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1. INTRODUCTION 

 

Aortic stenosis (AS) is the most common valve disorder in the Western World 

and the most frequent indication for aortic valve replacement (AVR) in adults. The 

earliest description of calcific AS is attributed to the French physician Lazare 

Riviere, who in 1663 reported the necropsy findings of large caruncle-like masses 

obstructing the left ventricular outflow to the aorta in a patient who presented with 

progressive dyspnea and loss of pulses [1].    

 

The aortic valve, already drawn by Leonardo Da Vinci in 1512 [2] (Figure 1), 

is one of the semilunar valves of the heart, and it is located between the end of the 

left ventricular outflow tract and the aorta. It usually has three leaflets, although 1-2% 

of the population is born with a bicuspid aortic valve, and very rarely with unicuspid 

or quadricuspid aortic valve.  

Fig 1. Details of Leonardo Da Vinci’s drawings of the aortic valve, left ventricular outflow tract and sinuses of 

Valsalva from Leonardo’s notebook (pages 19079 Verso, 19082 Recto and 19083 Verso). Original source: Royal Library, 

Windsor Castle. Copyright reserved by Her Majesty Queen Elizabeth II. 
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The aetiology of AS in the developed countries includes, by decreased 

frequency, calcific degenerative AS, congenital AS (including bicuspid aortic valve), 

rheumatic fever and other rare causes such as radiation to the chest. 

Its pathophysiology consists of a reduction of the effective orifice of the aortic valve, 

creating a pressure gradient between the left ventricular cavity and the aorta. Initially, 

the heart uses compensatory mechanisms to maintain normal hemodynamics such as 

the muscular hypertrophy of the left ventricle (LV) by effectively maintaining the 

stroke volume. In later stages, the compensatory mechanisms fail and the LV dilates, 

the LV wall thins and the systolic function deteriorates, resulting in the LV being 

unable to pump blood forward effectively. Once this happens the patients starts 

having symptoms of dyspnoea and/or angina and general tiredness, eventually 

leading to severe LV failure and failure if not treated.  

The classical clinical symptoms of AS are angina, syncope and breathlessness 

generally associated with progressive reduction in physical activity. They do occur 

after a latent period, as initially patients remain asymptomatic for a period of time 

due to the compensatory mechanism until the reduction in the valve area becomes 

significant. If AS remains untreated, symptoms of congestive heart failure, such as 

dyspnea at rest, orthopnea, paroxysmal nocturnal dyspnea and signs like peripheral 

oedemas will occur eventually leading to death due to intractable congestive cardiac 

failure [3-5]. 

At physical examination, aortic stenosis presents with an ejection systolic murmur, 

heard loudest at the second right intercostal space and radiating to the carotid arteries. 

There is also a low volume arterial pulse due to the reduced upstroke, classically 



	   13	  

described as ‘pulsus parvus et tardus’. 

Diagnosis of the aortic stenosis is made by a combination of clinical evaluation 

involving history taking and physical examination confirmed by complementary 

tests, with the echocardiogram being the gold-standard non-invasive test for 

assessment of the valve anatomy. The echocardiogram also identifies the likely 

aetiology and grades the severity of the stenosis according to the valve area and the 

gradients generated between the LV and the aorta.  

 

The natural history of AS was already reported in the late 1960s and early 

1970s by Ross and Braunwald, Frank and Rapapport [3-5]. They demonstrated that 

once symptoms related to the AS become manifest, the survival of the patient is 

shortened significantly, with a mortality rate of 50% at 2 years after developing 

breathlessness, 50% mortality at 3 years after the appearance of syncope and 50% 

mortality at 5 years when presenting with angina (Figure 2).  

 

 

 

 

 

 

Fig 2. Average course of patients with aortic stenosis from postmortem data. © Ross J Jr, Braunwald 

E. Circulation 1968; 37-61. 

Braunwald Aortic Stenosis: Then and Now

FR
AM

E 
OF

 R
EF

ER
EN

CE

May 15, 2018 Circulation. 2018;137:2099–2100. DOI: 10.1161/CIRCULATIONAHA.118.0334082100

operation had risen greatly and myocardial changes had 
become irreversible. It was difficult with techniques then 
available to identify the “sweet spot.”

NOW
Even to summarize the major developments in the as-
sessment and management of severe AS during the 
past half-century is beyond the scope of this perspec-
tive. A few high points are as follows:

• In North America and Western Europe, a large 
majority of adults with severe AS now are older 
than the patients we dealt with a half-century ago, 
and they usually have calcific (degenerative) rather 
than rheumatic disease.

• Despite the improvements in medical therapy for 
heart failure, the prognosis of patients with severe, 
symptomatic AS remains poor without the relief of 
the obstruction.

• Echocardiography and other contemporary imag-
ing techniques permit the identification of patients 
who, although still in the latent period, are at high 
risk of early progression to the late stage, that is, 
who in Wood’s words are “just before the onset of 
(serious) symptoms.”2

• Transcatheter replacement of the aortic valve rep-
resents an enormous advance in the care of these 
patients.5

• The risks of replacement of severely stenotic aortic 
valves, by both surgery and the transcatheter route, 
have declined greatly. Early mortality in patients 
with preserved left ventricular function and without 
serious comorbidity has fallen to 1% to 4% in most 
centers, and almost all survivors describe improve-
ment in the quality of their lives. As a consequence, 
patients are undergoing valve replacement at pro-
gressively earlier stages than heretofore.

It has been immensely interesting to me to have ob-
served these advances, which have allowed a steadily 
increasing number of patients with severe AS to have 
entered “the promised land.”
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The first attempt to open a stenotic aortic valve was performed by Tuffier in 1912 by 

invaginating the ascending aortic wall with a finger and pushing the aorta through the 

valve [6]. Several methods for dilating calcified aortic valves were conducted from 

the late 1940s, all of them abandoned due to the high mortality [7,8]. 

The first AVR was conducted in 1961 using the Starr-Edwards mechanical 

prosthesis, consisting of a silastic ball caged in a titanium frame and a sewing ring 

covered by Teflon [9]. In 1969, in an attempt to reduce the high profile of the cage 

ball prosthesis, the tilting disc prosthesis were introduced; the Bjork-Shiley was the 

first tilting disc prosthesis implanted and consisted of a stelite housing, a pyrolyte 

disc and two inlet and outlet struts. However, reports of fractures of the struts in the 

late 70’s made them unpopular [10,11]. In 1977 the first bileaflet model valve, 

consisting of two semicircular leaflets made from pyrolitic carbon that rotate about 

struts attached to the valve housing, was implanted [12]. This valve has undergone a 

number of modifications until the current era of mechanical prosthesis that offer 

greater effective orifice areas and reduced thrombogenicity. 

The first porcine bioprosthesis, the Hancock, was implanted in aortic position in 1970 

[13], and the first bovine pericardial prosthesis, the Ionescu-Shiley Pericardial 

Xenograft was introduced in 1971 [14].  The Carpentier-Edwards pericardial valve 

prosthesis was first implanted in 1980 [15], and underwent several modifications that 

has made it the most common used pericardial valve at present. 

Other options for AVR include the stentless porcine bioprosthesis, first introduced by 

David in 1990 (St Jude Toronto Stentless porcine valve) [16], offering an increased 

effective orifice area compared to the stented bioprosthesis and homografts. The first 

homograft aortic tissue was used in 1962 using a freeze-dried aortic valve [17, 18] 
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and in 1967 the first Ross procedure, consisting of replacing the aortic valve with a 

pulmonary autograft and using a homograft for pulmonary valve reconstruction, was 

performed [19]. 

There is currently no medical therapy available to reduce the natural 

progression of the AS. The operation AVR has been accepted as the standard of care 

treatment for symptomatic AS for the last several decades.  

Trans aortic valve implantation (TAVI) was first performed in 2002 [20], and has 

merged as alternative to AVR, being currently offered to patients with high or 

prohibitive surgical risk, after thorough evaluation of candidates by the local Heart 

Team composed of surgeons and cardiologists. 
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1.1. Normal-flow high-gradient aortic stenosis, NFHG AS. 

Most commonly, severe AS presents with normal flow and thus generates 

high gradients through the stenotic valve. The normal-flow high-gradient AS (NFHG 

AS) has been defined with aortic valve area (AVA) < 1.0 cm
2
, mean transvalvular 

gradient > 40 mmHg and peak flow velocity > 4.0 m/s (Figure 3).  

As previously mentioned, the natural history of the disease, its prognosis and 

therapeutic options have been studied in depth over the last several decades. All the 

studies have confirmed the symptomatic and prognostic benefit of AVR in this very 

malignant pathology when left to medical treatment; therefore indications for AVR 

are well documented in all the guidelines. [21-24] (Figure 3). 

The NFHG AS group has an excellent prognosis after AVR, with an in-

hospital mortality of 1-2% for first-time isolated AVR [25] and a long-term survival 

similar to age-matched population [26]. 

However, it is estimated that up to 50% of patients in whom the AVA meet 

the criteria of severe AS, have transvalvular gradients in the range of moderate AS (< 

40 mmHg) due to a reduced transvalvular flow (Stroke Volume Index, SVi < 35 

ml/m2). This entity is known as low-flow low-gradient AS (LFLG AS) and is 

subdivided into two categories depending on the left ventricular ejection fraction 

(LVEF): True or Classical LFLG AS and Paradoxical LFLG AS (Figure 4). 
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Indications for intervention in aortic stenosis and recommendations for the choice of intervention mode

A) Symptomatic aortic stenosis Classa Levelb

Intervention is indicated in symptomatic patients with severe, high-gradient aortic stenosis (mean gradient >_40 mmHg or peak velocity
>_4.0 m/s).91–93 I B

Intervention is indicated in symptomatic patients with severe low-flow, low-gradient (<40 mmHg) aortic stenosis with reduced ejection frac-
tion and evidence of flow (contractile) reserve excluding pseudosevere aortic stenosis.

I C

Intervention should be considered in symptomatic patients with low-flow, low-gradient (<40 mmHg) aortic stenosis with normal ejection
fraction after careful confirmation of severe aortic stenosisc (see Figure 2 and Table 6).

IIa C

Intervention should be considered in symptomatic patients with low-flow, low-gradient aortic stenosis and reduced ejection fraction without
flow (contractile) reserve, particularly when CT calcium scoring confirms severe aortic stenosis.

IIa C

Intervention should not be performed in patients with severe comorbidities when the intervention is unlikely to improve quality of life or
survival.

III C

B) Choice of intervention in symptomatic aortic stenosis

Aortic valve interventions should only be performed in centres with both departments of cardiology and cardiac surgery on site and with
structured collaboration between the two, including a Heart Team (heart valve centres).

I C

The choice for intervention must be based on careful individual evaluation of technical suitability and weighing of risks and benefits of each
modality (aspects to be considered are listed in Table 7). In addition, the local expertise and outcomes data for the given intervention must
be taken into account.

I C

SAVR is recommended in patients at low surgical risk (STS or EuroSCORE II < 4% or logistic EuroSCORE I < 10%d and no other risk factors
not included in these scores, such as frailty, porcelain aorta, sequelae of chest radiation).93 I B

TAVI is recommended in patients who are not suitable for SAVR as assessed by the Heart Team.91,94 I B

In patients who are at increased surgical risk (STS or EuroSCORE II >_ 4% or logistic EuroSCORE I >_ 10%d or other risk factors not included
in these scores such as frailty, porcelain aorta, sequelae of chest radiation), the decision between SAVR and TAVI should be made by the
Heart Team according to the individual patient characteristics (see Table 7), with TAVI being favoured in elderly patients suitable for transfe-
moral access.91,94–102

I B

Balloon aortic valvotomy may be considered as a bridge to SAVR or TAVI in haemodynamically unstable patients or in patients with sympto-
matic severe aortic stenosis who require urgent major non-cardiac surgery.

IIb C

Balloon aortic valvotomy may be considered as a diagnostic means in patients with severe aortic stenosis or other potential causes for symp-
toms (i.e. lung disease) and in patients with severe myocardial dysfunction, pre-renal insufficiency or other organ dysfunction that may be
reversible with balloon aortic valvotomy when performed in centres that can escalate to TAVI.

IIb C

C) Asymptomatic patients with severe aortic stenosis (refers only to patients eligible for surgical valve replacement)

SAVR is indicated in asymptomatic patients with severe aortic stenosis and systolic LV dysfunction (LVEF <50%) not due to another cause. I C

SAVR is indicated in asymptomatic patients with severe aortic stenosis and an abnormal exercise test showing symptoms on exercise clearly
related to aortic stenosis.

I C

SAVR should be considered in asymptomatic patients with severe aortic stenosis and an abnormal exercise test showing a decrease in blood
pressure below baseline.

IIa C

SAVR should be considered in asymptomatic patients with normal ejection fraction and none of the above-mentioned exercise test abnor-
malities if the surgical risk is low and one of the following findings is present:

• Very severe aortic stenosis defined by a Vmax >5.5 m/s
• Severe valve calcification and a rate of Vmax progression >_0.3 m/s/year
• Markedly elevated BNP levels (>threefold age- and sex-corrected normal range) confirmed by repeated measurements

without other explanations
• Severe pulmonary hypertension (systolic pulmonary artery pressure at rest >60 mmHg confirmed by invasive measure-

ment) without other explanation.

IIa C

D) Concomitant aortic valve surgery at the time of other cardiac/ascending aorta surgery

SAVR is indicated in patients with severe aortic stenosis undergoing CABG or surgery of the ascending aorta or of another valve. I C

Continued

ESC/EACTS Guidelines 2755
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Fig 3. Indications for intervention in aortic stenosis and recommendations for the choice of 

intervention mode. © 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur 

Heart J. 2017;38:2739-91. 
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..5.2.1 Indications for intervention in symptomatic aortic

stenosis

Early therapy should be strongly recommended in all symptomatic
patients with severe aortic stenosis because of their dismal spontane-
ous prognosis. The only exceptions are patients with severe comor-
bidities indicating a survival of < 1 year and patients in whom severe
comorbidities or their general condition at an advanced age make it
unlikely that the intervention will improve quality of life or survival.

As long as the mean gradient remains >40mmHg, there is virtually no
lower ejection fraction limit for intervention, whether surgery or TAVI.
The management of patients with low-gradient aortic stenosis is more
challenging:

• In patients with low-flow, low-gradient aortic stenosis and
reduced ejection fraction in whom the depressed ejection frac-
tion is predominantly caused by excessive afterload, LV function
usually improves after intervention.10,104 Conversely, improve-
ment in LV function after intervention is uncertain if the primary
cause is scarring due to extensive myocardial infarction or cardio-
myopathy. Intervention is definitely advised when severe aortic
stenosis is confirmed at increasing flow (true severe aortic steno-
sis),10 while patients who are classified as having pseudosevere
aortic stenosis at increasing flow should receive conventional
treatment for heart failure.105 Although the outcome of patients
without flow reserve is compromised by a higher operative mor-
tality, SAVR (as well as TAVI) has also been shown to improve
ejection fraction and clinical status in such patients.10,78,104

Decision making should take into account the clinical condition
(in particular the comorbidities), the degree of valve calcification,
the extent of coronary disease and the feasibility of concomitant
or staged revascularization. The ability to identify patients with
severe aortic stenosis in this subgroup by CT calcium scoring and
the availability of TAVI have lowered the threshold to intervene.

• Patients with low-flow, low-gradient aortic stenosis and pre-
served ejection fraction are the most challenging subgroup. Data
on their natural history and outcome after surgical or catheter
intervention remain controversial.80,83,84 In such cases, interven-
tion should only be performed when symptoms are present and
if comprehensive evaluation suggests significant valve obstruction
(see Figure 2 and Table 6).

• Patients with normal-flow, low-gradient aortic stenosis and pre-
served ejection fraction data should be re-evaluated. If normal
flow and low gradient are confirmed, these patients will, in gen-
eral, not have severe aortic stenosis and do not benefit from
intervention.82,83

5.2.2 Choice of intervention mode in symptomatic aortic

stenosis

The choice of the intervention mode should take into account the
cardiac and extracardiac characteristics of the patient, the individual
risk of surgery, which is assessed by the judgement of the Heart
Team in addition to scores, the feasibility of TAVI and the local expe-
rience and outcome data.

Data on TAVI are still very limited for patients <75 years of age
and for surgical low-risk patients, in whom SAVR remains the refer-
ence method. It has to be emphasized that younger patients differ
with regard to anatomy (more bicuspid valves), which affects the
results of TAVI (bicuspid valves were also in general excluded in clini-
cal trials), and that long-term durability data for TAVI prosthetic
valves are still lacking.

Available data from randomized controlled trials and large registries
in elderly patients at increased surgical risk show that TAVI is superior
in terms of mortality to medical therapy in extreme-risk patients,91

non-inferior or superior to surgery in high-risk patients94–97 and non-
inferior to surgery and even superior when transfemoral access is pos-
sible in intermediate-risk patients.98–102 In the two large studies on
intermediate risk, the mean ages of patients were 82 and 80 years,99,102

mean STS scores were 5.8% and 4.5%99,102 and a high percentage
were considered frail. Thus the results are valid only for comparable
patient groups. Overall, rates of vascular complications, pacemaker
implantation and paravalvular regurgitation were significantly higher for
TAVI, while the degree of excess depended on the device used.101,102

On the other hand, severe bleeding, acute kidney injury and new-onset
atrial fibrillation were significantly more frequent with surgery, whereas
no difference was observed in the rate of cerebrovascular
events.101,102 The favourable results of TAVI have been reproduced in
multiple large-scale, nationwide registries supporting the generalizabil-
ity of outcomes observed in randomized controlled trials. This favours
the use of TAVI over surgery in elderly patients at increased surgical
risk. However, the final decision between SAVR and TAVI (including
the choice of access route) should be made by the Heart Team after
careful individual evaluation. Table 7 provides aspects that should be
considered for the individual decision. Balloon valvuloplasty may be
considered as a bridge to surgery or TAVI, or diagnostically.

