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ABSTRACT:

Background: Since its first introduction, the spectrum and frequency of use of transcatheter aortic
valve implantation (TAVI) have increased throughout the world. Therefore, it is crucial to determine
which patients are at high mortality risk with TAVI. The Intermountain Risk Score (IMRS) is a score
calculated from laboratory parameters. This study aimed to determine the long-term mortality of
TAVI patients using the IMRS and to compare it with traditional scoring systems.

Methods: The study included a total of 133 patients undergoing TAVI at our hospital from 2010 to
2019. Demographic data, co-morbid diseases, echocardiographic and laboratory parameters were
collected retrospectively. The performance of IMRS was assessed as compared to the mortality
determined in the overall patient population.

Results: During the follow-up, 54.9% of patients (60 patients) (Group 1) survived; the mortality in
Group 2 (60 patients) was 45.1%. The survival period had a mean of 1433 (+124) days. The mean
IMRS was 1.67 (0.7) in Group 1 and 2.33 (0.72) in Group 2 (P <0.001). In multivariable analyses, only
high risk of IMRS (hazard ratio [HR], 3.430; 95% confidence interval [Cl], 1.537-7.653; P=0.003) and
EuroSCORE I (HR, 1.141;95% Cl, 1.011-1.288; P=0.03) independently predicted long-term mortality.

Conclusions: From the evaluation of all laboratory and echocardiography parameters, long-term
mortality (>30 days) following the TAVI procedure can be said to be higher in patients with a high
IMRS. The data from this study can be considered of value in demonstrating the clinical significance
of IMRS calculation before the TAVI procedure.
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INTRODUCTION
After the first demonstration of transcatheter
aortic valve implantation (TAVI) in 2002 by
Criber et al., this procedure came into wide-
spread use for the treatment of severe aorta
stenosis (SAS) [1, 2].Globally, the TAVI proce-
dure is an acceptable treatment for patients
deemed to be at intermediate or high risk of
symptomatic SAS (sSAS) for open-heart sur-
gery [3]. Therefore, it is crucial to determine
which patients would be at high risk prior to

TAVI. The literature reports 1-year mortality
rates ranging between 6.7% and 14.5% [4].
Although the success of the procedure is
linked to the surgeon’s experience, the use of
some risk parameters or risk scores may be
beneficial for identyfying high-risk patients
before TAVI. The European System for Cardiac
Operative Risk Evaluation Score (EuroSCORE)
and the Society of Thoracic Surgeons (STS)
risk scores are the most commonly used and
well-known traditional scoring systems for
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WHAT'S NEW?

The answer as to which transcatheter aortic valve implantation (TAVI) patients will benefit in the long term does not depend on
a single scoring system. Therefore, the Intermountain Risk Score (IMRS) can serve as a useful additional auxiliary scoring system.

TAVI. However, these scores were developed to predict
perioperative mortality and morbidity for cardiac surgery
[5, 6]. Moreover, the use of these well-known traditional risk
scores for TAVI risk stratification currently results in poor
prediction values of TAVI outcomes [4, 71.

This study aimed to compare predictions of long-term
mortality of TAVI patients provided by the Intermountain
Risk Score (IMRS), echocardiographic/laboratory parame-
ters, and other well-known traditional risk scores, namely
EuroSCORE Iland STS.Thus, this work aimed to evaluate the
value of IMRS in the determination of long-term mortality
and the applicability of its use for the selection of patients
appropriate for TAVI.

METHODS

Patient selection

This retrospective study enrolled a total of 136 patients who
underwent the TAVI procedure in a tertiary-level hospital
between 2010 and 2019.Three patients were excluded from
the study due to the lack of data on their hospitalization
and follow-up. The decision to conduct TAVI was made for
patients with sSAS and high surgical risk or contraindication
to surgical valve replacement according to the international
guidelines and the consensus of the local cardiology, car-
diac surgery, and cardiac anesthesiology council.

