
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(4):1465-1474jtd.amegroups.com

Original Article

Clinical outcome and hemodynamic performance of St. Jude 
Trifecta aortic prosthesis: short-term follow-up and risk factors 
analysis

Paolo Nardi, Calogera Pisano, Fabio Bertoldo, Sara Rita Vacirca, Monica Greci, Carlo Bassano,  
Antonio Scafuri, Antonio Pellegrino, Giovanni Ruvolo

Cardiac Surgery Division, Tor Vergata University Hospital, Rome, Italy

Contributions: (I) Conception and design: P Nardi; (II) Administrative support: F Bertoldo, G Ruvolo; (III) Provision of study materials or patients: 

SR Vacirca, M Greci; (IV) Collection and assembly of data: P Nardi, C Pisano; (V) Data analysis and interpretation: P Nardi, C Pisano, C Bassano;  

(VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Calogera Pisano, MD, PhD. Cardiac Surgery Division, Tor Vergata University Hospital, Viale Oxford 81, Rome 00133, Italy. 

Email: lindapisano82@gmail.com.

Background: We retrospectively analysed the short-term outcome of the third-generation St. Jude Trifecta 
aortic prosthesis.
Methods: Between December 2014 and December 2017, 177 patients (mean age 75.1±6.8 years, 95 males, 
82 females) underwent aortic valve replacement with a St. Jude Trifecta aortic prosthesis and were followed 
up to 27±9 months. Preoperatively 92 patients (52.0%) were in NYHA class III–IV, EuroSCORE II was 
3.2%±2.1%.
Results: Trifecta sizes implanted were 19 mm (n=46) (26%), 21 mm (n=69) (39%), 23 mm (n=46) (26%), 
25 mm (n=16) (9%). Concomitant coronary artery bypass grafting was performed in 60 patients (34.0%). 
Operative mortality was 3.4% (1.7% for isolated aortic valve replacement versus 6.7% for combined aortic 
valve replacement and coronary artery bypass grafting) (P=0.084). The only independent predictor of 
mortality was the need for the mechanical ventilation greater than 24 hours (P=0.037); recently occurring 
myocardial infarction was risk factor for mortality at the univariate analysis only (P=0.013). Three-year 
survival was 84%±6%, freedom from cardiac death 98%±1%, freedom from prosthetic endocarditis 
97%±1%. No thromboembolisms or structural valve degeneration were observed. Patient-prosthesis 
mismatch (PPM) was absent in 126 patients (71.2%), mild-to-moderate in 32 (18.1%), moderate in  
19 (10.7%), severe in no any patient. Follow-up echocardiography showed an average mean and peak trans-
aortic valve gradients reduction more than 70% in comparison with preoperative value (P<0.0001), and a 
significant regression of left ventricular hypertrophy (P<0.0001). Moderate PPM did not negatively affect 
survival. Concomitant severe coronary artery disease was found as an independent predictor of reduced 
survival (72%±12% versus 86%±6%) (P=0.015).
Conclusions: Trifecta aortic prosthesis seems to provide very favourable clinical outcome and 
hemodynamic performance. At three years, survival was negatively affected by severe coronary artery disease 
detected at the time of operation. During short-term follow-up, no early structural valve degeneration was 
been observed. Due to low incidence of PPM and low peak and mean trans-prosthetic aortic valve gradients, 
third generation Trifecta aortic prosthesis should be considered as one of the best options in the setting of 
the aortic valve replacement surgery. However, a long-term follow-up is mandatory to confirm the early 
promising data.
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Introduction

