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Abstract

Objective

To evaluate the relevance of the individual components of the Valve Academic Research

Consortium (VARC)-2 criteria for periprocedural myocardial infarction (MI) in transcatheter

aortic valve implantation (TAVI). The association between biomarkers and adverse proce-

dural outcome has been established. However, the additive prognostic importance of signs

and symptoms are more uncertain.

Methods

A total of 125 consecutive TAVI patients were prospectively included in this study. Biomark-

ers for MI were analyzed and signs and symptoms according to VARC-2 criteria were col-

lected from clinical records.

Results

The criteria of elevated biomarkers and of signs or symptoms were found in 27 (22%) and

32 (26%) of the patients, respectively. According to VARC-2 definition, 12 (10%) had MI.

VARC-2 definition of MI, Troponin T (TnT) > 600 ng/L, and presence of signs or symptoms

correlated with 6 months mortality, prolonged ICU stay, elevation of N-terminal prohormone

brain natriuretic peptide, and renal impairment. No signs or symptoms were found in 7

(44%) of the patients who fulfilled the criterion of elevated TnT > 600 ng/L. In the group with

positive TnT criterion, there were no significant differences between those with and without

signs or symptoms in respect to levels of TnT (1014 [585–1720] ng/L versus 704 [515–905]

ng/L, p = 0.17) or creatine kinase-MB (36 [25–52] μg/L versus 29 [25–39] μg/L, p = 0.32). In
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the multivariate Cox regression analysis, TnT > 600 ng/L was the only significant indepen-

dent variable associated with 6-months postprocedural mortality.

Conclusions

Myocardial injury in TAVI, measured with biomarkers, correlates well with adverse proce-

dural outcome. In this study it is also the strongest predictor for early postprocedural mortali-

ty. The additional requirement of signs or symptoms for the diagnosis of MI results in

omission of a considerable number of clinically significant MI.

Introduction
Since the first percutaneous transcatheter aortic valve implantation (TAVI) procedure in
human in 2002 described by Cribier et al., TAVI techniques have developed to provide an alter-
native approach to surgical aortic valve replacement primarily in patients with high comorbidi-
ty and high surgical risk [1,2]. The TAVI procedure is under development and in recent years,
it has been provided to patient groups with lower surgical risk [3].

There are needs of standardized endpoint definitions, to obtain comparable data on peripro-
cedural outcomes of cardiac interventions and for continuous evaluations. The definitions
must be easy to interpret, be applicable in the clinical setting and preferably be of clinical and
prognostic relevance. The Valve Academic Research Consortium (VARC) has published end-
point definitions for TAVI procedures.[4] The VARC definitions have been used in publica-
tions on TAVI and thereby facilitate the comparisons between different studies.

The updated VARC-2 definition for periprocedural myocardial infarction (MI;<72 h after
the index procedure) requires fulfillment of criteria for both biomarkers of myocardial injury
and signs or symptoms. The complete definition is: new ischemic symptoms (e.g., chest pain or
shortness of breath), or new ischemic signs (e.g., ventricular arrhythmias, new or worsening
heart failure, new ST-segment changes, hemodynamic instability, new pathological Q-waves in
at least 2 contiguous leads, imaging evidence of new loss of viable myocardium or new wall mo-
tion abnormality) and elevated cardiac biomarkers (preferable creatine kinase-MB [CK-MB])
within 72 h after the index procedure, consisting of at least 1 sample postprocedure with a peak
value exceeding 15x as the upper reference limit for troponin or 5x for CK-MB. If cardiac bio-
markers are increased at baseline (>99th percentile), a further increase of at least 50% postpro-
cedure is required and the peak value must exceed the previously stated limit [4].

Elevation of biomarkers of myocardial injury is an inevitable criterion for the diagnosis of
MI. However, it is recognized that the TAVI procedure itself may result in an elevation of bio-
markers and therefore the levels of CK-MB and troponin are set to 5 and 15 times the upper
reference limit, respectively, for the diagnosis of periprocedural MI [4].

