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Results of new-generation self-expanding 
transcatheter Porticoтм valve implantation 
in patients with degenerative aortic stenosis

Aim	 To evaluate 30-day results of the transcatheter correction of degenerative aortic stenosis using a novel 
self-expandable valve, PorticoTM.

Material and Methods	 Transcatheter aortic valve implantation (TAVI) was performed in 42 patients with an intermediate 
surgical risk (mean age, 74.3±6.5 years, 8 men, 34 women, EuroSCORE II risk, 2.5 (1.5;4.1)) with 
severe degenerative aortic stenosis (AS). 20 (48 %) patients had ischemic heart disease; 8 (19%) of 
patients had atrial fibrillation, and 16 (38%) of patients had type 2 diabetes mellitus. Most of the 
patients (88 %) had preserved systolic function, and 5 patients had a pronounced decrease in left 
ventricular ejection fraction. Early efficacy and safety of the intervention were evaluated with VARC-2 
criteria.

Results	 In-hospital and 30-day mortality following TAVI was absent. Also, there were no adverse events, 
including cerebrovascular disorders, perioperative myocardial infarction, and conversion to open 
surgery. One patient had prosthesis migration to the aorta, which required implantation of the 
second self-expandable valve. Mean duration of the procedure was 90 min (80;110), fluoroscopy 
time was 21 min (19;24), and contrast volume 154 ml (200;240). Following TAVI, the mean 
aortic valve (AV) pressure gradient significantly decreased from 56.1±21.2 to 11.2±4.0 mm 
Hg, the maximal gradient decreased from 88.9±27.8 to 20.0±7.0 mm Hg, and the AV effective 
orifice area increased from 0.67±0.2  to 1.9±0.3 cm2 (p<0.001). By the time of discharge from 
the hospital, all patients showed regression of AS clinical manifestations. The percentage of 
patients with NYHA functional class III chronic heart failure reduced from 62 % to 7 % (p<0.001) 
after TAVI. In one case after the implantation, grade 3 aortic regurgitation was observed, which 
required endovascular occlusion to close the paraprosthetic fistula. Moderate paraprosthetic 
regurgitation (grade <2) was observed in 3  (7 %) patients. Only 2  (4.8%) patients required 
permanent pacemaker implantation.

Conclusion	 Results of the single-center prospective TAVI study using a novel self-expandable valve Porticoтм 
showed satisfactory hemodynamic parameters, efficacy and safety of the procedure for the 30-day 
follow-up period. A relatively low radial force of the carcass can be beneficial for reducing the incidence 
of permanent pacemaker implantation after TAVI.
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Many transcatheter aortic valve (AV) prosthesis 
of different types, balloon-expandable and self-

expandable, have appeared as a result of the rapid 
development of the transcatheter aortic valve rep
lacement (TAVR) method. [1]. It is undoubtedly im
portant to assess the outcomes of the clinical application 
of new TAVR devices, to identify the features of patient 
selection and insertion techniques, to study safety and 
efficacy of interventions.

Objective
Evaluate the 30 day outcomes of transcatheter treatment 

of degenerative aortic valve stenosis using the new Portico™ 
self-expandable valve.

Material and methods
In 2021, 42 patients with severe calcific aortic valve 

stenosis of intermediate surgical risk were operated in 
succession in the Department of Cardiovascular Surgery 
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of the Academician Chazov National Medical Research 
Center (Russian Federation). Median Euroscore II was 2.5 
(1.5; 4.1). Mean age was 74.3±6.5 years (min-max 60–85); 
8 patients were male, and 34 (81 %) patients were female. All 
patients underwent transthoracic echocardiography (TTE), 
electrocardiogram (ECG), coronary artery angiography, 
ECG- gated multislice computed tomography angiography 
of the aorta, for preoperative examination. Transesophageal 
echocardiography (TEE) was used during surgery to control 
the position of the prosthesis and the degree of residual 
aortic regurgitation (AR). Control echocardiography was 
performed before the discharge from hospital.