The Trifecta aortic prosthesis (St. Jude Medical, Inc., 
St. Paul, MN, USA) is a tri-leaflet stented pericardial 
biological prosthetic valve designed for the aortic supra-
annular aortic valve replacement. The bovine pericardial 
sheet is mounted outside the stent frame, which allows for 
almost circular cross-section during systole. Several reports 
have demonstrated favourable hemodynamic profile, i.e. 
low peak and mean trans-prosthetic gradients, excellent 
effective orifice area (EOA), low incidence of patient-
prosthesis mismatch (PPM) also in patients with a small 
aortic annulus (1-4). Moreover, the excellent fluid dynamic 
characteristics of the Trifecta aortic prosthesis have been 
favourably compared with those reported for the stentless 
biological valves (5,6). However, given the fact that the 
Trifecta aortic valve has been introduced quite recently, 
follow-up data are not well still investigated, especially 
concerning the structural valve deterioration, the event-free 
valve-related survival, and the hemodynamic performance 
of the valve over time. The present study aims to evaluate 
clinical outcome and hemodynamic performance of the 
third-generation biological aortic valve prosthesis Trifecta 
up to 3 years of follow-up.

Methods

Between December 2014 and December 2017, at the 
Cardiac Surgery Division of the Tor Vergata University 
Hospital 177 patients (95 males, 82 females; mean age 
75.1±6.8 years) received a St. Jude Trifecta aortic prosthesis 
were followed for a 3-year period and represented the 
object of our investigation. Preoperative mean value of 
NYHA class was 2.4±0.9. Ninety-two patients (52.0%) were 
in NYHA class III–IV. The EuroSCORE II was 3.2%±2.1%. 
Preoperative clinical characteristics have been reported 
in Table 1. Inclusion criteria of the study considered all 
patients who underwent primary aortic valve replacement as 
isolated procedure (n=117) or in combination with coronary 
artery bypass grafting (n=60), electively (n=112) or in an 
urgent setting (n=65). The major indications for aortic valve 
replacement were aortic valve stenosis (n=102) (57.6%), 
steno-insufficiency (n=63) (35.6%), pure insufficiency (n=12) 
(6.8%) (Table 1). The average preoperative value of the 
EOA was 0.48±0.18 cm2.

The study was approved by the Institutional Review 
Board of the Tor Vergata University Hospital, which 
waived the need for patient consent. All patients gave 

informed surgical consent. The study was designed to be as 
retrospective one.

Surgical technique

Surgery was performed through a median sternotomy or 
a mini-sternotomy approach with a “J” incision. Once 
cardiopulmonary bypass was started, after cross-clamping 
the ascending aorta and performing the cardiac arrest using 
warm blood cardioplegia or St. Thomas cold crystalloid 
solution, the aorta was opened with a transverse aortotomy, 
1.0–1.5 cm distally to the origin of the right coronary artery 
and extended circumferentially. Excision of the cusps was 
started with scissors into the right cusp between the right 
coronary ostium and the commissure between the right 
coronary and non-coronary cusps; the calcific deposits were 
taken away from the aortic annulus with a small surgical 
spatula. After the excision of the cusps, supra-annular 

Table 1 Preoperative characteristics 

Variables N (%) (n=177)

EuroSCORE II (%), mean value ± SD 3.2±2.1

Age (years), mean value ± SD 75.1±6.8

Male sex 95 (53.7)

BSA (m2), mean value ± SD 1.83±0.21

NYHA class III–IV 92 (52.0)

NYHA class, mean value ± SD 2.4±0.9

Hypertension 160 (90.4)

Diabetes mellitus 40 (22.6)

Dyslipidemia 93 (52.5)

Smoking habit 50 (28.2)

COPD 20 (11.3)

Peripheral vascular disease 12 (6.8)

Coronary artery disease* 60 (34.0)

Recently occurred MI 13 (7.3)

Aortic valve stenosis 102 (57.6)

Mixed aortic valve pathology 63 (35.6)

Isolated insufficiency 12 (6.8)

*, requiring concomitant coronary artery bypass grafting. BSA, 
body surface area; COPD, chronic obstructive pulmonary 
disease; MI, myocardial infarction; NYHA, New York Heart 
Association; SD, standard deviation.
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Trifecta aortic valve implantation was performed using 
10–16 double-needled 2-0 synthetic sutures, accordingly 
with the size of the prosthesis, using teflon pledgets on 
sub-annular position. After Trifecta prosthesis placement, 
the aortotomy was closed with a 4-0 polypropylene double 
continuous suture. Concomitant coronary artery bypass 
grafting was performed with the use of the left internal 
thoracic artery to graft the left anterior descending artery 
and saphenous vein single grafts for right coronary artery 
and circumflex artery territories. Trans-oesophageal 
echocardiography was performed intraoperatively and at 
weaning from cardiopulmonary bypass in all patients.