Data collection
The following pre-procedural clinical status data on the
patients were collected from their medical records: diabe-
tes mellitus (DM, regulated blood glucose with at least one
drug or diet), arterial hypertension (HT, regulated blood
pressure with at least one drug or diet), coronary arterial
disease (CAD, documented coronary lesion >50%), and atri-
alfibrillation (AF, any documented atrial fibrillation period).
Pre and post-procedural data included serum hemo-
globin, platelet count, creatinine, glomerular filtration rate
(GFR), left ventricular ejection fraction (LVEF), left ventricular
diastolic diameter (LVDD), left ventricular systolic diameter
(LVSD), left atrial diameter (LA), interventricular septal
diameter (IVS), posterior wall diameter (Pw), mitral valve
insufficiency (MVI), aortic valve insufficiency (AVI), aortic
valve peak gradient (PGR), aortic valve mean gradient (MGR),
aortic valve area (AVA, calculated with planometry on trans-
esophageal echocardiography), and systolic pulmonary
arterial pressure. Contrast-induced nephropathy (CIN) was
defined as a 25% increase in serum creatinine from baseline
within 48 hours after contrast media administration.
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A record was made of the procedural TAVI valve model
and size, balloon post-dilatation requirement, cardiac pace-
maker requirement, anesthesia type (general or sedoanal-
gesia), and transesophageal echocardiography (TEE) usage.

Data on postprocedural paravalvular aortic insuffi-
ciency (PAVI), follow-up time (number of days from the
procedure to the final follow-up examination), the length
of hospital stay (number of days from the procedure to
discharge), in-hospital mortality, and LVEF, LVDD, LVSD,
LA, IVS, Pw, MVI, AVI, PGR, MGR, systolic pulmonary arterial
pressure, and PAVI values at 24 hours and 1T month were
also recorded.

The IMRS and platelet decrease value (calculated as
‘preprocedural - postprocedural platelet count’) and oc-
currence of CIN were calculated retrospectively from the
hospital records [8-10].

The IMRS, EuroSCORE I, and STS values were calculated
from the hospital records at the time of the preoperative
evaluation. The IMRS values were classified in groups of
low, moderate, or high [10, 11].

If death had occurred, the date of the patient’s death
was checked from the national registration system, and
survival was calculated as the number of days from the pro-
cedure to the date of death. The IMRS and the EuroSCORE
II/STS were compared with mortality, with the expectation
that IMRS may be a predictor of long-term mortality.

Approval for the study was granted by the Local Ethics
Committee, and informed consent was obtained from
all patients.

Statistical analysis

Statistical analyses were performed with the IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Version
25.0. (IBM Corp., Armonk, NY, USA). The Kolmogorov-
-Smirnov test was performed to assess whether the data had
anormal distribution. Continuous variables are presented as
mean (standard deviation [SD]) and/or median (interquartile
range [IQR]) values and were compared with t-test and/or
Mann-Whitney test values depending on the type of data
distribution. Categorical variables are presented as numbers
and percentages. Chi-square test and Fisher exact test were
performed to compare categorical variables. Kaplan-Meier
survival curve was used to determine survival rates and es-
timated life expectancy. Risk factors for mortality were first
evaluated via univariate analyses. Independent predictors
of long-term mortality were then identified via Standard
Multivariable Cox regression analyses. A P-value <0.05 was
considered statistically significant.
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Table 1. Clinical and laboratory parameters of patients. No statistical significance determined between the two groups

Variable Survivors (Group 1) Non-survivors (Group 2)
n=73 n=60
Age, years, mean (SD) 7838 (7.1) 78.90 (7.9) 0.69
Female gender, n (%) 44 (60.3) 35(58.3) 0.82
Coronary artery disease, n (%) 64 (87.7) 51(85) 0.34
Diabetes mellitus, n (%) 20 (27) 21(35) 0.42
Arterial hypertension, n (%) 66 (90.3) 50(83) 0.75
Atrial fibrillation, n (%) 16 (21.9) 16 (26.7) 0.32
Hemoglobin, g/dl, median (IQR) 10.9(10.4-11.85) 11.2(10.2-12.25) 0.51°
Creatinine, mg/dl, median (IQR) 0.93(0.8-1.12) 0.9(0.79-1.18) 0.70°
Glomerular filtration rate, ml/min/1.73 m? mean (SD) 69.50 (21.8) 68.54 (25.6) 0.85
Contrast-induced nephropathy, n (%) 10(13.7) 9 (15%) 0.83
Pre-procedural platelet count, x 10%1, mean (SD) 244.86 (72.6) 241.0 (94.9) 0.79
Post-procedural platelet count, x 10%/1, median (IQR) 121 (91-174.5) 125 (80-157) 0.36°

