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Abstract

A 2-year-old male neutered Siamese cat presenting with weakness and dyspnoea was diagnosed with an atrial
septal defect and pulmonary hypertension, which resulted in right-to-left shunting (Eisenmenger’s syndrome). The
cat was treated with sildenafil (0.25-0.6 mg/kg) for 10 months. There were no apparent treatment-related adverse
effects. Improvement in clinical signs was noted, although increasing doses of sildenafil were required. After 10

months the cat significantly deteriorated and was euthanased.
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A 2-year-old male neutered Siamese cat, weighing 4.0 kg,
was referred to the Valentine Charlton Cat Centre with a
2 day history of weakness, open-mouth breathing and
inappetence. Since the age of 8 months, the cat had been
treated by the primary veterinarian for suspected anxiety
with fluoxetine (Reconcile, 4 mg PO q24h; Elanco).

On examination, the cat had a poor body condition
(body condition score 4/9), cyanotic oral mucous mem-
branes and a grade II/VI systolic heart murmur with
sternal peak murmur intensity. Open-mouth breathing
was intermittent, and was exacerbated by stress and
handling. Blood oxygen saturation (SpO,) was 85-88%
and did not improve after nasal catheter oxygen supple-
mentation (0.5 1/min). The packed cell volume (PCV)
was 48 (reference range 30-45 1/1) and total plasma pro-
tein (TPP) was 90 (reference range 59-78 g/1). On three-
view thoracic radiographs, the vertebral heart size (VHS)
was 7.9 (upper limit of reference range 8.0), and the pul-
monary lobar arteries were dilated and tortuous (Figures
1 and 2). An electrocardiogram showed narrow QRS
complexes with deep S-waves and right axis deviation
suggestive of right-sided cardiac enlargement.
Echocardiography revealed severe right ventricular (RV)
concentric hypertrophy (RV diastolic free wall measure-
ment 6.4 mm, left ventricular diastolic free wall meas-
urement 5.8 mm), with paradoxical intervertebral
septum motion. The right atrium was subjectively
severely enlarged, and there was severe dilation of the

main pulmonary artery (PA) and right PA branch
(PA:aorta ratio 1.9) (Figures 3 and 4). An insufficiency jet
between the dilated PA and RV measured across the pul-
monic valve was 4.1 m/s (estimated peak instantaneous
diastolic pressure gradient of 68 mmHg), consistent with
moderate-to-severe pulmonary hypertension (PH)
(Figures 5 and 6). A 5.7 mm atrial septal defect (ASD)
was identified with right-to-left shunting on colour
Doppler, with a maximum velocity of approximately
0.45 m/s (estimated peak instantaneous pressure gradi-
ent of 0.81 mmHg) (Figure 4). An agitated saline micro-
bubble contrast study performed via the left cephalic
vein confirmed a right-to-left shunt across the interatrial
septum.

The cat was diagnosed with ASD and suspected pul-
monary vascular obstructive disease leading to PH
(Eisenmenger’s syndrome). Symptomatic treatment for
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Figure 1 Right (R) lateral recumbent radiograph of the thorax,
day 1. Note the cardiomegaly and dilated, tortuous pulmonary
lobar arteries

Figure 2 Ventrodorsal thoracic radiograph, day 1. L = left

PH to alleviate right-to-left shunting was commenced
with sildenafil (0.25 mg/kg PO ql2h). A low dose was
chosen because of the unknown pharmacokinetics of
sildenafil in cats with heart disease, especially consider-
ing that cats often vary in their ability to metabolise
drugs when compared with other species.

After an initial increase in activity and resolution of
dyspnoea lasting approximately 2 weeks, the cat became
more lethargic with short episodes of open-mouth
breathing when anxious or excited. The dose of sildena-
fil was increased to 0.5 mg/kg PO q12h. At re-evaluation
5 weeks after presentation, the cat was reported to have
had fewer episodes of open-mouth breathing that lasted

Figure 3 Right parasternal four-chamber view. Note the high-
septal atrial septal defect, right ventricular (RV) concentric
hypertrophy, right atrial (RA) enlargement, and severely
dilated right pulmonic artery (PA). LV = left ventricle;

LA = left atrium

Figure 4 Right parasternal four-chamber view with colour
Doppler interrogation of the atrial septum. Note the right-to-left
shunting through the atrial septum defect (ASD) just before
the onset of the QRS complex on the electrocardiogram.

LA = left atrium; RA = right atrium

for shorter periods than before treatment. The owners
also reported increased activity. PCV was 38 and TPP
was 82 g /1. Pulse oximetry revealed an SpO, on room air
of 80%. Repeat echocardiograph showed bidirectional
shunting (with some left-to-right flow), and subjectively
less right-to-left shunting.

