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Myocardlal injury (M) is not unusual after transcatheter aortic valve replacement (TAVR). To
determine precipitating factors and prognostic outcomes of M| after TAVR, we retrospec-
tively investigated relationships between M/ after TAVR and aortic root dimensions, baseline
patient characteristics, echocardiographic findings, and procedural features.

Of 474 patients who underwent transfemoral TAVR for severe aortic stenosis in our ter-
tiary center from June 2011 through June 2018, 188 (mean age, 77.7 + 7.7 yr; 96 women
[571%]) met the studly inclusion criteria. Patients were divided into postorocedural MI (PMI)
(n=74) and no-PM/ (n=114) groups, in accordance with high-sensitivity troponin T levels.

We found that M risk was associated with older age (odds ratio [OR]=1.054; 95% CI,
1.013-1.098; P=0.01), transcatheter heart valve type (OR=10.207; 95% Cl, 2.861-36.463;
P=0.001), distances from the aortic annulus to the right coronary artery ostium (OR=0.853;
95% Cl, 0.731-0.995, P=0.04) and the left main coronary artery ostium (OR=0.747; 95%
Cl, 0.616-0.906; P=0.003), and baseline glomerular filtration rate (OR=0.985, 95% ClI,
0.970-1.000, P=0.04). Moreover, the PMI group had a longer time to hospital discharge
(P=0.001) and a higher permanent pacemaker implantation rate (P=0.04) than did the no-
PMI group.

Our findings may enable better estimation of which patients are at higher risk of M/
after TAVR and thus improve the planning and course of clinical care. (Tex Heart Inst J
2022;49(4):e207380)

ortic stenosis progresses slowly and has a long latency period. Usually, there is
an extended period between disease onset and the emergence of symptoms.
However, once symptoms develop, the disease progresses rapidly."* Surgical
aortic valve replacement (AVR) improves symptoms and reduces mortality rates in
comparison with conservative medical therapy.** Approximately 30% of patients with
severe aortic stenosis are not candidates for surgical AVR, because they either are at
high surgical risk or are otherwise inoperable.” The need for less-invasive treatment
options for these patients prompted the development of transcatheter AVR (TAVR),
which soon became the preferred technique in patients with severe aortic stenosis in
whom surgery would pose an intermediate or high procedural risk.>®
Myocardial injury (MI) and myocardial infarction are frequent complications of
TAVR that can have severe consequences for patients. The Valve Academic Research
Consortium (VARC)-2 defines MI as an increase in cardiac troponin values more
than 15 times the upper reference limit or a 5-fold increase in the creatine kinase-MB
isoform (CK-MB) within 72 hours after TAVR.” Embolization to one or more coro-
nary arteries is also crucial in the pathogenesis of MI after TAVR.* For these reasons,
aortic root dimensions are predictive factors for the development of MI. However,
to our knowledge, data regarding the anatomic properties of the aortic root and its
measurements are lacking,
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We investigated the relationship between the post-
TAVR development of MI and aortic root dimensions,
baseline patient characteristics, echocardiographic find-
ings, and procedural features, and we report our findings.

Patients and Methods

In this retrospective study, patients with severe aortic
stenosis who underwent TAVR at our center from June
2011 through June 2018 were identified from electronic
medical records, during clinic visits, and by telephone.
The diagnosis of aortic stenosis had been made by a
multidisciplinary heart team on the basis of clinical
and comorbid conditions. Patients were excluded from
the study if they had acute decompensated heart failure
when they were referred for TAVR, myocardial infarc-
tion within 4 weeks after referral, or a major complica-
tion during or after the procedure; or if they died before
any postoperative blood samples were taken or if blood
sampling for measuring cardiac troponin T (TnT) levels
was not done at prespecified times (baseline and 4, 12,
24, and 48 hr after the procedure).

The European System for Cardiac Operative Risk
Evaluation (EuroSCORE)’ and Society of Thoracic
Surgeons (STYS) scores' were calculated by using online
calculators. Coronary angiograms were used to deter-
mine the presence of coronary artery disease (CAD).
In-hospital death and death at 30 days and 1 year were
used to determine the clinical outcomes of MI.

This retrospective study was approved by our hos-
pital ethics committee. All patients had given written
informed consent before undergoing TAVR.

Laboratory Data

All laboratory findings obtained before and after TAVR
were extracted from medical records. Blood samples
were taken before the procedure and 4, 12, 24, and
48 hours after. High-sensitivity TnT (hs-TnT) levels
were measured with use of Elecsys Troponin T high-
sensitivity assays (Roche Diagnostics) in Cobas E 601
analyzers (Roche), and CK-MB levels with use of a
Roche Hitachi 911 Chemistry Analyzer. A diagnosis of
MI was made if hs-TnT levels were more than 15 times
the upper reference limit within 72 hr of the procedure,
or if cardiac biomarker levels were already elevated at
baseline (>99th percentile) or increased more than 50%
after TAVR versus before TAVR

Echocardiography

All patients undergoing TAVR in our clinic underwent
echocardiography with use of the Philips iE33 device
and PHRULTIE33 system (Philips Medical Systems).
Patients underwent evaluation at baseline and then
postoperatively at 24 hours, 30 days, and 1 year, unless
an urgent medical condition necessitated earlier exami-
nation. Left ventricular ejection fraction, AV maximal
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and mean pressure gradients, aortic annulus diameters,
AV area, ascending aortic diameters, postprocedural
pressure gradients of the bioprosthetic valve, and aortic
insufficiencies were recorded and analyzed.