Definitions, data collection

Operative mortality included death in hospital after 
operation at anytime, or within 30 days after discharge. The 
follow-up was performed by clinical evaluation and trans-
thoracic echocardiograms, at 26.5±9.1 (median 31) months  
after operation. Where the follow-up was not possible 
(dead patients), medical data were collected by telephone 
interview of family members and or confirmed by 
physicians. Adverse events were classified according to 
the standardized definitions from the Society of Thoracic 
Surgeons and the American Association for Thoracic 
Surgery “Guidelines for reporting morbidity and mortality and 
cardiac valve interventions” (7). Follow-up was closed on 
30th April 2018, and was 100% complete. Trans-thoracic 
echocardiographic data were recorded preoperatively, at 
discharge and during follow-up. Standard prosthetic valve 
measurements were obtained according to the criteria of 
the American Society of Echocardiography (8). Peak and 
mean aortic valve gradients, EOA, EOA index (EOAI), left 
ventricular ejection fraction, end-diastolic diameter and 
volume, end-systolic diameter and volume, septum and 
posterior wall thickness, pulmonary arterial pressure were 
recorded. Aortic valve regurgitation was classified as none 
(0/4+), trivial (1+/4), mild to moderate (2+/4), moderate to 
severe (3+/4) and severe (4+/4), according with the width 
of the regurgitation jet compared to that of the outflow 
tract (9). PPM was defined as mild-to-moderate in presence 
of EOAI >0.80 cm2/m2 and ≤0.85 cm2/m2, moderate in 
presence of EOAI >0.60 cm2/m2 and ≤0.80, severe in 
presence of EOAI <0.60 cm2/m2 (10).

Statistical analysis

It was performed with Stat View 4.5 (Abacus Concepts, 

Berkeley, CA, USA). Univariate analysis of preoperative and 
perioperative variables considered as potential risk factors 
for operative mortality was performed using the Student’s 
t-test for continuous data and the Chi-Squared or Fisher’s 
exact test for categorical data. Univariate variables with a P 
value of or less than 0.1 were included in the multivariate 
Logistic Regression analysis. The following preoperative 
and perioperative variables were included in the univariate 
and the multivariate analyses. Preoperative variables 
were age, sex, EuroSCORE II (11), body surface area, 
body mass index, co-morbidity, i.e., arterial hypertension, 
diabetes mellitus, chronic obstructive pulmonary disease, 
peripheral vascular disease, chronic renal dysfunction, 
presence of chest pain evaluated by means of CCS class, 
NYHA class, left ventricular ejection fraction, end-systolic 
and end-diastolic diameters and volumes, septum and 
posterior wall thickness, aortic valve area, the aortic valve 
pathology, concomitant coronary artery disease, i.e. the 
presence of multiple vessel coronary artery disease and/
or left main disease. Perioperative variables included the 
need for urgent surgery, cardiopulmonary bypass and aortic 
cross-clamp times, sizes of Trifecta prosthesis, presence 
of PPM, combined coronary artery bypass surgery, need 
for prolonged mechanical ventilation, the development 
of postoperative complications, i.e., acute kidney injury, 
neurological damage.

Overall survival (not including operative deaths), 
freedom from cardiac death, freedom form prosthetic 
valve-related events were expressed as mean values plus or 
minus one standard deviation , and computed by using the 
Kaplan-Meier method. The Mantel-Cox Log-rank test was 
used to compare survival estimates among subgroups, i.e., 
isolated aortic disease versus concomitant aortic valve and 
coronary disease. The Cox proportional hazards method 
was used to evaluate the influence of variables on time to 
death. All other values were expressed as mean plus or 
minus one standard deviation of the mean. The calculated 
echocardiographic parameters at the follow-up were 
compared with the preoperative ones. A P value less than 
0.05 was considered statistically significant.