Signs and symptoms, such as chest pain, shortness of breath, electrocardiogram (ECG)
changes and echocardiographic findings might be influenced by the TAVI procedure itself and
therefore possibly less specific to TAVI-related periprocedural MI as they are to spontaneous
acute MI. Furthermore, many patients are sedated and are unable to adequately provide symp-
toms. The objective of this study was to evaluate the relevance of the individual components in
the VARC-2 criteria for periprocedural MI in TAVI. To our knowledge, the impact of signs
and symptoms on the diagnosis of MI in TAVI or on the procedural outcome has not previous-
ly been evaluated.
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Methods
In order to evaluate different aspects of the TAVI procedure, consecutive patients, scheduled
for TAVI, were prospectively included in the study after informed, written consent. The study
was approved by the Regional Ethical Review Board in Linköping, Sweden (M 198–07, T 26–8)
and conducted in accordance with the Helsinki declaration.

TAVI, as treatment for symptomatic aortic stenosis, was primarily considered in case of
high surgical risk in terms of predicted mortality. Patients with moderate or low surgical risk
scores were also accepted for TAVI, in case of specific risk factors for surgical aortic valve re-
placement. Such specific risk factors were heavily calcified ascending aorta, previous coronary
surgery with patent grafts, age> 90 years or otherwise fragile patient, sequelae of chest radio-
therapy, immunosuppressive therapy, and malignancy scheduled for surgery, cold agglutinin
disease, and highly aggravated pulmonary or renal dysfunction. Edwards Sapien valve bio-
prostheses (Edwards Lifesciences Inc, Irvine, Calif) were used for implantation in all proce-
dures. The procedure has been previously described in detail [5].

During the study period from the 1st of September 2009 to the 1st of February 2013, 144
TAVI procedures were conducted at our center and 125 patients accepted study inclusion. The
transfemoral (TF) and the transapical (TA) approaches were used in 88 and 37 patients, respec-
tively. Doppler echocardiography was performed the day before and 3–4 days after the TAVI
intervention. In addition to our clinical routine, blood samples were collected before procedure
for N-terminal prohormone brain natriuretic peptide (NT-proBNP), Creatinine, and Cystatin
C, the first day after procedure for NT-proBNP and CK-MB, and the third day after procedure
for NT-proBNP, Creatinine, Cystatin C, and Troponin T (TnT). The upper reference limit for
high sensitive TnT and CK-MB was 15 ng/L and 5 μg/L, respectively. The times for CK-MB
and TnT measurements were chosen upon the peak times of these biomarkers after TAVI de-
scribed by Rodés-Cabau [6].

Data, specific for this study, were recorded in a clinical research form and other clinical data
were registered in, and obtained from the clinical database, Carath (Fujitsu Ltd, Tokyo, Japan).
Collection of data on signs and symptoms of periprocedural MI according to VARC-2 criteria
were registered without knowledge of biochemical markers for myocardial injury or ECG.
Signs and symptoms were registered from the end of the procedure to 72 hours postprocedu-
rally. Echocardiography and ECG were separately evaluated by cardiologists blinded for all
other patient data. Mortality data were retrieved from the Swedish Civil Registry.

Statistical methods
Categorical variables are presented as numbers (percent) and continuous variables as mean (±
SD) or median (25th to 75th percentile) for non-Gaussian distributed data. Nonparametric tests
were performed in all group comparisons. Fisher’s exact test was used for categorical variables
and Mann-Whitney-U test was used for continuous variables. Spearman correlations were
used to assess associations between variables. Cox regression analyses were used to determine
the univariate association between the different variables and 6-months mortality. Continuous
variables were also tested in a categorized form. Collinearity diagnostics were performed and
no signs of multicollinearity were found. A multivariate forward stepwise Cox regression analy-
sis was then performed including variables with p value< 0.15 in the univariate analysis. Sensi-
tivity and specificity were calculated for TnT>600 ng/L, signs and symptoms, and the VARC-
2 criteria for MI in relation to 6-months mortality. Receiver-operating characteristic curve
analysis was performed for TnT and CK-MB. A p-value<0.05 was considered statistically sig-
nificant. All statistical analyses were performed using IBM SPSS Statistics for Windows, Ver-
sion 21.0 (IBM Corporation, Armonk, NY, USA).
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Results
The baseline characteristics and procedural data for the entire study population and the TA
and TF groups are shown in Table 1. In the TA group Euroscore II was higher and peripheral
artery disease was more frequent than in the TF group. No significant differences were found
in the procedural data between the groups.