Multislice Computed Tomography

We examined computed tomographic (CT) images
obtained preprocedurally with use of a Somatom Defi-
nition Flash 256-slice CT scanner (Siemens Medical
Solutions). Diameters, ellipticity indices, areas, and pe-
rimeters of the aortic annulus, sinus of Valsalva, and
sinotubular junction were recorded, and distances be-
tween the aortic annulus and left main coronary artery
(LMCA) and the aortic annulus and right coronary
artery (RCA) were measured.

Procedural Preparation
Doppler and 2-dimensional transthoracic echocardio-
grams obtained in parasternal long-axis, parasternal
short-axis, apical 4-chamber, and apical 3-chamber
views were used for initial evaluation of the AV. Trans-
esophageal echocardiography was performed when
evaluable transthoracic images could not be obtained.
Multislice CT enabled preprocedural evaluation of valve
morphology, the aortic annulus, aortic annulus—-LMCA
and aortic annulus—RCA distances, and the availability
of peripheral arteries for TAVR. Coronal, sagittal, and
axial CT images of the annulus were reconstructed with
use of the OsiriX MD v.9.5 program (DICOM viewer
and image-analysis program; Pixmeo SARL). An ex-
perienced operator performed annular measurements.
A transfemoral route was used for all TAVR proce-
dures. Coronary angiography was performed in any
patient who had not undergone it in the past 6 months.
We defined CAD either as coronary plaque exceeding
50% in diameter on coronary angiograms or as previous
myocardial infarction, coronary artery bypass grafting,
or percutaneous coronary intervention.

Statistical Analysis
We used SPSS version 22.0 for Windows (SPSS, an
IBM company) for all statistical analysis. 2 <0.05 was
considered statistically significant. Descriptive statistics
were presented as number and percentage for categori-
cal variables and as mean + SD for continuous vari-
ables. Visual (histograms and probability graphics) and
analytic (Kolmogorov-Smirnov or Shapiro-Wilk tests)
criteria were used to evaluate normal distribution of
continuous variables. The independentsample # test
was used for comparative analysis between 2 groups for
normally distributed data. The Pearson-Fisher exact test
and 2 test were used for comparative analysis between
independent groups for categorical variables.

Factors affecting MI development were analyzed by
using univariate logistic regression. Independent factors
for MI development risk that were statistically relevant
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(P <0.05) in univariate logistic regression analysis were
used in multivariate logistic regression analysis.

Results

During the study period, 474 patients with severe aortic
stenosis underwent TAVR. After the exclusion criteria
were applied, the cases of 188 patients were retrospec-
tively analyzed (Fig. 1). The mean age was 77.7 £ 7.7
years, and 96 (51%) were women. The mean ST score
was 6.98 £3.91, and the mean EuroSCORE was 22.07
+ 144 (Table I).

Patients were divided into 2 groups: those with
postprocedural MI (PMI) and those without PMI.
We found that 74 patients (39.4%) had PMI, and 114
(60.6%) did not. The PMI group was older (79.5 £ 8.0
vs 76.5 £ 7.3 yr; P=0.009) and had a lower baseline glo-
merular filtration rate (GFR) (60.39 £+ 20.13 vs 66.38 +
19.17 mL/min/1.73 m?; P=0.04) when compared with
the no-PMI group.

Among the preprocedural CT findings, the aortic an-
nulus—LMCA ostium distance was shorter in the PMI
group than in the no-PMI group (13.03 + 1.47 vs 13.79
+ 1.74 mm; P=0.002), as was the aortic annulus—RCA
ostium distance (13.61 = 1.98 vs 14.26 = 2.19 mm;
P=0.04) (Table II).

Edwards SAPIEN XT valves (Edwards Lifesciences
Corporation) were implanted in 129 patients (68.6%),
Edwards SAPIEN 3 valves (Edwards Lifesciences) in 40
(21.3%), and LOTUS valves (Boston Scientific Corpo-
ration) in 19 (10.1%). The 4 patients (2.1%) in whom
surgical AVR had been performed underwent valve-in-
valve TAVR. We detected M1 in 16 (84.2%) of the 19
patients who underwent LOTUS valve implantation,
and MI was significantly more prevalent in patients
who received a LOTUS valve versus either Edwards
valve (P=0.001) (Table III).