Three and a half months after initial presentation, the
cat developed recurrent respiratory distress following
the introduction of a new kitten to the household. The
episode consisted of a prolonged episode of open-mouth
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Figure 5 Right parasternal short axis view with continous
wave Doppler interrogation of the pulmonic valve. Note the
signal associated with pulmonic insufficiency that is directed
towards the probe

Figure 6 Right parasternal short axis view showing pulmonic
valvular insufficiency. PA = pulmonary artery; Ao = aorta;
LA = left atrium

breathing and weakness that lasted several minutes. The
cat had also developed progressive intermittent cough-
ing and wheezing prior to presentation. Repeat radio-
graphs showed persistent dilated, tortuous pulmonary
lobar arteries, and that cardiomegaly had progressed
(VHS increased to 9.0). The cardiomegaly was consid-
ered to be most likely due to ongoing RV hypertrophy
and right atrial dilation secondary to severe PH. In addi-
tion, there was a subtle bilateral bronchointerstitial
pattern throughout the lung fields, suggestive of a com-
ponent of airway disease contributing to the coughing
and wheezing, such as allergic airway disease (consid-
ered the most likely given the signalment and history).

Less likely considerations included lungworm, neopla-
sia or mild primary bronchopneumonia. The patient’s
anaesthetic risk was considered significant, and the
owners elected not to proceed with bronchoalveolar lav-
age to further investigate primary respiratory disease.
Empirical treatment was commenced with doxycycline
(6.5 mg/kg PO q12h) to treat potential secondary bacte-
rial infection. An echocardiogram and agitated saline
microbubble contrast study showed significant right-to-
left shunting. The sildenafil dose was increased to 0.75
mg/kg PO q12h (2.8 mg PO q12h). The owners reported a
reduction in both open-mouth breathing and coughing/
wheezing.

The patient remained relatively stable for a further 4.5
months. At 8 months after initial presentation the cat
deteriorated again, having several episodes of collapse
and open-mouth breathing over the course of a week.
These episodes occurred following exercise or play.
Clinical examination revealed jugular pulses extending
halfway up the neck. An echocardiographic study
revealed further advancement of right-sided heart
enlargement (RV diastolic free wall measurement 7.94
mm). The insufficiency jet measured across the tricuspid
valve had a velocity of 3.34 m/s, which equated to a
pressure gradient of 45 mmHg and an estimated RV
diastolic pressure of 55 mmHg. Sildenafil was increased
to 6.25 mg PO ql12h (1.6 mg/kg PO ql2h). However, 2
months after this re-evaluation (a total of 10 months after
diagnosis), the cat became persistently lethargic and had
multiple syncopal episodes, accompanied by loss of fae-
cal and urinary continence, within a week. The owners
elected euthanasia and declined necropsy.

Discussion

Eisenmenger’s syndrome is a condition whereby pulmo-
nary vascular obstructive disease causes PA pressures to
approach systemic levels and blood is shunted right-to-
left or bidirectional across a septal defect or patent
vessel. Underlying congenital defects resulting in
Eisenmenger’s syndrome include ASD, ventricular sep-
tal defect and patent ductus arteriosus (PDA). This phe-
nomenon has been well described in humans.!? It has
also been described in a rabbit and in dogs.>* To our
knowledge, there have been only three reports of feline
Eisenmenger’s syndrome, none of which utilised silde-
nafil as a treatment.>”

In Eisenmenger’s syndrome, shunting is initially left-
to-right causing chronic pulmonary circulation overload
and flow-related PH. Increased PA pressure occurs as a
result of vasoconstriction and progressive PA wall thick-
ening.® The latter accounts for the dilated, tortuous
pulmonary lobar arteries viewed on plain thoracic radio-
graphs of our patient. Increased pulmonary vascular
resistance leads to right-sided pressure overload and
concentric hypertrophy, also evident in our patient.
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Eventually, shunt reversal can occur secondary to PH,
resulting in right-to-left shunting, hypoxia and reduced
exercise tolerance.l? In our patient, exercise and stress
(such as the introduction of a new kitten into the house-
hold) worsened the cat’s signs. This may have been due
to sympathetic nervous system-mediated decreases in
systemic vascular resistance and acute increases in PA
pressure, resulting in increased right-to-left shunting
and possibly cardiovascular collapse. The resultant
chronic hypoxia can also lead to absolute erythrocytosis
and hyperviscosity syndrome,? although this was not
the case in our patient. It is difficult to speculate on the
reason for lack of erythrocytosis. Erythrocytosis was also
not a feature of the other feline Eisenmenger’s syndrome
case for which haematocrit was measured.® In our
patient, the lack of erythrocytosis may have been due to
relatively recent shunt reversal, which is consistent with
the acute decompensation prior to presentation.