Mortality and postprocedural in-hospital outcome measures are listed in Table 2. The TA
group had significantly increased need of respirator treatment after the procedure as well as
longer ICU-stay compared to the TF group.

Biomarkers of myocardial injury
Both the median TnT level at 72 hours and the CK-MB level at 24 hours postprocedurally were
higher in the TA group compared to the TF group (Table 2). In the total study population,
there was a positive correlation between TnT and CK-MB (r = 0.72, p<0.001). Sixteen patients
(13%) had TnT> 600 ng/L, 18 patients (14%) had CK-MB> 25 μg/L, and 27 patients (22%)
had TnT> 600 ng/L or CK-MB> 25 μg/L postprocedurally. Nine of the patients with
TnT> 600 ng/L had CK-MB< 25 μg/L. Two patients in the TF group had CK-MB> 40 μg/L
without TnT elevation above 250 ng/L, both with lower limb ischemia requiring fasciotomy.

Electrocardiographic findings
Prior to the procedure, only 27 patients (22%) had a normal ECG, whereas 90 patients (72%)
had a pathological ECG and in 8 patients (6%) the ECG was not interpretable due to ventricu-
lar pacing. Typical ECG findings were Q-waves (n = 11 [9%]), ST-depressions (n = 45 [36%])
and bundle branch or fascicular block (n = 27 [22%]).

After the procedure, 8 patients (6%) had developed ECG changes according to the VARC-2
criteria: 6 showed new ST-depressions and 2 had pathological Q-waves. Additionally, 7 pa-
tients (6%) developed a left bundle branch block and 3 patients (2%) a left anterior
fascicular block.

Signs and symptoms according to the VARC-2 MI definition
Fourteen patients (38%) in the TA group and 18 patients (20%) in the TF group (p = 0.07) had
any sign or symptom. Echocardiographic signs of myocardial injury were only found in the TA
group, in 5 (14%) of the patients. The postprocedural levels of TnT and CK-MB for patients
with and without symptoms or signs are presented in Table 3. Seven (44%) of the patients with
TnT> 600 ng/L and 9 (50%) of the patients with CK-MB>25 μg/L had no signs and symp-
toms of MI. In patients with TnT> 600 ng/L, there were no significant differences between
those with and those without signs and symptoms in respect to TnT or CK-MB levels.

The postprocedural outcome in terms of mortality, NT-proBNP, renal function, and dura-
tion of ICU stay for the study population divided upon levels of biomarkers of MI, presence of
signs and symptoms, and MI according to the VARC-2 definition are shown in Table 4.

The impact of myocardial injury on 6-months mortality
Baseline patient characteristics and procedural data according to the cumulative all-cause mor-
tality at 6-months follow-up are shown in Table 5. The results of the univariate Cox regression
analysis of risk factors for 6-months cumulative mortality are presented in Table 6.

Variables with p< 0.15 were tested in a forward stepwise way in a multivariate Cox regres-
sion model. Collinearity diagnostics were performed and no signs of multicollinearity were
found. In the final model, TnT> 600 ng/L was the only variable with significant independent
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Table 1. Baseline patient characteristics and procedural data.

All n = 125 TA n = 37 TF n = 88 p-value

Patient characteristics
Age (years) 80 ± 8 81 ± 7 80±8 0.60

Female gender, n (%) 65 (52) 17 (46) 48 (55) 0.44

EuroSCORE II (%) 6.1 ± 4.6 8.3 ± 6.0 5.2 ± 3.6 0.002

Body mass index (kg/m2) 25 ± 4 24 ± 3 26 ± 4 0.10

Diabetes mellitus, n (%) 23 (18) 6 (16) 17 (19) 0.80

COPD, n (%) 15 (12) 5 (14) 10 (11) 0.77

Cerebrovascular disease, n (%) 20 (16) 5 (14) 15 (17) 0.79

Peripheral artery disease, n (%) 23 (18) 16 (43) 7 (8) <0.001

Hypertension, n (%) 77 (62) 20 (54) 57 (65) 0.32

Angina pectoris, n (%) 24 (19) 4 (11) 20 (23) 0.14

Previous myocardial infarction, n (%) 32 (26) 11 (30) 21 (24) 0.57

Previous PCI, n (%) 42 (34) 14 (38) 28 (32) 0.54

Previous cardiac surgery, n (%) 34 (27) 12 (32) 22 (25) 0.39

Congestive heart failure, n (%) 53 (42) 17 (46) 36 (41) 0.69

NYHA functional class, n (%)