Permanent pacemaker (PPM) implantation was per-
formed in 27 patients (14.4%) after TAVR (Table IV).
The mean time between implantation and discharge
from the hospital was 5.3 + 3.4 days. The PPM im-

474 patients with aortic stenosis
underwent TAVR

286 patients excluded
8 = acute decompensated heart failure
11 = myocardial infarction in past 4 wk
49 = major in-hospital complications
13 = died during postoperative period
205 = improper blood sampling for measuring
cardiac troponin T levels

v

v
l 188 patients included l

Fig. 1 Diagram shows the studly inclusion process.

TAVR = transcatheter aortic valve replacement

Texas Heart Institute Journal » 2022, Vol. 49, No. 4

plantation rate was higher in the PMI group than in
the no-PMI group (21.6% vs 9.6%; P=0.04), and time
to hospital discharge was also longer (6.3 + 4.1 vs 4.7
+ 2.7 d; P=0.001). The in-hospital mortality rate was
1.1% (2 patients in the PMI group), and the 30-day
mortality rate was 3.8% (7 patients). The cumulative
l-year mortality rate after the procedure was 15.4%
(29 patients). The 2 groups had similar in-hospital and
follow-up mortality rates.

We used multivariate logistic regression to investigate
the prognostic value of variables found to be signifi-
cantly related to MI development after TAVR as in-
dicated by the increase in hs-TnT values. Independent
predictors were older age (odds ratio [OR]=1.054; 95%
CI, 1.013-1.098; P=0.01), LOTUS valve implantation
(OR=10.207; 95% ClI, 2.861-36.463; P=0.001), aortic
annulus—LMCA ostium distance (OR=0.747; 95% ClI,
0.616—0.906; P=0.003), aortic annulus—RCA ostium
distance (OR=0.853; 95% ClI, 0.731-0.995; P=0.04),
and basal GFR value (OR=0.985; 95% CI, 0.970—
1.000; P=0.04) (Table V).

Discussion

Our study produced several major findings. First, pro-
cedure-related MI developed in 39.4% of our patients.
Second, although few patients were given a LOTUS
valve, that valve type was associated with MI after
TAVR. Third, older age, the distance of the aortic an-
nulus to each of the coronary ostia, and baseline GFR
value were independent predictors of MI development
after TAVR. Fourth, hospital stays were longer and
PPM implantation rates were higher in the PMI group.
Fifth, development of MI caused no difference in mor-
tality rates between groups.

For more than 50 years, surgical AVR was the only
means of controlling symptoms and increasing survival
rates in patients with severe aortic stenosis. After its first
use in human beings in 2002, however, TAVR became
an alternative for patients who are not surgical candi-
dates, and it is now extensively used worldwide.® Given
advances in catheter-based techniques and the develop-
ment of new-generation AVs, TAVR has become the
preferred approach for patients who are at intermediate
or high surgical risk."

However, the widespread use of TAVR and other per-
cutaneous cardiac procedures has made MI a serious
complication associated with adverse events and poor
prognosis.” Elevation in cardiac biomarkers (Tn and
CK-MB) is the reference standard for diagnosing MI."
As highly sensitive, new-generation Tn assays become
increasingly available, elevated biomarker levels can be
more readily detected after almost all cardiac interven-
tions.

In this study, MI was detected in 74 patients (39.4%)
during the first 48 hours after TAVR, according to
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TABLE |. Baseline Characteristics of the Patients

All Patients No PMI With PMI
Variable (N=188) (n=114) (n=74) P Value
Age (yr) 777+77 765+73 795+8.0 0.009
Female 96 (51.0) 50 (43.9) 46 (62.2) 013
Body mass index 2798 +7.09 2849777 2719+5.88 0.22
STS score 6.98 +3.91 6.91 +4.07 710+£3.67 0.74
EuroSCORE (%) 22.07 +14.40 2218+ 14.79 21.92 £13.87 0.91
Coronary artery disease — — — 0.47
None 16 (8.5) 8(7.0) 8(10.8) —
Nonobstructive 116 (61.7) 69 (60.5) 47 (63.5) —
Obstructive 56 (29.8) 37 (32.5) 19 (25.7) —
NYHA functional class — — — 0.42
Il 12 (6.4) 6 (5.3) 6 (8.1) —
Il 132 (70.2) 84 (73.7) 48 (64.9) —
I\ 44 (23.4) 24.(21.7) 20 (27.0) —
Medical history
CABG 51 (27.) 33(28.9) 18 (24.3) 0.49
PCI 31(16.5) 16 (14.0) 15(20.3) 0.26
Valve surgery 10 (5.3) 9(7.9) 1(1.4) 0.46
Myocardial infarction 58 (30.9) 33(28.9) 25 (33.8) 0.48
Stroke 13(6.9) 8(7.0) 5(6.8) 0.95
Peripheral artery disease 67 (35.6) 39(34.2) 28 (37.8) 0.61
COPD 54 (27.7) 30 (26.3) 24.(32.4) 0.56
Diabetes 64 (34.0) 38(33.3) 26 (35.1) 0.80
Hypertension 173 (92.0) 105 (92.1) 68(91.9) 0.96
Hyperlipidemia 68 (36.2) 44 (38.6) 24 (32.4) 0.39
Atrial fibrillation 54 (28.7) 33(28.9) 21 (28.4) 0.93
Chronic kidney disease 41 (21.8) 23(20.2) 18 (24.3) 0.50
Baseline GFR (mL/min/1.73 m?) 64.02 £19.72 66.38 +19.17 60.39£20.13 0.04
Echocardiographic findings
LV ejection fraction (%) 52.3+135 50.6 +13.4 521+14.6 0.46
LV mass (g) 1491 £37.9 152.9+39.2 143.7+40.9 012
Aortic valve area (cm?) 0.69+0.17 0.69+0.17 0.68+0.18 0.89
Aortic gradient (mmHg) 50.8+15.8 50.56+15.8 51.3+£15.8 0.73
sPAP (mmHg) 46.0+£15.5 44.6+14.7 48.2+16.4 0.15

