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Abstract

Prosthesis-patient mismatch (PPM) occurs when the effective orifice area of the prosthesis is too small in relation to the
patient’s body surface area. There are few data available on the frequency and prognostic impact of PPM after transcatheter
aortic valve implantation (TAVI). Our aim was to determine the prevalence of PPM and to investigate its association with
medium-term clinical course of patients undergoing TAVI. We included 185 patients undergoing TAVI (79 + 5 years, 49%
male, 98% CoreValve) between April-2008 and December-2014. The effective orifice area (EOA) was determined by tran-
sthoracic echocardiography prior and after the procedure. We defined PPM as indexed EOA < 0.85 cm?*/m? (severe PPM
if < 0.65 cm?m?). All cause death, stroke and hospitalization for heart failure were considered as major clinical events. 45
patients (24%) showed PPM (severe 11 patients, 6%). PPM was associated with a higher EuroSCORE (OR 1.06, IC 95%
1.01-1.12, p = 0.03), body surface area > 1.72 m? (OR 3.58, IC 95% 1.30-9.87, p =0.01) and small aortic annulus (OR 0.73,
IC 95% 0.55-0.92, p = 0.03); and severe PPM with small prostheses size (OR 17.79, IC 95% 1.87-169.78, p = 0.012). The
mean event-free survival was 34 + 26 months. Patients with severe PPM showed lower rates of event free survival than the
rest of the series (52% vs. 84%, p = 0.04) at 34 months follow up. In our series, PPM was present in a quarter of the patients
after TAVI. Higher EuroSCORE, smaller prosthesis size, larger body surface area and smaller aortic annulus diameter were
associated with PPM. Severe PPM was an independent factor associated with major events at medium-term follow up.
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Introduction transprosthetic gradients too. Recent consensus of experts

have already approached the issue of mismatch and the most

Transcatheter aortic valve implantation (TAVI) is today an
indisputable alternative to surgery in severe aortic stenosis
patients with high or intermediate surgical risk, with initial
success rates of 75-88% [1-4] and a good short- and long-
term clinical course [5-8].

A potential complication of this procedure is prosthesis-
patient mismatch (PPM), which is defined as the presence
of a reduced effective prosthetic valve area in relation to
patient’s body surface area, measuring significantly high
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appropriate definition of it [9, 10].

Frecuency of PPM after surgical aortic prosthesis implan-
tation is relatively high (20-70%), with lower incidence for
severe PPM (2-20%) [11, 12], and it increases mortality for
any reason by 31% [13, 14].

But PPM after TAVI is less studied and published results
are less consistent. Recent studies [14], including Edwards
[15] and CoreValve [16, 17] prosthesis, showed a lower PPM
incidence comparing with surgical prostheses (24-48%;
8-18% for severe PPM) [14—18]. Moreover, severe PPM
prognostic impact after TAVI is still under discussion, with
conflicting results between studies showing lower survival
[15, 16] and those which have not established significant
differences in relation to PPM-free patients [14, 17]. Regard-
ing the occurrence of major clinical events such as stroke or

@ Springer


http://orcid.org/0000-0002-8982-0114
http://crossmark.crossref.org/dialog/?doi=10.1007/s10554-018-01519-z&domain=pdf

828

The International Journal of Cardiovascular Imaging (2019) 35:827-836

heart failure hospitalization after TAVI, no previous studies
have reported PPM impact on them.

Therefore, our aim was to study the prevalence of PPM,
to describe possible factors associated with PPM occurrence,
as well as to investigate its relation with mid-term clinical
course of patients undergoing TAVI.

Materials and methods
Design and population

This study is a retrospective analysis of a consecutive
patient registry, in which the echocardiographic and clini-
cal variables were prospectively collected in all patients. The
inclusion period was from April 2008 to December 2014,
made up of consecutive patients with symptomatic severe
aortic stenosis and high surgical risk undergoing TAVI, in
most cases using the CoreValve self-expandable system
(Medtronic Inc, Irvine, California, USA).

All patients were studied with transthoracic echocardio-
gram (TTE) prior to prosthesis implantation, and 72 h after
the procedure. Furthermore, basal clinical and demographic
data were collected. Patients who didn‘t undergo one or both
studies were excluded.

