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Abstract- An 80-year-old diabetic man with severe aortic stenosis was admitted to our hospital for 

cardiogenic shock complicating non-ST-elevation myocardial infarction. Echocardiographic evaluation 

showed also a severe degree of both left ventricular dysfunction and mitral regurgitation. The patient was 

initially stabilized with inotropes and mechanical ventilation was necessary because of concurrent pulmonary 

edema. The day after, he was submitted to coronary angiography showing bivessel coronary disease. Given 

the high estimated operative risk, the patient was treated with angioplasty and bare metal stent implantation 

on both right coronary and circumflex artery; contemporarily, balloon aortic valvuloplasty (BAV) was 

performed with anterograde technique, obtaining a significant increase in planimetric valve area and 

reduction in transvalvular peak gradient. Few days after the procedure echocardiogram showed an increase in 

left ventricular ejection fraction, moderate aortic stenosis with mild regurgitation and moderate mitral 

regurgitation. Hemodynamic and clinical stabilization were also obtained, allowing amine support 

discontinuation and weaning from mechanical ventilation. At three months follow-up, the patient reported a 

further clinical improvement from discharge, and echocardiographic evaluation showed moderate aortic 

stenosis and an additional increase in left ventricular function and decrease in mitral regurgitation degree. In 

conclusion, combined BAV and coronary angioplasty were associated in our patient with hemodynamic and 

clinical stabilization as well as with a significant reduction in transvalvular aortic gradient and mitral 

regurgitation and an increase in left ventricular ejection fraction both in-hospital and at three month follow-

up; this case suggests that these procedures are feasible even in hemodynamically unstable patients and are 

associated with a significant improvement in quality of life.  
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Introduction 
 
Aortic stenosis (AS) has become the most frequent 
valvular heart disease with an average survival after 
symptoms onset less than 2-3 years (1). In particular, the 
incidence of AS in the elderly population ranges from 
2% to 9% and is characterised by an increased risk of 
death (2). In these patients, surgical aortic valve 
replacement carries higher perioperative risks mainly 
related to age and comorbidities and is also associated 
with prolonged recovery and poor quality of life after 
surgery (3). About one third of patients with severe AS 

are not referred for valve replacement surgery especially 
because of the risks perceived by both patients and 
physicians. The occurrence of cardiogenic shock can 
complicate the clinical course of patients with severe AS 
further worsening their prognosis. Among factors 
precipitating shock in severe AS acute myocardial 
infarction should be considered; when also this clinical 
condition is present, myocardial revascularization 
together with the correction of valvular aortic stenosis 
should be performed to restore hemodynamic stability. 
Emergency cardiac surgery could be lifesaving but the 
high surgical mortality (4) or the presence of multiorgan 
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failure (4) often precludes these patients from operation. 
A combined procedure of balloon aortic valvuloplasty 
(BAV) and percutaneous coronary intervention (PCI) 
can represent an alternative therapeutic option for these 
high-risk patients even though scarce data are available 
regarding this issue (5,6). In this report we present the 
case of a patient with severe AS presenting in 
cardiogenic shock during non-ST-elevation myocardial 
infarction (NSTEMI) and concomitant functional severe 
mitral regurgitation successfully treated with combined 
BAV and PCI.  

 
Case Report 

 
An 80-year-old diabetic man with cardiogenic shock 
was transferred to our Intensive Cardiac Care Unit 
(ICCU) in Florence, which is a tertiary center, from the 
Intensive Care Unit of a secondary center where he had 
been admitted because of pulmonary edema.  

On secondary center Intensive Care admission, he 
was submitted to a transthoracic echocardiography 
which documented severe AS and left ventricular 
dysfunction. Because of severe hypoxemia and 
hypotension, mechanical ventilation and inotropic 
support (first with dobutamine and then with 
levosimendan and norepinephrine) were started. In the 
following days no improvement was observed so the 
patient was transferred to our ICCU in order to submit 
him to aortic valvuloplasty. The choice of this strategy 
was based on the high predicted probability of operative 
mortality based on two different scores (standard 
EuroSCORE 17 with a predicted mortality of 60.79%; 
according to Parsonnet score the predicted probability of 
operative mortality resulted 69% in the additive model 
with a predicted death rate of 84.92% in the multivariate 
logistic regression model). 