5.2.3 Asymptomatic aortic stenosis

Management of asymptomatic severe aortic stenosis remains contro-
versial. The available studies do not provide convincing data to

SAVR should be considered in patients with moderate aortic stenosise undergoing CABG or surgery of the ascending aorta or of another
valve after Heart Team decision.

IIa C

BNP = B-type natriuretic peptide; CABG, coronary artery bypass grafting; CT = computed tomography; EuroSCORE = European System for Cardiac Operative Risk
Evaluation; LV = left ventricular; LVEF = left ventricular ejection fraction; SAVR = surgical aortic valve replacement; STS = Society of Thoracic Surgeons; TAVI = transcatheter
aortic valve implantation; Vmax = peak transvalvular velocity.
aClass of recommendation.
bLevel of evidence.
cIn patients with a small valve area but low gradient despite preserved LVEF, explanations for this finding other than the presence of severe aortic stenosis are frequent and
must be carefully excluded. See Figure 2 and Table 6.
dSTS score (calculator: http://riskcalc.sts.org/stswebriskcalc/#/calculate); EuroSCORE II (calculator: http://www.euroscore.org/calc.html); logistic EuroSCORE I (calculator:
http://www.euroscore.org/calcge.html); scores have major limitations for practical use in this setting by insufficiently considering disease severity and not including major risk fac-
tors such as frailty, porcelain aorta, chest radiation, etc.103 EuroSCORE I markedly overestimates 30-day mortality and should therefore be replaced by the better-performing
EuroSCORE II with this regard; it is nevertheless provided here for comparison, as it has been used in many TAVI studies/registries and may still be useful to identify the sub-
groups of patients for decision between intervention modalities and to predict 1-year mortality.
eModerate aortic stenosis is defined as a valve area of 1.0–1.5 cm2 or a mean aortic gradient of 25–40 mmHg in the presence of normal flow conditions. However, clinical judge-
ment is required.

2756 ESC/EACTS Guidelines

Downloaded from https://academic.oup.com/eurheartj/article-abstract/38/36/2739/4095039
by guest
on 04 December 2017
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Fig 4. Subtypes of LFLG AS. AVA: aortic valve area, LVEF: left ventricular ejection fraction, MG: 

mean gradient, SVi: stroke volume index. © Clavel MA, Magne J, Pibarot P. Eur Heart J 2016:2645-

2657. 

 

 

1.2. True low-flow low-gradient AS, TLFLG AS (also called Classical 

or CLFLG AS). 

The classical LFLG pattern is seen in patients with dilated left ventricles and 

decreased LVEF (< 50%). The low flow state is predominantly due to the 

combination of the depressed LV systolic dysfunction and the severe AS. 

This entity has to be differentiated from the Pseudo-severe AS form; these 

patients have moderate AS and non-related myocardial dysfunction as the primary 
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pathology, most frequently due to ischemic cardiomyopathy. In this setting, the aortic 

valve might appear stenotic as a result of the flow-dependent nature of the valve area 

calculation and the inability of the ventricle to generate adequate force to fully open 

the valve.  

Distinguishing between these two entities has important implications, as the 

treatment and prognosis differs considerably. To differentiate between the two 

dobutamine stress echocardiogram (DSE) is recommended. In patients with severe 

AS, the inotropic effect of dobutamine improves contractility of the LV, hence the 

ejection fraction which increases the flow through a fixed valve orifice, resulting in 

increased peak velocity and hence the gradient. In pseudo-severe AS, the increased 

flow is not associated with an increased gradient and the valve area increases by > 0.2 

cm
2
 (Figure 5). In this setting AVR is not recommended; they should be managed 

conservatively with optimized heart failure medication and coronary 

revascularization if indicated.   
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Fig 5. Algorithm for the management of TLFLG AS. The differential diagnosis between TLFLG AS and 

Pseudo-severe AS is achieved with Dobutamine Stress Echocardiography (DSE) and/or Multi-detector 

Computed CT (MDCT). AoV: aortic valve, SAVR: surgical aortic valve replacement, TAVR: trans-

catheter aortic valve replacement. . © Clavel MA, Magne J, Pibarot P. Eur Heart J 2016:2645-2657. 

 

DSE is also useful to determine the ventricular flow reserve, which has important 

prognostic value. About one-third of the patients with TLFLG AS have no flow 

reserve, defined as < 20% increase in SV during DSE. This clinical picture increases 

the risk of surgery for AVR [27]. 
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A multi-detector computed tomography (MDCT) might be also required to 

differentiate between TLFLG and Pseudo-severe AS if the DSE does not generate a 

significant increase in flow (< 15%). The valve calcium score measured by the 

MDCT predicts the severity of the AS as well as the rate of progression and 

occurrence of adverse events. Values of  >2000 Agatston units (AU) in men and > 

1200 AU in women likely represent LFLG AS (Figure 5) [27].  

Patients with TLFLG AS have the highest risk of mortality and adverse 

events. Survival with conservative treatment is 40 - 50 % at 2 years, similar to any 

form of severe AS with the rest of the 50% having very poor quality of life. While 

AVR in this group is also associated with high 30-day mortality (8-33%), however it 

confers a considerable survival benefit compared with medical therapy and a much 

better quality of life [27]. 

The ESC/EACTS guidelines on the management of valvular heart disease 

published in 2012 and their American counterpart published by the AHA/ACC in 

2014, did only recommend surgical intervention for patients with symptomatic LFLG 

AS with a Class IIa, Level C evidence [21, 22]. The recently updated ESC/EACTS 

guidelines have taken into account the new evidence gathered from single 

institutional series of patients with LFLG treated medically or surgically.                               

Current recommendations include surgical intervention for symptomatic TLFLG AS 

with flow reserve (Class I, Level C evidence) or without flow reserve (Class IIa, 

Level C). The lack of flow reserve associates a higher surgical mortality, which is 

still lower than the mortality with medical therapy; besides, those who survive the 

operation, experience a similar LV recovery and long-term survival compared to 

those with flow reserve [23, 24] (Figure 4). 
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As for the NFHG AS, guidelines recommend a thorough and careful 

preoperative assessment of surgical risks to evaluate the choice between surgical 

AVR vs. TAVI (Figures 4 and 5) [23, 24]. Recent studies suggest that TAVI might be 

associated with better recovery of the LV function, less patient-prosthesis mismatch 

and higher long-term survival, especially for those with no flow reserve, but 

additional studies comparing the two techniques in this cohort of patients are 

necessary [27]. 

 

1.3. Paradoxical low-flow low-gradient AS (PLFLG AS). 

 The paradoxical LFLG pattern (PLFLG AS) is seen in patients with severe 

AS (AVA < 1.0 cm) and preserved LVEF who have paradoxically low peak and 

mean transaortic gradients (Figure 3). These patients have reduced SVi through a 

combination of mechanisms that include concentric remodeling, impaired diastolic 

filling and abnormal longitudinal LV function. It is important to confirm carefully the 

severity of the AS in this subgroup of patients, to exclude measurement errors  (i.e. a 

moderate AS in a patient with small body size, underestimation of 

AVA/LVOT/velocity measurements) and also to try to identify any underlying cause 

for the reduced SV  (i.e. atrial fibrillation, associated mitral/tricuspid pathology, right 

ventricular dysfunction) (Figure 6) [27]. 

Some studies recommend the use of DSE to differentiate the diagnosis of 

PLFLG AS from Pseudo-severe AS; however, DSE should not be performed in 

patients with restrictive LV physiology, often found in these patients. Hence, the 

preferred approach to confirm the diagnosis is to assess the morphology of the valve 
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and the degree of calcification by echocardiography and/or MDCT (Figure 6) [27]. 

Fig 6. Algorithm for the management of PLFLG AS. AVA: aortic valve area, AVAi: indexed aortic 

valve area, MG: mean gradient, LVEF: left ventricular ejection fraction, SVi: stroke volume index, 

LF: low flow, AoV: aortic valve, DSE: dobutamine stress echocardiography, MDCT: multi-detector 

computed tomography, SAVR: surgical aortic valve replacement, TAVR: trans-catheter aortic valve 

replacement, BAV: balloon valvuloplasty.. © Clavel MA, Magne J, Pibarot P. Eur Heart J 2016:2645-

57. 
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Patients with PLFLG AS have worse prognosis than patients with moderate AS or 

NFHG severe AS, but better prognosis than patients with TLFLG AS. Survival is 

markedly improved with AVR versus medical treatment, but AVR carries higher risk 

than in patients with NFHG AS, possibly due to the intrinsic restrictive physiology of 

the LV [27]. 

Based on recent clinical evidence, the recently updated ESC/EACTS guidelines 

recommend AVR for patients with symptomatic PLFLG AS confirmed with 

echocardiography, DSE and/or MDCT (Class IIa C) [23, 24]. 

 

 

1. 4. Normal-flow low-gradient aortic stenosis (NFLG AS) 

This is another group of patients with low gradient (< 40 mmHg) but normal 

flow (SVi > 35 ml/m2) (Figure 3). This entity is relatively frequent (15-40%) and it 

can be explained by reduced aortic compliance due to systolic hypertension that may 

lead to a substantial decrease in gradient [27]. 
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2. HYPOTHESIS 

	  

The	  primary	  hypothesis	   of	   our	   research	  project	  was	   that	  AVR	   could	   be	  

performed	  in	  patients	  with	  LFLG	  AS	  with	  low	  in-‐hospital	  mortality.	  	  

	  

The	  secondary	  hypothesis	  was	  that	  AVR	  in	  patients	  with	  LFLG	  AS	  could	  

also	   provide	   excellent	   mid-‐term	   symptomatic	   relief	   among	   survivors,	   which	  

would	  be	  translated	  in	  an	  improvement	  of	  their	  functional	  status	  class.	  
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3.  OBJECTIVES 

 

The primary objective of our research project was to determine the operative 

and mid-term outcomes of surgical intervention in patients with LFLG AS compared 

to NFHG AS.  

As secondary objective, we also aimed to determine if survival with surgical 

intervention was superior to survival with medical management, comparing our 

surgical results with the medical results available in the literature.  

 

Therefore, we analysed operative outcomes and mid-term results (clinical 

status and mortality) following isolated AVR in patients with LFLG AS compared to 

NFHG AS. For further stratification of risk between the two different categories of 

LFLG AS, we also compared the outcomes post AVR in the two subgroups (CLFLG 

and PLFLG AS). 

 

Our primary end points were in-hospital mortality and mid-term mortality (at 

one and five years). Secondary end points included immediate postoperative 

complications and clinical status of survivors and late complications during the 

follow-up period. 
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4. MATERIALS AND METHODS 

4.1. Patient selection and data collection  

A retrospective analysis of prospectively collected data was performed 

including all patients with severe AS who underwent isolated AVR at Morriston 

Regional Cardiac Centre from October 1997 to April 2014 (although patients in the 

LFLG AS groups were only recruited from January 2001 onwards).  

Preoperative characteristics, cardiovascular risk factors, postoperative complications 

and in-hospital mortality were prospectively recorded in our database (Patients 

Administration and Tracking System, PATS).  

All patients had a complete preoperative echocardiography in our centre to 

assess the severity of the AS (AVA and mean gradients) and to classify it into the 

different categories according to the LVEF. Not all the patients in the LFLG AS had 

a DSE as part of the diagnosis; it was only conducted in 25% of the patients with 

TLFLG AS to confirm the diagnosis or to assess the myocardial reserve according to 

the referring cardiologist criteria.  

For those who had a DSE, the low-dose protocol with an increasing infusion 

of dobutamine starting with a 5 µg/kg/min to a final dose of 20 µg/kg/min was used. 

Atropine was required in some of the cases to reach the targeted heart rate. All DSEs 

performed were considered optimal and all demonstrated myocardial reserved before 

surgery. We did not use MDCT in our center for routine assessment of these patients. 

Indications for AVR were established by the operating surgeon and the 

referring cardiologist in the preoperative clinic visits and were made on the basis of a 
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combination of the symptomatic status of the patient and degree of AS according the 

current guidelines.  

Mid-term follow-up consisted of routine clinical visits annually from 6 weeks 

of discharge or clinical letters from the cardiologist on those patients who were not 

seen by any specialist in the previous year to determine survival and functional class. 

The follow-up results described in the study were obtained from January to July 2015 

by 1 of the 2 methods described previously.  

Postoperative echocardiograms were performed at the clinic visits at 6 weeks 

after discharge for all patients and then annually for those who remained on our 

follow-up system. For this analysis we have used the last postoperative 

echocardiogram available for each patient (a generalized linear mixed model was 

used to compare them with the preoperative echocardiograms). LVEF, AVA, and 

gradients were recorded.  

The data used in this study were approved by the institutional review board, which 

deemed an individual consent form was not needed because no patient-identifiable 

information was used.  

For this study, we identified two groups, one with further subdivision into two 

subgroups:  

A) Group I: Patients with LFLG AS (198 patients, 23%), further subdivided into:  

• True or Classical LFLG AS, patients with reduced LVEF (66  patients, 33%)   

• Paradoxical LFLG AS, patients with normal LVEF (132 patients, 67%)  
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B) Group II: patients with NFHG AS (648 patients, 77%). 

4.2. Statistical methods  

Continuous variables were expressed as mean ± standard deviation or median 

± interquartile range (depending on distribution of data), and comparison between 

groups was performed with the t test/Mann-Whitney U test. Categorical variables 

were expressed as percentages and compared by the use of Fisher exact test as 

appropriate.  

A multiple logistic regression model was used to identify the predictors of 

early mortality and Cox regression was applied to identify the best predictors of late 

mortality including all the significant variables listed in annexed tables (cut-off at p < 

0.05). The results were expressed as odds ratios (ORs) and hazard ratios with 

corresponding 95% confidence intervals (CIs).  

Because the 2 LFLG AS subgroups were significantly different with respect 

to their baseline characteristics, propensity score matching (with a match tolerance of 

0.05) was performed (including the preoperative characteristic except 

echocardiographic parameters) using SPSS 22.0 (IBM Corp, Armonk, NY). The 

matched groups were analyzed via the methods described previously.  

A Kaplan-Meier survival analysis was done, building curves for the groups, which 

were compared by the log-rank statistic.  

Follow-up results (New York Heart Association [NYHA] class and LVEF) 

were compared with their respective preoperative values and to assess the patterns of 

the repeated measures a generalized mixed model was fitted with LFLG, follow-up 
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time (months for LVEF and years for NHYA class changes), and LFLG-by-time 

interaction as covariates. A coefficient estimated was considered statistically 

significant if its p value (2-sided) was < 0.05. SPSS 22.0, STATA 12 (StataCorp, 

College Station, Tex), and Prism 7 (GraphPad Software, Inc, La Jolla, Calif) were 

used to analyze the data.  

 

4.3. Definitions  

• NFHG AS: AVA < 1.0 cm
2
, mean transvalvular gradient > 40 mmHg, Stroke 

Volume Index (SVi) > 35 ml/m
2
, variable LVEF.  

• LFLG AS: AVA < 1.0 cm
2
, mean transvalvular gradient < 40 mmHg, SVi < 

35 ml/m
2
, variable LVEF. After DSE, AVA remains <1.0 cm

2
, mean gradient 

increases > 40 mmHg.  

• TLFLG AS or CLFLG AS: AVA < 1.0 cm
2
, mean transvalvular gradient < 40 

mmHg, SVi < 35 ml/m
2
, impaired LVEF.  

• PLFLG AS: AVA < 1.0 cm
2
, mean transvalvular gradient < 40 mmHg, SVi < 

35 ml/m
2
, preserved LVEF.  

• Pseudo-severe AS: AVA < 1.0cm
2
, mean transvalvular gradient < 40 mmHg, 

SVi < 35 ml/m
2
, impaired LVEF. After DSE, AVA > 1.0 cm

2
, mean gradient 

remains < 40 mmHg.  

• Pulmonary hypertension: pulmonary artery pressure > 50 mm Hg measured 

by echocardiography.  
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• Poor LVEF / Severe ventricular dysfunction: < 30%. 

• Fair LVEF / Moderate ventricular dysfunction: 30 – 50%. 

• Good LVEF / Normal ventricular function: > 50%. 

• Previous neurological disease: Cerebrovascular accident (CVA) or transient 

ischaemic attack (TIA) diagnosed before the operation, with or without 

residual deficits. 

• Postoperative neurological events: new focal deficit after surgery, either TIA 

or CVA. 

• Long-term ventilation: postoperative ventilation for more than 7 days, 

including reintubation or tracheostomy. 

• Respiratory complications: acute distress respiratory syndrome or pneumonia 

during the postoperative period. 

• Gastrointestinal (GI) complications: bowel ischaemia, GI bleeding or 

laparotomy for any cause during the postoperative period.  
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5. RESULTS 

 

5.1. FIRST ARTICLE  

     Eur J Cardiothoracic Surg 2016;49:1685-90. 

 

5.1.1. ABSTRACT 

OBJECTIVES: To analyse operative outcomes and mid-term results following 

isolated aortic valve replacement (AVR) in patients with low-flow low-gradient 

severe aortic stenosis (LFLG AS) compared with normal flow high-gradient aortic 

stenosis (NFHG AS).  

METHODS: A retrospective analysis of data for all isolated AVRs performed for AS 

at our centre in the last 17 years (n = 846). Two groups were identified: LFLG AS (n 

= 198, 23%) [Subdivided into: True LFLG AS (n = 66, 33%) and Paradoxical LFLG 

AS (n = 132, 67%)] and NFHG AS (n = 648, 77%). Follow-up was done by clinical 

visits and telephone interviews. The mean follow-up was 5.8 ± 4.2 years.  