Three study groups were established: mismatch-free,
moderate mismatch, and severe mismatch. PPM was defined
as an indexed effective orifice area (EOA)<0.85 cm?/
m?, distinguishing between severe PPM for indexed
EOA <0.65 cm?m? and moderate PPM for indexed
EOA > 0.65 and <0.85 cm?*/m?, according to previous
consensus [11, 19]. Although some expert consensus has
recommended different cut-off points for obese patients [9,
10], most of the previous PPM studies have not used them
[11-13]. In our protocol, we decided not to use different
cut points to standardize the comparison with the previous
scientific literature.

The learning curve was defined as the initial patients
treated in our institution with the presence of an external
“proctor”, in order to acquire enough experience. Obe-
sity was defined as the presence of a Body Mass Index
(BMI) > 30 kg/m?.

All patients gave their informed consent. The study pro-
tocol was approved by the Ethics Committee from Hospital
Universitario Reina Sofia.

Echocardiographic study

Echocardiograms were performed with a Philips iE33 equip-
ment (Philips Electronics, Eindhoven, The Netherlands). In
all cases the assessment was performed by the same level
IIT echocardiographist [20, 21]. Enough quality was ensured
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in all studies in order to perform reliable and reproducible
measurements.

Valve annulus, aortic root, and ascending aorta diameters
were determined in long-axis parasternal view in the same
plane, in meso-systole for valve annulus and in diastole for
the rest of parameters [19, 22]. The aortic annulus was meas-
ured from the non-coronary valve point of attachment to the
right coronary valve point of attachment [22]. The aortic
valve area was calculated using the continuity equation.

The EOA of implanted aortic prosthesis was calculated
according to scientific guidelines [19]. The resulting area
was indexed by body surface area, determined by Dubois
formula [23, 25].

The following parameters were also evaluated: ejection
fraction and left ventricle volumes using biplane Simpson
formula; left ventricle telesystolic and telediastolic diam-
eters, and septal and posterior wall thickness, in M mode;
maximum and mean prosthesis gradient; possible mitral
valve disease; and prosthetic regurgitation assessment.

Prosthesis size choice and implantation procedure

The candidate selection’s protocol and the implantation pro-
cedure were previously described by our group [24, 25].

The prosthesis size choice was based on aortic annulus
measurement by transesophageal echocardiography, cardiac
tomography (CT), and aortography [25]. In case of doubts
and/or complications [26] an intraprocedure transesophageal
echocardiography was performed.

Implantation was carried out through femoral arterial
access, under general anesthesia [27].

Follow-up

Follow-up after hospital discharge was based on three com-
plementary methods: visits to the cardiology outpatient
clinic, information from regional healthcare databases, and
phone calls to the patients, their relatives or primary care
physicians.

Global and event-free survival were determined. Major
clinical events included all cause death, stroke, and heart
failure hospitalization.

Statistical analysis

Quantitative variables, after normality checked by means of
Kolmogorov—Smirnov test, are expressed as mean + stand-
ard deviation, while qualitative variables are expressed as a
percentage.

Comparisons were made at three levels: PPM patients
versus PPM-free patients, severe PPM patients versus the
rest of the series, and comparison of the three groups among
each other (PPM-free, moderate PPM, and severe PPM).
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Chi square, t-student, and one-way ANOVA tests were
used for group comparisons; and Kaplan—Meier curves and
log-rank test for survival assessment. A multivariate analysis
using binary logistic regression was performed to determine
those factors independently associated with PPM and severe
PPM. And, finally, a multivariate analysis using Cox propor-
tional hazards model was carried out to determine independ-
ent factors associated with event-free survival.

Results

During the inclusion period, 212 prostheses were implanted.
A total of 27 cases were excluded from the study: 18 due
to hospital death and 9 because of incomplete TTE data.
Finally, 185 patients were included.

Baseline characteristics of patients are shown in Table 1.

A 29 mm prosthesis was implanted in 61 patients; a
26 mm one in 119; a 23 mm one in 4; and a 25 mm was
placed in 1. The most frequent prosthesis (181, 97.8%) was
classic CoreValve. There was also one CoreValve Evolut,
one Portico, and two Lotus.

PPM was present in 45 patients (24%), severe PPM in
11 patients (6%), and moderate PPM in 34 (18%). Table 2
shows three groups comparisons.

