medical management in dogs with lower motor neuron disease undergoing mechanical ventilation: 14 cases (2003–2009)
Christine R. Rutter, DVM; Elizabeth A. Rozanski, DVM, DACVIM, DACVECC;
Claire R. Sharp, BSc, BVMS (Hon), DACVECC; Lisa L. Powell, DVM, DACVECC
and Marc Kent, DVM, DACVIM
Abstract
Objective – To describe the application of intermittent positive pressure ventilation (IIPV) in dogs with lower
motor neuron disease (LMND).
Design – Multi-institutional, retrospective study (2003–2009).
Setting – Intensive care units at multiple university teaching hospitals.
Animals – Fourteen dogs with LMND that underwent IIPV.
Interventions – None.
Measurements andMain Results – The ventilatory logs of 4 teaching hospitals were searched for dogs undergoing
IIPV in association with a diagnosis of acute LMND. The medical records were evaluated for signalment,
specific LMND, ventilatory management and duration, complications associated with ventilation, duration of
hospitalization, and outcome. Descriptive statistics were used as indicated. Fifteen records were evaluated,
1 dog was excluded since it experienced cardiopulmonary arrest (CPA) before commencement of IIPV. The
median age was 7.0 years (range 10 mo to 12 y). There were 5 Labrador retrievers, 4 mixed breeds, and 5 other
breeds were each represented once. Five dogs were diagnosed with myasthenia gravis, 4 dogs with polyradiculoneuritis, and 5 dogs had an undetermined LMND. Clinical signs of weakness before ventilation were present for a median of 36 hours (range 6 h to 14 d). Dogs were ventilated for a median of 109 hours (range 5–261
h). Nine dogs had temporary tracheostomies performed, and 8 dogs received nutritional support. Five dogs
developed ventilator associated pneumonia. Six dogs were successfully weaned from the ventilator with a
median ventilatory time of 49 hours (range 25–192 h). Three dogs survived to discharge. No single LMND was
associated with a better outcome.
Conclusions – High euthanasia rates and iatrogenic complications limit the ability to accurately prognosticate
for affected dogs in this retrospective study, but in dogs with LMND that is severe enough to require IIPV,
support may be required days to weeks.

•14 dogs: 5 MG, 4 polyradiculoneuritis, 5 undetermined LMND
•Clinical signs of weakness before ventilation present for median of 36 hours (6h-14d)
•Dogs ventilated for a median of 109 hours (5-261 hours)
•9 dogs had temporary tracheostomies and 8 dogs received nutritional support
•4 dogs had pneumonia before IPPV, none of these survived to discharge
•5 dogs developed VAP, 2 survived to discharge
•6/7 cultures reported grew at least one population of MDR bacteria regardless of whether pneumonia was present before IPPV or VAP
•4 dogs had ventilator-associated pneumothorax, none of them survived
•6 dogs were successfully weaned from ventilator
•3 dogs were discharged from the hospital
•No single LMND was associated with a better outcome
•57% euthanasia rate, Overall poor prognosis (21% survival rate)
•Significant factors impacting the duration of IPPV, duration of hospitalization and survival were not identified
Mechanical Ventilation: Indications, Goals, and Prognosis
by Monica Clare, VMD, Kate Hopper, BVSc, DACVECC
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Positive-pressure ventilation provides artificial sup-
port of lung function and is becoming a standard of 



care in many veterinary intensive care units. In addition 
to understanding the principles of mechanical ventila-
tion, provision of PPV requires continuous monitoring 
and intensive nursing care. Although it has been well 
established that animals can be maintained on PPV for 
short periods, either during a surgical procedure or in 
the critical-care setting, there is limited information 
available regarding support of patients for longer peri-
ods. Long-term PPV requires appropriate facilities and 
equipment, a team of trained caregivers, and a substan-
tial emotional and financial commitment from owners. 
Information about indications, complications, and out-
come of these patients may improve patient care and 
allow better counseling of owners when the initial deci-
sion is made to ventilate. 