At our ICCU admission the patient was mechanically 
ventilated and on norepinephrine infusion. 
Electrocardiogram showed sinus rhythm at 105 bpm, 
incomplete left bundle branch block, ST-segment 
depression with negative T waves in the lateral leads and 
alterations of repolarization in the inferior leads. 
Transthoracic echocardiography showed left ventricle 
enlargement (end-diastolic diameter 35 mm/m²) with 
diffuse severe hypokinesia and severe depression of left 
ventricular ejection fraction (15%); severe AS 
(planimetric valve area 0.6 cm2) and severe mitral 
regurgitation due to mitral annulus dilation (50 mm) and 
tethering of both leaflets were also detected; pulmonary 
artery systolic pressure resulted equal to 50 mmHg. 

Norepinephrine infusion was stopped and 

furosemide and dopamine (2.5 γ/kg/min) were started. 
Blood examinations showed a progressive increase in 
biomarkers of myocardial infarction with maximum 
values of troponin I and creatine kinase-MB equal to 9.4 
ng/ml and 20.9 UI/l, respectively. The day after ICCU 
admission, the patient was submitted to cardiac 
catheterism and angiography. Coronary angiography 
showed a sub-occlusive stenosis of both right coronary 
artery and circumflex artery; the first marginal branch 
was completely occluded and the first diagonal branch 
showed a critical stenosis. A PCI was performed in both 
right coronary and circumflex arteries and three bare 
metal stents were implanted. At the same time BAV was 
performed using anterograde technique as reported 
below. 

A right femoral arterial access was obtained with a 6 
Fr sheath. The left atrium was accessed by an 8 Fr 
Mullins sheath from the right femoral vein using 
standard transseptal puncture technique. Subsequently, a 
double-lumen 7 Fr Swan-Ganz catheter was advanced 
from the Mullins sheath through left atrium and left 
ventricle and looped in the left ventricular apex to pass 
across the aortic valve into the aortic arch. A 0.035' 
Terumo floppy wire 260 cm was advanced through the 
lumen of the Swan-Ganz catheter to navigate the 
catheter into the distal descending aorta. This wire was 
snared from the femoral arterial access and secured 
using a 15 mm snare catheter. The wire was pull back 
out  the femoral sheat and was secured, providing 
enough support to advance the Inoue balloon from the 
right femoral vein through the right atrium, left atrium, 
left ventricle and then across the aortic valve. Systemic 
pressure was monitored via the side arm of the femoral 
arterial sheath. A 28 mm Inoue balloon was inflated 
three times across the aortic valve with the balloon 
diameter ranging sequentially from 22 to 26 mm without 
ventricular pacing. The balloon was removed over the 
wire. The 0.032' wire was carefully removed. 
Hemodynamic parameters were subsequently reassessed 
with transthoracic echocardiography and post-dilation 
aortic valve area was calculated and resulted equal to 
1.45 cm2. The procedure was completed by closing the 
entry site of the 14 Fr right femoral venous sheath and 
the arterial femoral sheat using suture closure devices. 

This procedure was performed with Doppler 
echocardiography guidance in order to reduce the 
amount of contrast medium used and to prevent 
nephropathy, which is particularly relevant for a patient 
with cardiogenic shock. However, in our patient a slight 
increase in creatinine value was observed during 
hospitalization (maximum 2.2 mg/dl) and returned to 
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normal values before hospital discharge.  
Five days after the procedures, an echocardiogram 

showed an increase in left ventricular ejection fraction 
(27%), moderate aortic stenosis (peak transvalvular 
velocity 2.5 m/sec) and mild regurgitation; moderate 
mitral regurgitation estimated by PISA method (ERO 
equal to 16 mm2) and a normal transtricuspidal pressure 
gradient. During dobutamine infusion (up to 10 
γ/kg/min), a further improvement of both lateral basal 
and anterior basal segments with a mild increase of left 
ventricular ejection fraction (32%), moderate aortic 
stenosis (peak transvalvular flow velocity equal to 3 
m/sec) and a reduction of mitral regurgitation (ERO 
equal to 12 mm2) were documented. 