PPM was significantly associated with more than mild
baseline aortic regurgitation (82.5% of PPM patients ver-
sus 59.7% of PPM-free patients, p=0.008). Significance
was kept when comparing severe PPM, moderate PPM, and
PPM-free patients (75%, 84.4%, and 59.7%, respectively,
p=0.02). However, differences were not significant when
comparing severe PPM patients with the rest of the series
(75% of severe PPM patients versus 64.7%, p=0.72).

PPM was significantly more frequent in smaller pros-
theses (100% incidence in 23 mm prostheses, 0% in the
25 mm model, 22% in 26 mm ones, and 23% in 29 mm ones;
p=0.004). Severe PPM was noted in 50% of 23 mm pros-
theses, 0% in the 25 mm one, in 3.4% of 26 mm ones, and in
6.6% of 29 mm ones; p=0.002, Fig. 1.

A larger body surface area was also significantly associ-
ated with a higher PPM incidence. PPM patients showed a
mean body surface area of 1.77+0.16 m?, and PPM-free
patients 1.70+0.17 m2, p=0.02. This relation was consist-
ent when analyzing severe PPM patients versus the rest of
the series (1.84+0.10 m? versus 1.72+0.17 mz, respec-
tively, p=0.02) and when comparing the three groups
(1.84+0.10 m? versus 1.75+0.17 m? versus 1.7 +0.17 m?
for severe PPM, moderate PPM, and PPM-free patients,
p=0.03).

A smaller aortic annulus was associated with PPM,
when comparing the three groups (20.6 + 1.9 mm versus
20.5+ 1.9 mm versus 21.6 +£2.1 mm, for severe PPM,
moderate PPM, and PPM-free patients, respectively,

p=0.02), and when comparing PPM patients versus
PPM-free patients (20,5 + 1.9 mm versus 21.6 +2.1 mm,
p=0.004). However, this difference was not statistically
significant when comparing severe PPM patients versus
the rest of the series (20.6 + 1.8 mm versus 21.4 +2.1 mm,
p=0.27).

There were no significant differences in other parameters
as potential PPM predictors (Tables 1, 2).

Intraprocedure overexpansion with balloon was per-
formed in 75 patients: 21.3% of them presented PPM ver-
sus 26.6% of the rest of series (p=0.49). The frequency of
severe PPM was also similar in both groups (4% vs. 7.3%,
p=0.53).

The learning curve included 24 patients: 4.2% presented
PPM versus 27.3% in the remaining 161 patients (p=0.01).
However, the frequency of severe PPM was similar in both
groups (0% vs. 6.8%, p=0.36).

Obesity percentage among PPM patients was 46.7% ver-
sus 30.7% in PPM-free patients, p=0.05. A 54.5% of severe
PPM patients presented obesity versus 33.3% from the rest
of the series, p=0.15. There were no significant differences
among severe PPM, moderate PPM and PPM-free groups
(54.5% vs. 44.1% vs. 30.7%, p=0.12). In general, results
were consistent when analyzing BMI as a continuous vari-
able (Tables 1, 2).

Mean logistic EuroSCORE in PPM patients was
15+9.2% versus 10.5+7.5% in PPM-free patients,
p=0.009. Significant differences were also noticed when
analyzing the three groups (10.5+7.5% vs. 15.6 £9.4% vs.
11.4 + 8%, for PPM-free, moderate PPM, and severe PPM,
respectively, p=0.02). However, differences were not sig-
nificant between severe PPM group and the rest of the series
(11.4£8.1% vs. 11.3+8%, p=0.99).

Multivariate analysis showed an independent association
of PPM with higher logistic EuroSCORE (OR 1.06, CI 95%
1.01-1.12, p=0.03), a body surface area>1.72 m? (OR
3.58, C195% 1.30-9.87, p=0.01), and smaller aortic annuli
(OR 0.73, C195% 0.55-0.92, p=0.03). The 23 mm prosthe-
sis was found to be an independent factor associated with
severe PPM (OR 17.79, CI 95% 1.87-179.78, p=0.012).
This was also the case for a> 1.72 m? body surface area (OR
8.62, C195% 1.03-72.05, p=0.047) Table 3.

In a mean follow-up of 43 +23 months, 77 patients suf-
fered a major event (45 deaths, 19 strokes, and 39 heart
failure hospitalizations). The mean event-free survival was
34 +26 months.

