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Abstract In dogs, balloon valvuloplasty is considered the treatment of choice for
severe pulmonary valve stenosis, and this technique is currently performed routi-
nely in specialist referral practices with low morbidity and mortality. Stent angio-
plasty has also been recently proposed as a viable treatment option. The present
case series describes the clinical course of four dogs with severe pulmonary valve
stenosis, treated with balloon valvuloplasty or stent angioplasty at four different
institutions, which developed non-cardiogenic pulmonary oedema perioperatively
after apparently successful dilation of the pulmonary valve. In three cases, there
was evidence of some degree of pulmonary hypertension before ballooning. Despite
intensive care, the complication proved fatal in three cases. Clinicians should
therefore be aware of this life-threatening complication, previously undescribed
in dogs.
ª 2021 The Authors. Published by Elsevier B.V. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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f Check-Flo Introducer Set, Cook Inc., Bloomington, IN, USA.
g Torcon NB Advantage Catheter, Cook Inc., Bloomington, IN,

USA.
h Occlu-Marker, pfm medical mepro gmbh, Nonweiler,

Germany.
i Tyshak II, NuMED, Canada Inc., Cornwall, ON, Canada.
Case 1

A five-month-old, 16-kg, entire female Labrador
retriever was presented, without clinical signs, for
treatment of severe pulmonary valve stenosis (PS).
Atenolol (1 mg/kg PO q12h) had been started
before referral.

On presentation, there was a V/VI left basilar
systolic murmur. Transthoracic echocardiography
(TTE) confirmed severe PS, with a Doppler-derived
transvalvular systolic pressure gradient (PG) of
130 mmHg. Valve leaflets appeared fused. Moder-
ate right ventricular (RV) hypertrophy, mild right
atrial dilation and main pulmonary artery (MPA)
post-stenotic dilatation were observed. Mild pul-
monic and tricuspid insufficiencies (maximum
velocity not precisely measurable) were also
present. An agitated saline contrast study did not
identify intracardiac right-to-left shunts. Simulta-
neous electrocardiogram showed sinus rhythm.

Balloon valvuloplasty (BVP) was performed the
next day. The dog was administered atenolol
(1 mg/kg PO) and premedicated with meperidine
(5 mg/kg IM). Anaesthesia was induced with
alfaxalone (1.25 mg/kg IV) and maintained with
isoflurane in oxygen. Owing to systemic hypo-
tension (mean oscillometric blood pressure [BP]
43 mmHg), Ringer’s lactate solution (10 mL/kg
followed by 3 mL/kg/h IV) and dopamine
(10e15 mg/kg/min IV) were administered. Lido-
caine (30 mg/kg/min IV) and fentanyl (2 mg/kg/h
IV) infusions were then started. Cefuroxime was
injected perioperatively (20 mg/kg IV q2h).

After a right jugular venous approach (12-Fr
introducer sheathf), pulmonary arterial (PA)
pressures, measured directly with a 5-Fr multi-
purpose catheterg, were mildly elevated (systolic
32 mmHg, diastolic 15 mmHg, mean 22 mmHg).
Peak RV pressure was 122 mmHg. Selective RV
angiography (5-Fr pigtail catheterh; iohexol
300 mg/kg IV, 600 PSI, 20 mL/s) and trans-
oesophageal echocardiography (TEE) revealed
thick and domed pulmonary valve leaflets (Video
1). The poorly defined annulus measured 21 mm
on angiography and 15 mm on simultaneous TEE,
similarly to TTE. Valvuloplasty was performed by
rapid manual inflation of a 22-mm x 4-cm balloon
dilation catheteri (balloon-to-annulus ratio 1.05).
Fluoroscopy showed complete loss of the waist
during expansion. Shortly afterwards, the dog
experienced tachycardia (140 beats per minute
(bpm)) and systemic hypotension (direct mean
arterial BP 32 mmHg). On TEE, there was
improved pulmonary valve leaflet excursion and

http://creativecommons.org/licenses/by/4.0/


Fig. 1 Contrast-enhanced CT images obtained in case 1 shortly after balloon dilation, showing a marked, diffuse
increase in pulmonary attenuation with multiple air bronchograms without vessel obliteration, compatible with
severe non-cardiogenic pulmonary oedema. (A), transverse image at the level of the ninth thoracic vertebra. (B),
Sagittal view. (C), Longitudinal view. CT: computed tomography.