*Mann-Whitney test performed IQR

Abbreviations: IQR, interquartile range; SD, standard deviation

Table 2. Echocardiography parameters of patients

Variable

Survivors (Group 1)

n=73

Non-survivors (Group 2)

n=60

P-value

Pre-procedural left ventricular ejection fraction, %, 60 (50-60) 60 (53-60) 0.4432
median (IQR)
Left ventricular diastolic diameter, mm, median (IQR) 46 (44-50) 47 (44-51) 0.708°
Left ventricular systolic diameter, mm, median (IQR) 31(27-37) 31(27-34) 0.302°
Left atrial diameter, mm, mean (SD) 44.71 (7.5) 44.79 (6.5) 0.94
Interventricular septal diameter, mm, median (IQR) 13(12-16) 14 (12.5-15) 0.9872
Posterior wall diameter, mm, mean (SD) 13.35(4.7) 12.80(2.1) 0.40
Aortic peak valvular gradient, mm Hg, median (IQR) 83(72.25-105.75) 76 (67.25-91) 0.014°
Aortic mean valvular gradient, mm Hg, mean (SD) 53.04 (15.5) 48.34(11.6) 0.05
Aortic valve area, mm? median (IQR) 0.8(0.72-0.93) 0.87(0.73-0.92) 0.77°
Systolic pulmonary artery pressure, mm Hg, median (IQR) 40 (30-55) 40 (30-52) 0.906°
Aortic insuffiency, n (%) Severe 8(11) 2(3.3) 0.17
Moderate 24 (33) 11(18)
Mild 29 (40) 37(62)
Mitral insuffiency, n (%) Severe 16 (22) 18 (30) 0.41
Moderate 32 (44) 23(38)
Mild 23(31.5) (25)

The intergroup difference in the aortic peak gradient was statistically significant but had no predictive value

2Mann-Whitney test performed IQR

Abbreviations: see Table 1

RESULTS
This work evaluated a total of 133 TAVI patients. The
patients were separated into two groups according to
mortality. The patients in Group 1 (n =73) did not develop
mortality during the follow-up period, whereas those in
Group 2 (n = 60) did.

Their demographic and clinical characteristics are
shown in Table 1. No difference was found between the
groups in the baseline demographic, clinical, and labora-
tory parameters.

Female sex predominance, the mean age of the pa-
tients, the presence of CAD, DM, HT, and AF; occurrence
of CIN, preprocedural mean hemoglobin, mean serum
creatinine, mean GFR, mean preprocedural platelet count,
mean postprocedural platelet count, and decrease in

platelet count were similar and differences were statistically
non-significant between both groups (Table 1).

For the in-hospital post-procedural period, with both
groups, there was no major bleeding. Except for the peak
aortic gradient (mean [SD], 88.78 [22.72] mm Hgin Group 1;
79.17 [18.8] mm Hg in Group 2 [P = 0.01]), the preproce-
dural echocardiographic parameters were similar in both
groups (Table 2).

The mean TAVI valve size, the application of balloon
post dilatation, cardiac permanent pacemaker implanta-
tion, the presence of postprocedural mild-moderate PAVI
and procedural stroke, and the 1-month follow-up mean
LVEF, median LVDD, median LVSD, mean LA, mean MGR,
and mean sPAP were similar in both groups. Periprocedural
TEE usage and the types of bioprosthetic valves used in
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Table 3. Procedural valve type, valve size and balloon dilatation; postprocedural echocardiograpic features and platelet count change; risk
scores of patients. With the exception of the Intermountain Risk Score (IMRS), no statistical significance determined between the two groups

Variable

Survivors (Group 1)

Non-survivors (Group 2)

Portico™, n(%)
Core-Valve™, n (%)

Edward-Sapiens™, n (%)

TAVI valve type

Balloon postdilatation, n (%)
TAVI valve size, n (%) No. 21

No. 23

No. 25

No. 26

No. 27

No. 31

No. 34
Mild-moderate paravalvular aortic insufficiency, n (%)
Left ventricular ejection fraction (first month), %, median (IQR)
Left ventricular diastolic diameter (first month), mm, median (IQR)
Left ventricular systolic diameter (first month), mm, median (IQR)
Left atrium diameter (first month), mm, mean (SD)
Aortic valve peak gradient (first month), mm Hg, median (IQR)
Aortic valve mean gradient (first month), mm Hg, median (IQR)