RESULTS: The mean age was 71.5 ± 9.7 years in the LFLG AS group and 68.7 ± 
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10.8 years in the NFHG group (P = 0.01). The LFLG AS group had a mean gradient 

31.2 ± 7.4 mmHg compared with 59.1 ± 16.6 mmHg in the NFHG group (P = 0.001). 

Diabetes, chronic obstructive pulmonary disease, previous coronary disease, 

peripheral vascular disease, atrial fibrillation and pulmonary hypertension were 

significantly more frequent in the LFLG AS patients (P < 0.01). The in-hospital 

mortality rate was 2% in the LFLG and 1% in the NFHG group, P = 0.13. One- and 

5-year mortality rates were significantly higher in the LFLG group (13 and 28 vs. 4 

and 16% in the NFHG, respectively, P = 0.001). Patients with true LFLG AS also had 

a significantly higher long-term mortality than those with paradoxical LFLG AS (27 

vs. 6% at 1 year and 42 vs. 20% at 5years, P < 0.05).  

CONCLUSIONS: AVR in patients with LFLG AS is associated with similar surgical 

mortality but increased mid-term mortality compared with NFHG AS. Patients with 

true LFLG AS have the worst outcomes. Surgery should still be offered for LFLG AS 

on prognostic grounds and for symptomatic benefit among survivors.  

 
 
 
5.2.2. FULL ORIGINAL TEXT 
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Abstract

OBJECTIVES: To analyse operative outcomes and mid-term results following isolated aortic valve replacement (AVR) in patients with
low-flow low-gradient severe aortic stenosis (LFLG AS) compared with normal flow high-gradient aortic stenosis (NFHG AS).

METHODS: A retrospective analysis of data for all isolated AVRs performed for AS at our centre in the last 17 years (n = 846). Two groups
were identified: LFLG AS (n = 198, 23%) [subdivided into: True LFLG AS (n = 66, 33%) and paradoxical LFLG AS (n = 132, 67%)] and NFHG AS
(n = 648, 77%). Follow-up was done by clinical visits and telephone interviews. The mean follow-up was 5.8 ± 4.2 years.

RESULTS: The mean age was 71.5 ± 9.7 years in the LFLG AS group and 68.7 ± 10.8 years in the NFHG group (P = 0.01). The LFLG AS group
had a mean gradient 31.2 ± 7.4 mmHg compared with 59.1 ± 16.6 mmHg in the NFHG group (P = 0.001). Diabetes, chronic obstructive pul-
monary disease, previous coronary disease, peripheral vascular disease, atrial fibrillation and pulmonary hypertension were significantly
more frequent in the LFLG AS patients (P < 0.01). The in-hospital mortality rate was 2% in the LFLG and 1% in the NFHG group, P = 0.13.
One- and 5-year mortality rates were significantly higher in the LFLG group (13 and 28 vs 4 and 16% in the NFHG, respectively, P = 0.001).
Patients with true LFLG AS also had a significantly higher long-term mortality than those with paradoxical LFLG AS (27 vs 6% at 1 year and
42 vs 20% at 5 years, P < 0.05).

CONCLUSIONS: AVR in patients with LFLG AS is associated with similar surgical mortality but increased mid-term mortality compared
with NFHG AS. Patients with true LFLG AS have the worst outcomes. Surgery should still be offered for LFLG AS on prognostic grounds and
for symptomatic benefit among survivors.

Keywords: Aortic stenosis • Aortic valve replacement • Adult cardiac

INTRODUCTION

Aortic stenosis (AS) is the most common valve disorder and the
most frequent indication for aortic valve replacement (AVR) in
adults.

Severe AS has been defined with aortic valve area (AVA) <1.0 cm2,
mean transvalvular gradient >40 mmHg and peak flow velocity
>4.0 m/s. The natural history of the disease, its prognosis and thera-
peutic options have been broadly studied over the last decades and
are well documented in the guidelines [1, 2].

It is estimated that 30% of patients in whom the AVA meet the
criteria of severe AS have transvalvular gradients in the range of
moderate AS (<40 mmHg) due to a reduced transvalvular flow.
This entity is known as LFLG AS and can be subdivided into two

categories depending on the left ventricular ejection function
(LVEF) [3, 4].
The classical LFLG pattern is seen in patients with dilated left

ventricles and decreased LVEF. Only !10% of these patients might
have truly severe AS with resultant myocardial failure (True LFLG
AS) while the rest will just have moderate AS and non-related
myocardial dysfunction as the primary pathology (pseudo-severe
AS). In this setting, the aortic valve might appear stenotic as a
result of the flow-dependent nature of the valve area calculation
and the inability of the ventricle to generate adequate force to
fully open the valve.
Distinguishing between these two entities has important

implications.
Dobutamine stress echocardiogram (DSE) is useful in differenti-

ating between the two. In patients with severe AS, the inotropic
effect of dobutamine increases the flow through a fixed valve
orifice, resulting in increased gradients and peak velocities. In

†Presented at the 29th Annual Meeting of the European Association for Cardio-
Thoracic Surgery, Amsterdam, Netherlands, 3–7 October 2015.
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pseudo-severe AS, the increased flow is not associated with an
increased gradient and the valve area increases by >0.2 cm2 [3, 4].

Another 10–25% of patients with severe AS (AVA < 1.0 cm) and
preserved LVEF have paradoxically low peak and mean transaortic
gradients (paradoxical LFLG AS). These patients have reduced
indexed stroke volume, through a combination of mechanisms
that include concentric remodelling, abnormal ventriculo-aortic
impedance and abnormal longitudinal LV function [3–5].

Although the surgical mortality for patients with true LFLG AS
has decreased in the last decades, these patients continue to have
a higher morbidity and mortality independently of the manage-
ment of their disease [6–9].

Patients with paradoxical LFLG AS have worse prognosis than
those with moderate or severe NFHG AS although they seem to
have better prognosis than the true LFLG AS patients [3, 4].

The natural history of LFLG AS treated medically has been
reported as poor by Pibarot and co-workers [4], with less than 50%
survival at 3 years. The objective of our study aim to find the
outcome of surgical intervention in LFLG AS in our unit and
whether that would be better than the medical management pub-
lished in the literature [3–5]. Therefore, we analysed operative out-
comes and mid-term results (clinical status and mortality) following
isolated AVR in patients with LFLG AS compared with NFHG AS.

MATERIALS ANDMETHODS

Patient selection and data collection

A retrospective analysis was performed including all patients with
AS who underwent isolated AVR at Morriston Regional Cardiac
Centre from October 1997 to April 2014. Preoperative characteris-
tics, cardiovascular risk factors, postoperative complications and
in-hospital mortality were prospectively recorded in our database
(Patients Administration and Tracking System).

All the patients had a complete preoperative echocardiography
at our centre to assess the severity of the AS and to classify it into
the different categories. Not all the patients in the LFLG AS had a
DSE as part of the diagnosis; it was only conducted in some
patients with TLFLG AS to confirm the diagnosis or to assess the
myocardial reserve. For those who had a DSE, the protocol used
was the low-dose protocol with an increasing infusion of dobuta-
mine starting with a 5 μg/kg/min to a final dose of 20 μg/kg/min.
Atropine was required in some of the cases to reach the targeted
heart rate. All DSEs performed were considered optimal.

Mid-term follow-up consisted of routine clinical visits annually
from 6 weeks of discharge, with clinical letters from the cardiolo-
gist on those who were discharged from our surgical follow-up.
We performed also telephone interviews of those in the LFLG AS
group to determine survival and functional class.

For this study, we identified two groups, one with further sub-
division into two subgroups:

Group I: patients with low-flow low-gradient aortic stenosis
(LFLG AS, 198 patients, 23%), further subdivided into:
• True LFLG AS, patients with reduced LVEF (TLFLG AS, 66
patients, 33%)

• Paradoxical LFLG AS, patients with normal LVEF (PLFLG AS,
132 patients, 67%)

Group II: patients with normal flow high-gradient aortic stenosis
(NFHG AS, 648 patents, 77%).

Statistical methods

Continuous variables are expressed as mean/median ± standard
deviation (depending on distribution of data) and comparison
between groups was performed with the Mann–Whitney U-test/
t-test (depending on distribution of data). Categorical variables
are expressed as percentages and compared using the Pearson χ2

or the Fisher’s exact test as appropriate.
A multiple logistic regression model was used to identify the

predictors of early mortality and a Cox regression was applied to
identify the predictors of late mortality including all the variables
listed in annexed tables. The results are expressed by odds ratios
and hazard ratios reported with 95% confidence intervals (CIs). A
Kaplan–Meier survival analysis was done, building curves for the
groups which were compared by the log-rank statistic.
SPSS 22.0 was used to analyse the data.

Definitions

NFHG AS: AVA < 1.0 cm2, mean transvalvular gradient >40 mmHg,
Stroke Volume Index (SVI) >35 ml/m2, variable LVEF.

LFLG AS: AVA < 1.0 cm2, mean transvalvular gradient <40 mmHg,
SVI < 35 ml/m2, variable LVEF. After DSE, AVA remains <1.0 cm2,
mean gradient increases >40 mmHg.

TLFLG AS: AVA < 1.0 cm2, mean transvalvular gradient <40 mmHg,
SVI < 35 ml/m2, impaired LVEF.

PLFLG AS: AVA < 1.0 cm2, mean transvalvular gradient <40 mmHg,
SVI < 35 ml/m2, preserved LVEF.

Pseudo-severe AS: AVA < 1.0 cm2, mean transvalvular gradient
<40 mmHg, SVI < 35 ml/m2, impaired LVEF. After DSE,
AVA > 1.0 cm2, mean gradient remains <40 mmHg.

Poor LVEF: <30%.
Fair LVEF: 30–50%.
Good LVEF: >50%.
Previous neurological disease: Cerebrovascular accident (CVA) or

transient ischaemic attack (TIA) diagnosed before the oper-
ation, with or without residual deficits.

Postoperative neurological events: new focal deficit after surgery,
either TIA or CVA.

Long-term ventilation: postoperative ventilation for more than 7
days, including reintubation or tracheostomy.

Respiratory complications: acute distress respiratory syndrome or
pneumonia during the postoperative period.

Gastrointestinal (GI) complications: bowel ischaemia, GI bleeding
or laparotomy for any cause during the postoperative period.

RESULTS

We identified 846 patients who fulfilled the inclusion criteria, 648
of them in the NFHG AS group and 198 patients in the LFLG AS
group.
Patients with LFLG AS were significantly older than those with

NFHG AS (71.5 ± 9.7 vs 68.7 ± 10.8 years, P = 0.01).
More patients with LFLG AS were with CCS class III–IV angina

(40 vs 23%, P = 0.001), as well as having higher risk factors for cor-
onary artery disease such as hypertension (65 vs 54%, P = 0.008)
and diabetes (22 vs 9%, P = 0.001). Other comorbidities such as
chronic obstructive pulmonary disease (COPD), previous neuro-
logical disease, chronic renal failure on haemodialysis, peripheral
vascular disease and permanent atrial fibrillation were also signifi-
cantly more frequent in the LFLG AS group (Table 1).
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Themean logistic EuroSCORE was 10.3 ± 10.4 in the LFLG AS group
and 7.3 ± 6.5 in the NFHG AS group (P = 0.14) (Table 1 and Fig. 1).

Echocardiographic analysis confirmed higher severity of the AS
in the NFHG AS group based on mean gradients (59.1 ± 16.6 vs
31.2 ± 7.4 mmHg, P = 0.001) and AVA (0.6 ± 0.2 vs 0.8 ± 0.2 cm2,
P = 0.001). There were more patients with poor left ventricular
function and pulmonary hypertension in the LFLG AS group (13 vs
6% and 4 vs 1%, respectively, P = 0.001) (Table 2 and Fig. 2).

The choice of prosthesis used for the AVR was based mainly on
patients’ and surgeons’ preferences. In some patients, the choice
of the prosthesis was governed by existence of clinical conditions
preventing them from being on Warfarin safely. A total of 614
patients (73%) had a bioprosthesis (67% pericardial and 6%
porcine) and 232 patients (27%) received a bileaflet mechanical
prosthesis; 1% of the prostheses used were stentless.

The sizes varied from 18 to 32 mm, with 90% of them between
21 and 27 mm. In our series, we did not find any relation between
the size of the valve and late mortality, not even for sizes below
21 mm (Table 3).

The global in-hospital mortality rate for all patients who under-
went isolated AVR was 1% (12 deaths), categorized as follows: 5

deaths (42%) being cardiac related, 3 deaths (25%) secondary to
sepsis, 1 death (8%) due to respiratory complications, 1 to GI com-
plications (8%) and 2 (17%) to neurological complications. The
in-hospital mortality rate was 2% in the LFLG AS group compared

Table 1: Preoperative characteristics in patients undergoing
isolated AVR for severe AS in the different groups

Total NFHG LFLG P

n 846 648 198
Age 69.4 ± 10.6 68.7 ± 10.8 71.5 ± 9.7 0.01
Female 395 (47%) 304 (47%) 91 (46%) 0.81
Angina CCS III–IV 222 (26%) 149 (23%) 73 (37%) 0.001
NYHA III–IV 480 (57%) 373 (58%) 107 (54%) 0.38
DM 98 (12%) 55 (9%) 43 (22%) 0.001
HT 478 (56%) 350 (54%) 128 (65%) 0.008
Dialysis 4 (0.5%) 1 (0.2%) 3 (1%) 0.02
COPD 106 (12%) 68 (10%) 38 (19%) 0.001
CVA 8 (1%) 3 (0.5%) 5 (2%) 0.009
PVD 38 (4%) 23 (3%) 15 (8%) 0.02
AF 81 (10%) 53 (8%) 28 (14%) 0.01
Logistic EuroSCORE 8.4 ± 8.2 7.3 ± 6.5 10.3 ± 10.4 0.14

NFHG: normal flow high-gradient; LFLG: low-flow low-gradient; CCS:
Canadian Cardiovascular Society Class; NYHA: New York Heart
Association Class; DM: diabetes mellitus; HT: hypertension; COPD:
chronic obstructive pulmonary disease; CVA: cerebrovascular accident;
PVD: peripheral vascular disease; AF: atrial fibrillation; AS: aortic
stenosis; AVR: aortic valve replacement.

Figure 1: Expected operative mortality according to logistic EuroSCORE
(%)/Flow groups. NFHG AS: normal flow severe high-gradient; LFLG: low-flow
low-gradient; TLFLG: true low-flow low-gradient; PLFLG AS: paradoxical
low-flow low-gradient aortic stenosis.

Table 2: Preoperative echocardiographic characteristics
in patients undergoing AVR for severe AS in the different
groups

Total NFHG LFLG P

Mean gradient (mmHg) 46.6 ± 19.1 59.1 ± 16.6 31.2 ± 7.4 0.001
AVA (cm2) 0.7 ± 0.2 0.6 ± 0.2 0.8 ± 0.2 0.001
Poor LVEF 62 (7%) 36 (6%) 26 (13%) 0.001
Fair LVEF 174 (21%) 134 (21%) 40 (20%) 0.88
Good LVEF 610 (72%) 478 (74%) 132 (67%) 0.05
SVI (ml/m2) – – 29.5 ± 5.1 –
Pulmonary HT 17 (2%) 8 (1%) 9 (4%) 0.004

AS: aortic stenosis; AVR: aortic valve replacement; NFHG: normal flow
high-gradient; LFLG: low-flow low-gradient; AVA: aortic valve area
(cm2); LVEF: left ventricular ejection fraction; SVI: stroke volume index;
pulmonary HT: pulmonary hypertension (PAP > 55 mmHg).

Figure 2: Number of patients for types of AS according to the LVEF. LVEF
according to types of AS. LVEF: left ventricular ejection fraction; AS: aortic
stenosis; NFHG AS: normal flow high-gradient aortic stenosis; TLFLG AS: true
low-flow low-gradient aortic stenosis; PLFLG AS: paradoxical low-flow low-
gradient aortic stenosis.

Table 3: Type of prosthesis used for the aortic valve
replacement

Total (n = 846) NFHG (n = 648) LFLG (n = 198)

Mechanical 232 (27%) 209 (32%) 23 (12%)
Biological 614 (73%) 439 (68%) 175 (88%)

Pericardial 566 (67%) 404 (62%) 166 (84%)
Porcine 48 (6%) 35 (6%) 9 (4%)

Stentless 8 (1%) 8 (1%) 0

NFHG: normal flow high-gradient; LFLG: low-flow low-gradient.
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with 1% in NFHG AS (P = 0.13). However, postoperative complica-
tions were similar in both groups (Tables 2 and 4).

We did not identify any preoperative characteristics as risk
factors for in-hospital mortality in any of the groups.

Late outcomes

Follow-up was up to 17 years, with a median of 5.8 ± 4.2 years
(range 0.5–17.2 years).

There were 126 patients in our cohort lost to follow-up (15%);
majority of them were in the NFHG AS group (123 patients) with
only 3 patients in the LFLG group. In the telephone interviews
conducted in the LFLG AS group, only 3 patients were lost.

The 1-year mortality rate was 6% for the whole study group. It
was higher in the LFLG AS group (13 vs 4% for NFHG AS, P = 0.01).
In the subgroups, it was significantly higher in the TLFLG AS group
(27 vs 6% in PLFLG AS, P = 0.01) (Table 4 and Fig. 3).

At 5 years, the overall mortality rate was 19%. It was also higher
in the LFLG AS group (28 vs 16%, P = 0.01). In the subgroups, it was
also higher in the TLFLG AS group (42 vs 20%, P = 0.01) (Table 4
and Fig. 3).