Indications for the TAVR surgery were determined 
following the current clinical guidelines [2]. All patients 
signed the informed consent for the surgery and follow-
up. The study was conducted following the Declaration 
of Helsinki. Special approval of the study protocol by the 
local ethics committee was not required because the study 
was observational using the transcatheter bioprosthesis 
approved in the Russian Federation.

The Porticotm self-expandable transcatheter biopro
sthesis was placed via the transfemoral approach in a hybrid 
surgical room. The bioprosthesis had four sizes (23, 25, 
27, and 29 mm) and was placed in the 19–27 mm annulus. 
Portico™ is the first-generation bioprosthesis based on the 
platform developed by Abbott (USA). It is a self-expandable 
nitinol frame with sewn-in bovine pericardial leaflets 
processed with Linx anticalcification technology (Figure 
1). The prosthetic leaflets are positioned in the intra- annular 
manner. The valve is repositionable and can be trapped and 
extracted from the vessel before final disconnection from 
the delivery system, if necessary. The large size of the frame 
cells provides easy access to the coronary arteries. The large 
size of the cell also ensures a high radial force of the frame, 
allows most tightly press and fit dense calcium minimizing 
the incidence of paraprosthetic fistulas. The new low-profile 
(14-15F) delivery system FlexNav™ approved by the FDA in 
2021 allows performing interventions in patients with small 
femoral arteries (from 5 mm) [3].

Surgery Protocol
The common femoral artery (CFA) was surgically 

accessed under endotracheal anesthesia and a 6F sheath 
introducer was inserted. Then, a percutaneous puncture 
of the contralateral CFA and femoral vein was performed 
and 6F sheaths were placed using the Seldinger technique, 
through which a pigtail diagnostic catheter was inserted into 
the non-coronary sinus and a high-frequency stimulation 
lead was placed in the right ventricle. The view of the aortic 
root was derived, in which all three sinuses of Valsalva were 
aline. Next, the pigtail catheter was inserted via CFA into 
the aortic root, aortography was performed, and a super 

rigid guidewire was inserted, on which a balloon catheter 
was placed at the AV site (balloon size was 20, 23 or 25 mm 
depending on the native valve diameter), and AV was 
incised during high-frequency stimulation. After removal 
of the balloon catheter via the super-rigid guidewire, the 
Portico™ bioprosthesis was placed and implanted using the 
FlexNav™ delivery system. Final aortography was conducted 
after removal of the delivery system to assess the patency of 
the coronary arteries and the degree of aortic regurgitation 
(Figure 2). After removal of guidewires, catheters, and 
sheath introducers, surgical hemostasis was performed, the 
wound was closed layer-by-layer, and aseptic bandages were 
applied.

Figure 1. Portico self-expandable  
prosthetic valve and FlexNav delivery system

Figure 2. Placement of the prosthesis  
and final replacement result

A – placement of the 
prosthesis using a pigtail 
measuring catheter.

B – final  
aortography,  

no residual aortic 
regurgitation.
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The early efficacy and safety of TAVR (postoperative 

period and 30 days after the surgery) was assessed using 
the VARC-2 criteria [4]. The technical success of the 
procedure was studied, which implied the absence of 
perioperative lethality, hemodynamically significant AR 
and residual stenosis defined as the mean systolic pressure 
gradient (SPGm) > 19 mm Hg, prosthesis dislocation and 
the need for the second valve replacement; mortality (all-
cause and surgery-related); serious vascular complications 
and bleeding; perioperative myocardial infarction; 
cerebrovascular accident; acute renal failure; permanent 
pacemaker implantation.

The data were processed using STATISTICA 8.0 
(StatSoft). The normality of sample data distribution was 
evaluated using the Shapiro–Wilk test. Depending on the 
type of distribution, quantitative data are presented as the 
arithmetic means ± standard deviations (M±SD) or the 
medians and interquartile ranges [Me (25th percentile; 75th 
percentile)], categorical data are expressed as percentages. 
A two-tailed paired Student’s t-test was applied to the 
dependent populations to assess the statistical significance 
of the differences of quantitative indicators before and after 
the surgery. Univariate analysis of variance with a Bonferroni 
correction for multiplicity was used to determine intergroup 
differences. When the prognostic role of some indicators 
was assessed, the odds ratio and confidence interval were 
calculated. A four-fold conjugation table was analyzed 
using Fisher’s exact test for independent observations or 
the McNemar test to compare the frequency of a variable 
before and after the surgery. Differences were considered 
statistically significant with p less than 0.05.