Systolic pulmonary arterial pressure (first month), mm Hg, median (IQR)

STS score, median (IQR) 6 (4-8)

Euroscore II, mean (SD) 5.36 (2.14)

IMRS, n (%) High
Moderate
Low

Decrease in platelet count, x 10%/I, median (IQR)

n=73 n=60
56 (77) 30 (50) 0.006
12 (16) 22(37)
5(7) 8(13)
30 (41) 16 (27) 0.09
5(6.8) 5(8.3) 0.49
2(2.7) 3(5
7(9.6) 10(16.7)
20 (27.4) 9(15)
33(45.2) 30 (50)
2(2.8) 2(3.3)
4(5.5) 1(1.7)
6(8.2) 9(15) 0.21
60 (50-60) 60 (55-62) 0.06
46 (44-51.75) 48 (43-51) 0.90
30 (26-35.75) 30 (26-33) 0.33°
43.80(7.3) 43.57(7.4) 0.88
20 (14-24) 18 (11.5-22.5) 0.15
11 (9-14) 10 (5.5-13) 0.11°
35 (27-45) 35 (25-46) 0.56°
8(4.8-10.7) 0.009
6.42(2.16) 0.008
26 (35.6) 27 (45) 0.008
33(45.2) 32(53.3)
14(19.1) 1(1.6)
108 (77-154) 108 (59-141) 0.47°

2Mann-Whitney test performed IQR

Abbreviations: EuroSCORE, European System for Cardiac Operative Risk Evaluation Score; IMRS, InterMountain Risk Score; STS Score, The Society of Thoracic Surgeons risk

scores; TAVI, transcatheter aortic valve implantation; other — see Table 1

patients were different between the two groups (Table 3).
Otherwise, the use of general anesthesia in both groups
was similar at 50%. Two patients (one in survivors, one in
non-survivors) had a vascular problem requiring inter-
vention.

During the follow-up period, 2 patients (2.7%) in
Group 1 and 3 patients (5.0%) in Group 2 (P = 0.49) were
hospitalized due to heart failure.

A total of 60 patients died, of whom 19 died within
30 days, and 41 during the follow-up period.

A high IMRS was determined in 26 (35.6%) patients in
Group 1and 27 (45%) in Group 2; a moderate IMRS was de-
termined in 33 (45.2%) patients in Group 1 and 32 (53.3%)
in Group 2 (P=0.008). The mean (SD) IMRS was 1.67 (0.7) in
Group 1 and 2.33(0.72) in Group 2 (P <0.001). The median
(IQR) STS score was 6 (4-8) in Group 1 and 8 (4.8-10.7) in
Group 2 (P =0.009), and the mean (SD). EuroSCORE Il was
5.36(2.14) in Group 1 and 6.42 (2.16) in Group 2 (P=0.008)
(Table 3).

Mean differences between the 2 groups in IMRS and
EuroSCORE Il were in terms of poor mobility, previous
cardiac surgery, the New York Heart Association status,
electrolytes (Na, K, Ca), and bicarbonate values.

Univariate analyses demonstrated that a low aortic
peak gradient, EuroSCORE Il and IMRS were risk factors for
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long-term mortality. Only high-risk IMRS (hazard ratio [HR],
3.430;95% confidence interval [Cl], 1.537-7.653; P=0.003)
and EuroSCORE Il (HR, 1.141;95% Cl, 1.011-1.288; P=0.03)
were independently associated with long-term mortality
(Table 4).

The mean (SD) survival time was 1433 (124) days. The
mean (SD) survival time distribution was 2103 (245) days in
the group with low IMRS, 1426 (191) days in the group with
moderate IMRS, and 912 (169) days in the group with high
IMRS. The cumulative survival period decreased from low
(mean [SD], 2103 [245] days) to high (mean [SD], 912 [169]
days) in the IMRS score (Table 5). As seen in Figure 1, pa-
tients with high IMRS have a higher mortality rate during
post-procedure TAVI follow-up.

DISCUSSION
The main aim of our study was to investigate the relation-
ship between IMRS and the long-term mortality of patients
undergoing TAVI.