The indications for PPV can be broadly categorized 
into 2 groups: inadequate blood oxygenation because of 
severe diffuse parenchymal pulmonary disease and inad-
equate elimination of carbon dioxide because of neurologic 



Indications, management, and outcome  
of long-term positive-pressure ventilation  
in dogs and cats: 148 cases (1990–2001)
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Objective—To determine outcome of positive-pressure ventilation (PPV) for 24 hours or 
longer and identify factors associated with successful weaning from PPV and survival to 
hospital discharge in dogs and cats.
Design—Retrospective case series.
Animals—124 dogs and 24 cats that received PPV for 24 hours or longer.
Procedures—Medical records were reviewed for signalment, primary diagnosis, reason for 
initiating PPV, measures of oxygenation and ventilation before and during PPV, ventilator 
settings, complications, duration of PPV, and outcome. Animals were categorized into 1 of 
3 groups on the basis of the reason for PPV.
Results—Group 1 patients received PPV for inadequate oxygenation (67 dogs and 6 cats), 
group 2 for inadequate ventilation (46 dogs and 16 cats), and group 3 for inadequate oxy-
genation and ventilation (11 dogs and 2 cats). Of the group 1 animals, 36% (26/73) were 
weaned from PPV and 22% (16/73) survived to hospital discharge. In group 2, 50% (31/62) 
were weaned from PPV and 39% (24/62) survived to hospital discharge. In group 3, 3 of 13 
were weaned from PPV and 1 of 13 survived to hospital discharge. Likelihood of successful 
weaning and survival to hospital discharge were significantly higher for group 2 animals, 
and cats had a significantly lower likelihood of successful weaning from PPV, compared 
with dogs. Median duration of PPV was 48 hours (range, 24 to 356 hours) and was not as-
sociated with outcome. 
Conclusions and Clinical Relevance—Results suggested that long-term PPV is practical 
and successful in dogs and cats. (J Am Vet Med Assoc 2007;230:64–75)



ABBREVIATIONS



PPV Positive-pressure ventilation
FIO2  Fraction of inspired oxygen
Ppeak Peak airway pressure
PEEP Positive end-expiratory pressure
P:F PaO2:FIO2 ratio
LMN Lower motor neuron 
ARDS Acute respiratory distress syndrome
A-C Assist-control
SIMV Synchronized intermittent mandatory ventilation
bpm Breaths per minute
CPAP Continuous positive airway pressure
CRI Constant rate infusion
VAP Ventilator-associated pneumonia
CPR Cardiopulmonary resuscitation



or muscle disease. The success of ventilator support var-
ies with the underlying problem. Survival rates have been 
reported to range from 20% to 33% for veterinary patients 
with parenchymal pulmonary disease and 57% to 71% in 
patients with neuromuscular disease.1-5 These studies in-
cluded animals ventilated for various periods (from as little 
as 45 minutes to as long as 312 hours) and were based on 
small numbers of patients (from 3 to 53). Specific weaning 
and survival rates for animals receiving long-term PPV have 
not been reported.



Long-term PPV may be associated with more complex 
patient management issues and higher ventilator-associated 
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BSTRACT



 



Background



 



Traditional approaches to mechanical
ventilation use tidal volumes of 10 to 15 ml per kilo-
gram of body weight and may cause stretch-induced
lung injury in patients with acute lung injury and the
acute respiratory distress syndrome. We therefore
conducted a trial to determine whether ventilation
with lower tidal volumes would improve the clinical
outcomes in these patients.



 



Methods



 



Patients with acute lung injury and the
acute respiratory distress syndrome were enrolled in
a multicenter, randomized trial. The trial compared
traditional ventilation treatment, which involved an
initial tidal volume of 12 ml per kilogram of predicted
body weight and an airway pressure measured after
a 0.5-second pause at the end of inspiration (plateau
pressure) of 50 cm of water or less, with ventilation
with a lower tidal volume, which involved an initial
tidal volume of 6 ml per kilogram of predicted body
weight and a plateau pressure of 30 cm of water or
less. The first primary outcome was death before a
patient was discharged home and was breathing
without assistance. The second primary outcome
was the number of days without ventilator use from
day 1 to day 28.



 



Results



 



The trial was stopped after the enrollment
of 861 patients because mortality was lower in the
group treated with lower tidal volumes than in the
group treated with traditional tidal volumes (31.0 per-
cent vs. 39.8 percent, P=0.007), and the number of
days without ventilator use during the first 28 days
after randomization was greater in this group (mean
[±SD], 12±11 vs. 10±11; P=0.007). The mean tidal
volumes on days 1 to 3 were 6.2±0.8 and 11.8±0.8 ml
per kilogram of predicted body weight (P<0.001), re-
spectively, and the mean plateau pressures were
25±6 and 33±8 cm of water (P<0.001), respectively.