Mean survival calculated according to Kaplan–Meier analysis
was 11.3 ± 0.3 years (95% CI 10.7–11.8) in the NFHG group and
8.6 ± 0.5 years (95% CI 7.7–9.6) in the LFLG group (P = 0.001)
(Fig. 3).

A total of 262 patients (31%) died during the follow-up. Causes of
death were categorized as follows: 59 patients (22%) being cardiac
related, 35 patients (13%) due to cancer, 21 patients (8%) secondary
to stroke, 21 patients (8%) due to respiratory problems, 11 patients
(4%) due to renal disease, 11 patients (4%) due to sepsis and 54
patients (21%) due to other causes. We were not able to identify the
cause of death in 52 patients (20%) (Table 4).

In the NFHG group, Cox regression identified the following
preoperative risk factors for late mortality: age (P = 0.001, 95% CI 1.0–
1.1), female sex (P = 0.001, 95% CI 0.4–0.8), diabetes (P = 0.04, 95% CI
1.0–3.1) and permanent atrial fibrillation (P = 0.001, 95% CI 1.3–2.7).

Age was identified by Cox regression as a risk factor for late
mortality in the LFLG group (P = 0.001, 95% CI 1.0–1.1).

Clinical status was excellent in those patients who survived. The
follow-up interviews were completed in 98% of the LFLG AS group.
Among the LFLG AS survivors at follow-up, 88% were found to be in
NYHA functional class I–II and only 10% (14 patients) were in NHYA
class III. Twenty patients in this group (14%) were in atrial fibrillation
and 2% in paced rhythm. The incidence rate of stroke in this group
was 1% (Table 5).

Figure 3: Kaplan–Meier survival curves of patients undergoing aortic valve re-
placement for NFHG AS, TLFLG AS or PLFLG AS. The number of patients at risk
in each group at the different time frames is also provided. NFHG AS: normal
flow severe high-gradient aortic stenosis; TLFLG AS: true low-flow low-gradient
aortic stenosis; PLFLG AS: paradoxical low-flow low-gradient aortic stenosis.

Table 4: Postoperative outcomes in patients undergoing
isolated AVR for severe AS in the different groups

Total NFHG LFLG P

n 846 648 198
Postoperative IABP 3 (0.4%) 3 (0.5%) 0 (0%) 0.86
Reoperation bleeding 35 (4%) 27 (4%) 8 (4%) 0.29
Haemofiltration 21 (2%) 13 (2%) 8 (4%) 0.11
Neurological 2 (0.2%) 2 (0.3%) 0 (0%) 0.43
Prolonged ventilation 11 (1%) 7 (1%) 4 (2%) 0.31
ARDS 4 (0.5%) 2 (0.3%) 2 (1%) 0.21
GI 23 (3%) 19 (3%) 4 (2%) 0.49
In-hospital mortality 12 (1%) 7 (1%) 5 (2%) 0.13
1-year mortality 54 (6%) 28 (4%) 26 (13%) 0.003
1-year survival 750 (89%) 586 (90%) 164 (83%) 0.003
5-year mortality 159 (19%) 104 (16%) 55 (28%) 0.001
5-year survival 442 (52%) 383 (59%) 59 (30%) 0.001

AS: aortic stenosis; AVR: aortic valve replacement; NFHG: normal flow
high gradient; LFLG: low-flow low gradient; IABP: intra-aortic balloon
pump; ARDS: adult respiratory distress syndrome; GI: gastrointestinal.

Table 5: Mid-term follow-up status and cardiac-related
events in patients who underwent aortic valve replacement
according to the different flow groups

NFHG AS (n = 435) LFLG AS (n = 138) P

NHYA I–II 303 (70%) 121 (88%) 0.48
NYHA III–IV 23 (5%) 14 (10%) 0.48
SR 287 (66%) 106 (77%) 0.31
PPM 10 (2%) 9 (6%) 0.31
AF 29 (7%) 20 (14%) 0.31
Stroke 11 (2%) 2 (1%) 0.17
Lost 109 (25%) 3 (2%)

NFHG AS: normal flow high-gradient aortic stenosis; LFLG AS: low-flow
low-gradient aortic stenosis; NYHA: New York Heart Association Class;
SR: sinus rhythm; PPM: permanent pacemaker; AF: permanent atrial
fibrillation; CVA: cerebrovascular accident.
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A few patients were readmitted to the Cardiology ward in our
hospital with symptoms of heart failure in the years following their
operation. We recorded a total of 27 readmissions (4%) in the
NFHG group and 25 (13%) in the LFLG group (P = 0.001). Five
patients (3 in the NFHG group and 2 in the LFLG group, P = 0.31)
were treated for prosthetic endocarditis.

The analysis of postoperative echocardiograms in the TLFLG
AS group demonstrated that 74% of the patients had an improve-
ment on their LVEF, from poor to fair (36%) or poor to good (38%).

DISCUSSION

Patients with LFLG AS, and especially those with TLFLG AS, have
higher mortality than those with NFHG AS [6–13]. Our cohort
demonstrated remarkably low in-hospital mortality which increased
in the mid-term consistent with previous reports. The fact that we
did not identify any predictors of mortality was not surprising given
the low in-hospital mortality rate in our cohort.

Patients who survive the operation have significant improve-
ment in their symptoms, as previously described [3, 4]. On the
other hand, it was already known from previous reports that the
prognosis of LFLG AS with medical treatment is poor [3, 4, 14–17].
Therefore, our data, although purely observational, suggest that
AVR is a valid option for patients with LFLG AS as it offers better
prognosis and quality of life.

Patients in the LFLG AS group were significantly older than
those in the NFHG group (71.5 ± 9.7 vs 68.7 ± 10.8 years, P = 0.01).
This may be due to a delay in the diagnosis by the referring cardi-
ologists or general physicians. A better understanding of the
severity of the AS, especially for those with PLFLG, and an earlier
surgical referral might contribute towards a better long-term
survival given the fact that, in our cohort, age was related to an
increased risk of long-term mortality.

In our cohort, there was no significant difference in the logistic
EuroSCORE characteristics between the two groups although the
in-hospital mortality for the LFLG AS group was higher, but this
did not reach statistical significance (2 vs 1%, P = 0.13). This may
be due to the small number of cases in the study group compared
with the NFHG group.

We have not found any relationship between the size of the
valve implanted and both in-hospital and mid-term mortality,
not even for sizes of valves below 21 mm. In our unit, we started
our transcatheter aortic valve implantation (TAVI) programme in
2009 but we have not used this procedure for LFLG patients as yet.
We have noticed that the average sizes of valves deployed with
TAVI at our centre are 23 mm for females and 26 mm for males.
This is not any different from the sizes of the valves used surgically
in our study group. However, it is known that TAVI valve prostheses
have larger valve area and lower gradients in comparable sizes.
Therefore, there is potential haemodynamic benefit if TAVI is used
in this group of patients, which could make a positive impact on
ventricular remodelling with potential clinical benefits. However,
some of these benefits may be counterbalanced by the effect of
paravalvular leak which is much higher in TAVI procedures.

Furthermore, the new technology of sutureless valves, which have
similar haemodynamics to TAVI prostheses, may give similar poten-
tial benefits for this group of patients especially with the fact that
paravalvular leak in sutureless valves is lower than in TAVI proce-
dures. Future studies are needed to confirm these potential benefits.

As mentioned earlier, there was significant improvement in the
ventricular function of TLFLG patients as assessed by postoperative

echocardiography (74% of the patients had an improvement on
their LVEF, from poor to fair (36%) or to good (38%)), which was
also reflected in clinical improvement in the patients’ functional
class. This gives reassurance that surgical intervention for this
group of patients was significantly beneficial.
The current ACA/AHA guidelines recommend AVR for symp-

tomatic patients with TLFLG AS (Class IIa, Level B), while the ESC/
EACTS recommend AVR (Class IIa, Level C) only in patients with LV
contractile reserve, but clearly there is still uncertainty regarding
which subsets benefit from surgery and the exact timings and
thresholds for intervention [1, 2]. For the PLFLG AS, the ACA/AHA
and ESC/EACTS guidelines recommend AVR for symptomatic
patients (Class IIa, Level C) only if the clinical, anatomical and
haemodynamic data support valve stenosis as the most likely
cause of the symptoms [1, 2].
Although it was initially debated whether PLFLG AS was a stage

in between moderate to severe AS, there are data to suggest that
it is actually a distinct condition and not a stage in the evolution
of NFHG AS. The degree of systolic myocardial dysfunction would
explain the higher mortality compared with that of NFHG AS
[16–20].
Once diagnosed, progression of AS is inexorable, albeit rates of

progression being highly variable between individuals as reported
by Tribouilloy et al. [21].
Again, these patients have a better prognosis if treated surgically

although they have a higher operative risk given their intrinsic
myocardial dysfunction and the increasing risk of having a mis-
match due to their small ventricular cavity resulting from severe
hypertrophy [3, 4].
On the basis of the Kaplan–Meier survival analysis in our

cohort, we have demonstrated that PLFLG AS has an intermediate
survival (9.3 ± 0.6 years, 95% CI 8.0–10.6) compared with NFHG
(11.3 ± 0.3 years, 95% CI 7.7–9.6) and TLFLG AS (6.4 ± 0.7 years,
95% CI 5.0–7.9). As previously mentioned, there is significant
average age difference between our two groups, indicating
delayed diagnosis and referral for surgery. This may be a contrib-
uting factor for worse mid-term prognosis compared with NFHG.
Therefore, a better understanding of this entity of AS and an
earlier referral for surgical intervention may have an impact on
the long-term outcome of these patients.
Our study has the limitations of being retrospective and purely

observational. On the other hand, it is one of the largest series
from a single unit of LFLG AS patients (and especially PLFLG AS)
undergoing isolated AVR and specifically looking at short- and
mid-term clinical outcomes.

CONCLUSION

We conclude from our series that the in-hospital mortality
after isolated AVR in patients with LFLG AS can be acceptable
and comparable with NFHG AS. However, as previously pub-
lished, our series confirm that this group of patients have a sig-
nificantly higher mid-term mortality after AVR compared with
NFHG AS.
We suggest that AVR is worth offering to patients with LFLG AS

based on the significant symptomatic improvement in survivors
and on the poor outcome of those treated conservatively.
PLFLG AS seems to have an intermediate prognosis between

TLFLG AS and NFHG AS. Early diagnosis and referral for surgery
might improve the surgical outcome for these patients, but defin-
ite answers will require multicentre randomized studies.
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APPENDIX. CONFERENCE DISCUSSION
Scan to your mobile or go to
http://www.oxfordjournals.org/page/6153/1
to search for the presentation on the EACTS library

Dr A. de Souza (London, UK): Your in-depth analysis of low-flow, low-gradient
aortic stenosis by dividing them into classical and paradoxical types and relat-
ing to their early mortality and median term outcome is interesting. The find-
ings of your study confirm what the surgical community knows, that relief of
aortic stenosis by surgical aortic valve replacement improves patients’ symp-
toms and survival. The area of low flow, low gradient remains controversial and
the best treatment for them continues to be explored.
The in-depth analysis of your group showed that the patients with low-flow,

low-gradient aortic stenosis was significantly older, usually by about 3 years,
which leads me to my first question, as to whether these patients were followed
up longer by the cardiologist, before referral and eventual surgery, rendering
the myocardium more damaged by the aortic stenosis? Was the BNP measured
in these cases to determine if the myocardium had deteriorated before
surgery?
Dr Lopez: To answer your first question, absolutely, there is a considerable

delay of these patients by their cardiologists. I think this will be improved when
the knowledge of this pathology is extended. Also, we don’t know exactly
how much they are delayed, because we only know the patients since they are
referred. But depending also on the referring cardiologist, the delay will be
longer or shorter and will be a nice thing to monitor.
Regarding the BNP, we, as surgeons, do not record that on admission or

postoperatively and again, the cardiologists, I don’t think that they do it routine-
ly either. I think that only one or two cardiologists do it, so there is no data
about that for our population.
Dr de Souza: My second question relates to the higher mortality in the

low-flow, low-gradient group at follow-up of 27.8% for low-flow group and
16% for the normal follow-up group at 5 years. And your further sub-analysis
shows a further significant difference between the true low-flow mortality of
42% at 5 years compared to 20% in the paradoxical low-flow group. Do you
have the causes of death for these patients, whether they were a result of
arrhythmias or heart failure? Do you have any data on the size of valves
inserted for these patients, leading to the question of whether a percutaneous
valve replacement may render a valve with a larger effective orifice area which
may in turn lead to better long-term survival? I’m obviously postulating.
Dr Lopez: Answering your first question, at the moment we only have the

causes of the patients who died in the hospital, which is about 35% of the study
cohort and of them, 10% died of cardiac cause related. We are still awaiting
the rest of the information to be confirmed by the national statistical service, so
we hope that we can implement that on the paper which will follow this
presentation.
Regarding the second question, size of the valves, we have a very broad

spectrum, from 18- to 32-mm valve, with the even sizes being an ATS valve,
although 90% of the sizes will be in between 21 and 27 mm. We didn’t find any
correlation in between the size of the valve and the in-hospital or long-term
mortality, not even for the lower sizes.
Dr J. Ennker (Siegburg, Germany): I have one question. Did you try to better

the outcome of the low-flow, low-gradient group by employing a valve which
leads to a larger effective valve orifice which leads to a laminar flow, and as also
reported to have better survival in the literature, as a Medtronic Freestyle
valve? What was the type of valve you employed in these patients?
Dr Lopez: The type of valve, as I said, it was variable. We used different

branded valves or so, mechanical or biological. The size was variable in
between 18 and 32 with 90% of them being in between 21 and 27 mm. We
don’t have data on the follow-up talking about remodelling of the ventricle and
that will be an interesting study to follow. As I say, we haven’t found any pace-
makers in these patients, but we didn’t look into detail into echocardiographic
parameters in the long-term follow-up.
Dr Ennker: Well, I think it’s interesting to have a look if a larger valve orifice

leads to better survival with the stent less valve, for example.

A. Lopez-Marco et al. / European Journal of Cardio-Thoracic Surgery1690
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5.2.1. ABSTRACT 
 
 
OBJECTIVE: To analyze operative outcomes and mid-term results after isolated 

aortic valve replacement (AVR) in low-flow, low-gradient aortic stenosis (LFLG AS) 

by comparing the 2 subcategories (classic low-flow, low-gradient aortic stenosis 

[CLFLG] and paradoxical low-flow, low-gradient aortic stenosis [PLFLG]).  

METHODS: This was a retrospective analysis of prospectively collected data for all 
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isolated AVR in LFLG AS performed in our center during the last 13 years (n = 198; 

CLFLG AS, n = 66, 33% and PLFLG AS, n =132, 67%). Median follow-up was 3.7 ± 

3.3 years.  

RESULTS: Preoperative mean gradient was 30.2 ± 8.8 mm Hg in the CLFLG AS 

group and 31.4. ± 7.0 mmHg in the PLFLG AS group (p = 0.001). Female sex, 

hypertension, and neurologic and renal disease were more frequent in the PLFLG AS 

group (p < 0.01) whereas advanced New York Heart Association class, atrial 

fibrillation, and pulmonary hypertension were more frequent in the CLFLG AS group 

(p <  0.01). In-hospital mortality was 3% in the CLFLG AS group and 2.3% in the 

PLFLG AS group, p = 0 .08. One- and five-year mortality rates were significantly 

greater in the CLFLG AS group (27% and 42% vs. 6% and 20% in the PLFLG AS 

group, respectively, p = 0.001). On follow-up, 90% of the total survivors were in New 

York Heart Association class I-II, and 51% of the patients in the CLFLG AS group 

had an improvement in their ventricular function.  

CONCLUSIONS: AVR can be performed in LFLG AS with low in-hospital 

mortality. CLFLG AS carries similar in-hospital mortality to PLFLG AS but greater 

mid- term mortality. Surgery provided excellent functional status among survivors.  
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Outcome of isolated aortic valve replacement in patients with
classic and paradoxical low-flow, low-gradient aortic stenosis

Ana Lopez-Marco, MD,a Harriet Miller, BMSc,a Pankaj Kumar, MD,a Saeed Ashraf, MD,a

Afzal Zaidi, MD,a Farah Bhatti, MD,a Adrian Ionescu, MD,b and Aprim Youhana, MDa

ABSTRACT

Objective: To analyze operative outcomes and mid-term results after isolated
aortic valve replacement (AVR) in low-flow, low-gradient aortic stenosis
(LFLG AS) by comparing the 2 subcategories (classic low-flow, low-gradient
aortic stenosis [CLFLG] and paradoxical low-flow, low-gradient aortic stenosis
[PLFLG]).

Methods: This was a retrospective analysis of prospectively collected data for all
isolated AVR in LFLG AS performed in our center during the last 13 years
(n ¼ 198; CLFLG AS, n ¼ 66, 33% and PLFLG AS, n ¼ 132, 67%). Median
follow-up was 3.7 " 3.3 years.

Results: Preoperative mean gradient was 30.2 " 8.8 mm Hg in the CLFLG AS
group and 31.4. " 7.0 mmHg in the PLFLG AS group (P ¼ .001). Female sex,
hypertension, and neurologic and renal disease were more frequent in the PLFLG
AS group (P<.01) whereas advanced New York Heart Association class, atrial
fibrillation, and pulmonary hypertension were more frequent in the CLFLG AS
group (P < .01). In-hospital mortality was 3% in the CLFLG AS group and
2.3% in the PLFLG AS group, P ¼ .08. One- and five-year mortality rates
were significantly greater in the CLFLG AS group (27% and 42% vs 6% and
20% in the PLFLG AS group, respectively, P ¼ .001). On follow-up, 90% of
the total survivors were in New York Heart Association class I-II, and 51% of
the patients in the CLFLGAS group had an improvement in their ventricular func-
tion.