CABG = coronary artery bypass grafting; COPD = chronic obstructive pulmonary disease; EuroSCORE = European System for
Cardiac Operative Risk Evaluation; GFR = glomerular filtration rate; LV = left ventricular; NYHA = New York Heart Association;
PCI = percutaneous coronary intervention; PM| = postprocedural myocardial injury; sSPAP = systolic pulmonary artery pressure;

STS = Society of Thoracic Surgeons

Data are presented as mean + SD or as number and percentage. P <0.05 was considered statistically significant.

VARC-2 criteria (an elevation of hs-TnT >15 times the
upper reference limit within 72 hr of the procedure).” In
the medical literature, M1 rates after TAVR have varied
between 16% and 99%." Differences between studies
in how MI was identified, the use of a transfemoral or
transapical route, the analyses used to determine Tn val-
ues, and the heterogeneity of patient groups may explain
this wide range of rates. In a study in which VARC-2

Texas Heart Institute Journal » 2022, Vol. 49, No. 4

criteria were used to detect MI after solely transfemo-
ral TAVR,” high-sensitivity TnI was elevated in 51.6%
of patients and CK-MB in 7.4%. In a different study
with similar criteria, the MI rate was 77%.'° The rela-
tively low MI rates in our study may be due to use of
the transfemoral route in all patients and exclusion of
patients with major postprocedural complications that
could increase cardiac biomarker levels. Of note, MI is
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TABLE Il. Comparison of Multislice Computed Tomographic Values

All Patients No PMI With PMI
Variable (N=188) (n=114) (n=74) P Value
Aortic annulus size (mm)
Large diameter 2570+ 3.77 2444 +3.22 24.67 +3.42 0.20
Small diameter 21.80+£2.27 21.92+2.20 21.61+2.37 0.36
Perimeter 7713+6.41 77.66 £ 6.11 76.31 +£6.81 0.16
Sinus of Valsalva size
Large diameter (mm) 30.54 +3.57 30.58+3.93 30.49+2.96 0.86
Small diameter (mm) 28.76 £3.83 2894+ 417 28.49+3.23 0.43
Area (mm?) 783.40 +190.12 790.40 +205.74 7726+164.0 0.563
Perimeter (mm) 98.60 + 11.54 98.96 + 12.36 98.04 +10.21 0.59
Sinotubular junction
Area (mm?) 683.86 + 189.44 694.04 +211.85 668.17 + 148.48 0.36
Perimeter (mm) 91.56 + 11.83 9251+1292 91.10+£9.96 0.43
AA-LMCA ostium distance (mm) 13.48+1.68 13.79+1.74 13.03+1.47 0.002
AA-RCA ostium distance (mm) 14.01+2.13 14.26 £2.19 13.61+1.98 0.04
LMCA = left main coronary artery; Ml = myocardial injury; RCA = right coronary artery
Data are presented as mean + SD. P <0.05 was considered statistically significant.
TABLE lll. Procedural Characteristics
All Patients No PMI With PMI
Variable (N=188) (n=114) (n=74) P Value
Predilation 124 (66.0) 70 (61.4) 54 (73.0) 0.10
Postdilation 1(0.5) 1(0.9) 0 0.61
Valve type — — — 0.001
SAPIEN XT 129 (68.6) 83(72.8) 46 (62.2) —
SAPIEN 3 40 (21.3) 28 (24.6) 12 (16.2) —
LOTUS 19(10.1) 3(2.6) 16 (21.6) —
Valve size (mm)
SAPIEN XT or 3 (n=169) — — — 0.94
23 55 (32.5) 37 (33.3) 18 (31) —
26 81 (47.9) 53 (47.7) 28 (48.3) -