The presence in our patient of a high-velocity pulmo-
nic insufficiency jet with an estimated pressure gradient
of 68 mmHg was suggestive of severe PH. The gold
standard for PH diagnosis is cardiac catheterisation.?”
Evidence of PH can be demonstrated using Doppler
echocardiography and the use of the modified Bernoulli
equation to calculate PA pressure gradients.® The latter
method has limitations, including inaccuracy due to
operator factors and a failure to account for flow velocity
acceleration and viscous friction. However, it provides a
reasonable estimation of pressure gradients across the
tricuspid valve and PA in dogs.!? As it is non-invasive
and performed without general anaesthesia, Doppler
echocardiography was deemed the most appropriate
modality for diagnosis of PH in our patient.

The use of sildenafil to treat PH has, to our knowl-
edge, not been reported in the cat. Sildenafil is a highly
selective phosphodiesterase type V inhibitor, acting
preferentially to vasodilate arteries in the lungs and cor-
pus cavernosum. In the cat, sildenafil has been used
intravenously to evaluate oesophageal motility,'! and via
direct injection into the corpus cavernosum to evaluate
erectile function.!? Two other cases of PH in cats had
spontaneous resolution following removal of the incit-
ing cause (cessation of the chemotherapeutic agent car-
boplatin in one case and treatment of Aelurostrongylus
abstrusus infection in the other).!34 However, in our
case, correction of the underlying cause (ASD) was not
feasible.

Of three other reported cats with Eisenmenger’s syn-
drome, one was treated with frusemide, nitroglycerine,
dobutamine and oxygen supplementation but showed a
poor response;® one case received oxygen only;” and no
treatment was described for the other case.

In contrast, the use of sildenafil is well described in
humans with PH secondary to underlying congenital
defects, with evidence demonstrating improved functional

class, haemodynamics, quality of life and survival rates.!>1°
In dogs, sildenafil has demonstrated benefit in dogs with
PH of various aetiologies.#2%-22 Despite the lack of evidence
for use in sildenafil for treatment of PH in cats, the potential
benefit outweighed the risk of doing nothing. The cat toler-
ated the sildenafil at dose rates of 0.25-1.6 mg/kg with no
apparent adverse effects.

Phlebotomy is employed in humans with Eisen-
menger’s syndrome to treat erythrocytosis in patients
showing clinical signs of hyperviscosity syndrome.? In
some cases, reduced peripheral vascular resistance or sys-
temic arterial pressure (eg, via stress and increased sympa-
thetic drive, dehydration or hypovolaemia) can worsen
right-to-left shunting and hypoxaemia. Additionally,
repeated phlebotomy can result in iron deficiency and
reduction of oxygen-carrying capacity.!> Phlebotomy has
also been advocated as a mainstay of management of
reverse PDA in dogs.?? We elected not to perform phlebot-
omy in our patient as the cat was never markedly erythro-
cytic and did not show overt signs of hyperviscosity.

In humans, complete heart-lung transplants (or lung
transplants and concomitant repair of the cardiac defect)
are sometimes performed in patients with Eisenmenger’s
syndrome;? however, this is an impractical consideration
in small animal medicine.

The causes of deterioration and death in our patient
are unknown but may include progression of suspected
bronchopulmonary disease, or cardiac complications. In
a study evaluating causes of mortality in human patients
with Eisenmenger’s syndrome, 22.9% died of right-sided
congestive heart failure, 3.2% of cerebral abscesses and
1.6% from endocarditis. Negative prognostic factors
include RV dysfunction and young-onset clinical signs,
both of which apply to our patient.?*25

Expected survival times in cats with Eisenmenger’s
syndrome remain unknown. Another cat treated with
frusemide, nitroglycerine, dobutamine and supplemen-
tal oxygen died of cardiac arrest 48 h after commence-
ment of treatment.® In contrast, our cat survived 10
months after diagnosis, with a good quality of life and
reasonable functional capacity. In humans, survival in
patients with Eisenmenger’s syndrome can be relatively
long, with a reported median survival time of 53 years.2
Use of sildenafil has been shown to result in a lower risk
of death, as well as improved quality of life.!”18

Conclusions

The clinical improvement of our case suggests that silde-
nafil may be useful in the management of cats with
Eisenmenger’s syndrome. No apparent adverse effects
were noted at dose rates of 0.25-1.6 mg/kg.
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