Pulmonary oedema following pulmonary valvuloplasty and stent angioplasty 81
significantly increased transvalvular flow, without
evidence of annulus rupture or pericardial hae-
morrhage (Video 2). Approximately 10 min after
ballooning, the SpO2, previously normal, began to
decrease, and serosanguinous fluid was noted in
the endotracheal tube. An arterial blood sample
revealed hypoxaemia (PaO2 91 mmHg, FiO2 94%),
hypercapnia (PaCO2 66 mmHg) and acidaemia (pH
7.19). Intermittent positive pressure ventilation
was started, and pimobendan was administered
(0.15 mg/kg IV) for inotropic support. An emer-
gency thoracic computed tomography scan
revealed a marked and diffuse increase in pul-
monary attenuation with multiple air broncho-
grams (Fig. 1) but no vessel obliteration,
consistent with severe non-cardiogenic pulmo-
nary oedema (NCPE). The dog suffered car-
diopulmonary arrest soon after, while still under
anaesthesia. Unfortunately, cardiopulmonary
resuscitation was unsuccessful.
Case 2

A four-year-old, 2.2-kg, neutered female Chihua-
hua was presented with a three-month history of
coughing and syncope and exercise intolerance of
one-month duration. Severe PS had been diag-
nosed two years earlier. Furthermore, adulticide
treatment for heartworm infection had been
completed three years previously; since then, the
dog had remained on commercial prophylaxis and
tested antigen-negative.
Referral radiographs demonstrated right-sided
cardiomegaly, MPA bulging and hypovascularised
lungs with a moderate, diffuse bronchointerstitial
pattern. Before referral, clinical signs had partially
responded to furosemide (2.3 mg/kg PO q24h), ate-
nolol (0.23mg/kgPOq12h), enalapril (0.56mg/kgPO
q24h), pimobendan (0.27 mg/kg PO q24h) and
butorphanol (0.45mg/kg POpro re nata (PRN) q12h).

Physical examination revealed a grade V/VI left
basilar systolic murmur and diffuse crackles at
peak inspiration, without tachypnoea or increased
breathing effort. Lower airway disease was sus-
pected based on history, the referring clinician’s
radiographs and auscultation. On TTE, severe PS
was confirmed (Doppler-derived transpulmonary
valve systolic pressure gradient (PG) 131 mmHg).
The valve leaflets were restricted, thick and
hyperechoic. Marked RV hypertrophy, MPA post-
stenotic dilatation, and mild tricuspid and severe
pulmonary insufficiencies were present. The peak
early diastolic pulmonary regurgitation velocity
was 2.7 m/s (Doppler-derived PG 29 mmHg). Based
on the latter finding, pulmonary hypertension (PH)
was suspected, possibly owing to lower airway
disease or previous heartworm infection. Simulta-
neous electrocardiogram showed sinus rhythm.

Pimobendan and enalapril were discontinued.
Furosemide dose was halved, with the recom-
mendation to stop its administration one week
later, but this was continued by the owner.

One month later, BVP was performed. After
premedication with methadone (0.2 mg/kg IV),
anaesthesia was induced with midazolam (0.2 mg/



Fig. 2 Chest radiographs obtained in case 2 the day after balloon valvuloplasty, showing a diffuse, moderate
bronchointerstitial pattern along with right-sided cardiomegaly and bulging of the main pulmonary artery.

