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Abstract

Case summary A 7-month-old female spayed domestic shorthair cat was presented for respiratory distress due to
cardiogenic pulmonary edema. Despite initial treatment and oxygen delivery in an oxygen tent, the cat still showed
signs of severe respiratory effort and oxygen saturation measured via pulse oximetry was below 85%. Because
the owners declined mechanical ventilation, the cat was transitioned to high-flow oxygen therapy (HFOT). HFOT
allowed significant improvement of the respiration parameters within 15 mins without causing clinical complications.
The cat was briefly anaesthetised for the placement of the nasal cannula on initiation of HFOT, and the interface
was well tolerated thereafter. The cat was transitioned to an oxygen cage after 16 h, weaned from oxygen 4 h later
and was discharged after 3 days of hospitalisation. Long-term follow-up showed no abnormalities, and the leading
hypothesis was transient myocardial thickening.

Relevance and novel information The first use of HFOT in a dyspneic cat is described in this study. HFOT could
be a life-saving option for cats with severe hypoxemia or do-not-intubate orders that fail to respond to conventional
oxygen therapies.
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pressure,’® decreases anatomical dead spaces®!! and
alleviates ventilatory drive and breathing effort.!> These
benefits enable the utilisation of HFOT in cases of hypox-
aemic respiratory failure. After an extensive review of
the available literature, only one letter to the editor has

Introduction

Supplemental oxygen administration is the first sup-
portive measure provided to dyspneic cats upon admis-
sion to an emergency facility; however, severely dyspneic
patients may fail to respond adequately to conventional
oxygen delivery methods. High-flow oxygen therapy
(HFOT) is a non-invasive technique allowing delivery of
humidified and heated gas through a specific high-flow
nasal cannula, at a high flow rate (up to 601/min), with a
fraction of inspired oxygen (FiO,) adjustable from 21% to
100%.! This technique has gained popularity in dysp-
noeic dogs recently and was shown to be safe and effec-
tive in improving oxygenation indices.>® Gas
preconditioning offers several physiological advantages,
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including improved tolerance® and comfort.! It reduces
the discrepancy between the oxygen flow and the
patient’s inspiratory flow, ensuring accurate delivery of
FiO,.6 Moreover, it generates a low positive airway
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mentioned the use of HFOT in a cat.’® In the present
report, we describe a case of successful use of HFOT in a
cat that failed to respond to conventional oxygen
therapy.

Case description

A 7-month-old female spayed domestic shorthair cat
(2.1kg) was referred to the Emergency and Critical Care
Service of VetAgro Sup Teaching Hospital for acute res-
piratory distress. Three days before the presentation, the
cat had been spayed by the referring veterinarian. The
cat received 2ml/kg/h of isotonic crystalloids during
anesthesia. The cat was discharged on the day of the sur-
gery without any complications; however, 72h after
spaying, the owner noticed laboured breathing. The vet-
erinarian administered 2.5mg/kg of furosemide SC
(Dimazon; Intervet) and referred the patient to the emer-
gency service.

On presentation, the cat was lethargic, hypothermic
(rectal temperature=33.3°C), tachypnoeic (respiratory
rate [RR] =120 breaths per minute) and orthopnoeic with
a paradoxical respiratory effort and multiple crackles on
thoracic auscultation. The femoral pulses were weak and
the heart rate was 210 beats per minute. A gallop rthythm
was noticed. The thoracic point-of-care ultrasound
showed coalescent B lines in all lung fields associated
with an atrial enlargement (the ratio of left atrial to aortic
diameter; LA:Ao=2). The initial database showed hyper-
lactataemia (blood lactate=4.5mmol/1; reference inter-
val [RI]=0.5-2mmol /1) consistent with cellular hypoxia,
along with mild dehydration (packed cell volume =58%
[RI=32-48%], total solids=62g/1 [RI=57-89g/l]).
Boluses of 0.3mg/kg butorphanol (Torbugesic; Zoetis)
and 2mg/kg furosemide (Dimazon; Intervet) were
administered intravenously (IV), and a furosemide con-
stant rate infusion (CRI) was initiated at 0.5mg/kg/h.
The cat was warmed up and placed in an oxygen cage
with a FiO, of 0.6.