II 8 (6) 1 (3) 7 (8) 0.43

III 107 (86) 31 (84) 76 (86) 0.78

IV 9 (7) 5 (14) 4 (5) 0.12

Hemoglobin (g/L) 131 ± 15 128 ± 15 132 ± 15 0.19

Plasma Cystatin C (mg/L) 1.63 ± 0.54 1.69 ± 0.52 1.60 ± 0.55 0.27

Plasma Creatinine (μmol/L 110 ± 50 115 ± 58 109 ± 47 0.78

NT-proBNP (ng/L) 2070 (1110–4960) 2875 (1775–5905) 1825 (820–4750) 0.03

Preoperative echocardiography
LVEF 40–49% 25 (20) 9 (24) 16 (18) 0.47

LVEF 30–39% 16 (13) 5 (14) 11 (13) 1.00

LVEF <30% 5 (4) 3 (8) 2 (2) 0.15

Systolic PAP >60 mmHg, n (%) 28 (22) 11 (30) 17 (20) 0.24

Maximal aortic transvalvular velocity (m/s) 4.5 ± 0.7 4.7 ± 0.7 4.5 ± 0.7 0.21

Mean aortic valve gradient (mmHg) 53 ± 18 54 ± 19 52 ± 18 0.59

Aortic valve area (cm2) 0.56 ± 0.16 0.52 ± 0.15 0.58 ± 0.17 0.05

Procedural data
Procedure time (min) 107 ± 45 107 ± 37 107 ± 48 0.24

Rapid pacing runs 2 ± 1 2 ± 1 2 ± 1 0.45

Use of ECC, n (%) 5 (4) 3 (8) 2 (2) 0.15

Use of contrast, n (%) 101 (81) 31 (83) 70 (80) 0.80

Contrast amount, when used (mL) 50 (25–75) 50 (25–85) 50 (30–69) 0.47

Prosthesis size

23 mm 49 (39) 13 (35) 36 (41) 0.69

26 mm 68 (54) 21 (57) 47 (53) 0.84

29 mm 8 (6) 3 (8) 5 (6) 0.69

Data are presented as numbers (%), mean ± SD or median (25th to 75th percentile). COPD = chronic obstructive pulmonary disease;

ECC = extracorporeal circulation; LVEF = Left ventricular ejection fraction; NYHA = New York Heart Association class; NT-proBNP = N-terminal

prohormone brain natriuretic peptide; PCI = percutaneous coronary intervention; PAP = pulmonary artery pressure; TA = transapical approach;

TF = transfemoral approach.

doi:10.1371/journal.pone.0130423.t001
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Table 2. Mortality and postprocedural in-hospital outcomemeasures.

All n = 125 TA n = 37 TF n = 88 p-value

30-day mortality, n (%) 9 (7) 5 (14) 4 (5) 0.12

6-months mortality, n (%) 15 (12) 8 (22) 7 (8) 0.07

Plasma CK-MB, day 1 (μg/L) 10 (6–21) 20 (12–29) 7 (4–16) <0.001

Plasma TroponinT, day 3 (ng/L) 185 (90–422) 422 (250–818) 127 (71–293) <0.001

Plasma Cystatin C day 3 (mg/L) 1.63 (1.33–1.98) 1.68 (1.35–1.29) 1.57 (1.29–1.87) 0.24