Fig. 3 Chest radiographs obtained in case 2 at the time of admission to the local emergency service (31 h after
balloon valvuloplasty), showing a diffuse, mixed interstitial-alveolar pattern, compatible with development of non-
cardiogenic pulmonary oedema.

j Super Sheath Introducer Sheath, Boston Scientific, Mal-
borough, MA, USA.
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kg IV) and etomidate (2 mg/kg IV) and maintained
with isoflurane in oxygen. Fentanyl (5 mg/kg/h IV),
midazolam (0.2 mg/kg/h IV) and lidocaine (50 mg/
kg/min IV) were administered intraoperatively.
Owing to systemic hypotension (direct mean arte-
rial BP 38 mmHg) and bradycardia (60 bpm),
Ringer’s lactate solution (4.5 ml/kg followed by
5e10 ml/kg/h IV) and glycopyrrolate (total of
0.019 mg/kg IV) were also administered.
A right jugular venous approach (6-Fr introdu-
cerj sheath) was used. Owing to persistent sys-
temic hypotension (direct mean arterial
BP < 60 mmHg), dopamine (3e7 mg/kg/min IV)
was administered. To abbreviate the procedure,
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direct RV and PA pressures were not determined.
Selective RV angiography (5-Fr multiple-side-hole
balloon catheterk; ioxilan 490 mg/kg IV, manual
injection) revealed doming pulmonary valve
leaflets and an annulus diameter of 10.2 mm. A
10-mm x 3-cm balloon dilation catheterl (balloon-
to-annulus ratio 1) was used for valvuloplasty and
manually inflated twice. Fluoroscopy showed
complete loss of the waist during expansion. An
arterial blood sample revealed normoxaemia
(PaO2 479 mmHg, FiO2 100%) and normocapnia
(PaCO2 39 mmHg). Direct mean arterial BP
increased (88 mmHg) after valvuloplasty and
catheter removal, and the dog recovered
uneventfully.

Postprocedural TTE revealed increased left
ventricular (LV) diameters, enhanced pulmonary
valve leaflet excursion, and significantly decreased
transvalvular PG (19 mmHg). Maximum velocity of
the pulmonic insufficiency remained 2.7 m/s
(Doppler-derived PG 29 mmHg).

The next day, chest radiographs were grossly
comparable with four months previously (Fig. 2).
The dog was discharged on doxycycline (4.5 mg/kg
PO q12h), prednisolone (0.54 mg/kg PO q12h),
pregabalin (2.7 mg/kg PO q12h), atenolol
(0.32 mg/kg PO q12h), trazodone (2.7 mg/kg PO
PRN) and butorphanol (0.05 mg/kg PO PRN).

The samenight, 31 h after BVP, the dog developed
acute tachypnoea and dyspnoea after atenolol sus-
pension administration. Butorphanol, pregabalin
and prednisolone given by the owner did not improve
clinical signs, which progressed to expectoration of
pink fluid within 1 h. The patient arrived at the local
emergency service laterally recumbent, bradycardic
(52 bpm), hypothermic (34 �C) and with fluid pouring
from the mouth. After stabilisation with intubation,
100% oxygen, furosemide and atropine (doses unre-
corded), the dog could be extubated. Thoracic
radiographs revealed a diffuse interstitial-alveolar
pattern (Fig. 3). A balanced crystalloid solution
(2.7 ml/kg/h IV), dobutamine (5e10 mg/kg/h IV),
ampicillin-sulbactam (30 mg/kg IV), doxycycline
(5 mg/kg IV), sildenafil (3 mg/kg PO), butorphanol
(0.1e0.24 mg/kg IV) and 40% oxygen were adminis-
tered. However, cardiopulmonary arrest ensued
soon after. On re-intubation, abundant fluid was
aspirated. Cardiopulmonary resuscitation was
unsuccessful, and NCPE was considered the most
likely cause of death.
k Arrow-Berman Angiographic Catheter, Teleflex, Morrisville,
NC, USA.
l Infiniti Medical, Redwood City, CA, USA.
Case 3

A three-month-old, 8.2-kg, entire male French bull-
dogwas referred for treatment of severe PS. The dog
had experienced two syncopal episodes upon exer-
cise two weeks previously, with none observed since
starting atenolol (0.4 mg/kg PO q24h).