 



Conclusions



 



In patients with acute lung injury and
the acute respiratory distress syndrome, mechanical
ventilation with a lower tidal volume than is tradition-
ally used results in decreased mortality and increas-
es the number of days without ventilator use. (N Engl
J Med 2000;342:1301-8.)
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work are listed in the Appendix.



 



HE mortality rate from acute lung injury
and the acute respiratory distress syndrome



 



1



 



is approximately 40 to 50 percent.



 



2-4



 



 Al-
though substantial progress has been made



in elucidating the mechanisms of acute lung injury,



 



5



 



there has been little progress in developing effective
treatments.



Traditional approaches to mechanical ventilation
use tidal volumes of 10 to 15 ml per kilogram of body
weight.



 



6



 



 These volumes are larger than those in nor-
mal subjects at rest (range, 7 to 8 ml per kilogram),
but they are frequently necessary to achieve normal
values for the partial pressure of arterial carbon diox-
ide and pH. Since atelectasis and edema reduce aer-
ated lung volumes in patients with acute lung injury
and the acute respiratory distress syndrome,



 



7,8



 



 inspir-
atory airway pressures are often high, suggesting the
presence of excessive distention, or “stretch,” of the
aerated lung. In animals, ventilation with the use of
large tidal volumes caused the disruption of pulmo-
nary epithelium and endothelium, lung inflammation,
atelectasis, hypoxemia, and the release of inflamma-
tory mediators.



 



9-14



 



 The release of inflammatory me-
diators could increase lung inflammation and cause in-
jury to other organs.



 



10,15



 



 Thus, the traditional approach
to mechanical ventilation may exacerbate or perpet-
uate lung injury in patients with acute lung injury and
the acute respiratory distress syndrome and increase
the risk of nonpulmonary organ or system failure.
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Indication, management, and outcome of
brachycephalic dogs requiringmechanical
ventilation
Guillaume L. Hoareau, Dr.Vet.; Matthew S. Mellema, DVM, PhD, DACVECC and Deborah C.
Silverstein, DVM, DACVECC



Abstract



Objectives – To evaluate the frequency, and need for mechanical ventilation (MV) in a population of
brachycephalic dogs (BD) compared with non-BD. Also, to describe the pre-MV abnormalities, ventilator
settings used, the cardiovascular and pulmonary monitoring results and complications encountered in the
same BD population. In addition, we sought to identify factors associated with successful weaning and
describe outcomes of BD requiring MV.
Design – Retrospective observational study (1990–2008).
Setting – University Small Animal Teaching Hospital.
Animals – Fifteen BD managed with MV.
Interventions – None.
Measurements and Main Results – Signalment, indication for MV, ventilator settings, arterial blood gas
values, duration of MV, complications, and outcome were recorded for each patient enrolled in study. BD were
more likely to receive MV than non-BD (P5 0.036). Out of the 15 dogs that fulfilled the inclusion criteria 7
(47%) underwent MV for impending respiratory fatigue, 6 (40%) for hypoxemia and 2 for hypercapnea. The
most common underlying disease was aspiration pneumonia. Duration of MV ranged from 2 to 240 hours
(median 15 hours). Seven patients were weaned (47%). Seven dogs had a temporary tracheostomy tube and 5
of them (71%) were weaned. Dogs that were weaned had a significantly greater preweaning trial PaO2/FiO2



ratio than those that were not (359 ! 92 versus 210 ! 57mmHg, P5 0.025). No significant difference for
weaning success between dogs with and those without a tracheostomy was detected (P5 0.132). The
discharge rate was 27% (all from the respiratory fatigue group).
Conclusion – Among all dogs admitted to ICU, BD were more likely to receive MV than non-BD. Aspiration
pneumonia was frequently identified as the underlying cause of respiratory compromise. The survival rate for
BD undergoing MV was not markedly different from previous studies. Weaning of BD from MV may be
facilitated by employing preemptive strategies such as performing tracheostomy tube placements.



