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Background: Transcatheter aortic valve implantation (TAVI) is intended to reduce left ventricular afterload and the con-

comitant left ventricular end-diastolic pressure (LVEDP) change. Currently, two types of prosthetic valves are used in the

TAVI procedures: balloon-expandable valves and self-expandable valves. The purpose of the current study was to investigate

the effects of these valves on the LVEDP after valve deployment.

Methods: This retrospective study included 181 patients who underwent transfemoral TAVI. The patients were classified

into one of two groups according to whether a balloon-expandable prosthetic valve (group B) or self-expandable prosthetic

valve (group S) was used in the procedure. The intraoperative LVEDP, measured using an intracardiac catheter, was com-

pared before and after valve deployment.

Results: The LVEDP decrement was significantly greater for group S than for group B (-1.3 ± 6.0 mmHg vs. 0.8 ± 5.1

mmHg). A subgroup analysis of the patients with mild or lower grade aortic regurgitation showed a significantly greater dec-

rement of the LVEDP for subgroup S than for subgroup B (-1.8± 5.6 mmHg vs. 0.5± 4.8 mmHg).

Conclusion: Self-expandable prosthetic valves are advantageous for preventing LVEDP elevation after TAVI compared to

balloon expandable prosthetic valves.

The study was registered at the University Hospital Medical Information Network Clinical Trials Registry ( UMIN

000040255).
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Introduction

Transcatheter aortic valve implantation (TAVI) for pa-

tients with severe aortic stenosis has spread rapidly as a

less invasive alternative to surgical aortic valve replace-

ment.
１，２

Not only is TAVI expected to improve the left

ventricular (LV) systolic function by reducing the LV af-

terload, but it also improves the LV diastolic function. As

a result, the LV end-diastolic pressure (LVEDP) is pre-

dicted to decrease after the TAVI procedure; however,

we have previously reported a significant LVEDP eleva-

tion just after deployment of a balloon-expandable pros-
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thetic valve via the transfemoral approach.
３

There are two types of prosthetic valves that have been

used in the TAVI procedure since the introduction of

self-expandable valves : balloon-expandable prosthetic

valves and self-expandable prosthetic valves.
１

The major

procedural difference between these prosthetic valves is

whether or not balloon dilatation is required for valve de-

ployment. A balloon-expandable prosthetic valve re-

quires balloon dilatation at least once during the aortic

balloon valvuloplasty ( BAV ) and valve deployment,
４

whereas a self-expandable prosthetic valve does not re-

quire balloon dilatation. Balloon dilatation generally re-

quires rapid ventricular pacing (RVP), which can cause

significant and sustained hemodynamic deterioration. We

have hypothesized that RVP during the TAVI procedure

can impact the LV diastolic function and LVEDP. Thus,

in this study, we investigated whether the two types of

prosthetic valves currently in use have different effects

on the LVEDP.

Materials and Methods

The regional ethical committee of the Kurashiki Central

Hospital Review Board provided ethical approval for this

retrospective study (Reference No. 2333), and the study

was registered at the University Hospital Medical Infor-

mation Network Clinical Trials Registry ( UMIN

000040255, registration date: April 27, 2020). For this

study, we reviewed the medical records of patients who

had undergone a TAVI procedure between February

2017 and January 2020, and the exclusion criteria were

as follows: patients who required a percutaneous cardio-

pulmonary support device or intra-aortic balloon pump-

ing perioperatively, patients who required additional sur-

gical procedures because of intraoperative complications,

patients who transitioned to emergent cardiac surgery,

and patients with insufficient medical data.

Anesthesia management and TAVI procedures

All the procedures were performed in a hybrid operat-

ing suite with angiographic, fluoroscopic, and other im-

aging capabilities. During the procedures, the patients

were managed under general anesthesia or monitored an-

esthetic care (MAC) at the discretion of the heart team,

which included anesthesiologists. General anesthesia was

routinely induced using propofol, rocuronium bromide,

fentanyl, and remifentanil and maintained using desflu-

rane, sevoflurane or propofol at the anesthesiologist’s

discretion. MAC was performed using a small dose of

sedatives and opioids.

The TAVI procedures were performed via the trans-

femoral approach using either a balloon-expandable pros-

thetic valve (SAPIEN 3 valve, Edwards Lifesciences,

Irvine, CA, USA) or a self-expandable prosthetic valve

(CoreValve, Evolut R or Evolut PRO, Medtronic, Min-

neapolis, MN, USA). The specific type of valve to use

for each patient was determined by the surgeon at the

preoperative heart team conference.