On auscultation, there was a grade IV/VI left
basilar systolic murmur. Surface electrocardiogram
revealed sinus rhythm. On TTE, severe PS was
confirmed (Doppler-derived transvalvular systolic
PG 145 mmHg). The valve had an ‘hour-glass’
appearance with thickened leaflets and a supra-
valvular narrowing. There was moderate to severe
RV hypertrophy, severe right atrial enlargement
and moderate poststenotic MPA dilatation. Severe
tricuspid regurgitation, mild pulmonic insufficiency
(maximum velocity not precisely measurable) and
hepatic vein congestion were identified.

The following day, BVP was performed.
After premedication with meperidine (3 mg/kg
IM), anaesthesia was induced with propofol
(2.5 mg/kg IV) and maintained with isoflurane in
oxygen. The patient received Ringer’s lactate sol-
ution (5 mL/kg/h IV), lidocaine (30 mg/kg/min IV)
and methadone (total of 0.2 mg/kg IV). Cefurox-
ime was administered (22 mg/kg IV) at induction.

After a right jugular venous approach (7-Fr
introducer sheathm), selective RV angiography (5-
Fr pigtail cathetern; iohexol 600 mg/kg IV, manual
injection) revealed thick, immobile pulmonary
valve leaflets and a supra-annular narrowing
measuring 5 mm. The annular diameter measured
8 mm. Peak RV pressure (5-Fr multipurpose
cathetero) was 60 mmHg (PA pressure unre-
corded). Valvuloplasty was performed by manual
inflation of a 7-mm x 4-cm high-pressure balloon
dilation catheterp (balloon-to-annulus ratio 0.9),
and peak RV pressure decreased to 30 mmHg.
Shortly afterwards, the dog became bradycardic
(45 bpm) and hypotensive (mean direct arterial
BP 35 mmHg), without concurrent SpO2 or CO2

abnormalities. This was successfully addressed
with isotonic crystalloid (total of 26 mL/kg IV), a
succinylated gelatin solution (total of 11 mL/kg
IV) and atropine (0.02 mg/kg IV). Additional bal-
looning via a 10-mm x 4-cm balloon dilation
IN, USA.
n Royal Flush Plus High-Flow Catheter, Cook, Cook Inc.,

Bloomington, IN, USA.
o Royal Fish Plus High-Flow Catheter, Cook, Cook Inc., Bloo-
mington, IN, USA.
p Advance ATB, Cook Inc., Bloomington, IN, USA.



Fig. 4 A), Chest radiographs obtained in case 3 approximately 1 h after balloon valvuloplasty, revealing a severe, diffuse
alveolar pattern compatible with non-cardiogenic pulmonary oedema. (B), Chest radiographs obtained in the same dog
approximately 5 h after balloon valvuloplasty and institution of treatment for pulmonary oedema, revealing partial
improvementof the radiographic abnormalities observed in Figure 4A. (C),Chest radiographs obtained in the samedog four
days after BVP, showing near-resolution of the pulmonary changes observed in Figure 4A. BVP, balloon valvuloplasty.
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catheterq (balloon-to-annulus ratio 1.25)
decreased peak RV pressure further to 25 mmHg.

Approximately 1 h after extubation, the patient
developed sudden respiratory distress. Chest radio-
graphs revealed a severe, diffuse alveolar pattern
(Fig. 4A). The dog was mechanically ventilated and
received furosemide (total of 9 mg/kg IV over 3h),
buprenorphine (0.02 mg/kg IV q6h), dobutamine
(5 mg/kg/min IV), 10% glucose (1 mL/kg/h IV), mid-
azolam (0.1 mg/kg/h IV), and nebulised adrenaline
(5 mg) and salbutamol (400 mcg). Follow-up radiog-
raphy (5 h post-BVP) showed partial resolution of the
alveolar pattern (Fig. 4B), and the dog was weaned
off the ventilator after 7 h.