In elderly patients, sSAS is the most common valve
disease [12]. Surgical valve replacement is a good long-
-term treatment option for patients with sSAS, but in sSAS
cases not treated due to high surgical risk, 50% mortality
due to SAS has been reported within 2 years of being
symptomatic [13]. As a result of this, TAVI has become

www.journals.viamedica.pl/kardiologia_polska
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Table 4. Univariate analysis for estimating long-term mortality after transcatheter aortic valve implantation (TAVI). Low aortic peak gradient.
EuroSCORE Il and moderate/high risk Intermountain Risk Score have a predictive value for mortality during follow-up

Variable Univariate analysis Multivariable analysis
e | ato | — ==

0.987 (0.974-0.999)
1.899 (0.807-4.469)
1.845 (0.808-4.215)
2.211(1.017-4.806)

Low aortic peak gradient
Edwards Sapiens™ valve
Core valve™

Moderate IMRS

High IMRS 3.967 (1.875-8.392)
STS Score 1.084 (0.999-1.176)
EuroSCORE Il 1.149 (1.018-1.297)

0.03 0.991 (0.978-1.003) 0.14
0.14 —_ -
0.14 — —
0.04 1.853(0.835-4.112) 0.12
<0.001 3.430(1.537-7.653) 0.003
0.05 1.021(0.933-1.118) 0.65
0.02 1.141(1.011-1.288) 0.03

Variables with P-value <0.1 in univariate analysis evaluated in multivariable Cox regression analysis

Independent predictors for estimating the long-term mortality after TAVI. Only EuroSCORE Il and High Risk Intermountain Risk Score have a predictive value for mortality

during follow-up in multivariable Cox regression analysis

Abbreviations: Cl, confidence interval; HR, hazard ratio; other — see Tables 1 and 3

Table 5. Cumulative survival period for all three Intermountain Risk
Scores (IMRS); survival probability decreases proportionally to IMRS

Low IMRS, days 2103 (245) 1622-2583
Moderate IMRS, days 1426 (191) 1051-1801
High IMRS, days 912 (169) 581-1243
Overall, days 1433 (124) 1188-1677

Abrreviations: see Tables 3 and 4

1.0 Intermoutain Risk Score
—— Low Risk
— InterMediate Risk
_ 087 —— High Risk
©
2
S
5 0.6
(%]
(]
=
T 0.4
=]
£
O 0.2+
0.0

0 500 1000 1500 2000 2500 3000
Follow-up period, days

Figure 1. Survival function for the InterMountain Risk Score (IMRS);
IMRS is associated with a high risk of transcatheter aortic valve
implantation procedure mortality

the main alternative to surgical aortic valve replacement
in sSAS patients, and with this development process, the
number and spectrum of TAVI usage have increased [14].
As with all interventional procedures, an estimation of the
patient’s clinical and prognostic improvement with TAVI is
very important when deciding on the procedure.

There are several risk scoring systems for appropriate
patient selection for the TAVI procedure. After EuroSCORE
was first published in 1999, it was revised in 2003 as the
logistic EuroSCORE and was finally updated for better
results in 2012 with a new model as EuroSCORE Il [15-17].

The old STS score (2008 version) was based on patient
data from 2002 to 2006. The STS score was updated in
2018 to include several new parameters based on STS data

www.journals.viamedica.pl/kardiologia_polska

from 2011 to 2016, which were the result of changes in
surgical practice and patient clinical status [11].

During the early TAVI era, the combination of a logistic
EuroSCORE 220% and STS score >10% was used as a more
realistic assessment of operative risk to better indicate
the TAVI result and avoid the known overestimation of
operative mortality of the EuroSCORE [18]. Following up-
dates made to the EuroSCORE, the recent guidelines have
recommended that STS or EuroSCORE Il 24% or logistic Eu-
roSCORE | >10% are suitable for TAVI in elderly patients [19].

The main benefits of these well-known, traditional risk
scores are the prediction of patient mortality and disability,
which help the physician define these problems and there-
by select suitable patients for the procedure. However, it is
unclear whether these well-known traditional risk scores
are effective in the prediction of early and late mortality
in patients.

The IMRS score was also updated in 2010 with the
addition of the red cell distribution width [9]. May et al.
presented the results of a study in which the IMRS was
expanded with the inclusion of additional parameters such
as albumin, bilirubin, and white cell differential count to
improve the predictive ability of the risk score [20].