In the following days, amine administration was 
discontinued and the patient was weaned from 
mechanical ventilation. Two weeks after ICCU 
admission the patient was transferred back to secondary 
center hospital.  

After three months the patient was re-evaluated in 
our hospital. The patient had been asymptomatic, even 
after moderate exertions. A transthoracic 
echocardiogram showed mild enlargement of left 
ventricle (end-diastolic diameter 33.5 mm/m2) and a 
further increase of left ventricular ejection fraction 
(37%) with respect to discharge. Aortic valve area, 
estimated using the continuity equation, resulted 1.05 
cm2 with a transvalvular peak gradient of 34 mmHg; 
moreover, an additional reduction in mitral regurgitation 
(vena contracta 0.35 cm) was observed.      

 
Discussion 

 
This is the first report evaluating the effect of combined 
aortic valvuloplasty and coronary angioplasty in a 
patient with severe AS complicated by cardiogenic 
shock during NSTEMI and concomitant severe mitral 
regurgitation. 

BAV has been introduced in 1980s as a therapeutic 
option in adults with symptomatic AS (7), especially 
those with a high surgical risk because of comorbid 
conditions or advanced age, in the hope of providing a 
less invasive alternative to surgical aortic valve 
replacement. However, despite initially encouraging 
results, it has been subsequently abandoned due to 
disappointing medium and long term-outcomes (8) 
similar to the natural history of AS (9); in fact for 
symptomatic elderly surgical aortic valve replacement 
remains the gold standard (10). However, BAV may 
provide temporary benefits in hemodynamically 
unstable patients, such as those with cardiogenic shock. 

In particular, according to the recent AHA/ACC 
guidelines (10), BAV can be considered (class IIb 
indication) as a bridge to surgery in hemodynamically 
unstable adult patients with AS at high risk for aortic 
valve replacement and for palliation in those for whom 
aortic valve replacement cannot be performed because 
of serious comorbid conditions. Moreover, BAV could 
be considered in patients refusing surgical valve 
replacement for any reason.  

In the previous years, high complication rates and in-
hospital mortality were also reported in patients 
submitted to BAV, especially in the first 24 hours 
following the procedure. Transfusions were performed 
in 20% of patients, related predominantly to vascular 
site access complications (11). Cumulative 
cardiovascular mortality before discharge was 8% in the 
NHLBI registry (11). Re-stenosis and recurrent 
hospitalization were common, although survivors 
reported fewer symptoms over the subsequent 1.5 years 
(9).  

In the last few years, several technical and 
procedural improvements have become available for 
BAV, thank to which this technique has experienced a 
revival (12); among them, the use of Inoue balloon, 
typically used for mitral valvuloplasty, has been found 
to improve immediate post-BAV aortic valve area 
compared with conventional and retrograde BAV (13). 

In fact, BAV may be performed by either an arterial 
(retrograde) or a transvenous transseptal (anterograde) 
vascular approach to access the aortic valve (14). Recent 
data have demonstrated that with anterograde technique 
it is possible to obtain similar hemodynamic and clinical 
benefits as the traditional retrograde approach (14); 
moreover, it is associated with significantly fewer peri-
procedural vascular complications being performed with 
a venous puncture that allows much easier management, 
the use of larger balloons in a population where 
peripheral artery disease is common (14) and to repeat 
this procedure if necessary. However, this kind of 
approach is technically more challenging and complex 
than retrograde one, as it involves a transseptal puncture; 
on the other hand, it has been shown that retrograde  
left ventricular access through a severely stenotic  
aortic valve is difficult and results in greater embolic 
stroke rates (14). Based on these assumptions for our 
patient we chose anterograde technique and used an 
Inoue balloon in order to reduce the risk of 
complications.  