After the valve was prepared for implantation, RVP at

a rate of 170-180 beats/min was applied during the BAV

and balloon-expandable prosthetic valve deployment to

adequately reduce the cardiac output. To reduce perival-

vular leakage (PVL) after the prosthetic valve was de-

ployed, post-dilatation RVP was performed at the discre-

tion of the heart team and based on the PVL severity. Af-

ter the procedure was completed, the patients who under-

went TAVI under general anesthesia were awakened and

extubated in the operating theater, after which they were

transferred to the intensive care unit and managed for at

least one day.

Data recordings and collection process

The intraoperative LV pressure waveform was rou-

tinely recorded using the intracardiac catheter that was

required for the TAVI procedure. The LVEDP was then

derived from the LV pressure waveform. After the proce-

dure was completed, experienced cardiologists used pe-

rioperative transthoracic or transesophageal echocar-

diography to comprehensively assess the residual aortic

regurgitation (AR) severity and PVL based on the defini-

tions developed by the Valve Academic Research

Consortium-2, which include qualitative parameters, as

well as semi-quantitative and quantitative measurements.
５

The hemodynamic data and intracardiac pressures

were obtained from the anesthesia and intracardiac pres-

sure measurement records at specific time points before

and after implantation. The values from the hemody-

namically stable period before the first RVP were used as

the pre-procedural measurements, and those from the sta-

ble period immediately after deployment of the prosthetic
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valve were used as the post-procedural measurements.

Data analysis

Each patient was assigned to one of two groups. Group

S consisted of patients treated with a self-expandable

prosthetic valve, and group B consisted of patients

treated with a balloon-expandable prosthetic valve. The

continuous variables are presented as the mean ± stan-

dard deviation, unless otherwise specified. The non-

parametric variables are presented as the median (25th

and 75 th percentiles ) . The continuous variables were

compared using paired or non-paired Student’s t-tests for

the normally distributed variables. The non-normally dis-

tributed continuous variables were compared using the

Mann-Whitney U test. The categorical variables were

compared using the Pearson’s chi-square test. The Pear-

son product-moment correlation coefficient was used to

evaluate the relationship between the changes in the

LVEDP and the intraoperative fluid balance. A subgroup

analysis was performed based on the severity of the pre-

operative and residual AR to avoid the effects of AR on

the LVEDP. The AR severity cutoff value was deter-

mined based on the results of a previous study in which

the relationship between peri-prosthetic AR and post-

TAVI outcomes was investigated.
６

The subgroup analysis

in that study included patients with mild or lower AR

grades and/or residual PVL, both before and after the

procedure. Statistical significance was set at p < 0.05. All

the statistical analyses were performed using the R Statis-

tical Package (R Foundation for Statistical Computing,

Vienna, Austria).

Results

We reviewed the medical records of 196 patients who

underwent TAVI via the transfemoral approach at our

hospital during the study period. Ultimately, a total of

181 patients (61 in group S and 120 in group B) were en-

rolled after excluding the patients that required circula-

tory assist devices (2 patients), those with intraoperative

complications (4 patients) , and those with insufficient

data (9 patients). The patient characteristics were similar

between the two groups. The proportion of patients with

a history of myocardial infarction was significantly

higher for group B than for group S (15% vs. 4.9%, re-

spectively). Preoperative echocardiography showed a sig-

nificantly higher mean aortic valve pressure gradient for

group S than for group B (55.3 ± 17.6 vs. 47.8 ± 15.9

mmHg, respectively) (Table 1). For both groups, high

early diastolic mitral inflow velocity to early diastolic

mitral annular velocity (E/e’) ratios, low e’ velocity val-

ues, and prolongation of the E velocity deceleration time

were observed.

The procedural characteristics and anesthetic manage-

ment are summarized in Table 2. The pre-procedural

mean pressure gradient between the LV and ascending

aorta was significantly higher for group S than for group

B (62.8 ± 21.7 vs. 50.9 ± 16.9 mmHg, respectively, p

< 0.001), but the total number of balloon dilatations was

significantly smaller for group S than for group B

(Table 2). The proportion of patients with mild or less

residual PVL was significantly lower for group S than for

group B. Although the LVEDP did not decrease signifi-

cantly after the procedure for either group (from 14.1 ±
6.1 to 12.9 ± 4.8 mmHg for group S, p = 0.11 vs. 13.1

± 6.1 to 13.9 ± 5.8 mmHg for group B, p = 0.065)

(Table 2), the decrement of the LVEDP before and after

valve deployment was significantly greater for group S

than for group B (-1.3 ± 6.0 vs. 0.8 ± 5.1 mmHg, p =

0.015) (Figure 1, left).