The cat remained severely dyspnoeic and hypoxae-
mic, with oxygen saturation measured via pulse oxime-
try (SpO,) between 75% and 85% for 30 mins after oxygen
supplementation. The owner declined mechanical venti-
lation for financial reasons. It was therefore decided to
transition the cat to HFOT, using an Optiflow nasal can-
nula interface and an Optiflow machine (Fisher & Paykel
Healthcare) (Figure 1). The Optiflow Junior Nasal
Cannula-Premature was chosen so that the nasal prongs
would not exceed 50% of the diameter of the nares to
allow adequate exhalation. The FiO, was set at 100%,
and the gas temperature was set at 37°C. The oxygen
was set to be delivered at a flow rate to cover the patient’s
minute ventilation (MV=RR X tidal volume, with tidal
volume =15ml/kg). The RR was 120 breaths per minute

Figure 1 Cat with a high flow nasal cannula in place before
fixation

at the time of setting, and the oxygen flow rate was
therefore set at 3.81/min (1.81/kg/min).

The cat remained calm when placing the HFOT inter-
face; however, as soon as the oxygen delivery was
started, it rapidly tried to remove the interface. An
attempt was made to replace the cannulas by gently
holding the cat, but the cat continued to show signs of
anxiety when starting the oxygen delivery, even with a
lower flow rate. Therefore, it was decided to anaesthetise
the patient to allow the placement of a nasal cannula and
initiate the HFOT. The oxygen was delivered by flow-by
in the meantime. The cat received 0.2mg/kg IV butor-
phanol, 0.2mg/kg midazolam (Midazolam, Mylan) and
0.5mg/kg of Propofol (Provovet; Zoetis). The HFOT
interface was adequately placed on the cat’s face (Figure
1) and an e-collar was put on. Butterfly tapes and staples
were added to secure the cannula (Figure 2). The cat
slowly woke up and showed no more signs of anxiety
and did not try to remove the cannulas. The cat’s toler-
ance of HFOT, subjectively evaluated by the absence of
attempts to remove the cannula, was excellent through-
out the rest of the treatment with HFOT. Fifteen minutes
after starting the HFOT, the SpO, had increased to 91%,
the RR had dropped to 60 breaths per minute and the
respiratory effort was subjectively improved. The SpO,
remained between 85% and 94% for the next 1 h and the
RR was between 60 and 130 breaths per minute.

The cat was kept on HFOT for 16 h. FiO, was gradu-
ally weaned over time to maintain SpO, around 97-98%.
Furosemide (0.5mg/kg/h CRI for 12 h and then 1mg/
kg IV g4h) and butorphanol (0.2mg/kg IV q4h) was con-
tinued. As the method of administration was well toler-
ated, flow rate and temperature were not modified
during the HFOT procedure despite the decrease in min-
ute ventilation. When SpO, remained stable with a FiO,
of 40%, the cat was transitioned to conventional oxygen
in an oxygen cage for 4h before the complete weaning of
supplemental oxygen.
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Figure 2 Cat with a high flow nasal cannula fixed with tape
and staples placed under anaesthesia

Thoracic radiographs were possible after stabilisation
(when HFOT was stopped) and they showed an intersti-
tial-to-alveolar pulmonary pattern, especially in the ven-
tral part of the left lungs and cranial and middle right
lung lobes. Moderate cardiomegaly was noticed. Cardiac
ultrasound performed by a board-certified radiologist
the same day showed an asymmetrical thickening of the
left ventricular walls (left ventricular free wall thickness
measured at 6.8mm during diastole. The LA:Ao was
2.18, confirming the left atrial enlargement (Figure 3).