Another relevant feature of the present case is that in 
our patient cardiogenic shock and mitro-aortic severe 
valvulopathy were associated also with NSTEMI, 
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requiring the execution of PCI in addition to BAV. It has 
been previously reported that in patients with  
severe aortic stenosis, angina and congestive heart 
failure, BAV and PCI were associated with a significant 
improvement in symptoms and a shorter hospital  
stay (15). Moreover, it has been suggested that, in  
spite of acute myocardial infarction, BAV and PCI  
may be safely combined for the treatment of patients  
not undergoing surgery (15). However, few data  
are available on the feasibility of these combined 
procedures in patients with cardiogenic shock who 
exhibit a too high surgical risk (5,6). Also in the  
present case, these two techniques have been 
simultaneously performed to treat, in a single stage, both 
coronary and aortic valvular alterations underlying 
cardiogenic shock. 

As PCI in cardiogenic shock is concerned, it has 
been previously demonstrated that emergency PCI or 
surgery may be life-saving and should be considered at 
an early stage in ST-elevation myocardial infarction 
(STEMI) patients with cardiogenic shock (16). Previous 
studies have also demonstrated that an early myocardial 
revascularization is associated with improved survival in 
elderly patients with cardiogenic shock complicating 
acute myocardial infarction (17). PCI for STEMI 
patients and cardiogenic shock has two peculiarities: 
first of all, the usually recommended time window of 12 
h after onset of chest pain is wider (16);  
second, multivessel PCI should be strongly considered 
for patients with multiple critical lesions at  
variance with all trials of primary PCI in STEMI 
suggesting to limit the acute revascularization to the 
culprit vessel (16). The treatment of cardiogenic  
shock in patients with left ventricular dysfunction 
following NSTEMI has not been clarified yet, even 
though it has been previously demonstrated that they 
have an in-hospital mortality similar to shock patients 
with STEMI (18). Moreover, Abbott et al. evaluating the 
risk of adverse outcomes by type of myocardial 
infarction (STEMI versus NSTEMI), found that STEMI 
was associated with a higher likelihood of in-hospital 
death with respect to NSTEMI, but long-term outcome 
after PCI was independent of myocardial infarction type 
(19). 

Finally, in our patient severe mitral regurgitation was 
contemporarily present and this should have been 
determined by two different possible mechanisms: left 
ventricular overload and myocardial ischemia. The 
reduction in mitral regurgitation degree observed in our 
patient after the procedures can be, at least in part, 
ascribed to BAV through a decrease in left ventricular 

afterload and pressure overload. There are few data 
concerning the variations of mitral regurgitation degree 
in patients undergoing BAV. Come et al. analyzed 144 
patients undergoing BAV for symptomatic AS and 
observed a significant reduction in mitral regurgitation 
(20). Moreover, in our patient, myocardial 
revascularization might have improved the ischemic 
contribute to either mitral regurgitation and left 
ventricular dysfunction thus leading, not only to a 
reduction in mitral regurgitation from severe to 
moderate after PCI but also to an improvement in left 
ventricular systolic function, expressed by an increase in 
ejection fraction from 15 to 27%. In this patient the 
beneficial effects of combined BAV and PCI were 
observed either immediately after the procedure and 
during follow-up; in fact, the echocardiographic 
evaluation performed at three-month showed a further 
increase in ejection fraction as well as a reduction in 
mitral regurgitation together with a marked clinical 
improvement. 

In conclusion, combined BAV and PCI were 
associated in our patient with clinical and hemodynamic 
stabilization as well as with a significant reduction in 
peak transvalvular aortic gradient and mitral 
regurgitation degree and an increase in left ventricular 
ejection fraction both in-hospital and at three month 
follow-up; this case suggests that these procedures are 
feasible even in hemodynamically unstable patients and 
are associated with a significant improvement in quality 
of life.  

New techniques, such as transcatheter aortic valve 
implantation and percutaneous mitral valve repair 
procedures will provide further advances in the 
therapeutic management of patients with cardiogenic 
shock due to severe aortic stenosis and mitral 
regurgitation. 
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