Plasma Creatinine day 3 (μmol/L) 88 (71–114) 107 (76–142) 84 (68–106) 0.06

Plasma Creatinine elevation >50%, n (%) 4 (3) 3 (10) 1 (1) 0.07

NT-proBNP day 1 (ng/L) 3340 (1710–5320) 4710 (3340–8810) 3200 (1370–4490) 0.002

NT-proBNP day 3 (ng/L) 3035 (1345–5985) 4830 (3080–7280) 2290 (1020–5050) <0.001

Hemodialysis 3 (2) 3 (8) 0 (0) 0.03

Postop atrial fibrillation/flutter 17 (14) 7 (22) 10 (13) 0.25

Stroke, n (%) 5 (4) 1 (3) 4 (5) 1.00

Erythrocyte transfusion, n (%) 50 (40) 22 (59) 28 (32) 0.005

Erythrocyte transfusion* (mL) 863 (300–1475) 875 (550–1375) 850 (300–1913) 0.94

Plasma transfusion, n (%) 50 (40) 21 (57) 29 (33) 0.02

Plasma transfusion* (mL) 600 (600–1475) 875 (600–1475) 600 (600–1400) 1.00

Thrombocyte transfusion, n (%) 8 (6) 3 (8) 5 (6) 0.69

Thrombocyte transfusion* (mL) 288 (263–450) 300 (250–500) 275 (275–400) 0.88

Patients to ICU, n (%) 112 (90) 36 (97) 76 (86) 0.11

ICU-stay (h) 20 (17–23) 23 (18–35) 19 (16–23) 0.004

Patients on ventilator after procedure, n (%) 61 (49) 29 (78) 32 (36) <0.001

Time on ventilator (h) 3 (2–5) 4 (2–9) 3 (2–4) 0.14

Data are presented as numbers (%) or median (25th to 75th percentile). CK-MB = creatine kinase-muscle, brain isotype; ICU = intensive care unit; NT-

proBNP = N-terminal prohormone brain natriuretic peptide.

* Average volume given to patients who received transfusion.

doi:10.1371/journal.pone.0130423.t002

Table 3. Markers of myocardial injury in patients with and without signs and symptoms.

Signs or symptoms Signs or symptoms p-value

All patients (n = 125) Yes (n = 32) No (n = 93)

TnT day 3 (ng/L) 478 (190–871) 140 (80–350) <0.001

TnT day 3 > 225 ng/L, n (%) 20/28 (71) 31/87 (36) 0.001

TnT day 3 > 600 ng/L, n (%) 9/28 (32) 7/87 (8) 0.003

CK-MB day 1 (μg/L) 18 (8–29) 9 (5–20) 0.008

CK-MB day 1 > 25 μg/L, n (%) 9/29 (31) 9/74 (12) 0.04

Patients with TnT > 600 ng/L (n = 16) Yes (n = 9) No (n = 7)

TnT day 3 (ng/L) 1400 (988–1940) 860 (720–1000) 0.14

CK-MB day 1 (μg/L) 38 (20–54) 23 (8–25) 0.22

CK-MB day 1 > 25 μg/L 6/9 (67) 1/6 (17) 0.06

Patients with TnT > 600 ng/L or CK-MB > 25 μg/L (n = 26) Yes (n = 12) No (n = 14)

TnT day 3 (ng/L) 1014 (585–1720) 704 (515–905) 0.17

CK-MB day 1 (μg/L) 36 (25–52) 29 (24–39) 0.32

CK-MB day 1 > 25 μg/L, n (%) 9/12 (75) 9/14 (64) 0.68

Data are presented as numbers (%) or median (25th to 75th percentile). CK-MB = creatine kinase-muscle, brain isotype; TnT = Troponin T.

doi:10.1371/journal.pone.0130423.t003
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Table 5. Baseline patient characteristics and procedural data according to the cumulative all-causemortality at 6-months follow-up.

Cumulative mortality: No (n = 110) Yes (n = 15) p-value

Patient characteristics
Age (years) 80±8 81±10 0.64

Female gender, n (%) 57 (52) 8 (53) 1.0

EuroSCORE II (%) 6.3 ± 4.8 5.3 ± 2.7 0.85

Body mass index (kg/m2) 25 ± 4 24±3 0.68

Diabetes mellitus, n (%) 18 (16) 5 (33) 0.15

COPD, n (%) 14 (13) 1 (7) 0.69

Cerebrovascular disease, n (%) 17 (15) 3 (20) 0.71

Peripheral artery disease, n (%) 20 (18) 3 (20) 1.0

Hypertension, n (%) 69/103 (67) 8/13 (62) 0.76

Angina pectoris, n (%) 21 (19) 3 (20) 1.0

Previous myocardial infarction, n (%) 29 (26) 3 (20) 0.76

Previous PCI, n (%) 38/109 (35) 4 (27) 0.77

Previous cardiac surgery, n (%) 32 (29) 2 (13) 0.35

Congestive heart failure, n (%) 44 (40) 9 (60) 0.17

NYHA functional class, n (%)