Results

Concomitant coronary artery bypass grafting was performed 
in 60 patients (34%); the prosthesis sizes of the Trifecta 
aortic valve were 19 mm in 46 patients (26%), 21 mm 
in 69 (39%), 23 mm in 46 (26%), 25 mm in 16 (9%). 
Cardiopulmonary bypass time was 86±29 and 122±37 minutes  
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for isolated aortic valve replacement and with concomitant 
coronary artery surgery, aortic cross-clamp time 67±21 and 
95±28 minutes, respectively.

Operative mortality was 3.4% (n=6). Causes of death 
included postoperative neurological damage (n=2), sudden 
death due to ventricular arrhythmia (n=1) and acute 
intracoronary thrombosis (n=1), respectively, low cardiac 
output syndrome followed by multi-organ failure (n=1), and 

sepsis (n=1). Operative mortality, as expected, was higher 
in the combined procedures in comparison with isolated 
aortic valve replacement (6.7% versus 1.7%), although this 
difference did not reach a statistical significance (P=0.084). 
The only independent predictor of operative mortality 
was the need for the mechanical ventilation greater than  
24 hours (P=0.037). Recently occurring myocardial 
infarction was detected as a risk factor for higher mortality 
at the univariate analysis only (P=0.013).

Postoperatively, the incidence of permanent pacemaker 
implantation was 4.5% (n=8). Acute kidney injury occurred 
in four patients (2.3%), bleeding requiring surgical re-
exploration in 10 (5.6%), neurological damage in 2 (1.1%). 
Both at the intraoperative transesophageal echocardiogram 
and at the transthoracic echocardiogram before discharge, 
no para-valvular aortic leaks have been shown.

Follow-up results

During follow-up, there were 18 deaths out of 171 patients 
(10.5%). Three patients died for cardiac causes (myocardial 
infarction in 1 patient, congestive heart failure in 1 patient, 
sudden death in another one), 3 for endocarditis complicated 
by septic shock, 10 for non-cardiac or non-prosthetic valve 
related causes, and 2 for unknown reasons. NYHA and 
CCS classes values significantly improved in comparison 
with the preoperative values (1.6±0.7 versus 2.4±0.9 and 
0.1±0.4 versus 0.4±0.8, respectively; P<0.0001, for both 
comparisons), 92.1% of survived patients (n=141) were 
in NYHA class I–II. Three endocarditis occurred within 
six months from the operation and two of them required 
prosthesis explant, the other one after 8 months form 
the operation. No any case of acute valve thrombosis, 
thromboembolic event, haemolysis or structural valve 
deterioration was registered. Overall, 3-year actuarial 
survival was 84.0%±5.6% (Figure 1), freedom from cardiac 
death 98.0%±2.0% (Figure 2), freedom from prosthetic 
valve endocarditis 97.4%±1.3%. No independent predictors 
for reduced survival were recognized at the Cox Regression 
analysis. At the Mantel-Cox test the presence at the 
operation of a concomitant severe coronary artery disease, 
i.e., multi-vessel coronary artery and/or left main stem 
disease, did significantly affect the survival (72.0%±12.0% 
versus 86.0%±6.0%; P=0.015) (Figure 3).

Echocardiographic results

At discharge, mild-to-moderate PPM was present in 32 

Figure 1 Survival after Trifecta aortic prosthesis implantation 
(mean follow-up, 26.5±9.0; median: 31 months).
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Figure 2 Freedom from cardiac death.
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Figure 3 Survival in patients affected by isolated aortic valve 
disease with or without not extended coronary artery disease 
(n=155) versus patients affected by combined aortic valve disease 
and severe multivessel coronary artery disease (n=16) (Mantel-Cox 
Log rank test).
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out of 171 alive patients (18.7%), moderate in 19 patients 
(11.1%), severe PPM was absent. As expected, the presence 
of PPM was more frequent after implantation of Trifecta 
aortic valve sizes 19 and 21 mm in comparison with 23 and 
25 mm (P<0.0001). At 26.5±9.0 months of follow-up, mean 
and peak trans-aortic valve gradients were found significantly 
decreased, with a reduction to approximately more than 70% 
of the preoperative values (11.7±4.6 and 21.7±7.8 mmHg  
versus 49.1±15.9 and 80.0±24.5 mmHg, respectively; 
P<0.0001, for both comparisons). Echocardiographic 
variables measured preoperatively and at follow-up were 
reported and compared in Table 2. Average peak and mean 
gradients measured during follow-up were similar to those 
registered at discharge (11.8±4.6 versus 12.8±6.7 mmHg, 
and 21.7±7.8 versus 18.8±8.6 mmHg, respectively; P>0.1, for 