After 3 days of hospitalisation, the cat was discharged
with furosemide 1mg/kg PO q8h. Follow-up physical
examination and cardiac ultrasound were performed 3
months later, showing no more abnormalities. All treat-
ments were stopped, and a transient myocardial thicken-
ing was suspected. Contact with the owner 2 years later
confirmed that the cat was healthy with no other epi-
sodes of respiratory distress.

Discussion

The use of HFOT has recently been increasingly
described in dogs. It is a well-tolerated technique, result-
ing in improved oxygenation index, RR and respiratory
effort in dogs with respiratory failure that fail to respond

Figure 3 Cardiac ultrasound (short axis trans-aortic right
parasternal view). Measurement of the LA:Ao ratio showing
atrial enlargement

to conventional oxygen therapy (COT).3 To our knowl-
edge, its use has not been described in cats. This case
illustrated the use of HFOT in a cat failing to respond to
COT. HFOT allowed a significant improvement in its
oxygen saturation and respiratory effort.

Human studies have suggested that HFOT can be an
alternative to COT or non-invasive positive pressure
ventilation in patients with cardiogenic pulmonary
oedema.'* A randomised controlled trial demonstrated
that HFOT significantly improved RR, SpO, and arterial
blood gas parameters compared with COT in patients
with cardiogenic pulmonary oedema.!® Another ran-
domised controlled trial showed that dyspnoea severity
was significantly lower during the first hour of treat-
ment with HFOT compared with COT.!® The present
study concluded that HFOT could deliver adequate oxy-
genation and comfort with minimal complications or
life-threatening adverse events. Similar to that described
in the human and canine literature,* HFOT allowed
rapid improvement of oxygenation parameters in this
cat, with SpO, increasing from 70% to 91% in 15 mins
and reaching 94% within the first hour.

This case describes the potential utility of sedation/
anaesthesia in cats to initiate HFOT. The cat smoothly
accepted the placement of the HFOT interface. However,
it displayed great stress as soon as the delivery of a high
flow rate of oxygen was initiated and removed the inter-
face. When repeating the manoeuvre, the cat instantly
calmed down when the oxygen delivery through the
HFOT cannulas was temporarily replaced with flow-by.
We therefore anaesthetised the cat briefly to secure the
HFOT interface with staples and an e-collar and started
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the oxygen delivery under sedation. The patient woke
up calmly, even with the high flow rate, and did not try
to remove the interface anymore. More data are neces-
sary to confirm whether sedation is needed in cats when
starting HFOT.

The high inspiratory flows used in HFOT can increase
the resistance to exhalation and cause hypercapnia if the
nasal leak is inadequate due to large nasal cannulas.
However, in human medicine, most studies have shown
no clinically significant changes in the partial pressure of
carbon dioxide.l” We tried to avoid blood samples as
much as possible in the patient to minimise the stress
caused by handling and therefore could not measure the
partial pressure of carbon dioxide. However, we were
careful to use cannulas that did not exceed 50% of the
diameter of the nares. Several nasal cannula sizes are
available, allowing the use of HFOT in small patients such
as cats.

No clinically relevant complications were noted in
this patient. Aerophagia secondary to the use of HFOT
has been reported in healthy dogs.!”1® On our patient’s
thoracic radiographs, taken more than 12 h after initia-
tion of HFOT, a discrete aerophagia was noted (whether
secondary to the dyspnoea or the HFOT), but it was of
no clinical significance. Air-leak syndromes (pneumo-
thorax, pneumomediastinum) secondary to HFOT have
been infrequently described in human medicine.!%?0
Neither pneumomediastinum nor pneumothorax were
noted on these radiographs.

Conclusions

This case report presents the first documented descrip-
tion of HFOT use in a cat. HFOT was used safely and
allowed for improvement of oxygen saturation, respira-
tory effort and RR. No significant complications were
observed. Except for the brief anaesthetic required to
place the HFOT interface, the cat tolerated the treatment
without additional sedation. HFOT may have been life-
saving in this do-not-intubate feline patient that failed to
respond to COT, and further prospective studies are
warranted to confirm this observation.
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