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Introduction

Obstruction of the LVOT can occur as a simple patholo-
gy (valvular aortic stenosis) or as a more complex dis-
ease, like hypertrophic obstructive cardiomyopathy, 
membranous subaortic stenosis, tunnel-like subaortic 
stenosis and finally as an obstruction related to atrio-
ventricular septal defects. These more complex diseas-
es develop frequently independently from aortic valve 
pathology but they may be occasionally combined 
with valvular aortic stenosis and/or regurgitation.
A very small subset of patients presents with function-
al obstruction due to a too small valvular prothesis (a 
mechanical or a tissue valve) implanted to replace a de-
fect native aortic valve. One of the reasons for this phe-
nomenon which is called PPM may be patient out-
growth when valvular replacement was performed at 
younger age, excessive increase of body weight occur-
ing late after valve replacement or simply the implan-
tation of a too small valve at the initial operation.
PPM is present when the effective orifice area (EOA) of 
the inserted prosthetic valve is too small in relation to 
body size [1, 2]. The main hemodynamic consequence is 
that higher than expected gradients are generated 
through the normally functioning prosthetic valve. 
PPM is not an uncommon finding following surgical 
aortic valve replacement (SAVR), as it is described in up 
to 20–30% of the cases in series following surgical but 
also transcatheter aortic valve replacement (TAVR) [1–7].
PPM means worse hemodynamic function because of a  
higher afterload for the left ventricle. This may have 
adverse impact on the outcome: less regression of left 
ventricular hypertrophy, more adverse cardiac events, 
and lower survival during long-term follow-up [8–12].
As opposed to the majority of risk factors that may lead 
to adverse outcome following SAVR or TAVR, PPM can 
be prevented by using a wise strategy at the time of a 
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surgical intervention. Aortic root enlargement is an es-
tablished procedure to overcome a small aortic anulus 
at initial surgery. In certain patients (children and ado-
lescents with an expected important outgrowth as 
well as adult patients with a very narrowed native aor-
tic  anulus and finally those suffering from massive 
obesity), placing an adequately sized prosthesis to pre-
vent PPM is of paramount importance. Aortic root en-
largement adds some technical complexity to a simple 
SAVR but should be carefully evaluated on the basis of 
preoperative calculations and intraoperative inspec-
tion of the aortic root.
We present our institutional experience with a small 
series of adult patients who received the most efficient 
but also complex procedure (the anterior Konno aorto-
ventriculoplasty) to overcome either a PPM situation 
following SAVR or to treat another form of complex 
stenosis of the LVOT.

Patients and methods

Between February 2004 and July 2020, we performed 
an anterior aorto-ventriculoplasty operation after 
Konno in 8 adult patients (3 males and 5 females). We 
excluded younger patients (<20 yrs) who received ei-
ther a modified Konno or a Ross-Konno procedure at 
the neonatal age or in the childhood during the same 
period.

The median age was 42,5 years (from 20 to 66 years) 
and the body weight ranged from 38 kg to 105 kg (medi-
an 75 kg). Patients data were analyzed retrospectively 
from hospital records and from the clinic-specific car-
diac database. Data included preoperative diagnosis 
with a summary of all investigations, the operative 
notes, the post-operative course and the follow-up ex-
aminations. The main patients’ characteristics are de-
scribed for each patient and summarized in table 1. All 
patients underwent 1 to 4 previous operations and they 
were all in NYHA functional class III or IV regarding 
symptoms of dyspnea.
Case Age (yrs) Basic clinical problem Previous opera-
tion Interval since last surgery Intraoperative particu-
larities 1 55 PPM aortic prosthesis 1 6 yrs AVR 21 mm SJM 
replaced through 24 mm ATS dp mean 53 mmHg – AVR 
mech, MVR, TVR TVRep Physio Ring 30 mm severe TR2 
28 PPM aortic prosthesis 4 21 mths AVR 21 mm SJM re-
placed through 25 mm SJM dp 43/68 mm Hg – Commis-
surotomy (in prior tube valve conduit) – Homograft 
miniroot – AVR in homograft – Composite mechani-
cal3 26 PPM aortic prosthesis 1 5 yrs AVR 18 mm ATS re-
placed through 26 mm ATS dp mean 35–40 mm Hg – 
AVR mech (revision because of residual VSD at one 
week)4 66 PPM aortic prosthesis 1 27 yrs AVR 19 mm 
SJM replaced through 22 mm ATS severe MR/MS and 
TR – AVR mech MVR 23 mm SJM dp mean 40 mm Hg 
TVRrep Physio Ring 28 mm5 61 Severe AV / MV stenosis 

Table 1A: Clinical problem, previous surgery, interval since previous surgery and intraoperative particularities.

Case Age (yrs) Basic clinical problem Previous operation Interval since 
last surgery

Intraoperative particularities

1 55 PPM aortic prosthesis 
dp mean 53 mmHg 
severe TR

1- AVR mech, MVR, TVR 6 yrs AVR 21 mm SJM replaced through 
24 mm ATSTVRep Physio Ring 30 mm

2 28 PPM aortic prosthesis 
dp 43/68 mm Hg

4CommissurotomyHo-
mograft minirootAVR in 
homograftComposite 
mechanical

21 mths 21 mm SJM replaced through 25 mm 
SJM (in prior tube valve conduit)

3 26 PPM aortic prosthesis 
dp mean 35–40 mm Hg

1AVR mech 5 yrs AVR 18 mm ATS replaced through 
26 mm ATS (revision because of resid-
ual VSD at one week)