Conclusions: AVR can be performed in LFLG AS with low in-hospital mortality.
CLFLG AS carries similar in-hospital mortality to PLFLG AS but greater mid-
term mortality. Surgery provided excellent functional status among survivors. (J
Thorac Cardiovasc Surg 2017;154:435-42)

Kaplan-Meier survival curves of patients undergoing
aortic valve replacement for LFLG AS or PLFLG AS
performed with the log-rank test (P¼ .01). The num-
ber of patients at risk in each group at the different
time frames also is provided. Median survival was
13.1 years (95% confidence interval 8.0-13.1) for
the PLFLG group and 5.5 years (95% confidence in-
terval 5.2-7.9) for the CLFLG group (P ¼ .001).

Central Message

Aortic valve replacement provides good symp-
tomatic relief andmid-term survival benefit and
therefore, is worth offering to symptomatic pa-
tients with low-flow, low-gradient aortic steno-
sis who meet the current guidelines criteria for
surgery.

Perspective

Low-flow, low-gradient aortic stenosis (LFLG
AS) is becoming an increasingly complex
concept. Aortic valve replacement is associated
traditionally with a high mortality in patients
withclassicLFLGASand is controversial in those
with paradoxical LFLGAS.We report in-hospital
andmid-termmortality for both LFLGASgroups
and the excellent functional status among survi-
vors. Further studies are necessary to integrate
the LFLG AS into the current guidelines.

See Editorial Commentary page 443.

Since the introduction of low-flow, low-gradient aortic ste-
nosis (LFLG AS), the prognosis and outcomes of these pa-
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increasing interest in the literature. It is estimated that 30%
of patients in whom the aortic valve area (AVA) meets the
criteria of severe aortic stenosis (AS) have transvalvular
gradients in the range of moderate aortic stenosis
(<40 mm Hg) due to a reduced transvalvular flow. This en-
tity is known as LFLG AS and can be subdivided into 2 cat-
egories depending on the left ventricular ejection fraction
(LVEF, Video 1).1,2

The classical or true LFLG pattern is seen in patients with
dilated left ventricles and reduced LVEF. The paradoxical
LFLG pattern is present in patients with preserved LVEF and
paradoxically low peak and mean transaortic gradients. They
have reduced stroke volume index (SVi) values (<35 mL/
m2) through a combination of mechanisms that include
concentric remodeling, abnormal ventriculoaortic impedance,
and abnormal longitudinal left ventricular (LV) function.1-3

It is important to distinguish these cases from those with
just moderate AS and nonrelated myocardial dysfunction as
primary pathology (pseudo-severe AS). In this entity, the
valve might appear stenotic as result of the inability of the
ventricle to generate adequate force to fully open it. Dobut-
amine stress echocardiogram (DSE) is useful in differenti-
ating between the two. In patients with severe AS, the
inotropic effect of dobutamine increases the flow through
a fixed valve orifice, resulting in increased peak velocities
and hence the gradient, whereas in pseudo-severe AS the
dobutamine inotropic effect improves opening of the valve,
hence increasing the AVA by>0.2 cm21,2; therefore, the
gradient does not increase.

The surgical mortality for patients with classic low-flow,
low-gradient aortic stenosis (CLFLG AS) has decreased in

recent decades; however, these patients continue to have a
greatermorbidity andmortality after AVRcomparedwith pa-
tients with normal-flow, high-gradient aortic stenosis (NFHG
AS).4-7 Patients with paradoxical low-flow, low-gradient
aortic stenosis (PLFLG AS) have been reported to have a
worse prognosis than those with moderate AS or severe
NFHGAS, although they seem to have better prognosis after
AVR than the patients with CLFLG AS.1,2

The objective of the study was to determine the operative
and mid-term outcomes of surgical intervention in the 2
LFLG AS subgroups in our unit. Therefore, we analyzed
operative outcomes and mid-term results (clinical status
and mortality) after isolated AVR in patients with CLFLG
AS compared with PLFLG AS (Video 1).

MATERIALS AND METHODS
Patient Selection and Data Collection

A retrospective analysis of prospective electronically collected data of
all patients with AS who underwent isolated AVR in Morriston Regional
Cardiac Centre from January 2001 to April 2014 was performed.
Preoperative characteristics, cardiovascular risk factors, postoperative
complications, and in-hospital mortality were recorded prospectively in
our database, Patients Administration and Tracking System.

All patients had a detailed preoperative echocardiography in our center
to assess the severity of the AS (AVA and gradients) and to classify it into
the 2 categories according to the LVEF. DSE was performed in 25% of the
patients with CLFLG AS to confirm the diagnosis or to assess the
myocardial reserve according to the referring cardiologist criteria.

VIDEO 1. Dr Adrian Ionescu, Consultant Cardiologist in Morriston Hos-

pital, explains the physiopathology of LFLG AS and the main findings of

our paper. Video available at: http://www.jtcvsonline.org/article/S0022-

5223(17)30418-X/addons.

Abbreviations and Acronyms
AS ¼ aortic stenosis
AVA ¼ aortic valve area
AVR ¼ aortic valve replacement
CI ¼ confidence interval
CLFLG AS ¼ classic low-flow, low-gradient aortic

stenosis
DSE ¼ dobutamine stress echocardiogram
LFLG AS ¼ low-flow, low-gradient aortic stenosis
LVEF ¼ left ventricular ejection fraction
NFHG AS ¼ normal-flow, high-gradient aortic

stenosis
NYHA ¼ New York Heart Association
OR ¼ odds ratio
PLFLG AS ¼ paradoxical low-flow, low-gradient

aortic stenosis
SVi ¼ stroke volume index
TAVI ¼ transcatheter aortic valve

implantation

Acquired: Aortic Valve Lopez-Marco et al

436 The Journal of Thoracic and Cardiovascular Surgery c August 2017

A
C
Q



	   49	  

	  

The low-dose protocol with an increasing infusion of dobutamine starting
at 5 mg/kg/min to a final dose of 20 mg/kg/min was used. Atropine was
required in some of the cases to reach the targeted heart rate. All DSEs per-
formed were considered optimal and all demonstrated myocardial reserve
before surgery. We do not use multidetector computed tomography in our
center for routine assessment of these patients.

Indications for AVR were established by the operating surgeon and the
referring cardiologist in the preoperative clinic visits and were made on the
basis of a combination of the symptomatic status of the patient and degree
of aortic stenosis (Tables 1 and 2) according the current guidelines.

Mid-term follow-up consisted of routine clinic visits annually from
6 weeks of discharge or clinical letters from cardiologist on those who
were discharged from our follow-up. We also performed telephone inter-
views of those patients who were not seen by any specialist in the previous
year to determine survival and functional class. The follow-up results
described in the study were obtained from January to July 2015 by 1 of
the 2 methods described previously.

Postoperative echocardiograms were performed at the clinic visits at
6 weeks after discharge for all patients and then annually for those who re-
mained on our follow-up system. For this analysis we have used the last
postoperative echocardiogram available for each patient (a generalized
linear mixed model was used to compare them with the preoperative echo-
cardiograms). LVEF, AVA, and gradients were recorded.

The data used in this study were approved by the institutional review
board, which deemed an individual consent form was not needed because
no patient-identifiable information was used.

For this study, we identified 2 groups: (1) CLFLG AS: classical LFLG
AS with reduced LVEF (n ¼ 66, 33%); and (2) PLFLG AS: paradoxical
LFLG AS with normal LVEF (n ¼ 132, 67%)

Statistical Methods
Continuous variables are expressed as mean " standard deviation or

median" interquartile range (depending on distribution of data), and com-
parison between groups was performed with the t test/Mann-Whitney
U test. Categorical variables are expressed as percentages and compared
by the use of c2/Fisher exact test as appropriate.

A multiple logistic regression model was used to identify the predictors
of early mortality and Cox regression was applied to identify the best pre-
dictors of late mortality including all the significant variables listed in an-
nexed tables (cut-off at P<.05) (Tables 1-4). The results were expressed as
odds ratios (ORs) and hazard ratios with corresponding 95% confidence
intervals (CIs).

Because the 2 groups were significantly different with respect to their
baseline characteristics, propensity score matching (with a match tolerance
of 0.05) was performed (including the preoperative characteristic except
echocardiographic parameters) using SPSS 22.0 (IBM Corp, Armonk,

TABLE 1. Preoperative characteristics

Total

CLFLG

non-matched

PLFLG

non-matched P value

CLFLG

matched

PLFLG

matched P value

n 198 66 132 58 58

Age, mean " SD 71.5 " 9.7 72.2 " 8.9 71.2 " 10.1 .26 72.0 " 8.9 71.4 " 9.7 .50

Female 91 (46%) 22 (33%) 69 (52%) .04 21 (36%) 21 (36%) .99

Angina CCS 3-4 73 (37%) 20 (30%) 53 (40%) .001 17 (29%) 16 (27%) .84

NYHA III-IV 107 (54%) 45 (68%) 62 (47%) .01 37 (64%) 36 (62%) .85

DM 43 (22%) 18 (27%) 25 (19%) .001 14 (24%) 15 (26%) .83

HT 128 (65%) 38 (58%) 90 (68%) .01 32 (55%) 30 (52%) .71

Ex-smoker 87 (44%) 35 (53%) 52 (39%) .01 31 (53%) 24 (41%) .37

Previous MI 35 (18%) 11 (17%) 24 (18%) .23 10 (17%) 8 (14%) .61

Dialysis 3 (1%) 0 3 (2%) .01 0 0 N/A

COPD 38 (19%) 16 (24%) 22 (17%) .002 13 (22%) 10 (17%) .48

CVA 5 (2%) 1 (1%) 4 (3%) .02 1 (2%) 1 (2%) .99

PVD 15 (8%) 5 (8%) 10 (8%) .06 4 (7%) 4 (7%) .99

AF 28 (14%) 16 (24%) 12 (9%) .001 12 (21%) 10 (17%) .64

Logistic EuroSCORE, median " IQR 6.9 " 10 13.5 " 15 5.1 " 6 .001 13.9 " 15 4.6 " 6 .18

Preoperative characteristics in patients undergoing isolated aortic valve replacement for severe aortic stenosis in different groups. CLFLG, Classic low-flow, low-gradient;
PLFLG, paradoxical low-flow, low-gradient; CCS, Canadian Cardiovascular Society;NYHA, New York Heart Association;DM, diabetes mellitus;HT, hypertension;MI, myocar-
dial infarction; N/A, not available; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; PVD, peripheral vascular disease; AF, atrial fibrillation; Euro-
SCORE, European System for Cardiac Operative Risk Evaluation.

TABLE 2. Preoperative echocardiographic characteristics

Total

CLFLG

non-matched

PLFLG

non-matched P value

CLFLG

matched

PLFLG

matched P value

n 198 66 132 58 58

Mean gradient 31.2 " 7.4 30.2 " 8.8 31.4 " 7.0 .001 30.2 " 7.6 31.0 " 8.3 .43

AVA 0.8 " 0.2 0.7 " 0.2 0.8 " 0.2 .001 0.7 " 0.2 0.8 " 0.2 .65

Poor LVEF 26 (13) 26 (39%) 0 .001 22 (38%) 0 .001

Fair LVEF 40 40 (61%) 0 .001 36 (62%) 0 .001

Good LVEF 132 (67%) 0 132 (100%) .001 0 58 (100%) .001

SVi, mL/m 29.5 " 5.1 27.2 " 6.9 30.3 " 3.9 .02 26.9 " 7.2 30.1 " 3.9 .18

Pulmonary HT 9 7 2 .001 6 (10%) 0 .001

Preoperative echocardiographic characteristics in patients undergoing aortic valve replacement for severe aortic stenosis in different groups. CLFLG, Classic low-flow, low-
gradient; PAP, pulmonary artery pressure (PAP>55 mm Hg); PLFLG, paradoxical low-flow, low-gradient; AVA, aortic valve area (cm2); LVEF, left ventricular ejection fraction;
SVi, stroke volume index; Pulmonary HT, pulmonary hypertension.
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NY). The matched groups were analyzed via the methods described
previously.

A Kaplan-Meier survival analysis was done, building curves for the
groups, which were compared by the log-rank statistic.

Follow-up results (New York Heart Association [NYHA] class and
LVEF)were comparedwith their respective preoperative values and to assess
the patterns of the repeated measures a generalized mixed model was fitted
with LFLG, follow-up time (months for LVEF and years for NHYA class
changes), and LFLG-by-time interaction as covariates. A coefficient esti-
mated was considered statistically significant if its P value (2-sided) was
<.05. SPSS 22.0, STATA 12 (StataCorp, College Station, Tex), and Prism
7 (GraphPad Software, Inc, La Jolla, Calif) were used to analyze the data.

Definitions
NFHG AS was defined as AVA<1.0 cm2/indexed AVA<0.6 cm2, mean

transvalvular gradient>40 mmHg, SVi>35 mL/m2, variable LVEF. LFLG
AS was defined as AVA<1.0 cm2/indexed AVA<0.6 cm2, mean transvalv-
ular gradient<40 mm Hg, SVi<35 mL/m2, variable LVEF. After DSE,
AVA remains<1.0 cm2, mean gradient increases>40 mm Hg. CLFLG
AS was defined as AVA<1.0 cm2/indexed AVA<0.6 cm2, mean transvalv-
ular gradient<40 mm Hg, SVi<35 mL/m2, impaired LVEF. PLFLG AS
was defined as AVA<1.0 cm2/indexed AVA<0.6 cm2, mean transvalvular
gradient<40 mmHg, SVi<35 mL/m2, preserved LVEF. Pseudo-severe AS
was defined as AVA<1.0 cm2, mean transvalvular gradient<40 mm Hg,
SVi <35 mL/m2, impaired LVEF. After DSE, AVA >1.0 cm2, mean
gradient remains<40 mmHg. Pulmonary hypertension was defined as pul-
monary artery pressure>50 mm Hg measured by echocardiography. Se-
vere ventricular dysfunction was defined as LVEF <30%, moderate

ventricular dysfunction was defined as LVEF 30% to 50%, and normal
ventricular function was defined as LVEF>50%. Previous neurologic dis-
ease was defined as cerebrovascular accident or transient ischemic attack
diagnosed before the operation, with or without residual deficits. Postoper-
ative neurologic events was defined as new focal deficit after surgery; either
transient ischemic attack or cerebrovascular accident. Long-term ventila-
tion was defined as postoperative ventilation for more than 7 days,
including reintubation or tracheostomy. Respiratory complications were
defined as acute distress respiratory syndrome or pneumonia during the
postoperative period. Finally, gastrointestinal complications were defined
as bowel ischemia, bleeding, or laparotomy for any cause during the post-
operative period.

RESULTS
We identified 198 patients who fulfilled the inclusion

criteria, 66 of them in the CLFLG AS group and 132
patients in the PLFLG AS group. A propensity-matched
analysis was done to compare the groups, reducing the
cohort to 116 patients (58 in each group).

Patients with CLFLG AS presented with greater
functional NYHA class III-IV, a greater incidence of
permanent atrial fibrillation, and pulmonary hypertension
(Table 1). In contrast, in the PLFLG AS group, there were
more female patients, a greater incidence of systemic
hypertension, previous neurologic events, and chronic

TABLE 3. Type and sizes of prosthesis used for the aortic valve replacement

Total CLFLG PLFLG P value

Mechanical 23 (12%) 4 (6%) 19 (14%) .001

Biological 175 (88%) 62 (94%) 113 (86%) .001

Pericardial 166 (84%) 60 (91%) 106 (80%) .001

Porcine 9 (4%) 2 (3%) 7 (6%) .001

19 mm 5 (2%) 3 (4%) 2 (1%) .07

21-22 mm 51 (26%) 12 (18%) 39 (29%) .07

23-24 mm 69 (35%) 24 (36%) 45 (34%) .11

25-26 mm 55 (28%) 19 (29%) 36% (28%) .11

27-28 mm 16 (8%) 7 (11%) 9 (7%) .11

29 mm 2 (1%) 1 (1%) 1 (1%) .27

Type of prosthesis used in the aortic valve replacement are listed. CLFLG, Classic low-flow, low-gradient; PLFLG, paradoxical low-flow, low-gradient.

TABLE 4. Postoperative complications

Total CLFLG non-matched PLFLG non-matched P value CLFLG matched PLFLG matched P value

n 198 66 132 58 58

IABP 1 (1%) 1 (1%) 0 .42 1 (2%) 0 .31

Reoperation bleeding 8 (4%) 3 (4%) 5 (4%) .96 3 (5%) 4 (3%) .69

Hemofiltration 8 (4%) 2 (3%) 6 (4%) .22 1 (25) 2 (1%) .56

Neurologic 0 0 0 .74 0 0 n/a

Prolonged ventilation 4 (2%) 4 (6%) 0 .001 3 (5%) 0 .08

ARDS 2 (1%) 2 (3%) 0 .01 2 (3%) 0 .15

GI complications 4 (2%) 0 4 (3%) .37 0 3 (2%) .08

In-hospital mortality 5 (2%) 2 (3%) 3 (2%) .08 3 (5%) 0 .08

1-y survival 164 (86%) 44 (71%) 120 (94%) .001 40 (71%) 54 (96%) .002

5-y survival 59 (52%) 16 (36%) 43 (61%) .001 13 (34%) 10 (42%) .02

Postoperative outcomes in patients undergoing isolated aortic valve replacement for aortic stenosis in different groups. CLFLG, Classic low-flow, low-gradient; PLFLG, para-
doxical low-flow, low-gradient; IABP, intra-aortic balloon pump; ARDS, adult respiratory distress syndrome; GI, gastrointestinal.
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renal failure on hemodialysis. Presentation in CCS class
III-IV angina also was more common in this group
(Table 1).