29 33(19.5) 21(18.9) 12 (20.7) —
LOTUS (n=19) — — — 0.57
23 8(42.1) 2 (66.7) 6 (37.5) —

25 8(42.1) 1(33.3) 7(43.8) —

27 3(15.8) 0 3(18.8) —

Valve-in-valve implantation 4(2.1) 4 (3.5) 0 0.13

PMI = postprocedural myocardial injury

Data are presented as number and percentage. P <0.05 was considered statistically significant.

expected to develop less frequently after TAVR than
after surgical AVR because TAVR involves no cardio-
plegia, aortic clamping, or other procedural steps.
Hypotheses have been proposed to explain MI during
TAVR. Cardiac biomarkers are elevated in most patients
with severe aortic stenosis even in the absence of inter-
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vention, suggesting that a stenotic AV increases intraven-
tricular pressure. The transapical route is a major cause
of injury because a catheter is inserted directly through
the myocardium.” Hypotension during valve implanta-
tion and rapid ventricular pacing may cause MI by alter-
ing the oxygen supply to the myocardium." Predilation
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TABLE IV. Clinical Outcomes

All Patients No PMI With PMI
Variable (N=188) (n=114) (n=74) P Value
Permanent pacemaker implantation 27 (14.4) 11 (9.6) 16 (21.6) 0.04
Death
In-hospital 210 0 2(2.7) 0.15
30-day 7(3.8) 4(3.5) 3(4.2) 0.55
6-month 7(3.8) 4(3.5) 3(4.2) 0.55
1-year 13 (7.0) 11 (9.6) 2(2.8) 0.07
Cumulative 1-year 29 (15.4) 19 (16.7) 10 (13.5) 0.42
Discharge from hospital (d) 53+34 47+2.7 6.3+4.1 0.001

PMI = postprocedural myocardial injury

Data are presented as number and percentage or as mean + SD. P <0.05 was considered statistically significant.

TABLE V. Independent Predictors of MI After
Transcatheter Aortic Valve Implantation

Odds Ratio

Variable (95% Cl) P Value

Age 1.054 0.01
(1.013-1.098)

LOTUS valve 10.207 0.001
(2.861-36.463)

Aortic annulus— 0.747 0.003

LMCA distance (0.616-0.906)

Aortic annulus— 0.853 0.04

RCA distance (0.731-0.995)

Baseline GFR 0.985 0.04
(0.970-1.000)

GFR = glomerular filtration rate; LMCA = left main coronary
artery; Ml = myocardial injury; RCA = right coronary artery

P <0.05 was considered statistically significant.

of the native AV, postdilation of the bioprosthetic valve,
and MI during manipulation of catheters and guide-
wires may also contribute to PMI. One of the most im-
portant causes of injury is the embolization of calcific
material from the native AV to the coronary arteries.”
Intraoperative or postoperative complications also may
contribute to MI development.” Moreover, occlusion of
the coronary artery ostium by the bioprosthetic valve or
native AV cusps may cause substantial MI and a severe
clinical course.”

The type of bioprosthetic AV is another important
factor affecting the development of MI. Among the 3
valve types used in our study (SAPIEN XT, SAPIEN 3,
and LOTUS), the LOT'US valve increased our patients’
risk for MI. Stundl and colleagues® similarly showed
that MI developed more often in patients who had
undergone LOTUS valve implantation. Myocardial
tissue compression and mechanical trauma caused by

Texas Heart Institute Journal » 2022, Vol. 49, No. 4

the additional adaptive seal around the outer aspect
of the lower valve frame (designed to minimize para-
valvular leaks) may be the mechanism. Moreover, a
self-expanding aortic prosthesis like the LOTUS valve
requires extended and continuous pressure application
over the aortic annulus. This contrasts with balloon-
expanding valves like the SAPIEN types, in which high
pressures are applied briefly. Longer procedural times
and potential resheathing processes may also contribute
to MI development during LOT'US implantation. Con-
sidering that the SAPIEN 3 valve has a seal around its
outer rim but is associated with lower MI rates, the last
3 mechanisms may most readily explain the high rates
of MI during LOTUS valve implantation.®

Aortic root and AV anatomy also contribute to MI
development. In one investigation of ML"” post TAVR
cardiac magnetic resonance detected small, subendocar-
dial, or mural localized, multifocal embolic lesions, and
the investigators concluded that the migration of micro-
embolic material from the AV to the coronary arteries
during TAVR contributed substantially to MI. In the
same study, an inverse relationship was found between
the aortic annulus—coronary ostium distance and MI
ratios, similar to our results; however, unlike our results,
the correlation was not statistically significant.” In an
experimental study in porcine hearts,” multiple embolic
particles were detected in all coronary arteries after in
vitro balloon valvuloplasty of calcified AVs.