4 66 PPM aortic prosthesis 
severe MR/MS and TR 
dp mean 40 mm Hg

1- AVR mech 27 yrs AVR 19 mm SJM replaced through 
22 mm ATSMVR  23 mm SJMTVRrep 
Physio Ring 28 mm

5 61 Severe AV / MV steno-
sis Hypoplastic Ao an-
nulus

1- VSD patch closure 55 yrs AVR 21 mm SJMMVR 27 mm SJM

6 20 PPM aortic prosthesis 
dp 40/65 mm Hg

2- ballon valvuloplasty- 
AVR mech + Nick en-
largement

7 yrs AVR 16 mm ATS replaced through 
22 mm ATS

7 33 Degeneration bio valve 
dp 70/37 mm Hg

1- AVR bio 7 yrs AVR 19 mm Edwards replaced through 
18 mm ATSMVR 23 mm ATS

8 51 VSD and endocarditis 1- AVR and MR repair 3 mths AVR 25 mm Edwards replaced through 
27 mm EdwardsMVrep Physio Ring 
32 mmVSD closure together with 
Konno patch
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1 55 yrs AVR 21 mm SJM Hypoplastic Ao annulus - VSD 
patch closure MVR 27 mm SJM6 20 PPM aortic prosthe-
sis 2 7 yrs AVR 16 mm ATS replaced through 22 mm ATS 
dp 40/65 mm Hg – ballon valvuloplasty – AVR mech + 
Nick enlargement7 33 Degeneration bio valve 1 7 yrs 
AVR 19 mm Edwards replaced through 18 mm ATS dp 
70/37 mm Hg – AVR bio MVR 23 mm ATS8 51 VSD and 
endocarditis 1 3 mths AVR 25 mm Edwards replaced 
through 27 mm Edwards – AVR and MR repair MVrep 
Physio Ring 32 mm VSD closure together with Konno 
patch.
The underlying anatomic diagnoses were severe aortic 
stenosis with bicuspid aortic valve, narrowed LVOT and 
severe mitral stenosis in one patient, destructive mitral 
and aortic valve endocarditis with annular abscess and 
a very small aortic anulus in one patient, while a classi-
cal PPM was the indication for surgery in 5 patients. 
Among them, one patient presented with a salmonella 
endocarditis following aortic homograft implantation, 
one had an additional subvalvular LVOT obstruction 
caused by septal hypertrophy, and one had a significant 
additional mitral and tricuspid insufficiency.
The operative technique was adapted to the individual 
pathology. A Konno aorto-ventriculoplasty was per-
formed in 7 patients, while a double enlargement, 
Manougian combined to a Konno aorto-ventriculo-
plasty was performed in one patient.
Concomitant surgical procedures included tricuspid 
valve reconstruction in two patients, xenopericardial 
patch closure of an aortic root abscess combined to as-
cending aortic replacement and mitral valve recon-
struction in one patient. In one patient enlargement of 
the RVOT was necessary to treat a subpulmonary ste-
nosis and finally resection of an asymmetric septal hy-
pertrophy was performed in one patient.
Brief description of the patients’ history

Patient 1

A 55 yrs old female patient had undergone a triple valve 
operation (aortic and mitral valve replacement as well 
as de Vega tricuspid annuloplasty) in 2010 in Jordania 
because of rheumatic heart disease. She had received a 
21 mm mechanical aortic valve and developed a mas-
sive adipositas with a body mass index (BMI) of 41 late 
after surgery. She suffered from dyspnea functional 
class III-IV and echocardiography demonstrated a 
mean pressure gradient of 53 mm Hg across the other-
wise normally functioning aortic valve prosthesis. In 
addition, she suffered from permanent atrial fibrilla-
tion.
Because of the normally functioning mitral valve pros-
thesis, we decided to proceed with anterior aorto-ven-
triculoplasty to avoid posterior enlargement and 
therefore the region of the aorto-mitral continuity. The 
Konno procedure was performed using two distinct 
Biocor® (St-Jude Medical, Abbott Laboratories, Chicago 
IL, USA) xenopericardial patches, one for the enlarge-
ment of the LVOT and the aortic root, the second for 
the closure of the right ventricular incision. A 24 mm 
Medtronic (Medtronic, Minneapolis, MN, USA) me-
chanical prosthesis was implanted. In addition, the tri-
cuspid valve was re-reconstructed using a 30 mm Phys-
io® II annuloplasty ring (Edwards Lifesciences, Irvine, 
CA). Intraoperative echocardiography demonstrated a 
mean pressure gradient across the aortic valve of 5 mm 
Hg after weaning the patient from cardiopulmonary 
bypass. At follow-up examination 6 months post-oper-
atively, echocardiography (performed at a heart rate of 
100/min) showed a good function of the aortic pros-
thesis with a pressure gradient of 11/21 mm Hg and an 
aortic valve area of 2.03 cm2. The maximal RV/RA gra-
dient was 37 mm Hg, corresponding to a moderate pul-

Table 1B: Additional intraoperative parameters, ICU and follow-up.