Results
Coronary artery disease was present in 20 (48 %) operated 

patients, 12 (29 %) patients underwent coronary artery stenting, 
8 (19 %) patients had a history of atrial fibrillation, and in 16 
(38 %) patients had type 2 diabetes mellitus. One patient who 
had previously undergone a surgical AV replacement with a 
biological prosthesis was subjected to a valve-to-valve surgery. 
At baseline, 26 (62 %), 13 (31 %), and 3 (7 %) patients had CHF 
FC III, FC II, and FC I, respectively. Most of the patients (88 %) 
had preserved systolic function, and only 5 patients showed 
markedly decreased left ventricular ejection fraction (LVEF). 
Postcapillary pulmonary hypertension, defined as pulmonary 
artery systolic pressure (PASP) at rest > 35 mm Hg, was present 
in 26 (62 %) patients. Advanced AV calcification grade 3–4 was 
shown by high-resolution multislice computed tomography 
in 17 (40 %) patients. The baseline clinical and demographic 
characteristics of patients are shown in Table 1.

In hospital and 30‑day postoperative mortality was nil. There 
were no cases of surgery-related or all-cause death, coronary 
obstruction, myocardial infarction, or acute renal injury in the study 

group within 30‑day follow-up period. On day 2 after surgery, one 
patient developed cerebrovascular accident, such as minor splenial 
stroke with resolution of neurological deficit before discharge 
from the hospital. In one case, left CFA impairment was diagnosed 
after TAVR, which was sutured to completely restore adequate 
blood flow. One female patient had a pulsating hematoma at 
the CFA puncture site, which was treated by applying a pressure 
dressing. Mean intraoperative blood loss was 116.3±50.7 (min-
max 20–300) mL, no one needed blood transfusion. Intervention 
characteristics are summarized in Table 2.

New-onset paroxysm of atrial fibrillation occurred in 3 (7 %) 
patients after TAVR, which was managed with drugs. Complete 
left bundle branch block was observed in the postoperative 
period in 12 (29 %) patients, and the conduction disorder 
was transient in one case. The new onset of left bundle branch 
block was not associated with initial grade 3 4 AV calcification 
(p > 0.05). At the time of discharge, 5 (12 %) patients still had 
asymptomatic grade 1 atrioventricular block on ECG. During 
hospital stay, 2 (4.8 %) patients with grade 3 atrioventricular 
block persisting for more than 5 days after TAVR required 
permanent pacing. Patients stayed in the intensive care unit 
for not more than 24 hours. Mean duration of postoperative 
hospital stay after transfer from the intensive care unit was 6 
(min-max 5–12) days.

According to angiography and intraoperative TEE, 
incomplete opening of the bioprosthesis was observed in 13 
(31 %) cases, accompanied by paraprosthetic AR, which was 
managed by the prosthesis postdilation with a positive effect.

Table 1. Baseline clinical and demographic 
characteristics of patients (n = 42)

Parameter Value
Sex  
Male, n (%) 
Female, n (%)

 
8 (19) 

34 (81)
Euroscore II, % 2.5 (1.5;4.1)
Euroscore log, % 7.6 (4.6;9.8)
Arterial hypertension, n (%) 38 (90)
Coronary artery disease, n (%) 20 (48)
History of myocardial infarction, n (%) 3 (7)
History of coronary artery stenting, n (%) 12 (29)
Coronary stenosis > 50 %  
(uncorrected before TAVI), n (%) 9 (21)