A subgroup analysis excluding 25 patients from group

S and 20 patients from group B due to moderate or se-

vere preoperative AR grades and/or residual PVL was

performed. There was no significant difference in the

pre-procedural LVEDP between the two groups (14.3 ±
6.2 for subgroup S vs. 13.3 ± 6.5 mmHg for subgroup

B). The LVEDP decrement was significantly greater for

subgroup S than it was for subgroup B (-1.8 ± 5.6 vs.

0.5± 4.8 mmHg, p = 0.025) (Figure 1, right). The in-

traoperative fluid balance did not correlate with LVEDP

changes in either subgroup (Figure 2).

Discussion

The results of the present study demonstrate that the

LVEDP did not decrease meaningfully after deployment

of the prosthetic valves, and the LVEDP decrement after

the TAVI procedure for the patients treated with a self-

expandable prosthetic valve was significantly greater

than that of the patients treated with balloon-expandable
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Table　1.　Patient baseline clinical parameters.

All 
(n = 181)

Group S 
(n = 61)

Group B 
(n = 120)

p-value

Male/Female 53/128 19/42 34/86 NS

Age, years  85.7 ± 5.2  84.4 ± 5.2  86.3 ± 5.0 p < 0.05

Height, cm 149.4 ± 8.9 149.7 ± 8.4 149.2 ± 9.1 NS

Weight, kg   50.5 ± 10.4   49.1 ± 10.2   51.2 ± 10.4 NS

Body surface area, m2   1.43 ± 0.16   1.41 ± 0.17   1.44 ± 0.16 NS

Comorbidity

Hypertension, n (%) 124 (68.5) 44 (72.1)   80 (66.7) NS

Diabetes, n (%)  39 (21.5) 13 (21.3)   26 (21.7) NS

Smoking, n (%)  6 (3.3) 4 (6.6)   2 (1.7) NS

Dyslipidemia, n (%)  72 (39.8) 21 (34.4)   51 (42.5) NS

Old myocardial infarction, n (%)  21 (11.6) 3 (4.9) 18 (15) p < 0.05

EuroSCORE II, %, median (IQR) 3.1 [2.3, 4.2] 3.1 [2.3, 4.0] 3.1 [2.3, 4.5] NS

Preoperative echocardiographic study, mean ± SD

Ejection fraction, %* 61.0 ± 11.6 61.8 ± 10.9 60.6 ± 12.0 NS

Stroke volume index, mL/m2 50.7 ± 14.7 52.2 ± 12.1 50.0 ± 15.8 NS

Mean aortic valve pressure gradient, mmHg 50.3 ± 16.8 55.3 ± 17.6 47.8 ± 15.9 p < 0.01

Aortic valve orifice area index, cm2/m2 0.49 ± 0.15 0.48 ± 0.16 0.49 ± 0.14 NS

Aortic valve regurgitation severity, n (%) p < 0.05

Grade ≤ 2 153 (84.5) 47 (77.0) 106 (88.3)

Grade > 2  28 (15.5) 14 (23.0)  14 (11.7)

Mitral inflow E velocity, cm/s†  78.3 ± 26.8  78.7 ± 25.9  78.1 ± 27.2 NS

Mitral inflow A velocity, cm/s‡ 103.4 ± 27.4 101.5 ± 28.5 104.3 ± 26.7 NS

E velocity/A velocity ratio‡  0.79 ± 0.45  0.82 ± 0.50  0.77 ± 0.42 NS

Mitral inflow E wave deceleration time, ms§  255.2 ± 111.9 264.1 ± 97.7  250.8 ± 118.0 NS

Early diastolic mitral annular velocity (e’), cm/s||  4.0 ± 1.4  4.0 ± 1.4  4.1 ± 1.4 NS

E/e’ ratio¶ 21.1 ± 9.2 21.9 ± 9.8 20.7 ± 8.8 NS

*Group S, n = 61; Group B, n = 118.

†Group S, n = 58; Group B, n = 118.

‡Group S, n = 52; Group B, n = 103.

§Group S, n = 57; Group B, n = 115.

||Group S, n = 59; Group B, n = 117.

¶Group S, n = 56; Group B, n = 116.

EuroSCORE, European System for Cardiac Operative Risk Evaluation; IQR, interquartile range; NS, not significant; 

SD, standard deviation.

valves.