Many studies in the literature have presented mortality
rates after TAVI. Alpaslan et al. [21] reported 14.1% in-hospi-
tal mortality, and in the current study, this rate was similarly
at 14.2% (n=19).

There are also data on 30-day mortality. Svensson et al.
[22] reported a rate of 3.4% for transfemoral TAVI patients,
and in the study by Lareyre et al. [23], the rate was reported
as 5.9%. The higher rate in the current study could have
been related to the low socio-cultural status of the patients.

In a review presented by Chakos et al. [24], survival at
1,2, 3,5 and 7 years were 83%, 75%, 65%, 48%, and 28%,
respectively. In our study, we had a 54.9% (n =73) survival
rate (mortality was n = 60% [45.1%)]) with a median fol-
low-up period of 1279 days (3.5 years). With this value, we
have a higher value than the study by Chakos et al. [24].
This may be caused by the fact that we had a more regular
follow-up, whichis related to better results in the long term.
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Female dominance was observed in the current study
(Group 1: n = 44, 60.3%; Group 2: n = 35, 58.3%), which
was similar to the findings of other studies [21, 25]. The
mean age of the current study groups (Group 1,78.38[7.1]
years; Group 2, 78.90 [7.9] years) was similar to the data of
Makkar et al. [14].

For in-hospital, 30-day mortality, 8 patients died due
to infection, one patient died due to pulmonary throm-
boembolism, 2 patients died due to stroke, 3 patients died
due to progression of heart failure, and 5 patients died due
to kidney injury. In long-term follow-up, 14 patients died
due to cardiovascular events (progression of heart failure,
sudden death, and stroke) and 27 patients died of non-car-
diovascular causes (infections, progression of dementia,
respiratory failure). The mean (SD) follow-up period in the
current study was 1433 (124) days, and most deaths were
due to non-cardiovascular causes, which was consistent
with the findings of Salinas et al. [26]. In both groups, CIN
due to the TAVI procedure, DM, HT, AF, CAD, preprocedural
mean hemoglobin, mean serum creatinine, mean GFR,
pre/post-procedural mean platelet values, pre-procedural
median LVDD, LVSD, AVA, mean LA, IVS, Pw, MGR, sPAP, and
first-month follow-up LVEF, LVSD, LA, PGR, MGR, and sPAP
were similar and statistically non-significant.

In our study, there were no patients with a low-
flow/low gradient among the survivors, but 4 patients in
the non-survivor group had a low flow-low gradient. All
the low flow/low gradient patients died. The increase in
pressure overload of the myocardium results in myocardial
hypertrophy and myocardial fibrosis associated with a peak
gradientincrease and myocardial injury/degeneration [27].
In contrast, low pre-procedural PGR (Group 1,88.78 [22.72]
mm Hg; Group 2,79.17 [18.81 mm Hg; P=0.01) was seen to
be associated with increased mortality during the follow-up
period. Takagi et al. [28] reported that patients with low-
flow/low-gradient SAS had increased mortality compared
with normal-flow/high-gradient SAS patients. In a similar
situation, the presence of low PGR may be associated with
increased mortality.

Several studies have demonstrated a relationship
between a postprocedural platelet decrease and mortal-
ity with the TAVI procedure [28, 29]. In the current study,
there was no statistical significance difference in the
median (IQR) platelet count decrease between survivors
and nonsurvivors (108 [77-154] x 10%/I in Group 1 and
108 [59-141] x 10%/Iin Group 2; P=0.47).

Hahn et al. [30] and Naqvi et al. [31] reported that
peri-procedural TEE helps to provide intra-procedural
guidance, predict and diagnose complications, and assists
valve function, especially for difficult cases. In the current
study, the peri-procedural TEE usage was found to be
associated with mortality during the follow-up (37% in
Group 1; 18.3% in Group 2; P =0.019), which is consistent
with data in the literature. The TEE usage can lead to the
selection of a more appropriate TAVI valve size and decrease
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procedure time, thereby reaching statistical significance
due to increased success.

The main scoring systems widely used to predict the
outcomes of cardiac surgery are the EuroSCORE Il and the
STS risk score [5, 6]. If a patient has a high score in these
scoring systems, the case is evaluated as a high surgical risk,
and valve replacement may be applied with TAVI. Neverthe-
less, higher risk scores are known to have poor outcomes
and lead to overestimation for the TAVI procedure [32, 33].
Yamaoka et al. [34] reported that EuroSCORE Il had a better
ability of calibration than the STS Score.