all comparisons). Mean and peak trans-aortic valve gradients 
were 12.9±5.0 and 22.8±7.2 mmHg for Trifecta prosthesis 
size 19 mm, 12.1±4.7 and 21.3±6.5 mmHg for size 21 mm, 
11.0±4.0 and 20.6±7.3 mmHg for Trifecta prosthesis size 
23 mm, 8.0±4.2 and 14.6±7.4 mmHg for Trifecta prosthesis 
size 25 mm. A peak gradient value equal or greater than  
40 mmHg was documented in 3 cases out of 153 (2%) 
patients; on the contrary, a mean gradient greater than 
30 mmHg was not found in any patient. The presence of 
PPM, in its mild-to-moderate or moderate degree, did not 
negatively affected late survival (Figure 4), nor lack of NYHA 
class improvement during the follow-up.

Discussion

Early and short-term outcomes

In our study we have showed a good safety profile of the 
valve with no valve-related perioperative complications 
and low operative mortality. In particular, as expected, 
operative mortality was higher in presence of concomitant 
coronary artery bypass surgery (6.7% versus 1.7%). In  
100 patients (mean age 74.6±7.4 years) undergoing Trifecta 
aortic prosthesis implantation, Paredes and co-workers (12)  
reported 5% of operative mortality after aortic valve 
replacement in concomitance with other procedures. 
Tadokoro and colleagues (13) in 103 patients (mean 
age 72.9±8.3 years) with a mean 2.9% EuroSCORE II, 
reported 1% of operative mortality. Raimundo et al. (14) 

Table 2 Echocardiographic variables

Variables Preoperatively (n=177) Follow-up (n=153)* P value

Left ventricular end-diastolic diameter, mm 47.9±7.6 46.7±5.9 0.099

Left ventricular end-diastolic volume, mL 101±39 83.4±23 <0.001

Left ventricular end-systolic diameter, mm 31.8±8.1 32.6±5.8 0.688

Left ventricular end-systolic volume, mL 39.8±24.5 37.2±14 0.199

Left ventricular septum thickness, mm 14.9±3.4 12.8±1.5 <0.0001

Posterior wall thickness, mm 14.0±2.8 11.8±1.3 <0.0001

Left ventricular ejection fraction 0.57±0.08 0.57±0.06 >0.999

Systolic pulmonary art. pressure, mmHg 30.9±8.6 28.6±5.8 0.004

Mitral valve insufficiency, mean value/4+ 1.0±0.7 0.5±0.6 <0.0001

Aortic valve peak gradient, mmHg 80.0±24.5 21.7±7.8 <0.0001

Aortic valve mean gradient, mmHg 49.1±15.9 11.7±4.6 <0.0001

*, not including late deaths.

Figure 4 Survival in patients without PPM (n=120) versus patients 
presenting mild-to-moderate (n=32) or moderate (n=19) PPM 
(Mantel-Cox Log rank test). PPM, patient-prosthesis mismatch.
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in 556 patients (mean age 73±9 years) with a mean 2.9% 
EuroSCORE II reported 5.4% of 30-day mortality; in 
301 cases (54.1%) combined procedures were performed, 
especially concomitant coronary artery bypass grafting 
(30.6%). In our population, the incidence of coronary 
artery disease requiring concomitant coronary artery bypass 
grafting was similar (34%).