II 8 (7) 0 0.60

III 93 (85) 14 (93) 0.69

IV 8 (7) 1 (7) 1.0

Hemoglobin (g/L) 131 ± 15 128 ± 17 0.23

Plasma Cystatin C (mg/L) 1.61 ± 0.52 1.75 ± 0.71 0.46

Plasma Creatinine (μmol/L 109 ± 46 123 ± 77 0.96

NT-proBNP (ng/L) 2030 (940–5440) 2250 (1380–4020) 0.87

Preoperative echocardiography
LVEF 40–49% 18 (16) 7 (47) 0.01

LVEF 30–39% 16 (15) 1 (7) 0.69

LVEF <30% 5 (5) 0 1.0

Systolic PAP >60 mmHg, n (%) 27 (25) 1 (7) 0.19

Maximal aortic transvalvular velocity (m/s) 4.5 ± 0.7 4.6 ± 0.8 0.96

Mean aortic valve gradient (mmHg) 53 ± 18 52 ± 21 0.78

Aortic valve area (cm2) 0.56 ± 0.16 0.55 ± 0.18 0.62

Procedural data
Transapical approach 29 (26) 8 (53) 0.07

Procedure time (min) 106 ± 45 118 ± 44 0.28

Rapid pacing runs 2 ± 1 2 ± 1 0.73

Use of ECC, n (%) 4 (4) 1 (7) 0.48

Use of contrast, n (%) 88 (80) 17 (87) 0.73

Contrast amount, when used (mL) 50 (25–75) 50 (35–75) 0.58

Prosthesis size

23 mm 43 (39) 6 (40) 1.0

26 mm 59 (54) 9 (60) 0.78

29 mm 8 (7) 0 0.59

Plasma CK-MB, day 1 (μg/L) 10 (6–21) 16 (8–23) 0.36

Plasma TnT, day 3 (ng/L) 157 (90–400) 469 (176–1500) 0.03

TnT day 3 > 600 ng/L, n (%) 10/102 (10) 6/13 (46) 0.003

Signs or symptoms n (%) 23 (21) 9 (60) 0.003

Patients with TnT > 600 ng/L or CK-MB > 25 μg/L 21 (19) 6 (40) 0.09

(Continued)
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association to 6-months mortality: Hazard Ratio 6.68 (95% confidence interval [CI] 2.24–19.9,
p = 0.001). Addition of any other variable, including signs or symptoms and the VARC-2 crite-
rion for MI, did not significantly improve the model

The best sensitivity and specificity of TnT as prediction of 6-months mortality were found
at cutoff level> 600 ng/L and were 46% and 90%, respectively. Corresponding values for signs
and symptoms were 60% and 79%, and for VARC-2 MI criteria were 33% and 94%, respective-
ly. The area under the receiver-operating characteristic curve for TnT related to 6-months
mortality was 0.69 (95% CI: 0.52–0.86; p = 0.027) and for CK-MB it was 0.58 (95% CI: 0.41–
0.75; p = 0.36).

Discussion
Factors related to periprocedural myocardial injury in patients undergoing TAVI have been
pointed out in previous studies [6]. Such are the TA approach, number of rapid pacing epi-
sodes with the following hypotension, degree of prosthesis oversizing, and coronary embolism.
These factors are strictly related in time to the valve implantation procedure. Occurrence of
symptoms in sedated patients during this period is difficult to obtain. Signs, such as hypoten-
sion, ventricular arrhythmia, temporally ECG changes are regularly resulted by rapid pacing
and catheter positioning [7].