Severe PPM patients showed a lower event-free survival
than the rest of the series (52% vs. 84% after 34 months,
p=0.04). There were neither significant differences between
PPM patients and PPM-free patients (55% vs. 71%, respec-
tively, p=0.12), nor when comparing severe PPM, moderate
PPM, and PPM-free patients (52%, 58%, and 71% respec-
tively, p=0.08) Fig. 2.
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Table 1 Series basal data and three-group comparisons

Characteristics Global series PPM-free  Moderate PPM  Severe PPM  p, p, PPM free  p, PPM free p, moder-
versus moder-  versus severe ate versus
ate severe

n 185 140 34 11

Age (years) 78.6+4.9 783+£52 79.1+3.7 80.4+2.7 050 1 0.56 1

Male sex 90(48.6%) 70(50%) 15(44.1%) 5(45.5%) 081 057 1 0.94

BSA (m?) 1.72+0.17  1.71+£0.17 1.75+0.17 1.84+0.10 0.03 045 0.05 0.48

BMI 28.6+4.5 28.2+4.4 29.7+47 30.5+4.6 0.07 022 0.29 1

High blood pressure 130(70.3%)  95(67.9%) 27(79.4%) 8(72.7%) 041 022 0.74 0.64

Diabetes mellitus 66(37.7%) 52(37.1%) 10(29.4%) 4(36.4%) 022 0.1 0.63 0.16

Hypercholesterolemia 98(53%) 76(54.3%) 17(50%) 5(45.5%) 0.79 0.7 0.76 1

Smokers 16(8.6%) 15(10.7%) 0(0%) 1(9.1%) 0.14  0.05 0.67 0.08

Baseline creatinine (mg/dl) 1.00+0.32  1.01+0.33 0.10+0.29 0.89+0.28 034 1 0.72 1

NYHA functional class

1 52.7%) 2 (1.4%) 1(2.9%) 2 (18.2%) 0.02 06 0.003 0.13
I 62 (33.5%) 51(36.4%) 9(26.5%) 2 (18.2%)

1 91 (49.2%) 67 (47.9%) 17 (50%) 7 (63.6%)

v 27 (14.6%) 20 (14.3%) 7 (20.6%) 0 (0%)

Logistic EuroSCORE (%) 11.3+8 10.5+7.5 15.6+94 114+8 0.02 0014 1 0.75

Learning stage 24(13%) 23 (16.4%) 1(2.9%) 0 (0%) 0.046 0.03 0.14 0.57

Baseline Aol >1 107 (65.2%) 74 (59.7%) 27 (84.4%) 6 (75%) 0.03 0.01 0.38 0.5

IVS (mm) 14.2+3.1 14.1+3.2 143429 14.4+2.7 094 1 1 1

PW (mm) 102+24 10.2+2.5 10+2.3 10.3+1.6 093 1 1 1

LVdD (mm) 50.4+7.3 50.3+7 51.5+9 48.1+4.2 043 1 1 0.6

LVsD (mm) 31.6+8.7 31.3+£82 34+109 28.7+5.8 0.18 041 1 0.29

LVEF (%) 64.7+133  649+12.6 624+16.1 70.1+11.2 026 1 0.69 0.32

Aortic root (mm)

Aortic annulus 21.4+2.1 21.6+2.1 205+19 20.6+1.9 0.02  0.02 0.45 1
Sinosinusal 29.7+3.9 29.6+3.8 29.6+4.1 30.6+4.7 0.77 1 1 1
STJ 25+4.3 25+4.2 243+4 26.6+5.8 035 1 0.86 0.46
Tubular 32.3+4.8 322+49 32.1+4.6 33.6+5.2 072 1 1 1

LVOT (mm) 17.8+4.1 179+42 17+£3.5 19.3+1.6 0.51 1 1 0.8

AoVA (cm?) 0.55+0.18  0.55+0.18 0.59+0.19 0.51+£0.12 0.50 1 1 0.84

Maximum TAoG (mmHg) 96.1+20.4  95.1+20 101.7+23.7 89.7+2.1 015 031 0.11 0.03

Mean TAoG (mmHg) 57.6+14 57+13.1  61.3+18.1 52.7+5.4 015 042 0.12 0.05

PASP (mmHg) 35.6+12 357+12  369+13.1 30+£9.6 042 1 0.69 0.58

TAPSE (mm) 19.3+4.1 189+3.7 199+438 20.6+4.6 033 089 0.66 1

EOA (cm?/m?) 1.09+£0.35 1.21+£0.32 0.76+0.06 0.61+£0.05 <0.0005 <0.001 <0.001 0.39