Average patient risk scores vary depending on the
healthcare center. Yamaoka et al. [34] reported a mean Eu-
roSCORE Il of 3.1 and a mean STS score of 4.9 for operative
mortality of TAVI patients, and Makkar et al. [14] reported
amean (SD) STS of 5.8 (2.1) for TAVI patients. In the current
study, the median (IQR) STS score was 6 (4-8) in Group 1 and
8 (4.8-10.7) in Group 2, and the mean (SD) EuroSCORE II
was 5.36 (2.14) in Group 1 and 6.42 (2.16) in Group 2.These
scores are higher than those reported in the studies by
Yamaoka et al. [34] and Makkar et al. [14].

New risk assessment methods have been investigated
due to the limitations of classical risk factors. Alpaslan et al.
[21] reported that male sex and pre-procedure low blood
albumin levels were independent predictors of long-term
mortality for TAVI. Afilalo et al. [35] showed that adding the
frailty and disability scores to conservative scoring systems
can improve the predictions of mortality or morbidity in
elderly patients undergoing cardiac surgery.

In this context, this study aimed to evaluate the effect
of different risk scores on mortality following the TAVI pro-
cedure.

The IMRS was developed to evaluate individual mortal-
ity using the complete blood count and a metabolic profile
of patients [8]. The IMRS includes a spectrum of general
medical risks. This risk stratification tool can predict various
diseases that result in mortality, including cardiac pathol-
ogies [9]. Most clinical risk scores have difficult calculation
methods due to the complex data requirements. As the
IMRS only requires the data of common laboratory tests,
an IMRS web calculator is also available with free access
[10]. Johnson et al. [36, 37] reported that IMRS strongly
predicted death in coronary artery bypass patients and
significantly predicts mortality in coronary artery disease
patients divided into the percutaneous treatment and
medical therapy groups.

In the current study, univariate analyses demon-
strated that low aortic peak gradient (HR, 0.987; 95% Cl,
0.974-0.999; P = 0.04), EuroSCORE Il (HR, 1.149; 95% Cl,
1.018-1.297; P = 0.02) and a moderate (HR, 2.211; 95% Cl,
1.017-4.806; P = 0.04) — high (HR, 3.967; 95% Cl, 1.875-
-8.392; P <0.001) risk of IMRS are associated with long-term
mortality. However, in multivariable analysis, only the high
risk of IMRS (HR, 3.430; 95% Cl, 1.537-7.653; P=0.003) and
EuroSCOREII (HR, 1.141;95%Cl, 1.011-1.288; P=0.03) were
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found to independently predict long-term mortality. Low
PGR was not seen to have predictive value for mortality
following the TAVI procedure (Table 4).

In accordance with the purpose and data of our study,
considering the mean survival time of the high, medium, and
low groups according to the IMRS classification during the
total follow-up period, it was 2103 days in the group with low
IMRS, 1426 days in the group with moderate IMRS, and only
912 days in the group with high IMRS (Table 5). These data
also show thatIMRS is relevant for each risk group in predict-
ing life expectancy in patients and thus predicting mortality.

Based on all laboratory and echocardiography param-
eters, it was observed that long-term mortality (>30 days)
for the TAVI procedure was higher in the patients with
high IMRS and EuroSCORE II. Furthermore, the fact that
long-term mortality was higher in the patients with mod-
erate and high IMRS scores than in those with low scores
suggests that the IMRS is promising as a scoring system
for patient selection for the TAVI procedure in addition to
the well-known traditional risk scores. Therefore, our data
can be considered important in demonstrating the clinical
significance of IMRS calculation before the TAVI procedure.

Limitations
The limitation of this study was that it was conducted
retrospectively in a single center.

CONCLUSIONS

When commonly used risk factor systems are insufficient,
the calculation of IMRS before the TAVI procedure may be
useful in predicting long-term mortality after TAVI because
it uses different risk factors than those in other commonly
used scoring systems. Thus, the IMRS can provide new
insights for the prediction of patient outcomes following
TAVI, and it may be useful for identifying patients who will
benefit from the TAVI procedure in the long term.

Larger scale evaluations are needed to confirm the
findings of this study, which included a limited number of
patients from a single center.
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