Median logistic European System for Cardiac Operative
Risk Evaluation (EuroSCORE) was 13.5 (Q1 5.5, Q3 20.4)
in the CLFLG AS group and 5.1 (Q1 3.3, Q3 9.1) in the
PLFLG AS group (P¼ .001) (Table 1). After the propensity
score matching, the incidence of these preoperative charac-
teristics was equivalent in the 2 groups (Table 1).

Echocardiographic analysis showed greater mean gradi-
ents in the PLFLGAS group but smaller AVA in the CLFLG
AS group. Pulmonary hypertension was significantly more
common in the CLFLG AS group. As per definition, all the
patients in the PLFLG AS group had a preserved LVEF,
whereas those in the CLFLG AS had an impaired LVEF
(moderate 61%, severe 39%) (Table 2).

The propensity score matching did not include the LVEF
category as this defines the 2 groups. Pulmonary hyperten-
sion remained more frequent in the CLFLG group after the
matching (Table 2).

The choice of prosthesis used for the AVR was based on
patients and surgeons’ preferences. 88% had a stented bio-
prosthesis and 12% a bileaflet mechanical prosthesis.
Choice of mechanical prosthesis was significantly greater
in the PLFLG AS group (Table 3).

Prosthesis sizes varied from 18 to 32 mm (97% between
21 and 27 mm). Enlargement of the aortic root with a peri-
cardial patch to implant a bigger valve was performed in
6% of the patients. Size 19 mm was used more frequently
in the CLFLG AS group. A total of 56 patients (28%)
received a valve sized<23 mm (41 patients in the PLFLG
AS group and 15 patients in the CLFLG AS group). In-
hospital mortality for these patients was 4% (2 patients,
both in the CLFLG AS group, P ¼ .06) and 23% during
the follow-up (13 patients, 5 in the CLFLG AS and 8 in
the PLFLG AS group, P ¼ .58) (Table 4). There were no
significant differences on the aortic crossclamp and cardio-
pulmonary bypass times between the 2 groups.

Overall in-hospital mortality for all LFLG patients who
underwent isolated AVR was 2% (5 deaths), categorized
as follows: 1 death (20%) was cardiac related and 4 deaths
(80%) secondary to sepsis. In-hospital mortality was 3% in
the CLFLG AS group compared with 2% in the PLFLG AS
(P ¼ .08). In the matched cohort, all in-hospital deaths (3
patients, 3%) occurred in the CLFLG group (P ¼ .08)
(Table 4).

Postoperative respiratory complications were greater in
the CLFLG AS group. These patients had a greater rate of
mortality, with 2 of them dying in the hospital. The greater
incidence of respiratory complications for the CLFLG
group was maintained in the matched cohort (Table 4).

We did not identify any preoperative characteristics as
risk factor for in-hospital mortality in any of the groups in
the univariable analysis (P<.05), not even in the matched

population, and therefore it was not possible to apply a lo-
gistic regression that included all the significant risks fac-
tors at the univariable analysis. This was explained by the
insufficient events to detect predictors due to the low in-
hospital mortality rate for the cohort.

Late Outcomes
Follow-up was up to 13 years, with a median of

3.7" 3.3 years (range 0.1-13.0 years). Therewere only 3 pa-
tients lost to follow-up (2%). Overall 1-year mortality was
14%. It was significantly greater in the CLFLG AS group
(29% vs 6% in the PLFLGAS, P¼ .01). At 5 years, overall
mortality was 48%. It also was greater in the CLFLG AS
group (64% vs 39%, P¼ .001). These differences persisted
in the matched cohort (Table 4, Figures 1 and 2).

FIGURE 1. Kaplan-Meier survival curve. Kaplan-Meier survival curves

of patients undergoing aortic valve replacement for CLFLG AS or PLFLG

AS performed with the log-rank test (P¼ .001). Number of patients at risk

in each group at the different time frames also is provided. PLFLG AS, Par-

adoxical low-flow, low-gradient aortic stenosis; CLFLG AS, classic low-

flow, low-gradient aortic stenosis.

FIGURE 2. Kaplan-Meier survival curve for the matched cohort. Kaplan-

Meier survival curves of patients undergoing aortic valve replacement for

CLFLG AS or PLFLG AS in the matched cohort performed with the log-

rank test (P¼ .02). Number of patients at risk in each group at the different

time frames also is provided. PLFLG AS, Paradoxical low-flow, low-

gradient aortic stenosis; CLFLG AS, classic low-flow, low-gradient aortic

stenosis.
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Median survival calculated according to Kaplan-Meier
analysis was 13.1 years (95% confidence interval [CI],
8.0-13.1) for the PLFLG group and 5.5 years (95% CI,
5.2-7.9) for the CLFLG group (P ¼ .001) (Figure 1). In
the matched cohort, the median survival for the PLFLG
group was 8.3 years (95% CI, 3.5-13.2) and 3.7 years
(95% CI, 1.2-4.2) for the CLFLG group (P ¼ .02)
(Figure 2).

A total of 58 patients (29%) died during the follow-up.
Causes of death were categorized as follows: 14 (24%)
were cardiac related, 6 (10%) were due to cancer, 9
(15%) were secondary to stroke, 2 p (4%) were due to res-
piratory problems, 3 (6%) were due to renal disease, 1 (2%)
was due to sepsis, and 9 (15%) were due to other causes.We
were not able to identify the cause of death in 14 patients
(24%).

For the whole cohort, Cox regression identified as risk
factors for late mortality CLFLG AS (P ¼ .001, OR; 2.5,
95% CI, 1.5-4.2) and previous myocardial infarction
(P¼ .001, OR, 2.6; 95% CI, 1.3-5.1). Chronic renal failure
with previous hemofiltration was identified by Cox regres-
sion as a risk factor for late mortality in the PLFLG group
(P¼ .004, OR, 1.2; 95%, CI 0.1-0.5). No preoperative char-
acteristics were identified as predictors for late mortality in
the CLFLG group by Cox regression despite including the
preoperative characteristics that were significant in the uni-
variable analysis (female sex, P<.05).

We were not able to identify any predictors of late mor-
tality in the matched cohort, because none of the preopera-
tive characteristics were significant in the univariable
analysis.

Clinical status was excellent in those patients who
survived. Among the survivors at follow-up, 90% were
found to be in NYHA functional class I-II and only 10%
(14 patients, 6 in the CLFLG AS group and 8 in the PLFLG
AS group) were in NHYA class III. Therefore, AVR
provided efficient symptomatic relief, as 68% of the
patients in the CLFLG group and 47% in the PLFLG group
presented in NHYA class III-IV. The generalized linear
mixed model was used to assess the relationships of
NYHA class with LFLG over the follow-up time (median
1.8 " 3.2 years, range 0.1-1.7 years). The odds of the
symptomatic NYHA decreased by 38% in the CLFLG
group per year (OR, 0.62; 95% CI, 0.3-1.3; P> .05) and
by 32% (OR, 0.68; 95% CI, 0.5-0.9, P ¼ .006) in the
PLFLG group per year.

Twenty patients (14%) were in atrial fibrillation and 2%
in paced rhythm. The incidence of stroke was 1%, all of
whom were in the CLFLG AS group.

A few patients were readmitted to the cardiology ward in
our hospital with symptoms of heart failure in the years after
their operation. We recorded a total of 25 readmissions
(13%), 18 of them (72%) in the CLFLG group
(P ¼ .001). Two patients were treated for prosthetic

endocarditis. We did not find any relationship between the
readmissions and the size of the implanted valve.

The analysis of postoperative echocardiograms demon-
strated no differences in the postoperative valve gradients
or area (CLFLG AS: mean gradient 9.8 " 3.2 mm Hg,
AVA 1.6 " 0.7 cm2; PLFLG AS: mean gradient
10.4 " 5.5 mm Hg, AVA 1.5 " 0.5 cm2). No cases of
patient-prosthesis mismatch were seen in our cohort, not
even for the 19 mm size implanted.

The ventricular function remained preserved in 81% of
the PLFLG AS group, and 51% of the patients in the
CLFLG AS group had an improvement in their LVEF,
from severe to moderate dysfunction (13%) or to normal
function (11%) and from moderate dysfunction to normal
function (27%). A generalized linear mixed model was
used to assess the relationships of LVEF with LFLG over
the follow-up time (median 6 " 11 months, range 1-
120 months). The odds of LVEF improvement in the
CLFLG group increased by 4.5% per month (OR, 1.04;
95% CI, 0.9-1.1; P>.05).

DISCUSSION
It is well established in previous reports that patients with

LFLG AS, especially those with CLFLG AS, have poor
quality of life and very high mortality (as high as 70%-
80% at 3 years) with medical treatment.1,2,8-11 In our
series we demonstrated remarkably low in-hospital postop-
erativemortality.5,7,12 However, we had highmid-termmor-
tality, especially for the CLFLG AS, consistent with
previous reports.4-7,12-15 The fact that we did not identify
any predictors of in-hospital mortality was not surprising,
given the low in-hospital mortality rate in our cohort. We
confirmed a significant improvement in symptoms and
quality of life among survivors.1,2 Therefore our data,
although obtained from a purely observational and
retrospective study, suggests that AVR offers both
prognostic and symptomatic benefits in both subgroups of
LFLG AS. We therefore suggest AVR should be offered
for patients with symptomatic LFLG AS.

The significant difference in the logistic EuroSCORE be-
tween the groups was not surprising, based on the different
preoperative characteristics. These differences were re-
flected in a greater in-hospital and mid-term mortality rate
for the CLFLG AS. Despite eliminating the preoperative
differences by performing a matched analysis both in-
hospital and long-term differences in mortality were
maintained.

We have not performed transcatheter aortic valve implan-
tation (TAVI) for patients with LFLG AS yet (although we
started the program in 2009), and therefore we cannot assess
the potential benefit that these patients would obtain based
on the larger AVA and lower gradients that the TAVI pros-
thesis offers in comparable sizes. On the other hand, we
have not found any relationship between the size of the
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valve implanted and both in-hospital and long-term mortal-
ity, not even for sizes of valves<21 mm. Future studies are
needed to confirm the potential benefits of TAVI as well as
the use of sutureless prosthesis in this cohort of patients.

There was significant improvement in the ventricular
function in patients with CLFLG as assessed by postopera-
tive echocardiography, which also was reflected in clinical
improvement in patients’ functional class. This gives reas-
surance that surgical intervention for this group of patients
was significantly beneficial.

Although it initially was debated whether PLFLG AS
was a stage in the progression from moderate to severe
AS, current data suggest that it is actually a distinct condi-
tion and not a stage in the evolution of NFHG AS. The
intrinsic myocardial dysfunction, although not translated
in LVEF impairment, may explain the greater mortality
compared with the NFHG AS.10,11,16-23 These patients
have a better prognosis if treated surgically, although they
have a greater operative risk, given their intrinsic
myocardial dysfunction and the increasing risk of having
mismatch due to their small ventricular cavity resulting
from severe hypertrophy.1,2

Discrepancies among previous studies on PLFLG AS
highlight the importance of the correct diagnosis of this en-
tity, because any minimal measurement error on the diag-
nostic echocardiography could label wrongly a different
entity of AS with a complete different prognosis and
outcome after AVR (ie, moderate AS with underestimated
SVand AVA or severe AS with underestimated gradient).20

There is a role for multidetector computed tomography and
quantification of valve calcification when the echocardiog-
raphy is not conclusive.17,20-23

Current American College of Cardiology/American
Heart Association guidelines recommend AVR for symp-
tomatic CLFLG AS (Class IIa, Level B) whereas the Euro-
pean Society of Cardiology/European Association for
Cardio-Thoracic Surgery recommend AVR (Class IIa,
Level C) in patients with LV contractile reserve. For the
PLFLG AS, the Current American College of Cardiology/
American Heart Association and ESC/European Associa-
tion for Cardio-Thoracic Surgery guidelines recommend
AVR for symptomatic patients (Class IIa, Level C) only if
the clinical, anatomic and hemodynamic data support the
valve stenosis as the most likely cause of the symptoms.24,25

There is still uncertainty regarding which subsets benefit
from surgery and the exact timings and thresholds for
intervention and hopefully better indications will be
further addressed in the near future guidelines.

Our study has the limitations of being retrospective and
purely observational. We did not have a control nonsurgical
group; hence, we cannot formulate firm conclusions on the
appropriateness of surgical treatment. Because we did not
perform DSE in all patients with reduced EF, AS, and low
gradients, the indication for AVR was based on one of the

following criteria: lack of an alternative pathology to
explain symptoms, morphologic assessment by computed
tomography or transesophageal echocardiography, and/or
lack of evidence of mid-wall late gadolinium enhancement
by cardiac magnetic resonance to suggest a dilated cardio-
myopathy. However, we provide a large number of patients
with LFLG AS (especially PLFLG AS) undergoing isolated
AVR and specifically look at short- and mid-term clinical
outcomes.

CONCLUSIONS
Isolated AVR in LFLGAS can be performed with accept-

able surgical mortality, comparable with that observed in
patients with NFHG AS. However, as previously published,
our series confirm that this group of patients, especially the
CLFLG group, has a significantly greater mid-term mortal-
ity after AVR compared with NFHG AS. In the absence of
large randomized controlled studies we surmise that, based
on the good functional class of survivors and the low in-
hospital mortality, AVR can be offered to patients with
LFLG AS (Video 1).
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6. DISCUSSION 
 
 
 

For the analysis of NFHG AS vs. LFLG AS, we identified 846 patients, 648 of 

them in the NFHG AS group and 198 patients in the LFLG AS group. 

Demographic and preoperative characteristics differed considerably between the 

LFLG AS and NFHG AS groups. Patients with LFLG AS were significantly older 

(71.5 ± 9.7 vs. 68.7 ± 10.8 years, p = 0.01), presented more often in CCS class III–

IV angina and had higher risk factors for coronary artery disease such as 

hypertension and diabetes. COPD, previous neurological disease, chronic renal 

failure on haemodialysis, peripheral vascular disease and permanent atrial 

fibrillation were also significantly more frequent in the LFLG AS group. 

Echocardiographic analysis confirmed more patients with poor left ventricular 

function and pulmonary hypertension in the LFLG AS group. These differences 

were reflected on a higher mean EuroSCORE for the LFLG AS group (10.3 ± 10.4 

vs. 7.3 ± 6.5 for the NFHG AS group), although this difference was not statistically 

significant (p = 0.14), possibly due to the different size of the two groups.  

 

Operative management was equivalent in the two groups, with the choice of 

prosthesis used based mainly on patients’ and surgeons’ preferences or governed by 

existence of clinical conditions preventing them from being on Warfarin safely. A 

total of 614 patients (73%) had a bioprosthesis (67% pericardial and 6% porcine) 

and 232 patients (27%) received a mechanical prosthesis. The sizes used varied 

from 18 to 32 mm, with 90% of them between 21 and 27 mm. We did not find any 
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relation between the size of the valve and late mortality, not even for sizes below 21 

mm. Aortic cross-clamp and cardiopulmonary bypass times did not differ between 

groups. 

Overall in-hospital mortality rate was 1% (12 deaths), 5 deaths (42%) being 

cardiac related, 3 deaths (25%) secondary to sepsis, 2 (17%) to neurological 

complications, 1 death (8%) due to respiratory complications and another 1 due to 

GI complications (8%). The in-hospital mortality rate was equivalent in the two 

groups (2% in the LFLG AS vs. 1% in NFHG AS, p = 0.13). Postoperative 

complications were also similar in both groups.  

The median follow-up was 5.8 ± 4.2 years (range 0.5–17.2 years). There 

were 126 patients lost to follow-up (15%); majority of them were in the NFHG AS 

group (123 patients) with only 3 patients lost in the LFLG group.  

Overall 1-year mortality rate was 6% for the whole study group. It was 

higher in the LFLG AS group (13 vs. 4% for NFHG AS, p = 0.01). At 5 years, the 

overall mortality rate was 19%. It was also higher in the LFLG AS group (28 vs. 

16%, p = 0.01).  

Mean survival calculated according to Kaplan–Meier analysis was 11.3 ± 0.3 years 

(95% CI 10.7–11.8) in the NFHG group and 8.6 ± 0.5 years (95% CI 7.7–9.6) in the 

LFLG group (p = 0.001).  

A total of 262 patients (31%) died during the follow-up. Causes of death 

were categorized as follows: 59 patients (22%) being cardiac related, 35 patients 
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(13%) due to cancer, 21 patients (8%) secondary to stroke, 21 patients (8%) due to 

respiratory problems, 11 patients (4%) due to renal disease, 11 patients (4%) due to 

sepsis and 54 patients (21%) due to other causes. We were not able to identify the 

cause of death in 52 patients (20%).  

Clinical status was excellent in those patients who survived. Among the 

LFLG AS survivors at follow-up, 88% were found to be in NYHA functional class 

I–II and only 10% (14 patients) were in NHYA class III. Twenty patients in this 

group (14%) were in atrial fibrillation and 2% in paced rhythm. The incidence rate 

of stroke during the follow-up period was 1%.  

A few patients were readmitted to the Cardiology ward in our hospital with 

symptoms of heart failure in the years following their operation. We recorded a total 

of 27 readmissions (4%) in the NFHG group and 25 (13%) in the LFLG group (p = 

0.001). Five patients (3 in the NFHG group and 2 in the LFLG group, p = 0.31) 

were treated for prosthetic endocarditis.  

The analysis of follow-up postoperative echocardiograms in the TLFLG AS group 

demonstrated that 74% of the patients had an improvement on their LVEF, from 

poor to fair (36%) or poor to good (38%).  