Case Age (yrs) ECC duration (min) Ischemic time 
(min)

ICU duration Follow-up Symptoms

1 55 150 124 3 d 5 yrs NYHA I (BMI 41)

2 28 135 112 1 d 12 mths NYHA I-II

3 26 105 98 3 d 17 yrs NYHA I

4 66 306 216 4 d 12 mths NYHA I (BMI 30)

5 61 354 198 2 d 24 mths NYHA I

6 20 144 118 1 d 12 mths NYHA I

7 33 265 148 34 d ECMO – mitral 
valve thrombosis

8 51 326 219 4 d 13 yrs NYHA I, then lost 
to follow-up

PPM: patient prosthetic mismatch; SJM: St-Jude Medical; AVR aortic valve replacement; ATS: Medtronic ATS 360 AP; MVR: mitral valve replace-
ment; Edwards Perimount Magna tissue valve; MV rep: mitral valve repair; NYHA New York Heart Association; TV rep: tricuspid valve repair; ECMO: 
extra-corporeal membrane oxygenation; VSD: ventricular septal defect; d: days; dp: pressure gradient; mths: months; mech: mechanical prosthesis, 
yrs years; bio biological prosthesis
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monary hypertension. At last follow-up visit, the pa-
tient was doing fine with a slight dyspnea (NYHA 
functional class II) while obesity and the persistent de-
conditioning were considered as possible causes of the 
residual symptoms.

Patient 2

This 28 yrs old male had received an aortic valve com-
missurotomy combined to a limited subvalvular resec-
tion at the neonatal age because of a critical valvular 
aortic stenosis. At the age of 5 years, he had undergone 
replacement of the aortic valve because of severe re-
stenosis through a homograft mini-root with re-im-
plantation of the coronary arteries.
Unfortunately, the homograft valve presented severe 
degenerative changes very soon after the operation 
and 2 years later a 23 mm mechanical valve was im-
planted in the homograft following annular enlarge-
ment of the latter using Manougians’ technique. Fol-
lowing this 3rd operation, the patient did very well 
during the next 19 years and was completely asympto-
matic until 2018. He then presented with a salmonella 
prosthetic valve endocarditis and a suspected abscess 
below the left coronary ostium. Following a 4 weeks 
antibiotic treatment, the prosthetic valve and the ho-
mograft were resected and a composite-graft replace-
ment using a 21 Medtronic mechanical conduit was 
implanted. The patient recovered well from this 4th op-
eration but he developed exercise-induced angina 
NYHA functional class II-III 18 months after the proce-
dure. Echocardiography showed an elevated pressure 
gradient of 43/68 mm Hg at rest across the composite 
graft, corresponding to a severe prothesis-patient mis-
match. Under exercise, the gradient was measured as 
high as 83/110 mm Hg. Valve cine showed an unre-
stricted motion of both prosthetic leaflets. Re-opera-
tion was found to be indicated and a Konno procedure 
was performed using a large xenopericardial patch for 
anterior aorto-ventriculoplasty. This allowed the im-
plantation of a 25 mm Masters Series St-Jude Medical 
valve. Intraoperative echocardiography showed a pres-
sure gradient of 20/9 over the aortic valve. However, 
first postoperative controls showed still an elevated 
maximal gradient of 40 mm Hg probably due to hyper-
dynamic conditions which resolved with time. At 12 
months follow-up the pressure across the valve was 
still somewhat elevated with a mean of 20–25 mm Hg, 
the patient was asymptomatic excepted during very 
strong exercises when he described a rather smooth 
angina equivalent. The left ventricular hypertrophy re-
gressed from 143 to 136 g/m2 (LV-mass index).

Patient 3

This 26 yrs-old female had been treated at the age of 21 
years at another institution because of a combined 
aortic valve disease with predominant stenosis. At the 
initial operation, Manougians’ anular enlargement 
had been performed and a 21 mm Masters Series St-
Jude valve was first implanted but the leaflets motion 
was not completely normal because of subvalvular tis-
sue. During the procedure, the 21 mm St-Jude valve was 
exchanged against a 18 mm ATS AP 360 (Medtronic-
ATS) mechanical valve. A few years later, a paravalvular 
leak was diagnosed with a clinically significant hemol-
ysis.
The patient complained about exercise-induced dysp-
nea functional class NYHA II to III and echocardio-
graphic assessment demonstrated a mean pressure 
gradient of 35 mm Hg across the mechanical valve. Due 
to persistent symptoms even after beta-blocker treat-
ment, re-operation was considered.
A typical Konno procedure was performed and a 26 
mm ATS (called today a Medtronic AP 360 series) me-
chanical valve was implanted. One week postopera-
tively, the patient had to be re-operated because of a 
significant ventricular septal defect at the basis of the 
left-ventricular septal patch. Most probably the size of 
the first left-ventricular sided pericardial patch was to 
small and tension caused a tear in the muscular sep-
tum. An additional xenopericardial patch was used to 
allow tension-free closure of the VSD and the patient 
recovered well. The intraoperative gradient across the 
valve was 6/10 mm Hg. The patient recovered well and 
echocardiography before discharge showed normal bi-
ventricular function and a stable pressure gradient 
across the mechanical prosthesis. At last examination 
14 years following the Konno procedure, the patient 
was doing well, the aortic valve area was 2.23 cm2 and 
the gradient 7/11 mm Hg. There was still a small restric-
tive VSD (dd coronary fistula) with a restrictive gradi-
ent of 65 mm Hg. The left ventricular function was nor-
mal with an ejection fraction of 55%. The RV/RA 
gradient was 31 mm Hg.