Aol at discharge > 11 56 (30.6%) 45 (32.6%) 9 (26.5%) 2 (18.2%) 0.51 0.54 0.32 0.58

Qualitative variables are expressed as percentage, quantitative values are expressed as mean =+ standard deviation
Bold values indicate significance reached
Italics indicate p values

pl comparison among the three groups (ANOVA); p2 post-hoc comparisons between subgroups, in pairs, by PPM severity; Aol aortic insuf-
ficiency; AoVA aortic valve area; BMI body mass index; BSA body surface area; EOA effective orifice area 72 h after implantation; /VS interven-
tricular septum; LVdD left ventricular diastolic diameter; LVEF left ventricular ejection fraction; LVOT left ventricular outflow tract; LVsD left
ventricular systolic diameter; NYHA New York Heart Association; PASP pulmonary artery systolic pressure; PPM prosthesis-patient mismatch;
PW posterior wall; STJ sinotubular junction; TAoG transaortic gradient; TAPSE tricuspid annular plane systolic displacement

When analyzing major events individually, PPM patients ~ vs. 94% after 34 months, p=0.05). There were no differ-
showed a trend, with borderline statistical significance, to  ences neither among severe PPM patients versus the rest of
lower stroke-free survival versus PPM-free patients (81% the series (80% vs. 91%, p=0.11), nor when comparing the
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Table 2 Clinical and
echocardiography parameters of
groups and binary comparisons

Characteristics PPM-free PPM P Severe PPM  Rest of the series p,
n 140 45 11 174
Age (years) 783+52 794+34 022 804+27 785+49 0.21
Male sex 70 (50%) 20 (44.4%) 0.52  5(45.5) 85 (48.9%) 0.83
BSA (m?) 1.70+0.17 1.77+0.16 0.02 1.8+0.1 1.72+0.17 0.02
BMI 282+44 299+47 0.02 305+46  28.5%4.5 0.15
High Blood Pressure 95 (67.9%) 35(77.8%) 0.21 8 (72.7%) 122 (70.1%) 0.85
Diabetes Mellitus 52 (37.1%) 14 (31.1%) 0.35  4(36.4%) 62 (35.6%) 0.53
Hypercholesterolemia 76 (54.3%) 22 (48.9%) 0.53 5 (45.5%) 93 (53.4%) 0.61
Smokers 15(10.7%) 12.2%) 0.08 19.1%) 15 (8.6%) 0.96
Baseline creatinine (mg/dl) 1+0.3 1+0.3 0.47 1+£0.3 1+£0.3 0.25
NYHA functional class 0.16 0.004

I 2(14%)  3(6.7%) 2 (18.2%) 3(1.7%)

I 51 (36.4%) 11 (24.4%) 2 (18.2%) 60 (34.5%)

11 67 (47.9%) 24 (53.3%) 7 (63.6%) 84 (48.3%)

v 20 (14.3%) 7 (15.6%) 0 (0%) 27 (15.5)
Logistic EuroSCORE (%) 10.5+7.5 15+9.2 0.009 114+8 11.3+8 0.99
Learning stage 23 (16.4%) 12.2%) 0.01 0 (0%) 24 (13.8%) 0.19
Baseline Aol>1 74 (59.7%) 33 (82.5%) 0.008 6 (75%) 101 (64.7%) 0.55
IVS (mm) 14.1+32 143+28 072 14.4+2.7 14.1+3.2 0.81
PW (mm) 102+2.5 10+2.1 0.8 103+1.6 102+2.4 091
LVdD (mm) 50.3+7 50.6+8.1 081 48+42 50.5+7.4 0.30
LVsD (mm) 31.3+82 326+10 04 28.7+58 31.8+8.8 0.27
LVIF (%) 649+126 642+153 078 70.1x11.2 644+13.4 0.19
Aortic root (mm)