There are several factors that affect the LVEDP, in-

cluding RVP, AR, LV diastolic function, and the intraop-

erative fluid balance. RVP could have a negative effect

on cardiac function, which did not reduce the LVEDP of

the patients treated with balloon-expandable valves. The

critical procedural difference between the two types of

prosthetic valves is whether balloon dilatation is neces-

sary for valve deployment. BAV and deployment of

balloon-expandable devices generally require RVP. Our

results show that the total number of balloon dilatations

was significantly higher for the patients using balloon-

expandable prosthetic valves than for those using self-

expandable prosthetic valves, which may induce sus-

tained hemodynamic deterioration.
７，８

A previous study

reported that RVP induced a time-dependent decrement

in microvascular blood perfusion and was associated

with microcirculatory arrest and delayed microflow re-

covery.
９

The demographic data showed a significantly

high ratio of patients with balloon-expandable prosthetic

valves who had a history of myocardial infarction. Coro-

nary perfusion deterioration induced by RVP may have

been partly responsible for the LVEDP changes, espe-

cially for patients with myocardial ischemia.

Preoperative AR or residual PVL after TAVI deploy-

ment could directly affect LVEDP elevation. Therefore,

we conducted a subgroup analysis in which the patients

with moderate or higher preoperative AR grades and/or

residual PVL after deployment were excluded. However,

the results of this analysis were the same as those of the
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Table　2.　Procedural characteristics.

All 
(n = 181)

Group S
 (n = 61)

Group B 
(n = 120)

p-value

Prosthetic valve, n Corevalve 1 SAPIEN 3 120

Evolut R 40

Evolut PRO 20

Total number of BAV procedures, n (%) p < 0.001

0 15 (8.3) 15 (24.6) 0 (0)

1  32 (17.7) 28 (45.9)  4 (3.3)

2 111 (61.3)  9 (14.8) 102 (85.0)

3  19 (10.5)  7 (11.5)  12 (10.0)

4 ≤  4 (2.2) 2 (3.3)  2 (1.7)

Mean aortic valve pressure gradient, mmHg

Before the deployment 54.9 ± 19.4 62.8 ± 21.7 50.9 ± 16.9 p < 0.001

After the deployment 8.6 ± 4.9 9.1 ± 5.2 8.3 ± 4.7 NS

LVEDP, mmHg

Before the deployment 13.4 ± 6.1 14.1 ± 6.1 13.1 ± 6.1 NS

After the deployment 13.5 ± 5.5 12.9 ± 4.8 13.9 ± 5.8 NS

LVEDP decrement, mmHg 0.1 ± 5.5 -1.3 ± 6.0 0.8 ± 5.1 p < 0.05

Residual PVL severity, n (%) p < 0.001

Grade ≤ 2 158 (87.3) 44 (72.1) 114 (95.0)

Grade > 2  23 (12.7) 17 (27.9)  6 (5.0)

Anesthetic time, min 111 ± 52 117 ± 26 108 ± 21 p < 0.05

Surgical time, min 53 ± 19 58 ± 19 50 ± 18 p < 0.001

Anesthesia, n (%) NS

GA  53 (29.3) 14 (23.0)  39 (32.5)

MAC 128 (70.7) 47 (77.0)  81 (67.5)

Intraoperative fluid balance, mL 469 ± 333 491 ± 337 459 ± 329 NS

Intraoperative use of cardiovascular agents, n (%)

Ephedrine  77 (42.5) 26 (42.6)  51 (42.5) NS

Phenylephrine  49 (27.1) 11 (18.0)  38 (31.7) NS

Noradrenaline 113 (62.4) 43 (70.5)  70 (58.3) NS

Nicardipine  80 (44.2) 25 (41.0)  55 (45.8) NS

Nicorandil 15 (8.3) 1 (1.6)  14 (11.7) p < 0.05

The data are presented as the mean ± standard deviation or n (%).

BAV, aortic balloon valvuloplasty; GA, general anesthesia; LVEDP, left ventricular end-diastolic pressure; MAC, mon-

itored anesthetic care; NS, not significant; PVL, perivalvular leakage.

overall analysis. Previously, we demonstrated a signifi-

cant increase in the LVEDP immediately after deploy-

ment of an older balloon-expandable valve model

(SAPIEN XT, Edwards Lifesciences, Irvine, CA, USA).
３

However, all the patients in group B in the present study

were treated with a SAPIEN 3 balloon-expandable pros-

thetic valve, which is a newly developed valve equipped

with an outer skirt designed to minimize PVL. The dif-

ferences in these devices may have contributed to the dif-

ferent magnitudes of the LVEDP increase and the ratios

of the patients with moderate or higher PVL grades in

both studies (5% in the present study, 32% in our previ-

ous study).