(J Vet Emerg Crit Care 2011; 21(3): 226–235) doi: 10.1111/j.1476-4431.2011.00635.x



Keywords: canine, positive pressure ventilation, temporary tracheostomy



Introduction



Brachycephalic dogs (BD) have skulls that are as long
as they are wide. Their popularity as a pet, combined
with congenital anomalies, may have exacerbated their
unique conformational characteristics and made them
prone to upper airway disease,1 also known as ‘bra-
chycephalic syndrome’ (BS). BS is a well-described
condition in which affected dogs have narrowed nos-
trils (in 58.1–84.9% of BD2,3), an elongated and thick-
ened soft palate (87.1–96%2,3), everted laryngeal
saccules (54.8–58.1%2,3), and a hypoplastic trachea4



(38.2–46%2,3). As BD share the same anatomical
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Positive-pressure ventilation (PPV) is an invasive
method of respiratory support that requires inten-



sive monitoring and sophisticated instrumentation.1 It
provides support for 2 aspects of pulmonary function:
elimination of carbon dioxide and oxygenation of arte-
rial blood. The clinical decision to use PPV is always
made on the basis of the condition of each individual
patient, but guidelines suggest that PPV should be ini-



tiated if the arterial partial pressure of carbon dioxide
(PaCO2) is > 50 mm Hg or the arterial partial pressure
of oxygen (PaO2) is < 50 mm Hg while the patient is
receiving oxygen supplementation.2 Because some ven-
tilator modes assume most or all of the work of breath-
ing (WOB), PPV may also be used in patients that are
developing signs of respiratory muscle fatigue, even if
arterial blood gas values have not yet deteriorated.
Positive-pressure ventilation improves pulmonary
function by increasing the tidal volume (VT) and
recruiting atelectatic alveoli, particularly if positive
end-expiratory pressure (PEEP) is maintained.3



Even if they initially have normal lungs, sponta-
neously breathing animals with severe hypotension,
cardiovascular collapse, or neurologic disease may not
ventilate or oxygenate optimally and may expend con-
siderable amounts of energy on respiratory muscle
function. In such animals, implementation of PPV
under heavy sedation allows more intensive continu-
ous monitoring; eliminates the risk of respiratory
arrest; ensures that PaO2 and PaCO2 are maintained
within acceptable limits; and, by assuming all of the
WOB, prevents the expenditure of valuable energy on
respiration. Therefore, even though it does not
improve hemodynamic function, PPV can be used to
minimize the risk of cardiac arrest in animals with car-
diovascular collapse and in animals that have been
resuscitated following respiratory arrest or previous
cardiac arrest. Finally, because hyperventilation can
cause cerebral vasoconstriction, PPV can also be used
to treat high intracranial pressure.



Although there are many experimental studies of
PPV in dogs and cats, little information is available
about ventilator management and outcomes in com-
panion animals with naturally occurring disease. A few
case series and individual case reports1,3-14 describing
dogs and cats that underwent PPV have been pub-
lished, but little specific information about PPV in cats
is available. For instance, a previous study1 described
34 dogs and 7 cats that underwent PPV but did not dis-
tinguish between the 2 species with regard to manage-
ment, complications, and outcome. The overall sur-
vival rate in that study was 39%, with higher mortality
rates in animals < 1 year or > 11 years old, animals that
weighed < 10 kg (22 lb), animals that developed PPV-
related complications, and animals that required PPV
because of severe lung disease. A more recent study5



documented a 50% survival rate in 40 dogs and cats
that required PPV for > 24 hours because of ventilato-
ry failure but an 11% survival rate in 45 dogs and cats
that required PPV for > 24 hours because of hypox-
emic respiratory failure. Other studies have document-
ed a 30% survival rate in dogs with severe pulmonary



Indications for and outcome of positive-pressure
ventilation in cats: 53 cases (1993–2002)



Justine A. Lee, DVM, DACVECC; Kenneth J. Drobatz, DVM, MSCE, DACVECC, DACVIM; 
Michael W. Koch, VMD; Lesley G. King, MVB, DACVECC, DACVIM