Aortic annulus 21.6+2.1 205+19 0.004 20.6+19 214+2.1 0.27

Sinosinusal 29.6+3.8 30+4.2 0.8 30.6+4.7  29.6+3.9 0.47

ST 25+4.2 248+45 0.8 26.6+5.8 249+4.2 0.24

Tubular 322+49 324+47 08 33.6+52 32.2+48 0.42
LVOT (mm) 179+42 17.6x32 077 19.3+1.6 17.7+4.1 0.39
AoVA (cm?) 06+02 06+02 0.65 0.5+0.1 0.6+0.2 0.45
Maximum TAoG (mmHg) 95.1+20 99+21.5 029 89.7+6.1 96.4+20.9 0.31
Mean TAoG (mmHg) 57+13 59.3+164 036 527+54 579+14.3 0.26
PASP (mmHg) 357412  352+125 08 30+9.6 359+12.1 0.21
TAPSE (mm) 189+3.7 20+4.7 0.5 20.6+4.6 19.2+4 0.28
EOA (cm?*/m?) 1.21+0.32 0.72+0.09 0.0005 0.61+0.05 1.12+0.34 <0.0005
Aol at discharge > 1T 45 (32.6%) 11 (24.4%) 0.30  2(182%) 54 (31.4%) 0.36

Qualitative variables are expressed as percentage, quantitative values are expressed as mean + standard
deviation

Bold values indicate significance reached
Italics indicate p values

pl statistical significance degree for comparison of PPM versus absence of PPM; p, statistical significance
degree for comparison of severe PPM versus the rest of the series. Aol:aortic insufficiency; AoVA aortic
valve area; BMI body mass index; BSA body surface area; EOA effective orifice area 72 h after implan-
tation; /VS interventricular septum; LVdD left ventricular diastolic diameter; LVEF left ventricular ejec-
tion fraction; LVOT left ventricular outflow tract; LVsD left ventricular systolic diameter; NYHA New York
Heart Association; PASP pulmonary artery systolic pressure; PPM prosthesis-patient mismatch; PW pos-
terior wall; S7J sinotubular junction; TAoG transaortic gradient; TAPSE tricuspid annular plane systolic
displacement
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Fig. 1 Relationship between implanted prosthesis size and prosthesis patient mismatch

Table 3 Multivariate analysis of prosthesis-patient mismatch (PPM)
associated factors

Variable OR 95% CI P
Associated with PPM
Logistic EuroSCORE 1.06 1.01-1.12 0.03
BSA>1.72 m? 3.58 1.30-9.87 0.01
Aortic annulus 0.73 0.55-0.96 0.03
Associated with severe PPM
23 mm prosthesis 17.79 1.87-169.78 0.012
BSA>1.72m? 8.62 1.03-72.05 0.047

PPM associated variables in multivariate analysis, tested in multivari-
ate analysis and excluded as non-significant: basal aortic regurgita-
tion, learning curve and 23 mm prosthesis for significant PPM, and
maximum basal aortic gradient for severe PPM

Bold values indicate significance reached
Italics indicate p values

BSA body surface area; OR odds ratio; PPM patient prosthesis mis-
match

three groups (severe PPM, moderate PPM, and PPM-free:
80% vs. 82% vs. 94%, p=0.10) Fig. 3.

There were no significant differences in heart failure
admission-free survival in any comparison: PPM versus
PPM-free (66% vs. 83%, p=0.32), severe PPM versus the
rest of the series (52% vs. 81%, p=0.12), or severe PPM
versus moderate PPM versus PPM-free (52%, 71%, and 83%,
respectively, p=0.28) Fig. 3.

There were no differences in global survival (all cause
death) in follow-up: neither in the comparison between
PPM-free with PPM patients (81% vs. 82%, after 34 months,
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p=0.73), nor when comparing severe PPM patients versus
the rest of the series (70% vs. 82% after 34 months, p=0.29),
nor when comparing the three groups (70% severe PPM,
85% moderate PPM, and 81% PPM-free, p=0.41) Fig. 3.

In the multivariate analysis (Table 4), severe PPM
remained as an independent factor associated with lower
event-free survival (HR 2.91, CI1 95% 1.14-7.43, p=0.03),
as well as high pulmonary artery systolic pressure (HR 1.04,
CI 95% 1.02-1.06, p <0.0005), and chronic obstructive
pulmonary disease (COPD) (HR 2.54, CI1 95% 1.34-4.82,
p=0.004).

Discussion

The main findings of our study are a low incidence of PPM
after TAVI, the association of PPM with some key clinical
and echocardiographic variables and the adverse prognostic
impact of severe PPM in follow up regarding some major
clinical events not previously reported.