To summarize, despite the different preoperative demographic characteristics 

and cardiovascular risk factors that reflected in a greater Logistic EuroSCORE for 

the LFLG AS group, these patients had similar operative outcomes following AVR, 

with an equivalent in-hospital mortality and post-operative complications to the 
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NFHG AS group. We did not identify any predictors for in-hospital mortality, 

possibly due to the low in-hospital mortality found in our series. These results of 

equivalent in-hospital mortality after AVR for LFLG AS compared to NFHG AS 

differ from previous literature reports, where LFLG AS had been reported as to have 

higher in-hospital mortality after AVR, in some reports as high as 33%. [9] 

However, as expected from previous literature reports, patients with LFLG AS, in 

our study, had a reduced mid-term survival compared to NFHG AS patients, but 

those who survived remained in an excellent functional class.  

 

For the analysis of the LFLG AS subgroups we identified 198 patients, 66 of 

them in the CLFLG AS group and 132 patients in the PLFLG AS group.  

In CLFLG AS group more patients presented with greater functional NYHA 

class III-IV, a greater incidence of permanent atrial fibrillation and pulmonary 

hypertension. In contrast, in the PLFLG AS group, there were more female patients, 

a greater incidence of systemic hypertension, previous neurologic events, chronic 

renal failure on hemodialysis and presentation in CCS class III-IV angina.                                                                

Echocardiographic analysis showed greater mean gradients in the PLFLG 

AS group but smaller AVA in the CLFLG AS group. Pulmonary hypertension was 

significantly more common in the CLFLG AS group. As per definition, all the 

patients in the PLFLG AS group had a preserved LVEF, whereas those in the 

CLFLG AS had an impaired LVEF (moderate 61%, severe 39%).  
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The difference in these preoperative demographic characteristics and other 

comorbidities was reflected in a significantly different median Logistic EuroSCORE 

(13.5 (Q1 5.5, Q3 20.4) in the CLFLG AS group and 5.1 (Q1 3.3, Q3 9.1) in the 

PLFLG AS group (p = 0 .001)).  

To make the two groups comparable we performed a propensity-matched analysis to 

compare the groups, reducing the cohort to 116 patients (58 in each group) but 

matching all the preoperative demographic and echocardiographic characteristics 

(excluding the LVEF category as this defines the LFLG AS groups).                     

After the propensity matching, pulmonary hypertension remained more frequent in 

the CLFLG AS group.  

 Operative management was equivalent in the two groups, with the choice of 

prosthesis used based mainly on patients and surgeons’ preferences or governed by 

existence of clinical conditions preventing them from being on Warfarin safely. A 

total of 175 patients (88%) received a stented bioprosthesis and 23 patients (12%) 

received a bileaflet mechanical prosthesis. Choice of mechanical prosthesis was 

significantly greater in the PLFLG AS group (14% vs. 6% in the CLFLG AS group, 

p = 0.001). Prosthesis sizes varied from 18 to 32 mm (97% between 21 and 27 mm). 

Size 19 mm was used more frequently in the CLFLG AS group.  

Overall in-hospital mortality for all LFLG patients who underwent isolated 

AVR was 2% (5 deaths), categorized as follows: 1 death (20%) was cardiac related 

and 4 deaths (80%) secondary to sepsis. In-hospital mortality was 3% in the CLFLG 

AS group compared with 2% in the PLFLG AS (p = 0.08). In the matched cohort, 
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all in-hospital deaths (3 patients, 3%) occurred in the CLFLG group (p = 0.08).  

Postoperative respiratory complications developed exclusively in the 

CLFLG AS group conferring a higher mortality in this group.  

We did not identify any preoperative characteristics as predictors for in-hospital 

mortality in any of the groups. This was explained by the insufficient events to 

detect predictors due to the low in-hospital mortality rate for the cohort.  

Follow-up was up to 13 years, with a median of 3.7 ±	 3.3 years (range 0.1-

13.0 years). There were only 3 patients lost to follow-up (2%).                            

Overall 1-year mortality was 14%. It was significantly greater in the CLFLG AS 

group (29% vs. 6% in the PLFLG AS, p = 0.01).                                                            

At 5 years, overall mortality was 48%. It also was greater in the CLFLG AS group 

(64% vs. 39%, p = 0.001). These differences persisted in the matched cohort. 

Median survival calculated according to Kaplan-Meier analysis was 13.1 years 

(95% CI, 8.0 - 13.1) for the PLFLG group and 5.5 years (95% CI, 5.2 -7.9) for the 

CLFLG group (p = 0.001). In the matched cohort, the median survival for the 

PLFLG group was 8.3 years (95% CI, 3.5 - 13.2) and 3.7 years (95% CI, 1.2 - 4.2) 

for the CLFLG group (p = 0.02).  

A total of 58 patients (29%) died during the follow-up. Causes of death were 

categorized as follows: 14 (24%) were cardiac related, 6 (10%) were due to cancer, 

9 (15%) were secondary to stroke, 2 (4%) were due to respiratory problems, 3 (6%) 

were due to renal disease, 1 (2%) was due to sepsis, and 9 (15%) were due to other 
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causes. We were not able to identify the cause of death in 14 patients (24%).  

For the whole cohort, Cox regression identified as risk factors for late mortality 

CLFLG AS (p = 0.001, OR; 2.5, 95% CI, 1.5-4.2) and previous myocardial 

infarction (p = 0.001, OR, 2.6; 95% CI, 1.3-5.1). Chronic renal failure with previous 

hemofiltration was identified by Cox regression as a risk factor for late mortality in 

the PLFLG group (p = 0.004, OR, 1.2; 95%, CI 0.1-0.5). No preoperative 

characteristics were identified as predictors for late mortality in the CLFLG group 

by Cox regression despite including the preoperative characteristics that were 

significant in the univariable analysis (female sex, p <0.05).  

We were not able to identify any predictors of late mortality in the matched cohort, 

because none of the preoperative characteristics were significant in the univariable 

analysis.  

Clinical status was excellent in those patients who survived. Among the 

survivors at follow-up, 90% were found to be in NYHA functional class I-II and 

only 10% (14 patients, 6 in the CLFLG AS group and 8 in the PLFLG AS group) 

were in NHYA class III. Therefore, AVR provided excellent symptomatic relief, as 

68% of the patients in the CLFLG group and 47% in the PLFLG group presented in 

NHYA class III-IV pre-operatively.  

The generalized linear mixed model was used to assess the relationships of NYHA 

class with LFLG over the follow-up time (median 1.8 ± 3.2 years, range 0.1-1.7 

years). The odds of the symptomatic NYHA decreased by 38% in the CLFLG group 
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per year (OR, 0.62; 95% CI, 0.3 - 1.3; p > 0.05) and by 32% (OR, 0.68; 95% CI, 0.5 

-0.9, p = 0.006) in the PLFLG group per year.  

Twenty patients (14%) were in atrial fibrillation and 2% in paced rhythm. The 

incidence of stroke during the follow-up period was 1%; all of these cases were in 

the CLFLG AS group.  

A few patients were readmitted to the cardiology ward in our hospital with 

symptoms of heart failure in the years after their operation. We recorded a total of 

25 readmissions (13%), 18 of them (72%) in the CLFLG group (p = 0.001). Two 

patients were treated for prosthetic endocarditis. We did not find any relationship 

between the readmissions and the size of the implanted valve.  

The analysis of postoperative echocardiograms demonstrated no differences 

in the postoperative valve gradients or area (CLFLG AS: mean gradient 9.8 ± 3.2 

mm Hg, AVA 1.6 ± 0.7 cm
2
; PLFLG AS: mean gradient 10.4 ± 5.5 mm Hg, AVA 

1.5 ± 0.5 cm
2
). No cases of patient-prosthesis mismatch were seen in our cohort, not 

even for the 19 mm size implanted.  

The ventricular function remained preserved in 81% of the PLFLG AS 

group, and 51% of the patients in the CLFLG AS group had an improvement in their 

LVEF, from severe to moderate dysfunction (13%) or to normal function (11%) and 

from moderate dysfunction to normal function (27%).  

A generalized linear mixed model was used to assess the relationships of LVEF with 

LFLG over the follow-up time (median 6 ± 11 months, range 1- 120 months). The 
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odds of LVEF improvement in the CLFLG group increased by 4.5% per month 

(OR, 1.04; 95% CI, 0.9-1.1; p > 0.05).  

In summary, as consistent with previous literature reports, we found that the 

patients with CLFLG AS had higher in-hospital mortality and postoperative 

morbidity after isolated AVR for AS than patients with PLFLG AS.  

However, AVR provided efficient symptomatic relief, proven by the excellent 

functional class achieved during the mid-term follow-up in patients who survived 

the operation. The LVEF also improved considerably in patients with CLFLG AS 

and remained preserved in those with PLFLG AS years after the operation. 

 
 

Natural history of AS has been broadly described and it is clearly established 

that AVR is the standard of treatment for severe symptomatic AS, with TAVI being 

currently accepted as an alternative for patients with high or prohibitive surgical risk 

[3-5, 21-24, 27]. 

 
Since the introduction of the definition of LFLG AS, this topic has generated 

a significant interest amongst clinicians dealing with this patients, especially the 

cardiologists, trying to understand the pathophysiology, improve the accuracy of the 

diagnosis and analyse the natural history of this subgroup of patients, who were 

initially only treated with medical therapy. This increased interest for this group of 

patients has resulted in many publications in the literature.  
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A thorough review by Pibarot and coworkers summarizes the current management 

of patients with LFLG AS. Low dose DSE is key for the diagnosis of these patients, 

not only to distinguish the entity from the Pseudo-severe AS, which has no surgical 

management, but also to determine the presence of flow reserve, which has 

important prognostic value. In cases where the DSE is not conclusive and especially 

for the PLFLG AS group, the MDCT has an important role for the confirmation of 

LFLG AS diagnosis [27]. 

 

Once the diagnosis of LFLG AS has been made and providing that the 

patient is symptomatic an intervention should be offered, supported by the poor 

prognosis of those with any other form of severe AS treated conservatively with 

medical management. Then, it is important to establish the life expectancy of the 

patient and to determine the surgical risk to decide which form of intervention is 

most suitable for these patients [27]. 

As in the high-risk NFHG AS patients, these patients should be discussed within the 

Heart Team in order to provide to them the best therapeutical option. If the patient 

has a life expectancy over a year and acceptable surgical risk, AVR should be 

offered, with TAVI reserved for those with high or prohibitive surgical risk. Only 

those with poor life expectancy (defined by the guidelines as less than a year) should 

be deemed for conservative management, meaning medical therapy and/or 

valvuloplasty [21-24, 27]. 

 
For the operative risk assessment, the classical factors to consider are: EuroSCORE 

II and/or STS score, general frailty, presence of other comorbidities such as poor 
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pulmonary function and advance liver cirrhosis, porcelain aorta and previous cardiac 

operations, as it is done for the NFHG AS patients. However, patients with CLFLG 

AS would score more frequently as high risk due to their impaired LVEF. Other 

factors to consider in these patients are the presence of myocardial flow reserve, the 

preoperative mean gradient and the presence of marked reduced longitudinal strain, 

as all of them have been reported to increase considerably the surgical risk [27]. 

 

The presence or absence of flow reserve is also highlighted in the guidelines. 

Patients with CLFLG and flow reserve have a stronger indication (Class I Level C) 

than those without flow reserve (Class IIa Level C) [21-24]. However, it is well 

recognized that despite the higher surgical risk, these patients have better survival 

after AVR compared to medical treatment and also that those who survived have a 

similar recovery of LV and functional status similar to those with flow reserve [27]. 

 

The CLFLG AS group is the subset with the highest risk of mortality and 

adverse events. Survival of these patients without intervention is reported as 50% at 

2 years, as per the NFHG symptomatic severe AS. Several studies of AVR for this 

cohort of patients reported a 30-day mortality between 8-33% [27-33], which 

despite being high still confers a survival benefit compared to conservative 

management [31, 34]. 

In our cohort, the in-hospital mortality post AVR for CLFLG AS patients was 3% in 

the non-matched group and 5% after the propensity matching. In any case, we 
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reported lower in-hospital mortality than expected according to the risk stratification 

system and those in the previous literature reports. 

 

Preoperative NYHA III-IV, mean gradient < 20 mmHg, absence of flow reserve on 

the DSE, presence of coronary disease and high EuroSCORE had been reported as 

risks factors for in-hospital mortality after AVR for CLFLG AS [28-29, 31-32].  

We did not find any preoperative characteristics as risks factors for in-hospital 

mortality, due to our low rate of postoperative adverse events, however we did 

identify the CLFLG AS category as a risk factor itself for increased mid-term 

mortality.  

 

The PLFLG AS group has an intermediate prognosis between moderate 

NFHG AS and CLFLG AS. This entity has some similarities to preserved LVEF 

heart failure status, with the diastolic dysfunction being key for the worse prognosis 

they have compared to moderate NFHG AS. Other factors contributing to the higher 

surgical risk are the higher prevalence of female sex, systemic hypertension, 

restrictive LV physiology and small aortic annulus/root [35-40].  

Despite the higher surgical risk, AVR is preferred to medical treatment as it confers 

better survival compared to conservative management [35, 41-46].  

In our cohort, the in-hospital mortality for PLFLG AS was 2% in the non-matched 

group and 0% mortality after the matching, which is lower than expected as per 

previous literature reports and the risk stratification scores. We did not find any 

preoperative characteristics as risks factors for in-hospital mortality, due to our low 
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rate of postoperative adverse events, however we did identify chronic renal failure 

with haemofiltration in the PLFLG AS category as a risk factor for increased mid-

term mortality.  

 

The growing evidence regarding LFLG AS has made an impact on the valve 

heart disease guidelines. The ESC/EACTS guidelines on the management of 

valvular heart disease published on 2012 and their American counterpart published 

by the ACC/AHA in 2014, did only recommended surgery for symptomatic patients 

with CLFLG AS (Class IIa), and only if the had contractile reserve according to the 

ESC/EACTS guidelines [21, 22]. There was still uncertainty regarding which 

subsets of patients would benefit from surgery and the exact timings and thresholds 

for intervention.  

The latest review of the ESC/EACTS guidelines done in September 2017, 

acknowledged this entity and the indications and benefits of AVR for these group of 

patients, taking into account the new evidence gathered from single institutional 

series. The current recommendations include surgical intervention for symptomatic 

TLFLG AS with flow reserve (Class I, Level C evidence) or without flow reserve 

(Class IIa, Level C) [23, 24]. 

 

The TOPAS (True or Pseudo-severe AS) study, was a multicenter 

observational study, started in 2002, that recruited patients with LFLG AS (only 

CLFLG AS patients as the LVEF was < 40%) to improve the assessment of the AS 

severity, the flow reserve and the clinical decision making in these patients [47]. 
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They reported an 18% 30-day mortality post AVR and a 52% of deaths during the 

follow-up (median 15 months). Again, they demonstrated a better late survival with 

AVR compared to medical therapy. Also patients undergoing AVR had a significant 

improvement on their LVEF during the follow-up period [47]. 

In our cohort, in addition to very low surgical mortality we did also show a 

significant improvement in the LVEF in 51% of the patients in the CLFLG AS 

group, from severe to moderate dysfunction (13%) or to normal function (11%) and 

from moderate dysfunction to normal function (27%). A generalized liner mixed 

model identified the odds of LVEF improvement in the CLFLG AS group increased 

by 4.5% per month.  

 

The potential advantages of TAVI compared to AVR for these group of 

patients would be a faster recovery, not only physical but also of the LV function 

[48, 49], as well as potentially less patient-prosthesis mismatch based on the larger 

AVA and lower gradients achieved with same sized TAVI prosthesis [50-56]. 

The PARTNER-I Cohort B, that compared TAVI vs. conservative treatment in 

patients deemed inoperable due to prohibitive surgical risk, included some patients 

with CLFLG AS and proved a survival benefit with TAVI compared to conservative 

management. Unfortunately, there were no patients with CLFLG AS included on the 

Cohort A (AVR vs. TAVI) as one of the exclusion criteria was impaired ventricular 

function [35]. 

Patients with PLFLG AS were included on the PARTNER-I Cohort A, and TAVI 

was associated with better one-year survival compared to AVR [35]. 
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Another sub-cohort of the TOPAS study reported results after TAVI in patients with 

CLFLG AS. Mortality rate was 3.8% at 30 days, 20.1% at one year and 32.2% at 

two years. Low haemoglobin and moderate to severe aortic regurgitation due to 

paravalvular leak were identified as risk factors for re-hospitalization due to heart 

failure and increased mortality. The LVEF post TAVI increased by 8.3% at one-

year.  

They concluded that TAVI seems to be a safe alternative to AVR in this high-risk 

population with their reported 30-days mortality being significantly lower than the 

estimates from surgical scores but still higher than in our study [56]. 

We did not perform any TAVI in patients with LFLG AS during the period of the 

study, despite having had started the TAVI program in our unit in 2009, but we have 

proven with our series that AVR can be performed safely in this group of patients 

with a low in-hospital mortality, equivalent to NFHG AS patients. 

Further additional studies comparing AVR vs. TAVI are necessary for this cohort of 

patients.  

 

The mid-term survival results that we have reported in our study (one-year survival 

of 71% for CLFLG AS and 96% for PLFLG AS; five-years survival of 34% for 

CLFLG AS and 42% for PLFLG AS) seem to be consistent with the literature 

results. The excellent symptomatic relief and functional status that our patients 

reported at follow-up is encouraging and supports the indication for AVR in these 

patients despite the higher mid-term mortality compared with NFHG AS.  