Patient 4

A 56 yrsold female (BMI 30.5) had been operated at the 
age of 39 years because of a valvular aortic stenosis. At 
initial operation, a limited subvalvular resection had 
been performed and a 19 mm St. Jude Medical pros-
thetic valve had been implanted. 27 years later, at the 
age of 66 years, she presented with a severe PPM and a 
mean gradient of 40 mm Hg across the 19 mm valve. A 
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subvalvular pannus formation could not be complete-
ly excluded in the echocardiography. In addition, she 
suffered from combined mitral valve disease with se-
vere stenosis and moderate insufficiency and from se-
vere tricupidal regurgitation. The patient’s weight in-
creased from 50 to 68 kg since the first operation and 
she suffered from supraventricular arrhythmias and 
exercise dyspnea NYHA functional class III. A re-opera-
tion was scheduled and a triple valve procedure was 
planned. The mitral valve anulus was extremely calci-
fied and narrowed; a 25 mm mechanical valve was im-
planted.
For this reason, a Manougian enlargement was not 
considered since enlargement would have been techni-
cally difficult due to the mitral anulus calcifications. 
Therefore, an anterior Konno aorto-ventriculoplasty 
was necessary to allow the implantation of a 22 mm 
Medtronic AP 360 mechanical valve. Finally, tricupidal 
reconstruction was performed using a 28 mm Physio® 
anuloplasty ring. The patient recovered well and did 
not suffer from any symptoms.
At last echocardiography 2 years after the operation, 
mean gradient across the aortic prosthesis was 8 mm 
Hg, the left ventricular function was normal (EF 60%) 
and the gradient across the tricupid valve was estimat-
ed at 30 mm Hg, indicating only a mild elevation of 
pulmonary pressure.

Patient 5

The 61 yrs old female had been first operated at the age 
of 5 (in 1964), when a ventricular septal defect was 
closed with a Dacron patch. She did very well until the 
age of 60; she then developed dyspnea and was very in-
tolerant for mild exercises (functional class NYHA III). 
ECG showed an atrio-ventricular block II from Wenck-
ebach type. Echocardiographic examination showed a 
severe aortic valve stenosis with a mean gradient of 42 
mm Hg and a severe mitral valve stenosis with a mean 
gradient of 10 mm Hg. The left ventricular ejection 
fraction was 33%. Mitral valve was excessively calcified 
as well as the mitral annulus. A double valve replace-
ment was decided. Following resection of the leaflets 
and decalcification of the annulus, a 27 mm St-Jude 
Medical mechanical valve was inserted. After resection 
of the native aortic valve and decalcification of the an-
nulus, a sizer of only 17 mm could be introduced 
through the aortic annulus. Since a Manougian en-
largement would have had only a limited effect, a Kon-
no aorto-ventriculoplasty using a large xenopericardi-
al patch was performed and a 21 mm St-Jude Medical 
valve was implanted. Intraoperative echocardiography 
showed a mean/maximal gradient of 7/12 across the 

aortic valve prosthesis. The patient recovered well; 
however, because of an atrio-ventricular block III, a 
DDD-pacemaker was implanted on postoperative day 
5. The further recovery was excellent. At the last fol-
low-up 18 months after the operation, the patient was 
doing well without any symptoms at moderate exer-
cises. Echocardiography showed a slightly improved 
left ventricular function (EF 40–45%) and the gradient 
across the aortic prosthesis was estimated at 5/8 mm 
Hg. The mean diastolic gradient across the mitral valve 
was 5 mm Hg.

Patient 6

The 20 yrs old male had undergone a balloon valvulo-
plasty in the neonatal period because of a critical con-
genital aortic stenosis. At the age of 13 years, he had re-
ceived an aortic valve replacement with a 16 mm ATS 
(labelled today Medtronic AP 360) mechanical prosthe-
sis after Nicks’ anulus enlargement. Due to somatic 
growth, he developed a severe PPM with a mean gradi-
ent of 40–50 mm Hg but presented also a subvalvular 
obstruction due to hypertrophic septal musculature. 
The previously implanted 16 mm mechanical valve was 
excised, a subvalvular resection performed and a Kon-
no procedure was done with a patch enlargement of 
the LVOT. A Medtronic mechanical aortic valve 22 mm 
could be implanted. The intraoperative mean gradient 
after weaning from cardiopulmonary bypass varied 
between 8–12 mm Hg. The patient was discharged on 
postoperative day 6 following an absolutely normal re-
covery. At 6 months follow-up, the physical perfor-
mance was completely normal and the patient did not 
complain about any symptoms (functional class NYHA 
I). The transprothetic gradient was 10/20 mm Hg with a 
calculated aortic valve area of 4,0 cm2. LV mass index 
showed a regression from 110 to 100 g/m2. Ejection 
fraction remained stable with 53%.