Pulmonary changes had nearly resolved by four
daysafterBVP (Fig.4C), andTTEconfirmed improved
pulmonary valve leaflet excursion and decreased
transvalvular systolic PG (85 mmHg). The dog was
discharged on atenolol (0.5 mg/kg PO q24h). Three
months later, the owners reported no clinical signs.
r Super Sheath Introducer Sheath, Boston Scientific, Boston,
MA, USA.
s

Case 4

A one-year-old, 13.5-kg, entire male French bulldog
was referred for treatment of severe PS, without
clinical signs. Atenolol (0.5mg/kg POq12h) had been
started four months earlier.

On examination, stertorous breathing was
accompanied by a grade IV/VI left basilar systolic
murmur. On TTE, severe PS was confirmed
q Tyshak II, NuMED, Canada Inc., Cornwall, ON, Canada.
(Doppler-derived transvalvular systolic PG
131 mmHg). Thickened valve leaflets and a supra-
valvular narrowing were observed. Moderate RV
hypertrophy, mild right atrial enlargement and
MPA poststenotic dilatation were present, along
with mild pulmonic insufficiency (maximum
velocity 2.6 m/s; Doppler-derived PG 27 mmHg).

The following day, stent angioplasty was per-
formed. The dog received maropitant (1 mg/kg IV)
and was premedicated with procainamide (10 mg/
kg IM) and methadone (0.2 mg/kg IV). Anaesthesia
was induced with etomidate (1 mg/kg IV) and
midazolam (0.2 mg/kg IM) and maintained with
sevoflurane in oxygen. Metoclopramide (1 mg/kg/
h), phenylephrine (1 mg/kg/min), enrofloxacin
(10 mg/kg IV over 20min) and atracurium (0.2 mg/
kg IV) were administered intraoperatively, and the
dog was mechanically ventilated.

A right jugular venous approach (6-Fr intro-
ducer sheathr, subsequently upsized to 9-Fr) was
used. Direct measurement (5-Fr balloon wedge
pressure catheters) revealed mildly elevated PA
pressures (systolic 37 mmHg, diastolic 20 mmHg,
mean 25 mmHg). Peak RV pressure was
133 mmHg. On selective RV angiography (5-Fr
angiographic cathetert; iohexol, 300 mg/kg IV,
Arrow Balloon Wedge-Pressure Catheter, Teleflex, Morrisville,
NC, USA.
t Arrow-Berman Angiographic Catheter, Arrow, Reading, PA,
USA.
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manual injection), the minimum valve annulus
and supravalvular obstruction diameters were
15.9 and 7.7 mm, respectively. The 9-Fr intro-
ducer was replaced with a 12-Fr extra-large
introduceru. An 18-mm x 3-cm balloon dilation
catheterv (balloon-to-annulus ratio 1.13) was
manually inflated twice to identify an optimal
stent landing site. A transhepatic biliary stentw

was mounted on an 18-mm x 4-cm balloon-in-
balloon catheterx, and the inner balloon was
inflated to ascertain the location of the stent and
adjusted before expanding the outer balloon.
Subsequently, an 18-mm x 2-cm balloon dilation
cathetery was inflated twice to flare the stent.
Selective RV angiography (iohexol, 300 mg/kg IV,
manual injection) suggested good stent place-
ment, but direct PA pressures appeared severely
increased (systolic 72 mmHg, diastolic 31 mmHg,
mean 54 mmHg), negating the RV-PA gradient. No
significant concurrent changes in systemic arte-
rial BP, heart rate, SpO2 or CO2 were detected.
Catheters were removed, and the dog recovered
uneventfully.

Within 30 min from extubation, the dog devel-
oped tachypnoea (50 bpm), requiring 40% oxygen
supplementation. Point-of-care thoracic ultra-
sound revealed diffuse B-lines. Owing to rapidly
progressing dyspnoea, the dog was intubated,
whereon abundant serosanguinous fluid was
expelled from the endotracheal tube. Manual
ventilation was initiated, but terminal car-
diopulmonary arrest ensued.