 
 



	   71	  

Our research had the limitations of being a retrospective and purely 

observational study. We did not have a non-surgical control group; hence we cannot 

formulate firm conclusions on the appropriateness of surgical treatment. However, 

we know from the literature the very poor prognosis and quality of life of these 

patients when treated medically. 

From the diagnostic point of view, we did not perform DSE in all patients with 

suspected LFLG AS (based on AVA and low gradients) and reduced LVEF, but the 

indication for AVR was based on one of the following criteria: lack of alternative 

pathology explaining the symptoms, morphologic assessment of the valve by CT, 

TOE or MRI (with absence of mid-wall late gadolinium enhancement suggesting a 

dilated cardiomyopathy). 

 

This study has helped us to understand better the prognosis and outcomes of 

LFLG AS after AVR. Based on our good results, our regional cardiologists have 

redefined the threshold for referring these patients for consideration of AVR.  

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7. CONCLUSIONS 
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7. CONCLUSIONS 
 

Based on the results of our study and the literature review, we conclude the 

following: 

 

1. NFHG AS has an excellent prognosis after AVR and a long-term survival 

similar to the age-matched population. 

 

2. Isolated AVR in LFLG AS can be performed with acceptable in-hospital 

mortality, comparable to that observed in patients with NFHG AS.  

 

3. TLFLG AS patients have the highest in-hospital and mid-term mortality rate 

after AVR.   

 

4. PLFLG AS patients have worse prognosis after AVR than NFHG AS 

patients but better prognosis than TLFLG AS patients. 

 

5. AVR should be recommended for symptomatic severe LFLG AS is based on 

the significant symptomatic improvement and the good functional class 

achieved in survivors, as well as he poor outcome of those treated 

conservatively. 

 

6. An earlier diagnosis and referral for AVR might improve the surgical 

outcome of LFLG AS patients. 
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7. Low-dose DSE is key for the diagnosis of TLFLG AS and has also an 

important prognostic value. MDCT has also an important role in the 

diagnosis of PLFLG AS, when DSE is not feasible. 

 

8. The role of TAVI in LFLG AS has the potential advantages of a faster 

recovery (physical and of the LV function) and less patient-prosthesis 

mismatch. Further additional studies comparing AVR vs. TAVI in this 

cohort are necessary. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



	   75	  

 

 

 

 

 

 

 

 

 

 

 

 

8. BIBLIOGRAPHY 
 

 

 

 

 

 

 

 

 

 



	   76	  

8. BIBLIOGRAPHY 
 

1. Vaslef SN, Roberts WC. Early descriptions of aortic valve stenosis. Am Heart J 

1993;125:1465-1474. 

2. Robicsek OF. Leonardo da Vinci and the Sinuses of Valsalva. Ann Thorac Surg 

1991;52:328-335. 

3. Ross J Jr, Braunwald E. The influence of corrective operations on the natural 

history of aortic stenosis. Circulation 1968;37:61-67. 

4.   Frank S, Johnson A, Ross J Jr. Natural history of valvular aortic stenosis. Br 

Heart J 1973;35:41-46.  

5.   Rapaport E. Natural history of aortic and mitral valve disease. Am J Cardiol. 

1975;35(2):221-227. 

6.   Tuffier T. Etat actuel de le chirurgie intrathoracique. Trans Int Congr Med 1913 

(London 1914);7:249. 

7.   Brock R. The arterial route to aortic and pulmonary valves. The mitral route to 

the aortic valves. Guy’s Hosp Rep 1950;99:236-246. 

8.   Bailey CP, Bolton HE, Jamison WL, Nichols HT. Commissurotomy for 

rheumatic aortic stenosis. Circulation 1954;9:22-31. 

9.   Harken DE, Taylor WJ, Lefemine AA, Lunzer S, Low HB, Cohen ML, Jacobey 

JA. Aortic valve replacement with a caged ball valve. Am J Cardiol 1962;9:292-

299. 

10.  Björk VO. Central flow tilting disc valve for aortic valve replacement. Thorax 

1970;25(4):439-444. 



	   77	  

11. Lindblom D, Rodriguez L, Björk VO. Mechanical failure of the Björk-Shiley 

valve. Updated follow-up and considerations on prophylactic replacement. J 

Thorac Cardiovasc Surg 1989;97:95-97. 

12. Carrell T, Zingg U, Jenni R, Aeschbacher B, Turina MI. Early in vivo 

experience with the hemodynamic plus St Jude Medical heart valves in patients 

with narrowed aortic annulus. Ann Thorac Surg 1996;61:1418-1422. 

13. Cevese PG, Gallucci V, Morea M, Dalla Volta S, Fasoli G, Casarotto D. Heart 

valve replacement with the Hancock bioprosthesis. Analysis of long-term 

results. Circulation 1977;56:111-116. 

14. Ionescu MI, Pakrashi BC, Holden MP, Mary DA, Wooler GH. Results of aortic 

valve replacement with frame-supported fascia lata and pericardial grafts. J 

Thorac Cardiovasc Surg 1972;64(3)340-353. 

15. Relland J, Perier P, Lecointe B. The third generation Carpentier-Edwards 

bioprosthesis: Early results. J Am Coll Cardiol 1985;6(5):1149-1154. 

16. David TE, Pollick C, Bos J. Aortic valve replacement with stentless porcine 

aortic valve. J Thorac Cardiovasc Surg 1990;99(1):113-118. 

17. Duran CC, Gunning AJ. A method for placing total homologous aortic valve 

into the subcoronary position. Lancet 1962;2:488-489. 

18. Ross DN. Homograft replacement of the aortic valve. Lancet 1962;2(7254):487. 

19. Ross DN. Replacement of aortic and mitral valves with a pulmonary autograft. 

Lancet 1967;2(7253):956-958. 

20. Cribier A, Eltchaninoff H, Bash A, Borenstein N, Tron C, Bauer F et al. 

Percutaneous transcatheter implantation of an aortic valve prosthesis for calcific 



	   78	  

aortic stenosis: first human case description. Circulation 2002;106(24):3006-

3008. 

21. Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Baron-Esquivias G, 

Baumgartner H et al. Guidelines on the management of valvular heart disease. 

Eur Heart J. 2012;33:2451-2496. 

22. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP III, Guyton RA 

et al. 2014 AHA/ACC guideline for the management of patients with valvular 

heart disease: a report of the American College of Cardiology/ American Heart 

Association Task Force on Practice Guidelines. J Am Coll Cardiol 2014;63:57-

185. 

23. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ et al. 2017 

ESC/EACTS Guidelines for the management of valvular heart disease. Eur 

Heart J. 2017;38(36):2739-2791. 

24. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd, Fleisher LA 

et al. 2017 AHA/ACC focused update of the 2014 AHA/ACC guideline for the 

management of patients with valvular heart disease: a report of the American 

College of Cardiology/American Heart Association Task Force on Clinical 

Practice Guidelines. Circulation 2017;135(25):e1159-e1195. 

25. The Society for Cardiothoracic Surgery in Great Britain and Ireland (SCTS), 

National Institute for Outcomes Research (NICOR). SCTS Blue Book Online – 

Cardiac Surgery Audit Data. [Internet; www.bluebook.scts.org] 

26. Sharabiani MTA, Fiorentino F, Angelini G, Patel NN. Long-term survival after 

surgical aortic valve replacement among patients over 65 years of age. Open 



	   79	  

Heart 2016;3(1):e000338. doi:10.1136/openhrt-2015-00038. eCollection 2016. 

27. Clavel MA, Magne J, Pibarot P. Low-gradient aortic stenosis. Eur Heart J 

2016;37(34):2645-2657. 

28. Connolly HM, Oh JK, Schaff HV, Roger VL, Osborn SL, Hodge DO et al. 

Severe aortic stenosis with low transvalvular gradient and severe left ventricular 

dysfunction. Result of aortic valve replacement in 52 patients. Circulation 

2000;101(16):1940-1946. 

29. Monin JL, Quere JP, Monchi M, Petit H, Baleynaud S, Chauvel C et al. Low-

gradient aortic stenosis: operative risk stratification and predictors for long-term 

outcome: a multicenter study using dobutamine stress hemodynamics. 

Circulation 2003;108(3):319-324. 

30. Quere JP, Monin JL, Levy F, Petit H, Baleynaud S, Chauvel C et al. Influence of 

preoperative left ventricular contractile reserve on postoperative ejection fraction 

in low-gradient aortic stenosis. Circulation 2006;113(14):1738-1744. 

31. Tribouilloy C, Levy F, Rusinaru D, Gueret P, Petit-Eisenmann H, Baleynaud S 

et al. Outcome after aortic valve replacement for low-flow/low-gradient aortic 

stenosis without contractile reserve on dobutamine stress echocardiography. J 

Am Coll Cardiol 2009;53(20):1865-1873. 

32. Levy F, Laurent M, Monin JL, Maillet JM, Pasquet A, Le Tourneau T et al. 

Aortic valve replacement for low-flow/low-gradient aortic stenosis: operative 

risk stratification and long-term outcome: a European multicenter study. J Am 

Coll Cardiol 2008;51(15):1466-1472. 



	   80	  

33. Pai RG, Varadarajan P, Razzouk A. Survival benefit of aortic valve replacement 

in patients with severe aortic stenosis with low ejection fraction and low gradient 

with normal ejection fraction. Ann Thorac Surg 2008;86(6):1781-1789. 

34. Herrmann S, Stork S, Niemann M, Lange V, Strotmann JM, Frantz S et al. Low-

gradient aortic valve stenosis: myocardial fibrosis and its influence on function 

and outcome. J Am Coll Cardiol 2011;58(4):402-412. 

35. Herrmann HC, Pibarot P, Hueter I, Gertz ZM, Stewart WJ, Kapadia S et al. 

Predictors of mortality and outcomes of therapy in low-flow severe aortic 

stenosis: a Placement of Aortic Transcatheter Valves (PARTNER) trial analysis. 

Circulation 2013;127(23):2316-2326.  

36. Mohty D, Magne J, Deltreuil M, Aboyans V, Echahidi N, Cassat C, et al. 

Outcome and impact of surgery in paradoxical low-flow, low- gradient severe 

aortic stenosis and preserved left ventricular ejection fraction: A cardiac 

catheterization study. Circulation 2013;128(11 Suppl 1):S235-S242.  

37. Clavel MA, Berthelot-Richer M, Le Ven F, Capoulade R, Dahou A, Dumesnil 

JG et al. Impact of classic and paradoxical low flow on survival after aortic 

valve replacement for severe aortic stenosis. J Am Coll Cardiol 2015;65(7):645-

653.  

38. Parikh R, Goodman AL, Barr T, Sabik JF, Svensson LG, Rodriguez LL et al. 

Outcomes of surgical aortic valve replacement for severe aortic stenosis: 

incorporation of left ventricular systolic function and stroke volume index. J 



	   81	  

Thorac Cardiovasc Surg 2015;149(6):1558-1566. 

39. Eleid MF, Michelena HI, Nkomo VT, Nishimura RA, Malouf JF, Scott CG et al.  

Causes of death and predictors of survival after aortic valve replacement in low 

flow vs. normal flow severe aortic stenosis with preserved ejection fraction. Eur 

Heart J Cardiovasc Imaging 2015;16(11):1270-1275.  

40. Grupper A, Beigel R, Maor E, Kuperstein R, Hai I, Perelshtein O et al. Survival 

after intervention in patients with low gradient severe aortic stenosis and 

preserved left ventricular function. J Thorac Cardiovasc Surg 2014;148:2823-

2827.  

41. Eleid MF, Sorajja P, Michelena HI, Malouf JF, Scott CG, Pellikka PA. Flow-

gradient patterns in severe aortic stenosis with preserved ejection fraction: 

clinical characteristics and predictors of survival. Circulation 

2013;128(16):1781-1789. 

42. Ozkan A, Hachamovitch R, Kapadia SR, Tuzcu EM, Marwick TH. Impact of 

aortic valve replacement on outcome of symptomatic patients with severe aortic 

stenosis with low gradient and preserved left ventricular ejection fraction. 

Circulation 2013;128(6):622-631.   

43. Clavel MA, Dumesnil JG, Capoulade R, Mathieu P, Senechal M, Pibarot P. 

Outcome of patients with aortic stenosis, small valve area and low-flow, low-

gradient despite preserved left ventricular ejection fraction. J Am Coll Cardiol 

2012;60(14):1259-1267.   

44. DayanV, Vignolo G, Magne J, Clavel MA, Mohty D, Pibarot P. Outcome and 



	   82	  

impact of aortic valve replacement in patients with preserved LV ejection 

fraction and low gradient aortic stenosis: a meta-analysis. J Am Coll Cardiol 

2015;66(23):2594-2603.  

45. Tarantini G, Covolo E, Razzolini R, Bilato C, Frigo AC, Napodano M et al. 

Valve replacement for severe aortic stenosis with low transvalvular gradient and 

left ventricular ejection fraction exceeding 0.50. Ann Thorac Surg 

2011;91(6):1808-1815.  

46. Belkin RN, Khalique O, Aronow WS, Ahn C, Sharma M. Outcomes and 

survival with aortic valve replacement compared with medical therapy in 

patients with low, moderate, and severe-gradient severe aortic stenosis and 

normal left ventricular ejection fraction. Echocardiogr 2011;28:378-387.  

47. Clavel MA, Fuchs C, Burwash IG, Mundigler G, Dumesnil JG, Baumgartner H 

et al. Predictors of outcomes in low-flow, low-gradient aortic stenosis: results of 

the multicenter TOPAS study. Circulation 2008;118(14 Suppl):S234-S242. 

48. Clavel MA, Webb JG, Rodes-Cabau J, Masson JB, Dumont E, De Larochelliere 

R et al. Comparison between transcatheter and surgical prosthetic valve 

implantation in patients with severe aortic stenosis and reduced left ventricular 

ejection fraction. Circulation 2010;122(19):1928-1936.   

49. Ben-Dor I, Maluenda G, Iyasu GD, Laynez-Carnicero A, Hauville C, Torguson 

R et al. Comparison of outcome of higher versus lower transvalvular gradients in 

patients with severe aortic stenosis and low (< 40%) left ventricular ejection 

fraction. Am J  Cardiol 2012;109(7):1031-1037.  



	   83	  

50. Clavel MA, Webb JG, Pibarot P, Altwegg L, Dumont E, Thompson C et al. 

Comparison of the hemodynamic performance of percutaneous and surgical 

bioprostheses for the treatment of severe aortic stenosis. J Am Coll Cardiol 

2009;53(20):1883-1891. 

51. Reardon MJ, Adams DH, Kleiman NS, Yakubov SJ, Coselli JS, Deeb GM et al. 

2-year outcomes in patients undergoing surgical or self-expanding transcatheter 

 aortic valve replacement. J Am Coll Cardiol 2015;66:113-121. 

52. Pibarot P, Weissman NJ, Stewart WJ, Hahn RT, Lindman BR, McAndrew T et 

al. Incidence and sequelae of prosthesis-patient mismatch in transcatheter versus 

 surgical valve replacement in high-risk patients with severe aortic stenosis - A 

PARTNER trial cohort A analysis. J Am Coll Cardiol 2014;64(13):1323-1334.  

53. Gotzmann M, Lindstaedt M, Bojara W, Ewers A, Mugge A. Clinical outcome of 

transcatheter aortic valve implantation in patients with low-flow, low gradient 

aortic stenosis. Catheter Cardiovasc Interv 2012;79(5):693-701. 

54. Lauten A, Zahn R, Horack M, Sievert H, Linke A, Ferrari M et al. Transcatheter 

aortic valve implantation in patients with low-flow, low-gradient aortic stenosis. 

JACC Cardiovasc Interv 2012;5(5):552-559. 

55. Le Ven F, Freeman M, Webb J, Clavel MA, Wheeler M, Dumont E et al. Impact 

of low flow on the outcome of high risk patients undergoing transcatheter aortic 

valve replacement. J Am Coll Cardiol 2013;62(9):782-788. 

 



	   84	  

56. Ribeiro HB, Lerakis S, Gilard M, Cavalcante JL, Makkar R, Herrmann HC, et 

al. Transcatheter Aortic Valve Replacement in Patients With Low-Flow, Low-

Gradient Aortic Stenosis: The TOPAS-TAVI Registry. J Am Coll Cardiol 

2018;71(12):1297-1308. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	   85	  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 – 10. APPENDICES: ABBREVIATIONS / 

FIGURES 
 

 

 

 

 

 

 

 

 

 



	   86	  

9. APPENDIX A: ABBREVIATIONS 
 

ACC: American College of Cardiology 

AHA: American Heart Association 

AS: aortic stenosis 

AVA: aortic valve area 

AVR: aortic valve replacement 

BNP: brain natriuretic peptide 

CCS: Canadian Cardiovascular Society angina class 

CLFLG AS: classical low-flow low-gradient aortic stenosis 

COPD: chronic obstructive pulmonary disease 

CVA: cerebrovascular accident 

DSE: dobutamine stress echocardiography 

EF: ejection fraction 

EuroSCORE: European system for cardiac operative risk evaluation 

ESC: European Society of Cardiology 

EACTS: European Association of Cardiothoracic Surgery 

GI: gastrointestinal complications 

LFLG AS: low-flow low-gradient aortic stenosis 

LV: left ventricle 

LVOT: left ventricular outflow tract 

LVEF: left ventricular ejection fraction 

MDCT: multi-detector computed tomography 

NFHG AS: normal-flow high-gradient aortic stenosis 
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NYHA: New York Heart Association dyspnea class  

PLFLG AS: paradoxical low-flow low-gradient aortic stenosis 

SVi: stroke volume index 

TAVI: trans catheter aortic valve implantation 

TIA: transient ischemic attack 

TLFLG AS: true low-flow low-gradient aortic stenosis 
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