Patient 7

This 33 yrs old female suffered from progeria syn-
drome type Hutchinson . At the age of 26 years (body 
weight 35 kg), she presented with a degenerative aortic 
stenosis with heavily calcified aortic anulus. A biologi-
cal valve prosthesis of 19 mm diameter was implanted 
according to the wish of the patient who was reluctant 
to take oral anticoagulation. Four years after surgery, 
she already presented with elevated pressure gradients 
across the tissue valve. Seven years later, she suffered 
from dyspnea at rest (functional class IV) and the echo-
cardiography did not only show a severe degeneration 
of the prosthesis but also a very severly calcified mitral 
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valve stenosis. Left ventricular function was normal 
with an ejection fraction of 74% but the NT-pro BNP 
value was high with 2200 ng/L. Systolic pulmonary 
pressure was very high with 100 mm Hg. Despite the 
severe symptoms, the patient and her family were 
sceptical against a redo-procedure. Following several 
discussions with the patient who became a MD in the 
meanwhile, re-operation was decided.
Unfortunately, the patient developed lung edema just 
before induction of the anaesthesia. Therefore, re-
opening of the chest with the oscillating saw had to be 
quickly performed since a peripheral cannulation was 
not possible because of the very small size of the iliac 
vessels. After crossclamping and opening of the aorta, 
the aortic prosthesis was inspected. The leaflets were 
very stiff but not that much calcified. The mitral valve 
was approached through a transseptal incision. The 
mitral anulus was heavily calcified, the leaflets of the 
native mitral valve could not be recognized anymore. 
After resection of calcium amounts inside the anulus 
(the leaflets), a 23 mm sizer could be passed through 
the circumferentially calcified atrio-ventricular con-
nection and a 23 mm mechanical Medtronic valve was 
implanted. Following this step, a sizer of 15 mm could 
no more be passed through the aortic annulus. A Kon-
no enlargement was necessary to implant an 18 mm 
Medtronic mechanical aortic prosthesis. The right ven-
tricular incision was closed with a second xenopericar-
dial patch as usual. Because of a severe diastolic dys-
function and severe pulmonary artery hypertension, a 
veno-arterial (VA)-ECMO was used to stabilize the 
hemodynamics and could be weaned after 48 hours af-
ter some thrombotic material on the mitral valve was 
removed. Delayed sternal closure was performed on 
postoperative day 7. The patient required tracheosto-
my because of a critical illness polyneuropathy but the 
tracheal cannula could be removed after 3 weeks. Dur-
ing the hospitalization, the patient developed a small 
subdural hematoma under therapeutical anticoagula-
tion (INR 3,2). At this stage oral anticoagulantion was 
stopped and heparin at a stable dosage of 20’000 IE 
started. Under this regimen, the patient unfortunately 
developed a thrombosis of the mitral valve. Because of 
the prolonged postoperative course and the overall 
evaluation of the situation, a surgical re-exploration to 
deblock the mitral valve was denied and the patient 
unfortunately died at postoperative day 45. 

Patient 8

The last patient was a 49 yrs old male that had received 
mitral valve reconstruction (xeno-pericardial patch re-

pair of A3) and aortic valve replacement using a 23 mm 
tissue valve (Perimount Magna®, from Edwards) be-
cause of double valve endocarditis caused by haemolyt-
ic streptococci. Because of persisting endocarditis and 
suspicion of abscess formation and ventricular septal 
defect, a re-exploration was performed 2 months later.
At reoperation, a large paravalvular regurgitation be-
tween the left and right aortic leaflets was found to-
gether with an abscess of the interventricular septum 
leading to a small muscular defect at the mid-ventricu-
lar level of the septum. The aortic valve prosthesis was 
excised and the septum was incised according to the 
Konno septal incision up to the level of the ventricular 
septal defect (VSD). To allow the insertion of a larger 
prosthesis, the whole defect was closed with a large 
xenopericardial patch. The 23 mm aortic tissue valve 
prosthesis was replaced with a new 27 mm Perimount® 
tissue valve and the patch used for closure of the aor-
totomy. The mitral valve was reconstructed with a 
Physio II anuloplasty ring 32 mm. During weaning 
from cardiopulmonary bypass, a residual VSD was sus-
pected at the base of the patch. A second pump run was 
decided and an additional xeno-pericardial patch was 
inserted to cover the residual defect located at the low-
est part of the septal incision. The patient recovered 
well from this prolonged intervention but suffered 
from transient renal failure and had to be converted 
several times because of supraventricular tachycardia.
At first follow-up examination 8 months postopera-
tively, echocardiography demonstrated a normal left 
ventricular function (EF 55–60%), a normal function-
ing aortic valve prosthesis with a transvalvular gradi-
ent of 15/22 mm Hg and a calculated aortic valve area of 
2,3 cm2. The left ventricular outflow appeared optically 
still somewhat narrowed with a diameter of 18 mm but 
without significant gradient nor turbulences. The pa-
tient was lost to follow-up 6 years postoperatively.

Operative technique

The procedure is performed through a median sternot-
omy. Cardiopulmonary bypass is instituted following 
aortic and bi-caval cannulation and conducted in mild 
hypothermia (32–34°C). Myocardial protection is per-
formed with single-dose low volume (100 ml) cristal-
loid cardioplegia (Cardioplexol®, Bichsel, Interlaken, 
Switzerland) and blood cardioplegia is repeated at 30–
45 minutes intervals thereafter through instillation 
into the coronary ostia. Alternatively, retrograde cardi-
oplegia may be administred.
If the anticipated annular size would be considered to 
be too small for an adequate-sized prosthetic valve af-
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ter the Manougian procedure, an anterior anular en-
largement according to the original Konno-Rastan de-
scription is considered the best option.
A longitudinal aortotomy is performed slightly above 
the level of the sinotubular junction and the aortic root 
and aortic valve are inspected; this includes a gross 
evaluation of the size of the aortic annulus. Once the in-
dication to proceed with a Konno aorto-ventriculoplas-
ty is confirmed, the longitudinal incision is prolonged 
into the aortic root just to the right of the anterior com-
missure between the left and right aortic leaflets, this 
means well left of the right coronary artery ostium. 
Then a small oblique/transverse incision is made into 
the right ventricular outflow tract, just beneath the 
pulmonary valve. The pulmonary valve cusps have to 