PPM prevalence after TAVI, especially severe, is rela-
tively low in our series. It is lower than surgical prostheses
[12] and even slightly lower than other transcatheter valve
series (severe PPM prevalence of nearly 20% in the TAVI
group from PARTNER [15] study). In studies with Cor-
eValve prosthesis predominance [16, 17], average severe
PPM prevalence is 6-9%, similar to this study. A possible
explanation for the differences between prostheses could
be the fact that the CoreValve valve stent is less thick than
Edwards and surgical prostheses” supports, representing
hemodynamics advantages. However, it could also be due
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Fig.2 Event-free survival curves (including all cause death, stroke,
or heart failure hospitalization) according to presence and degree of
prosthesis patient mismatch (PPM). Left: probability of survival for

to methodological issues such as differences in the way of
determining the effective prosthetic area, or differences in
terms of population and technical device features.

We found several conditions associated with severe PPM
appearance. Those factors have not been completely defined
in current literature. Up to now, a smaller native aortic annu-
lus and/or a smaller left ventricular outflow tract (LVOT)
diameter, as well as a larger body surface area and presence
of COPD with home oxygen therapy, have been highlighted
[14, 17]. The relationship between PPM and a larger body
surface area has already been reported in other series [15,
16], which has been confirmed by our results. It makes sense
that larger patients are associated with greater tissue oxy-
genation requirements and, consequently, greater effective
aortic areas. Likewise, our analysis also found a relation-
ship between obesity and PPM, but it was not confirmed for
severe PPM or when comparing the three groups, probably
due to the lack of statistical power owing to severe PPM’s
low prevalence in our series.

As a result of this, PPM occurrence is more likely in
small aortic annulus patients, confirmed by our results,
consistent with those published by other authors [15, 28,
29]. However, TAVI has been suggested to be preferable to
surgery, especially in small aortic annulus patients [15], in
order to reduce mismatch, since there seems to be a better
hemodynamic profile and better reverse remodeling in PPM
patients’ follow up after TAVI versus conventional prosthe-
sis [14, 15]. The explanation relies on the fact that transcath-
eter prostheses are on a thinner stent than the ring of surgical
prostheses, and they are not emplaced in annular position,
which would cause more obstruction to blood flow. This
difference is proportionally increased when the prosthesis
is placed in a smaller aortic annulus [28].

Time (months)

Time (months)

PPM-free patients versus PPM. Centre: probability of survival for
severe PPM patients versus the rest of the series. Right: PPM-free
patient survival curves, versus moderate PPM and severe PPM

Additionally, our analysis relates PPM occurrence with
small prostheses size, which had never been established by
literature until now. This crucial finding leads us to think
that, in annuli close to the limits for prosthesis size selec-
tion, we should choose slightly over dimensioned prostheses
to achieve the double effect of leak reduction, as proposed
by different authors [28—31], and mismatch minimization.

Regarding that point, method used for measuring aor-
tic annulus is important. Two-dimensional transesophageal
echocardiography determines lower annulus values than
the three-dimensional one, which may lead to place smaller
prostheses, provoking entailing higher rates [18] of severe
PPM. In our study, we believe that this factor is minimized
by a multi-image study protocol including multi-slice CT
measurements [24].

In a study by Takagi et al. with the CoreValve prosthesis
[14], significant native aortic regurgitation was suggested as
a PPM predictor. This factor was associated with PPM in our
univariate analysis but not in multivariate one.

On the other hand, a PARTNER [15] subanalysis demon-
strated a lower PPM incidence among patients who under-
went intraprocedure post-dilation. We did not observe sig-
nificant differences regarding this point, even though 41%
of our patients received postdilatation. Different technical
and hemodynamic characteristics of the device placed (98%
CoreValve versus 100% Edwards) could be an explanation,
but it could also rely on the sample’s size.