On gross postmortem examination, dark red,
watery fluid was found in the thoracic cavity, distal
trachea and mainstem bronchi. On cut surface, the
lung parenchyma oozed abundant similar fluid.
There was severe RV hypertrophy, and the stent
was appropriately placed. Unexpectedly, a 5-mm
perimembranous ventricular septal defect was
identified. Histologically, pulmonary lesions inclu-
ded alveolar oedema with small amounts of fibrin,
accompanied by patchy alveolar haemorrhage and
macrophage migration with mild neutrophil
extravasation.
u CheckFlo Performer Introducer Set, Cook Inc., Bloomington,
IN, USA.
v Z-Med-II Percutaneous Transluminal Valvuloplasty Catheter,
Braun Interventional Systems, Bethlehem, PA, USA.
w Palmaz XL Transhepatic Biliary Stent, Cordis, Miami Lakes,
FL, USA.
x Balloon-in-balloon Dilatation Catheter, NuMED, Hopkinton,
NY, USA.
y Atlas Gold PTA Dilation Catheter, Bard Peripheral Vascular,
Tempe, AZ, USA.
Discussion

To the authors’ knowledge, this is the first report
of NCPE after BVP/stent angioplasty of severe PS in
dogs, which proved fatal in three of four cases
despite intensive care. None of the authors has
observed this complication before, and based on
the number of interventions performed in recent
years at each institution, its incidence would be
less than 0.2e0.5%.

Pulmonary valve stenosis is among the most
common canine congenital cardiopathies [1e4].
Untreated dogs with severe PS can develop exercise
intolerance, syncope, right-sided congestive heart
failure and sudden death [1e4]. In children and
dogs with isolated severe PS, BVP is considered the
treatment of choice [1e5]. In dogs, this is per-
formed routinely in specialist referral practices
with low morbidity and mortality, improving out-
comes in most cases [1e4,6].

Reported major perioperative complications of
BVP in dogs include cardiopulmonary arrest, life-
threatening arrhythmias, cardiac/vascular perfo-
ration, valve damage, thromboembolism, PA dis-
section, balloon blockage in the RVoutflow tract and
balloon rupture with fragment embolisation [6e8].
Life-threatening NCPE has not been previously
reported as a perioperative or postoperative com-
plication in dogs. This syndrome is usually charac-
terised by acute inflammatory or non-inflammatory
fluid accumulation in the alveoli, without evidence
of left-sided cardiac dysfunction [9].

Acute pulmonary oedema is reported as a rare
complication of surgical valvulotomy and BVP in
people [5,10e16], and segmental oedema, acute
lung reperfusion injury or haemorrhage can occur
after dilating a stenotic PA or in chronic throm-
boembolic PH [17e19]. Furthermore, in feline
cardiology, acute lung reperfusion injury was sus-
pected in a kitten that developed pulmonary
infiltrates 36 h after balloon angioplasty of PA
stenosis [20]. A non-inflammatory aetiology,
thought to be an acutely increased pulmonary
perfusion raising hydrostatic pressure within an
unprepared and/or underdeveloped pulmonary
vasculature, has been proposed [10e13].
Inflammatory-mediated reperfusion-ischaemia
injury with increased vascular permeability has
also been suggested [13,15,18]. Both may be exa-
cerbated by reduced LV compliance from chronic
underfilling [13,14].

In all cases reported here, respiratory distress and
profuse, acute production of serosanguinous fluid
after apparently successful valvuloplasty or stenting
are consistent with the syndrome described in
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people. In this case series, NCPE is suspected based
on to the distribution of lung changes on thoracic
imaging, without clear evidence of pulmonary
venous congestion. Pulmonary wedge pressures,
which would have helped excluding a cardiogenic
component, were not obtained. Nevertheless, TEE
did not identify overt LV dysfunction in case 1, and
preoperative investigations did not disclose haemo-
dynamically significant abnormalities predisposing
to cardiogenic oedema in any case.