The distance between the aortic annulus and the
coronary artery ostium is inversely related to the risk
for total or subtotal occlusion of the coronary arteries
during TAVR.* Our study contributes to the literature
by reporting a statistically significant inverse relation-
ship between the risk for MI and the distance between
the aortic annulus and each of the coronary ostia, even
though there was no total or subtotal obstruction of the
coronary arteries. The proximity of the coronary ostium
to the aortic annulus possibly affects the density of the
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calcified material that embolizes from the AV to the
coronary arteries.

Our highly selective study was conducted in a homo-
geneous cohort; all procedures were transfemoral, and
patients with major complications were excluded, there-
by eliminating the effects of multiple confounding fac-
tors that contribute to MI. This refinement in patient
selection ensures that our data on the inverse relation
between MI risk and aortic annulus—coronary ostium
distance are even more meaningful than are other data
in the literature. Our data also strengthen the hypoth-
esis that embolic material emitted from the calcified
AV during TAVR distinctly affects MI development.
This embolic material may play a role in other clinical
conditions, as well; asymptomatic cerebral emboli have
been reported in 84% of patients after TAVR.? Our
data may influence clinicians to avoid unnecessary AV
manipulation and to select prostheses with less MI risk
when performing TAVR in patients who have shorter
aortic annulus—coronary ostium distances.

Whether CAD increases the risk for MI after TAVR
is not settled. Although Koskinas and colleagues*
found that MI was more prevalent among patients
with complex CAD, other investigators found no such
relationship. The 188 patients in our study had normal
coronary arteries (n=16; 8.5%), nonobstructive CAD
(n=116; 61.7%), or obstructive CAD (n=56; 29.8%). Be-
cause PCI within 4 weeks before TAVR was an exclu-
sion criterion in our study, the obstructive-CAD group
comprised patients who were managed medically or
were scheduled for revascularization after TAVR.

We found no significant relationship between the
presence of CAD and the development of MI. Four pa-
tients had previously undergone surgical AVR and then
underwent valve-in-valve TAVR, and none sustained
MI. Despite the lack of data to prove it, a previously
implanted bioprosthetic AV may prevent the new AV
from compressing the myocardium, and less embolic
material may be dislodged from these patients” AVs.*
Larger studies are needed to characterize this patho-
physiologic process.

Patients in whom VARC-2 class 2-3 acute kidney
injury developed after TAVR were considered to have a
major complication and were excluded from our study.
We found a reverse relationship between patients’ base-
line GFR values and MI risk. Kidney failure itself is an
independent factor for chronic cardiac biomarker eleva-
tion and M1, even without cardiac intervention. Direct
toxic effects of elevated urea levels on the myocardium
and increased myocardial stretch due to amplified in-
travascular volume are possible contributing factors.”
Others’ findings regarding the effect of baseline renal
function on MI development are similar to our study’s
outcomes.”*’

Although one study* showed a significant relation-
ship between rapid ventricular pacing time and MI,
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Koifman and associates' found none between rapid
pacing times and myocardial damage. Activated clo-
ting time (ACT) was strictly monitored, with addition-
al heparin doses administered as needed to maintain
times longer than 250 sec. In our study, however, we
did not measure ACT.

We found relationships between MI and both the
duration of hospital stay and the need for PPM im-
plantation. Another study with findings similar to ours
also noted a relationship between MI and the need for
PPMs." Conduction defects after TAVR are associated
with mechanical compression of the aortic bioprosthe-
sis onto myocardial tissue, involving conduction fibers.
Given that MI results from a similar pathophysiologic
process, the relationship between MI and the need for
PPMs is not surprising.

We found no relationships between MI development
and mortality rates in our study. Evidence in the lit-
erature regarding these relationships is contradictory.
Stundl and colleagues® found no correlation between
MI defined as an elevation of both CK-MB and Tn
values and mortality rates at 30 days and 1 year.” Cho-
rianopoulos and associates® also found no correlation
between MI defined by TnT elevation and mortality
rates at 30 days and 1 year.* In contrast, Koskinas and
coworkers* found that MI defined by elevated TnT
values was related to increased 30-day and 1-year mor-
tality rates." In a study by Koifmann and colleagues,"
CK-MB elevation, but not TnT elevation, was associ-
ated with 1-year mortality rates. Similarly, Yong® and
Ribeiro” and their colleagues found a relationship be-
tween CK-MB elevation and 30-day mortality rates. A
subgroup analysis of the PARTNER study by Paradis
and associates® revealed a relationship between MI and
30-day mortality rates, whereas 1-year mortality rates
were related only to elevated CK-MB levels. Last, a
meta-analysis of 9 studies by Michail and colleagues®
revealed an association between MI and a significantly
increased risk for 30-day and 1-year all-cause death.

Elevated TnT is more sensitive and specific than is
CK-MB elevation in detecting MI; however, with the
widespread application of hs-TnT assays, elevated TnT
levels can be detected after even minor cardiovascular
procedures.” For this reason, larger studies are needed

to define new Tn cutoff values for predicting mortality
rates after TAVR.