be visualized since they may lie very close  to the point 
of entry into the right ventricle (fig. 1).
After the right ventricle has been opened, the previ-
ously inserted valve prosthesis is resected free from 
the aortic annulus. Thereafter, the scissors are posi-
tioned with one blade in the left ventricle through the 
aortotomy and the other blade in the right ventricle 
through the ventriculotomy. The incision is carried far 
enough into both ventricles to allow a perfect view 
into the left ventricle. The interventricular septum is 
incised deep enough (usually in front of the tip of the 
papillary muscles to allow a sufficient enlargement) 
(fig. 2). Hypertrophic septal musculature may be op-
tionally resected. Then a large oval xeno-pericardial 
patch is sutured to enlarge the septum, beginning at 
the inferior border of the incision in the ventricular 
septum (fig. 3). The first suture is placed transmurally 
through the thick septum from the left to the right. To 
determine the broadness of the patch, a large enough 
valve sizer can be used to assess the maximal size of 
the aortic valve prosthesis to be implanted. The patch 
is then sewn 1 to 2 cm cranially to the level of the aortic 
annulus. The newly created and enlarged annulus is 
sized and an appropriate aortic valve prosthesis is cho-
sen.
Thereafter, the valve is implanted in a typical way with 
pledgeted sutures placed through the aortic anulus 
and stitched in a ventriculo-aortic fashion. At the level 
of the patch (that represents approximatively 1/3 of the 
circumference), the stitches are placed from outside to 
inside (fig. 4).
The coronary arteries are usually well aside from the 
plane of the sewing cuff of the prosthesis. After tying 
these pledgeted sutures, the patch is used to close the 

Figure 3: The first xeno-pericardial patch is inserted to en-

large the left-ventricular outflow tract and sutured in a first 

step up to a plane just above the former aortic anulus.

Figure 2: Extension of the incision into the interventricular 

septum as deep as possible to allow the most complete 

enlargement of the left-ventricular outflow tract.

Figure 1: Overview of the anatomical relationship between 

the four different valves and schematic representation of the 

opening 1./ of the ascending aorta and 2./ of the right ventri-

cle. At this place, a special care should be directed  to the 

pulmonary valve leaflets, which lies sometimes very close to 

the incision on the right side.
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aortotomy; usually it bulges because of the large me-
chanical prosthesis.
A second patch is then attached at the right ventricular 
side of the septum and then runs along the free wall of 
the right ventricle to close the latter. Care is there tak-
en that this second patch is large enough to avoid nar-
rowing of the right ventricular outflow tract (fig. 5). 
This part of the operation can be at least partially per-
formed on beating heart during reperfusion.

Results

All patients survived the operation but one patient 
died in-hospital from irreversible cardiogenic schock 
due to fixed pulmonary hypertension after 7 weeks. 
This patient, suffering from progeria Hutchinson was 
supported early postoperatively with a VA-ECMO that 
could be weaned after 48 hours but she developed sev-
eral complications (respiratory and renal failure, 
thrombosis of the mechanical mitral valve). All other 
patients survived the procedure and the hospitaliza-
tion and did well: their actual follow-up extend from 14 
months to 16 years. All patients were in NYHA func-
tional class I to II, for dyspnea and angina at last exam-
ination, excepted one patient who presented with mild 
dyspnea at moderate to strong exercises (NYHA func-
tional class II). One patient was lost to follow-up after 13 
years.
The following sizes of aortic valve were implanted; 7 
mechanical valves: 18 mm, 21 mm, 2 × 22 mm, 23 mm, 
24 mm, 26 mm and one 27 mm biological prosthesis. 
The sizes of mitral mechanical valves were 23 and 27 
mm. One mitral ring 32 mm and two tricuspid rings (28 

and 32 mm) were used. The median duration of cardio-
pulmonary bypass was 226 min (from 105 to 354 min) 
and duration of the aortic cross-clamping was 164 min 
(from 98 to 221 min). Postoperatively, definitive pace-
maker implantation was necessary in 2 patients. Mean 
duration of hospitalization of the 7 patients who were 
discharged was 11 days (6 to 20 days).

Discussion

The Konno procedure is a very efficient but also com-
plex procedure to enlarge the aortic annulus. It allows 
aortic surgical valve replacement with an adequate-
sized mechanical or biological prosthesis even though 
in the most narrowed aortic annulus. This operation 
seems particularly indicated for a small group of pa-
tients who had prior aortic valve surgery (with or with-
out a previous Nicks or Manougian enlargement) but 
demonstrates a PPM cause by somatic outgrowth, obe-
sity or by the choice of a too small valve at the initial 
operation.
The results observed in this small series of 8 patients 
with a complex history are encouraging. All survivors 
had a very satisfying clinical evolution with absence of 
symptoms in the daily life. The hemodynamic results 
were very encouraging and all patients had either im-
provement of the left ventricular function and regres-
sion of the left ventricular hypertrophy.

Figure 5: Finally, the patch to close the ventricular septum is 

extended cranially in order to close the aortotomy. A second 

patch is inserted on the right side of the septum and starts as 

deep as the patch on the left side. This patch is used to create 

a double closure of the ventricular septum and then to close 

to the right ventricular outflow tract without obstruction. 

Care should be taken to the integrity of the pulmonary valve. 

View of the operative site at the end of the procedure.