Atrial fibrillation, n (%) 8 (19)
Implanted pacemaker, n (%) 3 (7)
Diabetes mellitus type 2, n (%) 16 (38)
Carotid stenosis > 50 %, n (%) 9 (21)
Chronic obstructive pulmonary disease, n (%) 9 (21)
History of COVID-19, n (%) 10 (24)
Chronic kidney disease stage 2–3, n (%) 15 (36)
The data are expressed as n (%) or Me (25th percentile; 75th 
percentile). TAVR, transcatheter aortic valve replacement; 
COVID-19, novel coronavirus disease caused by SARS-COV-2.
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One 77‑year-old female patient with grade 4 calcification 

(Figure 3) was subjected to several balloon inflation procedures 
after TAVR, however, control echocardiography on day 2nd 
after surgery showed grade 3 AR due to paraprosthetic fistula. 
Given initial REDUCED LVEF (37 %) and high pulmonary 
artery pressure (PASP 85 mm Hg), increasing mitral 
insufficiency and pulmonary congestion, it was decided to close 
the fistula by endovascular approach.

Surgery protocol. The left CFA was accessed and a 12F 
introducer was inserted under endotracheal anesthesia. Right 
superficial femoral artery was punctured, and a 6F diagnostic 
catheter was placed. Systemic heparinization was performed. 
A rigid guidewire with the diagnostic catheter was inserted 
through the introducer, placed in the left CFA, through the 
paraprosthetic fistula of the AV prosthesis into the left ventricle, 
then a 9F delivery system was inserted. Two Occlutech tm 
occluders were inserted into the paraprosthetic fistula (Figure 
4). Echocardiography showed the occluder in the fistula 
position, residual AR was minimal (Figure 5). When the 
guidewires, catheters, introducers were removed, hemostasis 
was performed, and the wound was closed layer by layer.

Neither patient had residual paraprosthetic AR higher than 
grade 2 at the time of discharge. The percentage of patients 
with grade 2 AR significantly decreased after surgery: 24 % and 
9.5 % before and after TAVR, respectively (p=0.025). There 
was statistically significant association between initial grade 
3–4 AV calcification and residual AR above the trace levels 
(p=0.75).

There were no significant differences in LVEF and PASP 
before and after surgery. The presence of initially reduced LVEF 
(< 50 %) turned out to be a risk factor for the persistence of 
pulmonary hypertension 30 days after TAVR (odds ratio (OR) 
12.4, 95 % confidence interval (CI) 1.2–126.2; p=0.026). There 
was no relationship between paraprosthetic AR grade >1 and 
persistence of increased PASP.

The maximum and mean AV pressure gradients decreased 
significantly in all patients after TAVR, and the area of the aortic 
orifice, on the contrary, significantly increased compared to the 
preoperative values (Table 3). When comparing prostheses 
of different diameters between the groups, using univariate 
analysis of variance, both maximum (p=0.043) and mean 
systolic pressure gradients (p=0.038) differed statistically 
significantly. The posterior analysis showed significant differen
ces in SPGmax between prosthesis sizes 23 mm and 29 mm 
(p=0.001), in SPGm for the 23‑mm and 27‑mm prostheses 
(p=0.004) and 23‑mm and 29‑mm prostheses (p=0.0007) 
(Table 4).

One patient (2 %) with a 25‑mm prosthesis implanted had a 
moderate patient-prosthesis discrepancy (mean gradient on the 
prosthesis was 24 mm Hg) without clinical manifestation.

One patient experiences a migration of the prosthesis into 
the aorta immediately after the procedure, which required 

the implantation of a second self-expandable valve prosthesis 
(Figure 6).

At the end of hospital stay, all patients showed significant 
regression of clinical manifestations of AS and a decrease in 
CHF to FC≤2 in most patients (median FC 3 (2; 3) and 2 (1; 2) 
after TAVR, respectively, p < 0.001). The percentage of patients 
with CHF FC 3 after TAVR decreased from 62 % to 7 % (p < 
0.001).