Study Limitations

The main limitation of this study is its retrospective,
single-center design. Other limitations include the ab-
sence of data on total procedure recording, rapid ven-
tricular pacing, and ACT. In addition, having fewer
patients in the LOTUS group than in the other valve
groups might have introduced bias into certain com-
parisons, and the few patients in the LOTUS group
might have affected the positive correlation between
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LOTUS valve implantation and MI incidence. Further
research in wider patient populations is needed to con-
firm the relationship between prosthesis type and MI
risk.

Conclusion

The clinical presentation of patients with MI can vary
widely, from asymptomatic to exhibiting severe com-
plications. We found that older age, AV type, baseline
GFR value, and the distances from the aortic annulus
to the LMCA ostium and to the RCA ostium were
significantly related to MI risk. In addition, we found
that MI was associated with longer hospital stays and
a high risk for PPM implantation after TAVR. Use of
the LOTUS valve may be associated with greater MI
risk. Our findings may influence clinicians to select bio-
prostheses with less MI risk when performing TAVR
in patients who have shorter annulus-ostium distances.

Disclosures: None
Funding: None
Published: 15 July 2022

References

1. Ross] Jr, Braunwald E. Aortic stenosis. Circulation
1968:38(1 Suppl):61-7.

2. Supino PG, Borer JS, Preibisz J, Bornstein A. The
epidemiology of valvular heart disease: a growing public
health problem. Heart Fail Clin 2006;2(4):379-93.

3. Schwarz F, Baumann P, Manthey J, Hoffmann M, Schuler
G, Mehmel HC, et al. The effect of aortic valve replacement
on survival. Circulation 1982;66(5):1105-10.

4. Bouma BJ, van den Brink RB, van der Meulen JH, Verheul
HA, Cheriex EC, Hamer HP, et al. To operate or not on
elderly patients with aortic stenosis: the decision and its
consequences. Heart 1999;82(2):143-8.

5. Webb JG, Pasupati S, Humphries K, Thompson C, Altwegg
L, Moss R, et al. Percutaneous transarterial aortic valve
replacement in selected high-risk patients with aortic stenosis.
Circulation 2007;116(7):755-63.

6. Cribier A, Eltchaninoff H, Bash A, Borenstein N, Tron C,
Bauer F, et al. Percutaneous transcatheter implantation of an
aortic valve prosthesis for calcific aortic stenosis: first human
case description. Circulation 2002;106(24):3006-8.

7. Kappetein AP, Head SJ, Genereux P, Piazza N, van Mieghem
NM, Blackstone EH, et al. Updated standardized endpoint
definitions for transcatheter aortic valve implantation:
the Valve Academic Research Consortium-2 consensus
document. ] Am Coll Cardiol 2012;60(15):1438-54.

8. DParadis JM, Maniar HS, Lasala JM, Kodali S, Williams
M, Lindman BR, et al. Clinical and functional outcomes
associated with myocardial injury after transfemoral
and transapical transcatheter aortic valve replacement:

a subanalysis from the PARTNER trial (Placement of
Aortic Transcatheter Valves). JACC Cardiovasc Interv
2015;8(11):1468-79.

9. Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow
S, Salamon R. European system for cardiac operative

Texas Heart Institute Journal » 2022, Vol. 49, No. 4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

risk evaluation (EuroSCORE). Eur J Cardiothorac Surg
1999;16(1):9-13.

Kumar A, Sato K, Narayanswami J, Banerjee K, Andress K,
Lokhande C, et al. Current Society of Thoracic Surgeons
model reclassifies mortality risk in patients undergoing
transcatheter aortic valve replacement. Circ Cardiovasc Interv
2018;11(9):e006664.

Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin
JP 3rd, Fleisher LA, et al. 2017 AHA/ACC focused update
of the 2014 AHA/ACC guideline for the management of
patients with valvular heart disease: a report of the American
College of Cardiology/American Heart Association

Task Force on Clinical Practice Guidelines. Circulation
2017;135(25):e1159-95.

Barbash IM, Dvir D, Ben-Dor I, Badr S, Okubagzi P,
Torguson R, et al. Prevalence and effect of myocardial injury
after transcatheter aortic valve replacement. Am J Cardiol
2013;111(9):1337-43.

Thygesen K, Alpert JS, White HD; Joint ESC/ACCF/
AHA/WHEF Task Force for the Redefinition of Myocardial
Infarction. Universal definition of myocardial infarction.

J Am Coll Cardiol 2007;50(22):2173-95.

Kim WK, Liebetrau C, van Linden A, Blumenstein ], Gaede
L, Hamm CW;, et al. Myocardial injury associated with
transcatheter aortic valve implantation (TAVI). Clin Res
Cardiol 2016;105(5):379-87.