Based on the cases reported here, a combina-
tion of increased hydrostatic pressure and
enhanced permeability leading to oedema for-
mation seems likely, considering the strong tem-
poral association between valvuloplasty and
respiratory decompensation in cases 1, 3 and 4,
and the histopathology results in case 4. The latter
disclosed inflammatory changes, which could
indicate a reperfusion-ischaemia injury [15].
However, such changes are not specific, also being
potentially consistent with the exudative phase of
acute respiratory distress syndrome [21]. This form
of NCPE seems less likely in case 4, considering the
absence, at least apparent, of recognised under-
lying conditions. Mechanical ventilation during
anaesthesia could have also contributed to the
injury [22], but as no other dog underwent nec-
ropsy, definitive conclusions as to the cause of the
inflammatory changes are limited.

Catecholamines and/or fluid therapy were
administered to treat systemic hypotension in
cases 1, 2 and 3. Although contribution of these
treatments to oedema formation cannot be
excluded, similar protocols are used to address
this frequent complication in dogs undergoing BVP
without exacerbating NCPE [23,24]. In addition, all
dogs received intravascular non-ionic, low osmolar
contrast media, and an immediate or delayed
hypersensitivity reaction cannot be excluded
either [25].

Based on the human literature, patients are
more vulnerable to acute oedema formation if
they have long-standing stenosis, concurrent left-
sided obstructive lesions or left-to-right shunts, LV
dysfunction, severe TR, right-sided congestive
heart failure, absence of infundibular stenosis or
persistently high PA pressure after dilation
[10e16]. In this case series, a clear common pre-
disposing factor could not be identified. Interest-
ingly, in three cases, there was evidence of PH
before BVP, which could reflect a vulnerable pul-
monary circulation before the increase in perfu-
sion after dilation. During the procedures, no
hypoxaemia was detected, except in case 1 that
was severely hypoxaemic but only when general
deterioration was observed after ballooning.
Although brachycephalic dogs could have PH from
chronic airway obstruction [26], this is unlikely in
case 1 which was a Labrador retriever. Brachyce-
phalic breeds are also predisposed to acute airway
obstruction, and although this or endotracheal
tube blockage was not observed during any pro-
cedure, respiratory distress occurred in case 2
shortly after atenolol suspension administration.
Thus, the possibility of a contribution of accidental
upper airway obstruction to the development of
NCPE cannot be entirely discarded. Furthermore,
in case 2, there was evidence of pre-existing lower
airway disease and a previous history of heartworm
infection, which could have predisposed to PH
[26,27]. Regardless of the cause, high PA pressures
could indicate increased susceptibility to oedema
formation, and increased direct PA pressures after
BVP could precede clinical indication of NCPE, as
observed in case 4.

Balloon oversize is regarded as an additional
complicating factor in people [11,16]. In the case
series reported here, the balloon-to-annulus ratios
chosen were conservative, laying within or below
the 1.2e1.5 ratio commonly recommended for dogs
[1]. The different valve morphologies observed and
various techniques used preclude identification of
obvious anatomical or technical risk factors.

In conclusion, acute NCPE is a rare complica-
tion of BVP/stent angioplasty in dogs with severe
PS, for which pre-existing PH may be a predis-
posing factor, and increased PA pressure after
ballooning may be a warning of increased risk. All
clinicians involved in the care of patients receiv-
ing BVP should be aware of this life-threatening
complication, which can occur perioperatively
and require advanced life support.
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Video
1

Case 1-TEE
before BVP

Cranial transverse view,
optimised for visualisation of
the MPA and pulmonary valve
and obtained before BVP,
showing restricted valvular
movement and systolic

doming.
Video
2

Case 1- TEE
after BVP

Cranial transverse view,
optimised for visualisation of
the MPA and pulmonary valve

and obtained after BVP,
showing improved pulmonary

valve leaflet excursion,
without evidence of annulus

rupture or pericardial
haemorrhage.

Video
3

Case 1- TEE
following BVP

Median transverse four-
chamber view, obtained after
BVP, showing subjectively
preserved global systolic

function, without evidence of
pericardial haemorrhage.

BVP, balloon valvuloplasty; MPA, main pulmonary artery;
TEE, transesophageal echocardiography.
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