Analysis of changes in renal nitrogen excretion before and 
after TAVR showed a small, but statistically significant, decrease 
in the levels of serum creatinine from 83.3±22.9 μmol / L to 
79.4±18.4 μmol / L (p=0.028) and an increase in the glomerular 
filtration rate (CKD-EPI) from 67.4±17.1 mL / min / 1.73 m2 

Table 2. Characteristics of the surgeries performed (n = 42)

Parameter Value

Prosthesis dimension, mm

23, n (%) 9 (21)
25, n (%) 11 (26)
27, n (%) 10 (24)
29, n (%) 12 (29)

Duration of surgery, min  90 (80;110)
Time of fluoroscopy, min 21 (19;24)
Volume of contrast agent administered, mL 154 (200;240)

Radiation exposure, mGy 1250 
(1100;1844)

TEE, n (%) 41 (98)
Balloon predilation, n (%) 42 (100)
Balloon postdilation, n (%) 13 (31)
Duration of mechanical ventilation, min. 193 (160;226)
Second valve replacement needed, n (%) 1 (2)
Endovascular closure of paraprosthetic fistula, n (%) 1 (2)
The data are expressed as n (%) or Me (25th percentile;  
75th percentile). TEE, transesophageal echocardiography

Figure 3. Multislice computed  
tomography of the heart, frontal view

Calcification  
of the aortic  

and mitral valves  
is clearly visible.
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to 71.2±16.8 mL / min / 1.73 m2 (p=0.018). The percentage of 
patients with stage 3b chronic kidney disease decreased from 
14 % to 7 %, but the difference was not statistically significant 
(p=0.564).

Discussion
The immediate results of the first Russian series of 

transcatheter implantation of the Porticotm bioprosthesis 
support a good clinical efficacy and safety profile in patients 
with calcific aortic valve stenosis. Equivalent results were 
obtained in the PORTICO IDE study that included 750 
patients (mean age 83 years, 53 % of female patients), rando

mized to two groups: Portico™ (n=381) and other transcatheter 
valves (n=369). The study was designed to evaluate the non-
inferiority of TAVR using Portico™ in safety and efficacy. 
30‑day all-cause mortality was 3.5 % versus 1.9 % (p=0.2), 
the incidence of postoperative stroke was 1.6 % versus 1.1 % 
(p=0.55), and major vascular complications were reported in 
9.6 % versus 6.3 % of patients (p=0.1) in the Portico™ group 
and other (CoreValve and Sapien 3) groups, respectively. The 
groups did not differ significantly in the composite primary 
endpoint (12‑month all-cause mortality or incidence of 
stroke) (14.9 % in the Portico™ group versus 13.4 % in other 
groups (p=0.006 for non-inferiority) [5]. A non-randomized 

Table 3. Comparison of echocardiographic 
indicators before and after surgery

Parameter
Before 
surgery  
(n = 42)

After  
surgery  
(n = 42)

p value

LVEF, % 61.5±9.2 62.6±8.0 0.26

SPGmax, mm Hg 88.9±27.8 20.0±7.0 <0.001

SPGm, mm Hg 56.14±21.2 11.2±4.0 <0.001

Effective  
AV area, cm² 0.67±0.2 1.9±0.3 <0.001

PASP, mm Hg 39.7±13.3 38.9±10.9 0.31

AR grade 2, n (%) 10 (24) 4 (9.5) 0.025

The data are expressed as % (n) or M ± SD; LVEF, left ventricular 
ejection fraction; SPGmax, maximum systolic pressure gradient, 
SPGm, mean systolic pressure gradient, AV, aortic valve; PASP, 
pulmonary artery systolic pressure, AR, aortic regurgitation.

Table 4. Residual systolic pressure gradients on prostheses of different diameters
Parameter 23 mm (n = 9) 25 mm (n = 10) 27 mm (n = 10) 29 mm (n = 12) p value

SPGmax, mm Hg 23.6±3.3 22.5±10.2 18.6±5.0 16.0±5.4 <0.001#
SPGmean, mm Hg 13.0±1.5 12.6±5.9 9.8±2.6 9.0±2.9 <0.001#. <0.05*
The data are expressed as M ± SD, # – for 23-mm and 29-mm prostheses,  
* – for 23-mm and 27-mm prostheses; SPGmax, maximum systolic pressure gradient, SPGm, mean systolic pressure gradient.

Figure 4. Intraoperative fluoroscopy

Placement  
of occluders to close 
paraprosthetic fistula 

(arrows show the 
occluders, one  

of which is attached  
to the delivery  

system).