LV diastolic function can affect the LVEDP. Severe

aortic stenosis is associated with LV hypertrophy and

subsequent diastolic dysfunction, which causes LV fill-

ing pressure elevation. Severe LV diastolic dysfunction

and ventricular filling pressure elevation were reported to

be associated with poor outcomes after the TAVI proce-

dure.
１０

Gonçalves et al. investigated the intraoperative

acute diastolic function change induced by the TAVI

procedure
１１

and reported an improvement in the diastolic

function implied by an elongation of the transmitral E

wave deceleration time, isovolumetric relaxation time,

and decrement of the LVEDP after valve deployment.

They also showed that patients with severe diastolic dys-
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Figure　1.　The LVEDP change before and after the prosthetic value deployment for all the patients 

and patient subgroups with preoperative AR and a PVL grade ≤2.

AR, aortic regurgitation; LVEDP, left ventricular end-diastolic pressure; PVL, perivalvular leakage.

Figure　2.　The correlation between fluid balance and LVEDP change for the patients with a mild or 

lower grade preoperative AR and/or residual PVL.

The closed triangles and open circles indicate Subgroup S and Subgroup B, respectively.

AR, aortic regurgitation; LVEDP, left ventricular end-diastolic pressure; PVL, perivalvular leakage.

function exhibited a smaller decrease in the LVEDP than

those with milder diastolic dysfunction. Since the preop-

erative echocardiographic parameters of the diastolic

function were abnormal in the present study, diastolic

dysfunction may have contributed to the small decrement

of the LVEDP.

Because the fluid volume status could also affect the

LVEDP, the effect of the intraoperative fluid administra-

tion volume on LVEDP changes was analyzed. Although

rapid fluid administration during the TAVI procedure

might lead to a significant increase in the LVEDP,
３

in-

traoperative fluid administration was not related to the
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LVEDP in this study. However, excessive fluid admini-

stration should be avoided to prevent filling pressure ele-

vation and subsequent coronary perfusion disturbance. In

addition, the pulse pressure increment that increases ven-

tricular wall stress should also be avoided to prevent a

cardiac workload increment and early diastolic filling im-

pairment.
１２

These precautions are required to improve the

perioperative myocardial oxygen supply and demand for

high-risk patients, including TAVI candidates. Under-

standing the characteristics of the specific TAVI valve

used and the hemodynamic management practices neces-

sary to prevent an increase in the LVEDP may improve

the early prognosis of TAVI patients.

Our study had some limitations. First, this was a retro-

spective, observational, single-center study. Therefore,

the number of patients was limited, and the patients’

characteristics were not completely analogous between

the two groups. In addition, the management of anes-

thetic, including the anesthetic method and fluid admini-

stration, was performed at the discretion of the heart team

and anesthetist. Thus, the influence of the fluid infusion

speed and the depth of anesthesia on the results is un-

clear, and arterial pressure, which could affect LVEDP,

was not obtained at the time of measurements. Second,

the measurement periods were limited to immediately be-

fore and after the deployment of the prosthetic valve.

Therefore, an LVEDP time-course change after the pros-

thetic valve deployment could not be observed. Continu-

ous measurement of the LV pressure is not practical, as

LV intracardiac catheter insertion is an invasive tech-

nique. Third, this retrospective study did not provide a

simple comparison between the two groups because the

valves used in group S included three types of self-

expanding prosthetic valves: Corevalve, Evolut R, and

Evolut PRO. Evolut R and Evolut PRO, which were

launched as an improved version of Corevalve, have im-

proved sealing performance to reduce PVL and their de-

livery systems for accurate deployment and avoiding vas-

cular complications. Since these three self-expanding

prosthetic valves were developed with the same design

concept, patients in whom each valve was used were in-

cluded in group S. Fourth, although the clinical signifi-

cance and impact on the outcomes of the difference in the

LVEDP decrement between self-expandable and balloon-

expandable valves are critical, they could not be clarified

due to the design of this study.

Conclusion

The results of our study show that the LVEDP decrement

immediately after the TAVI procedure was significantly

greater for the patients treated with self-expandable pros-

thetic valves than for those treated with balloon-

expandable prosthetic valves. However, the LVEDP did

not decrease meaningfully after the TAVI procedure, re-

gardless of which prosthetic valve was used. Although

TAVI is generally expected to reduce afterload and

LVEDP and improve cardiac function, anesthesiologists

should be aware that the procedure does not always result

in an LVEDP decrease. However, compared to balloon

expandable prosthetic valves, self-expandable prosthetic

valves are advantageous for preventing post-TAVI

LVEDP elevation.
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