In a similar way to that we have observed in our study, 
Anselmi and colleagues (15) in a large series of 824 
consecutive implants (mean age of patients 75.4±7.7 years) 
of Trifecta aortic prosthesis reported 3.8% of operative 
mortality, including 2.7% in patients undergoing isolated 
aortic valve replacement, 8.1% in those undergoing 
combined surgery.

The observed incidence of  4.5% of pacemaker 
implantation was similar to that reported by the above-
mentioned studies (14,15) and by Lehmann and co-
workers (16), ranging from 1.9% to 5.7%, and to that 
observed in our Institution after implantation of other 
third-generation biological prostheses. Finally, in a larger 
series of 1,801 patients undergoing isolated aortic valve 
replacement, Litwinowicz and collaborators (17) reported 
a short-term mortality rate of 0.3% (5 deaths).

For population of patients older than 70 years at the 
operation, the actuarial survival reported in the literature 
at three years after implantation of Trifecta prosthesis 
is estimated to be 83–88% (1,14,16): this reported rate 
was comparable to the survival rate reported in our 
investigation (84.0%±5.6%). In particular, we found that 
the concomitant severe coronary artery disease negatively 
affected the survival by about 14%. The reported incidences 
of freedom from valve-related death, from endocarditis, 
from thromboembolism, and from paravalvular leak appear 
satisfactory in the mid-term (2 up to 5 years) follow-up, 
being estimated 97–98%. Filip et al. (18) in a selected 
patient population aged 72±5.2 years at the time of 
operation undergone isolated aortic valve replacement with 
sutureless bioprostheses, reported a 100% survival rate a  
5 years of follow-up. The 3-year freedom from cardiac 
death was 98.0%±2.0%, with three deaths for cardiac causes 
out of 18 deaths observed during follow-up.

Hemodynamic performance

The increasing need for biological prosthesis related to the 
rising age of the patients needing aortic valve replacement 
surgery, has stimulated the industries toward the research 
of the ideal prosthetic valve. The ideal biological prosthesis 

should allow the surgeon to use an easy, quick and safe 
implant technique with low risk for paravalvular leak 
or structural degeneration. The prosthesis should also 
have a low intrinsic thrombogenicity, and a high-quality 
hemodynamic performance with low gradients, large 
EOA, and good movement and coaptation of the leaflets. 
Trifecta aortic biological prosthesis is trying to address 
those requests with its features, and it has been designed 
with a concave, scalloped sewing ring for a supra-annular 
implant with non-everting sutures. Echocardiographic 
assessment of the hemodynamic performance of the Trifecta 
aortic prosthesis at three years revealed a satisfactory 
performance of this valve when compared with other 
pericardial prostheses (19-22). The nearly physiological 
hemodynamic performance of Trifecta prosthesis could 
decrease the need of stentless valves which, on the contrary, 
require a substantial learning curve, technically demanding 
implantation and an aortic root replacement in case of 
failure of the prosthesis (23). The external mounting of 
the leaflets allows for a wider opening, and the expansible 
stent could limit the impedance to flow during high flow 
conditions, i.e. during exercise (24). The nearly cylindrical 
opening of the Trifecta during systole provides gradients 
and EOAs that can result superior to any other available 
stented aortic prosthesis and similar to those observed for 
a stentless valve (5). Bavaria and colleagues (25) provided 
excellent hemodynamic performance of Trifecta prosthesis 
in more than 1,000 patients enrolled at 31 centers, 
documenting at the time of discharge an average mean 
gradients ranging from 9.3 to 4.1 mmHg. The present study 
confirmed this excellent hemodynamic performance with 
an average mean and peak gradients across all valve sizes 
of 12.8 and 18.8 mmHg, respectively, that remained stable 
at the follow-up echocardiographic evaluation. Indeed, the 
mean gradient at follow-up was reduced in comparison with 
that observed at discharge, probably because postoperative 
anemia may increase its value in the early period after 
surgery. In the TRIBECA study Colli and colleagues (26) in 
322 Trifecta implants reported at discharge mean and peak 
gradient values of 10.0 (8.0–15.0) and 21.0 (16.0–26.0) mmHg, 
and at 6–12 months of 10.0 and 20.0 mmHg, respectively.