Like ours, previous observational studies with surgical
prostheses had shown a relationship between a higher basal
risk profile (EuroSCORE) and the occurrence of PPM [32].
However, we did not found any prognostic impact of this
variable on the medium term follow up in the multivariate
analysis.
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Fig.3 Event-free survival curves and prosthesis-patient mismatch
degree. Upper row: comparative curves of mortality-for-any-reason-
free survival. Central row: comparative curves of stroke-free survival.
Lower row: comparative curves of heart failure hospitalization-free
survival. Left column: comparison of mismatch-free group (solid
line) versus global mismatch group (thick dotted line). Central col-

Table 4 Multivariate analysis of factors associated with independent
major event (death for any reason, stroke, heart failure hospitaliza-
tion)

Variable HR 95% CI P

PASP 1.04 1.02-1.06 <0.0005
COPD 2.54 1.34-4.82 0.004
Severe mismatch 2.91 1.14-7.43 0.03

Variables analyzed and excluded as no statistically significant: age,
sex, logistic EuroSCORE, body surface area, auricular fibrillation,
prosthetic size, Tricuspid annular plane systolic displacement, left
ventricular ejection fraction, and aortic regurgitation at discharge

Bold values indicate significance reached
Italics indicate p values

COPD chronic obstructive pulmonary disease; PASP pulmonary
artery systolic pressure

@ Springer

umn: comparison of severe mismatch group (thin dotted line) versus
the rest of the series (solid line). Right column: comparison among
the three groups; mismatch-free (solid line) versus moderate mis-
match (thick dotted line) versus severe mismatch (thin dotted line).
No statistical significance is achieved in any case

The lower appearance of PPM during the “learning
stage” could be due to the fact that patient selection and
process were made under the supervision of a “proctor”
team, so the cases with less probability of complications
was chosen. In addition, during that period, smaller native
aortic annulus were rejected for TAVI due to the lack of a
23 mm prosthesis.

In the TTE performed 72 h after implantation, 38% of
our patients presented at least moderate periprosthetic
regurgitation, without significant associations with PPM
occurrence nor prognostic implication. This lack of asso-
ciation seems to be related to the low statistical power due
to the sample’s size and our relatively low mortality rate
during the follow-up.
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The most remarkable results from our study are those
related to follow-up and PPM’s prognostic impact after
TAVI. Surgical series [12, 13] demonstrated lower global
survival in severe mismatch, and in mismatch of any degree
accompanied by left ventricular systolic dysfunction, which
did not happen in our series. However, there is great dis-
crepancy in the literature regarding to TAVI and its negative
impact of PPM on mortality [14—17, 33]. Furthermore, no
previous studies had focused on analyzing major clinical
events such as stroke or heart failure.

Like other studies published [16], the results from our
series demonstrate an adverse prognostic impact in the
mid-term follow up in severe PPM patients. This may be
explained by the fact that high ventricular afterload per-
sistence and lower left ventricular hypertrophy regression,
because of severe PPM, may have a negative impact on
coronary flow normalization. In addition, sustained tissue
perfusion deficit could partially explain an increase in major
clinical events.

Given the clinical significance of severe PPM in patient”s
follow-up, the main practical application of our data is that
PPM occurrence after TAVI should be minimized. Poten-
tial strategies could include a careful annulus measurement,
trying to avoid infraestimations and choosing a larger pros-
thesis size for annuli close to the limits for prosthesis size
selection, and insisting on weight loss in selected patients
(nearly half of PPM patients in our series were obese). On
the other hand, since PPM patients present higher stroke
incidence, the antiaggregating/anticoagulant strategy could
be reconsidered in this group of patients. According to this,
in their latest update of clinical practice guidelines, ACC/
AHA American societies [34] recommend antivitamin K
anticoagulation during three months after TAVI in low
bleeding risk patients with a IIb level of evidence.

Limitations

The main limitation of our study is the relatively low sample
size of a single-center observational study. Even though the
total number is not insignificant, the low incidence of PPM
and events limit statistical significance. This also explains
the fact that our study shows conclusive results for major
events as a combined endpoint but not on an individual
basis.

Although echocardiography measures were carried out
following current guidelines, there are still discrepancies
regarding the correct determination of EOA in TAVL

Bias might have been introduced because of exclusion
of patients without two TTE and those patients deceased
in hospital.

The percentage of patients who completed echocardio-
graphic follow-up was insufficient to draw solid conclusions

regarding lower left ventricular hypertrophy regression as a
possible cause of worse prognosis of PPM.

Conclusions

In our series, PPM is present in a quarter of the patients
undergoing TAVI, with a lower frequency for severe PPM
(6%). A higher EuroSCORE, a smaller prosthesis size, a
greater body surface area, and a smaller aortic annulus size
were independently associated with PPM. Severe PPM has
an independent association with major events in mid-term
follow up.
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