Figure 4: In the meanwhile, the new aortic valve prosthesis 

(here a two-leaflet mechanical valve) is fixed to the native 

aortic anulus in the posterior part of the sewing cuff and in 

the anterior portion to the xeno-pericardial patch (with teflon-

felt pledgets on the outside of the patch).
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Prosthesis-patient mismatch and early and late 
outcome after aortic valve replacement
PPM is a typical condition observed after surgical aor-
tic valve replacement that was first described by Ra-
himtoola in 1978. It is defined by a too small aortic 
valve prosthesis (aortic valve area or/and EOA) accord-
ing to the size of the patient defined by the body sur-
face area (BSA) [1]. Moderate PPM occurs when indexed 
EOA is lower than 0.85 cm2/m2 while severe PPM is de-
fined by EOA lower than 0,65 cm2/m2. The relationship 
between PPM and results following aortic valve re-
placement has been discussed controversally so far. 
While some authors found PPM to be associated with 
adverse early and/or late outcome, others did not find 
any negative influence [3–12]. In addition, PPM may also 
preclude regression of left ventricular hypertrophy [13, 
14]. More recently, some reports about PPM following 
transcatheter aortic valve implantation and surgical 
implantation of sutureless (rapid-deployment) valves, 
that have a similar design to transcatheter devices have 
been published as well [4, 7, 12–16]. In the early postoper-
ative period, PPM may have a particular negative im-
pact on outcome because it may affect patients with 
impaired left ventricular function prior to surgery be-
cause the preoperatively damaged left ventricle is par-
ticularly vulnerable when a residual gradient increases 
the hemodynamic burden. Mortality is reported be-
tween 4 and 8% in patients with PPM [10, 14, 17].
In a particularly large series of 2154 patients, Rao and 
co-authors calculated the ratio between the prosthetic 
valve EOA and the patient’s BSA to account for differ-
ences between manufacturers’ labeled valve sizes (17). 
The lowest decile in this cohort had a calculated EOA/
BSA of <0,75 cm2/m2 (Small group, n = 227) compared 
with the control group (n = 1927), in whom the EOA/BSA 
ratio was >0,75 cm2/m2. The authors found that 30-day 
mortality was significantly higher (8% versus 5%, p = 
0.03) in patients with PPM. Actuarial survival at 12 
years was 50+/-5% in the small group compared with 
49±2% in the control group (P = 0,27). However, free-
dom from valve-related mortality was significantly 
lower in the small group (75+/-5% versus 84±2%, P = 
0.004). Cox regression analysis determined age and 
NYHA functional class to be the multivariate predic-
tors of overall mortality, whereas advanced age and 
EOA/BSA <0,75 cm2/m2 were found to be the predictors 
of valve-related mortality.
In a recent series of 1707 patients, there was a signifi-
cant difference in early mortality (0,6% in patients 
without PPM and 4,2% in those with PPM (p <0,005). 
PPM was more frequently observed in female, obese 
and older patients as well as in patients with tissue 
valves and/or smaller sizes 19 and 21 mm [18].

Moreover, the patient’s age and indexed valve EOA 
were found to be independent predictors of long-term 
valve-related death. This relationship was even more 
pronounced in patients suffering from a reduced left 
ventricular function since EF below 40% was associat-
ed with a late mortality of 67% [18]. Similarly, PPM was 
associated with long-term all cause mortality and re-
mained a strong independent factor even after adjust-
ment for other risk factors [10]. Some of these studies 
emphasize the fact that a failing ventricle is very sensi-
tive to an increased afterload, not only in the early 
postoperative period and that every surgical technique 
that may help to avoid PPM should be considered par-
ticularly in patients with additional workload or con-
comitant diseases such as hypertension, coronary ar-
tery disease, and mitral insufficiency [5, 6, 9, 10, 14, 18].

Strategies to avoid PPM
One of the main goals when the surgeon plans a surgi-
cal aortic valve replacement (SAVR) should address the 
question how to avoid PPM? To fulfill this purpose, es-
timation of the potential risk of PPM prior to SAVR (but 
also TAVR) and calculation of the indexed EOA using 
reference values is mandatory. In addition, precise as-
sessment of the annulus size during preoperative or at 
least intraoperative echocardiography may help to 
identify those patients at risk for the implantation of a 
too small valve. This may be particularly important in 
patients with a large BSA and in very thin and small 
patients (e.g. women) in whom the aortic annulus is 
expected to be small. Based on this assessment, an 
appropriate surgical/interventional strategy may be 
selected, such as planned annulus enlargement, the 
implantation of a sutureless valve or the option for 
transcatheter valve replacement in order to implant a 
large enough valve at the initial operation.
One simple method is to assess the patient’s BSA, then 
to multiply it by 0,85 cm2/m2. The result gives the 
smallest EOA that the prosthetic valve should have to 
avoid PPM. As an example: if the patient’s BSA is 1,9 m2, 
the minimal EOA to avoid PPM would be 1,9 × 0,85 = 1,61 
cm2. The surgeon should choose the prosthesis accord-
ing to this EOA and the reference values known for the 
different types and sizes of implants.
In the case depicted above, the EOA of the prosthetic 
valve should be larger than 1,61 cm2 to avoid PPM. If a 
mechanical valve would be considered, a 21 mm St-Jude 
Medical Regent valve (EOA 2,0 ± 0,7 cm2) or a 23 mm 
Medtronic AP360 (EOA 2,0 ± 0,6 cm2) would be the 
proper choice.
In case of SAVR with a tissue valve, a 21 mm Carpentier 
Perimount Magna (EOA 1,7 ± 0,3 cm2) or a 27 mm Han-
cock II (EOA 1,6 ± 0,2 cm2) should be selected. However, 
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looking at the relatively large confidence intervals of 
these EOAs, implantation of the next larger valve 
should be sought whenever possible. Most companies 
now provide with tables that precisely describe the 
projected indexed EOA for a specific patient’s BSA and 
prosthesis size. When using such values, it is important 
to remember that some important discrepancies still 
exist between the sizes of the different types of pros-
theses and the size for a given patient’s annulus. Espe-
cially in vitro data seem to be usually too optimistic.
The consensus document of the EACTS recommends 
comparison and selection of surgical heart valves 
(SHV) using the Valve Chart which can be used when 
comparing SHVs from different manufacturers (table 
2) [19]. Basically, there are four potential scenarios 
when the surgeon faces a potential PPM issue:

–– To select the implant with a larger EOA such as a 
stentless bioprosthesis, a sutureless bioprosthesis, a 
new generation mechanical prosthesis or excep-
tionally an aortic homograft

–– To enlarge the aortic annulus to accommodate for a 
larger prosthesis

–– To replace the aortic valve with a pulmonary auto-
graft (Ross procedure)

–– To switch the patient (if reasonable according to his 
age) for a TAVR

To accept a moderate PPM, especially in patients with a 
normal LV function is a suboptimal option. Several 
techniques of aortic annulus enlargement have been 
described (table 3): the first one was the Nicks’ proce-
dure (20). It is the easiest way to enlarge the aortic an-
nulus; it is safe and can be performed after a short 
learning curve. However, it is the technique with the 
lowest degree of annular enlargement. In 1979 the 
Manougian technique was described: it differs from 
the Nicks technique as the former involves an incision 
through the aorta and the aortic annulus as low as into 
the anterior mitral leaflet, thus creating a larger diam-
eter in the annulus and facilitating the insertion of a 
larger valve [21].
The Konno-Rastan procedure, described in this report 
is an anterior annulus enlargement that also allows an 
unobstructed LVOT [22, 23]. In comparison with both 
techniques presented above, the Konno procedure is 

the most challenging one but provides the greatest 
possible enlargement, It is the operation with the high-
est risk of atrioventricular block. In patients with a pri-
or or a concomitant mitral valve procedure, (e.g. re-
placement), the Konno enlargement is ideal since it 
does not interfer with aorto-mitral continuity.
Nevertheless, when handling with a narrow aortic an-
nulus in children, adolescents and younger adults, the 
original Ross procedure is still one of the best options 
– if not the best – to avoid PPM already during the ini-
tial operation. However, this intervention is not fre-
quently performed since there are probably only few 
centres (and thereby also surgeons) familiar with the 
whole spectrum of LVOT enlargment procedures.
For adult patients having received prior aortic valve 
replacement and suffering from a severe PPM with 
corresponding symptoms, the Konno enlargement 
procedure is a valuable option [24, 25]. Comparing 
the  different methods in a cadaveric model, Losenno 
found that all aortic enlargement methods allow for 
insertion of a larger valve [26]. The Nicks, Manougian, 
modified Bentall and aortoventriculoplasty proce-
dures enlarged the annulus by 0,43 ± 0,45 mm, 3,63 ± 
0,95 mm, 0,78 ± 0,65 mm, and 6.08 ± 1,19 mm, respec-
tively (P <0,001). The larger change in prosthesis size 

Table 3: Types of surgical enlargement technique of the aortic root, and how they are carried out. The order corresponds to the 
degree of enlargement that can expected with the respective technique.

Nicks Posterior Through the noncoronary sinus, ends where the mitral valve originates Single patch repair of the aortotomy

Manouguian Posterior Through the left noncoronary commissure, ends within the anterior leaflet of the mitral valve Double 
patch repair of aortotomy and the left atrial roof

Nunez Posterior Through the left noncoronary commissure, ends where the mitral valve originates Single patch repair of the 
aortotomy

Konno-Rastan Anterior [1] Through the right coronary sinus, ends within the interventricular septum (2) Into the right ventricu-
lar free wall, inferior to the pulmonary valve Double patch repair of interventricular septum and the right ventricle

Table 2: From Pibarot, Heart 2006 (with permission) Ref 2.
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was observed after aortoventriculoplasty techniques 
(P <0,001).
In a comparative review of all enlargement techniques, 
Massias concluded that the choice of operative tech-
nique largely depends on the preference of the surgeon 
since all techniques may effectively help to reduce or 
avoid PPM. However, there is still absence of significant 
data investigating the impact of the surgical technique 
on patient mortality and morbidity.
In one recent retrospective analysis of 4120 patients re-
ceiving isolated SAVR, 171 (4%) underwent a concomi-
tant aortic annulus enlargement. Early mortality was 
not statistically significantly different: 1,4% after isolat-
ed SAVR and 1,8% in case of additional annulus enlarge-
ment [28]. Postoperative complications were <5% in all 
matched 338 patients: bleeding (3% vs 3%), pericardial 
effusion (3,0% vs 4,2%), sternal instability (1,8% vs 0%) 
and sternal wound infection (3,0% vs 1,2%). Factors in-
dependently associated with overall mortality were 
age [hazard ratio (HR) 1,71], chronic obstructive pulmo-
nary disease (HR 1,47), diabetes (HR 1, 82), atrial fibrilla-
tion (HR 2,14) and postoperative respiratory failure (HR 
2,84). The authors concluded that annulus enlargement 
can be performed safely in experienced centres with 
minimal significant increase in the risk of adverse out-
come.
In our series, the majority of patients received a me-
chanical valve prosthesis: reasons for that were the 
younger age of the patients, the wish of the patients to 
avoid a further procedure and/or the fact that they were 
already on oral anticoagulation because of atrial fibrilla-
tion or because of a mechanical mitral prosthesis.

Conclusion

The Konno anterior aorto-ventriculoplasty is a very 
efficient method to sufficiently enlarge the left ventric-
ular outflow tract, independently from the initial 
pathology. This technique is only rarely performed be-
cause it is a more complex intervention; this is reflect-
ed by the prolonged duration of cardiopulmonary by-
pass. However, this type of annular and subvalvular 
enlargement usually allows the insertion of a larger 
prosthesis than after a simpler Manougian or Nicks 
posterior annulus enlargement. For adult patients 
with severe PPM or another form of complex LVOT ob-
struction, the Konno intervention is a valuable option 
that should be offered to these patients.
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