Fiegl and colleagues (27) matched the hemodynamic 
performances of Trifecta (n=51) and Carpentier-Edwards 
Magna Ease (n=61) aortic prostheses. Trifecta valve showed 
lower mean pressure gradients in the early postoperative 
period and at 1 year. No significant differences were 
detected between the two prostheses with regard to left 
ventricular mass regression and PPM occurrence. Similarly, 



1471

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(4):1465-1474jtd.amegroups.com

Journal of Thoracic Disease, Vol 11, No 4 April 2019

Minardi et al. (28) and Modi et al. (29) demonstrated the 
excellent hemodynamic profile of the Trifecta prosthesis for 
the 21 and 23 mm sizes, and a lower transvalvular gradient 
in comparison with Carpentier-Edwards Perimount 
Magna Ease valve. Hemodynamic performance of Trifecta 
prosthesis was also investigated in the systematic review 
written by Phan and coworkers (30) including 2,549 patients 
from 13 studies, showing a postoperative mean gradient of 
9.2 mmHg, and an EOA increased up to 1.8 cm2.

In an elegant study on the fluid-dynamic results obtained 
comparing four pericardial aortic bioprostheses implanted 
in small porcine aortic roots, Tasca et al. (31) reported 
after Trifecta valve implantation in comparison with the 
other biological prostheses, i.e., Perimount Magna Ease, 
Mitroflow, Soprano-Armonia, better value of EOA, lower 
mean gradient, and lower valve resistances (P<0.001, 
for all comparisons). The authors draw the conclusion 
that biological prostheses with the pericardium outside 
the stent, i.e., Trifecta prosthesis, can offer a better 
hemodynamic performance and can be more effective in 
preventing PPM. In our experience, all echocardiographic 
parameters evaluated significantly improved during follow-
up in comparison with the preoperative values (Table 2), 
suggesting a positive hemodynamic performance. In fact, 
only three patients, in which one 21 mm and two 19mm 
valve sizes were implanted, showed a peak trans-aortic valve 
gradient greater than 40 mmHg. Our echocardiographic 
results appeared to be satisfactory as those reported for 
other types of new generation prostheses (32-35).

Moreover, Rubens et al. (36) in 258 patients affected 
by aortic stenosis and severe left ventricular hypertrophy, 
showed that Trifecta aortic prosthesis was associated with a 
significantly increased left ventricular mass regression and 
improved clinical outcome at 2.5 years in comparison with 
Perimount Magna Ease aortic prosthesis, although all-cause 
mortality was similar.

In the presence of optimal performance, it is obviously 
expected that the freedom from structural deterioration of 
Trifecta aortic prosthesis should be very satisfactory. In a 
multicenter study performed on 710 patients undergoing 
Trifecta implant, Goldman et al. (37) reported a 6-year 
11.0 mmHg mean gradient across all valve sizes and a 
97.3% freedom from reoperation due to structural valve 
deterioration. Freedom from NYHA class III–IV was 
95.8%. Anselmi et al. (15) on 824 consecutive Trifecta 
implants reported at 5 years a 98% freedom from both 
structural valve deterioration and reoperation. Lehmann 
et al. (16) reported in 918 Trifecta implants a 5-year 

97.9% freedom from structural valve deterioration. These 
series showed satisfactory freedom from structural valve 
deterioration similar to that reported for the Perimount 
Magna Ease aortic prosthesis. At three years of follow-up 
we have not observed structural deterioration of the valve.

However, as also underlined by many authors (12,14,38-40),  
to evaluate as excellent the hemodynamic performance of 
the Trifecta valve, and to understand if the freedom from 
deterioration is equal or higher than other biological aortic 
valve prostheses, a long-term follow-up, i.e., at 10 years, is 
necessary.