Objective—To determine indications for and out-
comes of positive-pressure ventilation (PPV) in cats,
document ventilator management, and identify fac-
tors associated with outcome. 
Design—Retrospective study.
Animals—53 cats that underwent PPV.
Procedure—Information on signalment, history, con-
current diseases, clinical findings, results of venous
blood gas analyses and clinicopathologic testing,
treatment, ventilator settings, and outcome was
retrieved from the medical records. Data for cats that
survived were compared with data for cats that died
or were euthanatized while undergoing PPV. 
Results—PPV was initiated for management of respi-
ratory failure (36 cats [68%]), cardiac arrest (9 [17%]),
neurologic impairment (6 [11%]), and nonresponsive
hypotension (2 [4%]). Eight cats (15%) survived, 19
(36%) died, and 26 (49%) were euthanatized while
undergoing PPV. Cats that survived had a longer dura-
tion of ventilation than did those that died or were
euthanatized and had a significantly higher incidence of
ventilator-associated pneumonia. Signalment and venti-
lator settings were not associated with outcome. Cats
that had no clinical evidence of pulmonary disease but
required PPV because of primary neurologic disease
had a higher survival rate (2/6) than did cats that
required PPV because of respiratory failure (5/36), car-
diac arrest (1/9), or nonresponsive hypotension (0/2).
Conclusions and Clinical Relevance—Results sug-
gest that the survival rate for cats requiring PPV may
be lower than reported survival rates for dogs. Death
was attributable to progressive respiratory failure, non-
responsive hypotension, kidney failure, or neurologic
impairment. (J Am Vet Med Assoc 2005;226:924–931)
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Positive-pressure ventilation (PPV) is an invasive
method of respiratory support that requires inten-
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function by increasing the tidal volume (VT) and
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Even if they initially have normal lungs, sponta-
neously breathing animals with severe hypotension,
cardiovascular collapse, or neurologic disease may not
ventilate or oxygenate optimally and may expend con-
siderable amounts of energy on respiratory muscle
function. In such animals, implementation of PPV
under heavy sedation allows more intensive continu-
ous monitoring; eliminates the risk of respiratory
arrest; ensures that PaO2 and PaCO2 are maintained
within acceptable limits; and, by assuming all of the
WOB, prevents the expenditure of valuable energy on
respiration. Therefore, even though it does not
improve hemodynamic function, PPV can be used to
minimize the risk of cardiac arrest in animals with car-
diovascular collapse and in animals that have been
resuscitated following respiratory arrest or previous
cardiac arrest. Finally, because hyperventilation can
cause cerebral vasoconstriction, PPV can also be used
to treat high intracranial pressure.



Although there are many experimental studies of
PPV in dogs and cats, little information is available
about ventilator management and outcomes in com-
panion animals with naturally occurring disease. A few
case series and individual case reports1,3-14 describing
dogs and cats that underwent PPV have been pub-
lished, but little specific information about PPV in cats
is available. For instance, a previous study1 described
34 dogs and 7 cats that underwent PPV but did not dis-
tinguish between the 2 species with regard to manage-
ment, complications, and outcome. The overall sur-
vival rate in that study was 39%, with higher mortality
rates in animals < 1 year or > 11 years old, animals that
weighed < 10 kg (22 lb), animals that developed PPV-
related complications, and animals that required PPV
because of severe lung disease. A more recent study5



documented a 50% survival rate in 40 dogs and cats
that required PPV for > 24 hours because of ventilato-
ry failure but an 11% survival rate in 45 dogs and cats
that required PPV for > 24 hours because of hypox-
emic respiratory failure. Other studies have document-
ed a 30% survival rate in dogs with severe pulmonary
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Objective—To determine indications for and out-
comes of positive-pressure ventilation (PPV) in cats,
document ventilator management, and identify fac-
tors associated with outcome. 
Design—Retrospective study.
Animals—53 cats that underwent PPV.
Procedure—Information on signalment, history, con-
current diseases, clinical findings, results of venous
blood gas analyses and clinicopathologic testing,
treatment, ventilator settings, and outcome was
retrieved from the medical records. Data for cats that
survived were compared with data for cats that died
or were euthanatized while undergoing PPV. 
Results—PPV was initiated for management of respi-
ratory failure (36 cats [68%]), cardiac arrest (9 [17%]),
neurologic impairment (6 [11%]), and nonresponsive
hypotension (2 [4%]). Eight cats (15%) survived, 19
(36%) died, and 26 (49%) were euthanatized while
undergoing PPV. Cats that survived had a longer dura-
tion of ventilation than did those that died or were
euthanatized and had a significantly higher incidence of
ventilator-associated pneumonia. Signalment and venti-
lator settings were not associated with outcome. Cats
that had no clinical evidence of pulmonary disease but
required PPV because of primary neurologic disease
had a higher survival rate (2/6) than did cats that
required PPV because of respiratory failure (5/36), car-
diac arrest (1/9), or nonresponsive hypotension (0/2).
Conclusions and Clinical Relevance—Results sug-
gest that the survival rate for cats requiring PPV may
be lower than reported survival rates for dogs. Death
was attributable to progressive respiratory failure, non-
responsive hypotension, kidney failure, or neurologic
impairment. (J Am Vet Med Assoc 2005;226:924–931)
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