Figure 5. Intraoperative transesophageal echocardiography

A – the short axis  
of the aortic valve, color  
Doppler mapping before 

the placement of occluders 
(paraprosthetic fistulas  

are marked).

B – the short axis  
of the aortic valve, color 

Doppler mapping (arrows  
show the implanted  

occluders).
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prospective multicenter study by Möllmann H. et al. included 
222 patients (mean age 83±4.6 years, 74.3 % of female patients, 
mean STS risk 5.8 %). 30‑day all-cause mortality was 3.6 %, the 
incidence of stroke was 3.2 %, and major vascular complications 
occurred in 7.2 % of patients. 13.5 % of patients needed 
permanent pacing, moderate paraprosthetic regurgitation was 
observed in 5.7 % of patients, none of the patients had severe 
regurgitation. An improvement in NYHA FC by at least one 
class was observed in 78.5 % of patients [6].

Our findings also show a significant improvement in heart 
FC  after TAVR. Higher glomerular filtration rate may be 
indirectly indicative of generally improved organ perfusion [7, 8].

The presence of pronounced AV calcinosis in patients who 
underwent TAVR is a known risk factor of paraprosthetic 
insufficiency of various degree due to the incomplete opening 
of the metal frame and the formation of paravalvular fistulas [9, 
10]. According to Kumar et al., the radial force of the Portico 
valve™ is 2‑times lower than that of CoreValve™ [11], which 
increases the probability of incomplete frame apposition to the 
fibrous AV ring and the formation of a paraprosthetic fistula 
[12]. However, the incidence of significant paraprosthetic 
fistulas was not significant in our study.

The hemodynamic result of the intervention can be 
improved by postdilation of the prosthesis with a balloon of 
a subnominal diameter (20–25 mm). In our clinic, more than 
600 self-expandable CoreValve™ / Evolut R™ and Acurate Neo™ 
bioprostheses were implanted, therefore, we accumulated 
considerable experience in balloon postdilation to reduce 
paraprosthetic regurgitation. For example, we applied balloon 
postdilation for the Accurate Neo™ bioprosthesis in 55 % 
of cases [13]. As for the Portico™ valve, the frequency of 
bioprosthesis postdilation was only 31 % (Table 2). These 
differences may be due to the fact that, given the lower radial 
force of the Portico™ valve, there were fewer patients with 
massive grade 3–4 AV calcification among the patients selected 
for the implantation of a new prosthesis. This circumstance 
can probably also be an explanation for the extremely low 
need for an implantable pacemaker in our study (4.8 %), since 
valvular and subvalvular calcification of AV is a significant risk 
factor for atrioventricular conduction abnormalities [14]. On 
the other hand, the possible contribution of decreased frame 
rigidity to reducing the frequency of transverse block cannot 
be disregarded.

Due to the high prevalence of coronary artery disease 
(CAD) in patients with severe AS (48 % of patients in our 

study), it is relevant to keep free access to coronary arteries 
after TAVR. The design of this prosthesis (wide frame cells) 
facilitates performing coronary artery angioplasty and allowing 
using of a 15F sheath introducer, if necessary. Although there 
was no need for emergency myocardial revascularization after 
or during TAVR in the study group, 9 (21 %) patients had 
uncorrected stenosis of one or more coronary arteries before 
the replacement, which may further require percutaneous 
intervention.

The study was limited by the small number of patients and 
the lack of long-term outcomes, which we are going to evaluate 
and compare with other types of self-expandable bioprostheses 
in future.

Conclusion
The immediate results of a single-center prospective 

study of transcatheter replacement of the new Portico™ self-
expandable prosthetic valve demonstrated its satisfactory 
hemodynamic performance, and the good efficacy and safety 
profile of the procedure. Relatively low radial force of the 
frame can contribute to reducing the frequency of permanent 
pacemaker implantation after TAVR. The prosthesis allows 
achieving the best possible hemodynamic performance even 
in patients with severe calcification due to good apposition 
of the frame to the native AV structures and the possibility of 
carrying out balloon postdilation.
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