PPM

In patients undergoing aortic valve replacement, especially 
when a biological prosthesis is implanted, PPM is not 
negligible and its main hemodynamic consequence is 
to generate high trans-aortic valve gradients through a 
normally functioning prosthetic valve (10). The negative 
impact of PPM on patient prognosis has been reported 
in several studies showing an increased all-cause and 
cardiac mortality. For these reasons, PPM minimization 
is becoming increasingly important when choosing which 
aortic valve prosthesis to implant. The incidence of 
moderate PPM is more frequent, ranging from 20% and 
70%, whereas the incidence of severe PPM occurs more 
rarely, ranging from 2% and 10% (41,42). Although some 
studies (43,44) suggest that an increased mortality can 
occur only in presence of a critical level of obstruction, i.e., 
EOAI <0.4 cm2/m2, numerous studies showed a negative 
outcome also in presence of a less degree of PPM. In 
particular, a negative impact of the PPM on the extent of 
left mass ventricular regression, cardiac index, improvement 
of NYHA class, and cardiac event-free survival occurs in 
presence of an EOAI less than 0.80 or 0.75 cm2/m2 (45-47).  
In our study we observed that the likely favourable 
hemodynamic performance of the Trifecta prosthesis led 
to a low incidence of significant PPM. In fact, PPM was 
mild-to-moderate (0.82–0.85 cm2/m2) in 19% of patients, 
moderate (0.81–0.68 cm2/m2) in 11%, and absent in its 
severe degree. Lehmann et al. (16) have reported a 4.8% 
incidence of moderate PPM, and in no any patient was 
observed a severe degree of PPM. Filip and co-workers (48) 
in 150 aortic valve replacements found a similar incidence 
of moderate PPM, i.e., 27.3%. Ruggieri et al. (49) after 
122 Trifecta implants reported at 3 years of follow-up 
15.7% and 2.2% incidence of moderate and severe PPM, 
respectively. At the statistical analysis we did not found 
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the moderate degree of PPM as a predictor of reduced 
survival and lack of NYHA class improvement, at least in 
the observed period of follow-up. Our findings are similar 
to those reported by Raimundo et al. (14), who reported at 
5 years of follow-up 11.3% and 1.1% incidence of moderate 
and severe PPM, with 96% of patients in NYHA class I-II. 
Hernandez-Vaquero and colleagues (50) in 339 Trifecta and 
963 Mitroflow implants, at 3 months reported 3.8% and 
32.6% moderate PPM, and 2.1% and 9.8% severe PPM, 
respectively with the Trifecta and the Mitroflow valves. He 
concluded that Trifecta aortic prosthesis had an odds ratio 
of 11.9 as protector against PPM, and that the prevalence 
of PPM using Trifecta prosthesis appeared extraordinary 
low. These findings have a great importance into the 
clinical practice. In fact, both PARTNER and Core Valve 
randomized trials (51,52) demonstrated that PPM was less 
common after trans-catheter aortic valve replacement than 
after surgical aortic valve replacement, suggesting that a 
lower incidence of PPM after trans-catheter approach could 
be, at least in part, responsible for a better clinical outcome 
compared with conventional surgery. On the other hand, as 
expected, better results after TAVR could be related with 
the lower incidence of bleeding complications and renal 
dysfunction observed during TAVR in comparison with 
surgery.

Therefore, in contrast to other preoperative risk factors 
affecting outcomes of patients undergoing surgical aortic 
valve replacement, PPM can be prevented with the choice 
of the type of prosthesis correctly.

Conclusions

The present study has several limitations: it enrolled a 
relatively small sample size, there was the lack of a control 
group for the comparison of Trifecta with other biological 
prosthetic valves, and follow-up time is limited to a 3-year 
period of investigation.

In conclusion, Trifecta aortic prosthesis seems to provide 
a very favourable clinical outcome and hemodynamic 
performance. At three years, survival was negatively affected 
by severe coronary artery disease detected at the time of 
operation. During the short-term follow-up, moderate 
degree of PPM did not affect both survival and clinical 
condition. Due to low incidence of PPM and low peak 
and mean trans-prosthetic aortic valve gradients, third-
generation Trifecta aortic prosthesis should be considered 
as one of the best options in the setting of the aortic 
valve replacement surgery. However, a long-term follow-

up at least of 10 years, is mandatory to confirm the early 
promising data.
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