Stundl A, Schulte R, Lucht H, Weber M, Sedaghat A,
Shamekhi J, et al. Periprocedural myocardial injury

depends on transcatheter heart valve type but does not
predict mortality in patients after transcatheter aortic valve
replacement. JACC Cardiovasc Interv 2017;10(15):1550-60.
Koifman E, Garcia-Garcia HM, Alraies MC, Buchanan K,
Hideo-Kajita A, Steinvil A, et al. Correlates and significance
of elevation of cardiac biomarkers elevation following
transcatheter aortic valve implantation. Am J Cardiol
2017;120(5):850-6.

Ribeiro HB, Larose E, de la Paz Ricapito M, Le Ven F,
Nombela-Franco L, Urena M, et al. Myocardial injury
following transcatheter aortic valve implantation: insights
from delayed-enhancement cardiovascular magnetic
resonance. Eurolntervention 2015;11(2):205-13.

Kahlert P, Al-Rashid F, Plicht B, Wild C, Westholter D,
Hildebrandt H, et al. Myocardial injury during transfemoral
transcatheter aortic valve implantation: an intracoronary
Doppler and cardiac magnetic resonance imaging study.
Eurolntervention 2016;11(12):1401-8.

Kim WK, Rolf A, Liebetrau C, Van Linden A, Blumenstein
J, Kempfert J, et al. Detection of myocardial injury by CMR
after transcatheter aortic valve replacement. ] Am Coll
Cardiol 2014;64(4):349-57.

Sinning JM, Hammerstingl C, Schueler R, Neugebauer A,
Keul S, Ghanem A, et al. The prognostic value of acute and
chronic troponin elevation after transcatheter aortic valve
implantation. Eurolntervention 2016;11(13):1522-9.

Stabile E, Sorropago G, Cioppa A, Cota L, Agrusta M,
Lucchetti V, Rubino P. Acute left main obstructions
following TAVI. Eurolntervention 2010;6(1):100-5.
Haberthiir D, Lutter G, Appel M, Attmann T, Schramm

R, Schmitz C, Quaden RB. Percutaneous aortic valve
replacement: valvuloplasty studies in vitro. Eur J
Cardiothorac Surg 2011;39(5):631-4.

Ghanem A, Miiller A, Nihle CP, Kocurek J, Werner N,
Hammerstingl C, et al. Risk and fate of cerebral embolism
after transfemoral aortic valve implantation: a prospective
pilot study with diffusion-weighted magnetic resonance

imaging. ] Am Coll Cardiol 2010;55(14):1427-32.

Myocardial Injury After TAVR ~ 8/9

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-10



24.

25.

26.

27.

28.

29.

30.

31.

Koskinas KC, Stortecky S, Franzone A, O’Sullivan CJ,

Praz F, Zuk K, et al. Post-procedural troponin elevation

and clinical outcomes following transcatheter aortic valve
implantation. ] Am Heart Assoc 2016;5(2):¢002430.

Januzzi JL Jr, Filippatos G, Nieminen M, Gheorghiade M.
Troponin elevation in patients with heart failure: on behalf
of the third Universal Definition of Myocardial Infarction
Global Task Force: Heart Failure Section. Eur Heart ]
2012;33(18):2265-71.

Chorianopoulos E, Krumsdorf U, Geis N, Pleger ST,
Giannitsis E, Katus HA, Bekeredjian R. Preserved prognostic
value of preinterventional troponin T levels despite successful
TAVTI in patients with severe aortic stenosis. Clin Res Cardiol
2014;103(1):65-72.

Carrabba N, Valenti R, Migliorini A, Vergara R, Parodi G,
Antoniucci D. Prognostic value of myocardial injury
following transcatheter aortic valve implantation. Am J
Cardiol 2013;111(10):1475-81.

Yong ZY, Wiegerinck EMA, Boerlage-van Dijk K, Koch
KT, Vis MM, Bouma BJ, et al. Predictors and prognostic
value of myocardial injury during transcatheter aortic valve
implantation. Circ Cardiovasc Interv 2012;5(3):415-23.
Ribeiro HB, Nombela-Franco L, Mufoz-Garcifa AJ,

Lemos PA, Amat-Santos [, Serra V, et al. Predictors and
impact of myocardial injury after transcatheter aortic valve
replacement: a multicenter registry. ] Am Coll Cardiol
2015;66(19):2075-88.

Michail M, Cameron JN, Nerlekar N, Thdayhid AR,
McCormick LM, Gooley R, et al. Periprocedural myocardial
injury predicts short- and long-term mortality in patients
undergoing transcatheter aortic valve replacement. Circ
Cardiovasc Interv 2018;11(11):e007106.

Reiter M, Twerenbold R, Reichlin T, Benz B, Haaf P,
Meissner J, et al. Early diagnosis of acute myocardial
infarction in patients with pre-existing coronary artery
disease using more sensitive cardiac troponin assays. Eur
Heart J 2012;33(8):988-97.

Texas Heart Institute Journal » 2022, Vol. 49, No. 4

Myocardial Injury After TAVR ~ 9/9
http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-10