The original version of universal definitions of MI recommended an elevation of biomarkers
alone for the diagnosis of post-percutaneous coronary intervention (PCI) MI [8]. The require-
ment for clinical, ECG or angiographic changes for the diagnosis of post-PCI MI was added to
the criterion in the revised version [9]. Moussa et al. define post-PCI and post-coronary artery
bypass surgery MI as ECG changes, new Q-wave or left bundle branch block, in addition to
biomarker elevation [10]. Obviously there is some uncertainty whether postprocedural bio-
marker elevation alone should define periprocedural MI.

Our data shows that patients with signs or symptoms of MI have significantly higher levels
of TnT and CK-MB, but also that 44% and 50% of the patients with TnT> 600 ng/L and
CK-MB> 25 μg/L, respectively, had no signs and symptoms at all. Furthermore, there were no
significant differences in the levels of biomarkers of MI in patients with and without signs and
symptoms when the postprocedural TnT was above 600 ng/L.

Although there was correlation between the postprocedural levels of TnT and CK-MB, the
coherency above the cut-off levels of 600 ng/L for TnT and 25 μg/L for CK-MB was defective
as 9 of the 16 patients with TnT> 600 ng/L had CK-MB< 25 μg/L. Two patients had serious
limb ischemia after TAVI with TF approach resulting in CK-MB elevation without rise in TnT.
TnT is influenced by renal function but it is still more specific for myocardial injury than
CK-MB [11]. Our data shows no correlation between CK-MB> 25 μg/L and 30-day or

Table 5. (Continued)

Cumulative mortality: No (n = 110) Yes (n = 15) p-value

VARC2 criterion for MI, n (%) 7 (6) 5 (33) 0.006

Need for hemodialysis 1 (1) 2 (13) 0.04

Stroke within 30 days 5 (5) 0 1.0

Data are presented as numbers (%), mean ± SD or median (25th to 75th percentile). COPD = chronic obstructive pulmonary disease;

ECC = extracorporeal circulation; LVEF = Left ventricular ejection fraction; MI = myocardial injury; NYHA = New York Heart Association class; NT-

proBNP = N-terminal prohormone brain natriuretic peptide; PCI = percutaneous coronary intervention; PAP = pulmonary artery pressure;

CK-MB = creatine kinase-muscle, brain isotype; TnT = Troponin T.

doi:10.1371/journal.pone.0130423.t005
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Table 6. Univariate Cox regression analysis of risk factors for 6-months cumulative mortality.

Variable n (%) of patients 6 months mortality n (%) HR CI (95%) p-value

Patients 125 15 (12%)

Age (years)

Mean: 80 1.005 0.94–1.07 0.88

Sex

Male 55 (48) 7 (13) 1.00

Female 65 (52) 8 (12) 1.10 0.40–3.04 0.85

Body mass index (kg/m2)

Mean: 25 0.95 0.82–1.10 0.51

Diabetes (insulin or orally treated)

No 102 (82) 10 (10) 1.00

Yes 23 (18) 5 (22) 2.26 0.77–6.62 0.14

Hypertension

No 48 (38) 7 (15) 1.00

Yes 77 (62) 8 (10) 0.82 0.27–2.51 0.73

Cerebrovascular disease

No 105 (84) 12 (11) 1.00

Yes 20 (16) 3 (2) 1.33 0.37–4.70 0.66

Previous MI

No 93 (74) 12 (13) 1.00

Yes 32 (26) 3 (9) 0.69 0.20–2.46 0.57

Congestive heart failure

No 72 (58) 6 (8) 1.00

Yes 53 (42) 9 (17) 2.15 0.77–6.04 0.15

Peripheral artery disease

No 102 (82) 12 (12) 1.00

Yes 23 (18) 3 (13) 1.14 0.32–4.05 0.84

Hemoglobin (g/L)

Mean: 131 0.98 0.95–1.02 0.33

Plasma Cystatin C (mg/L)

Mean: 1.63 1.57 0.67–3.68 0.30

Plasma Creatinine (μmol/L)

Mean: 110 1.005 0.99–1.01 0.27

Creatinine clearence (mL/minute)

�50 50 (40) 6 (12) 1.00

<50 75 (60) 9 (12) 1.026 0.37–2.88 0.96

Mean: 51 0.997 0.98–1.02 0.77

NYHA class

I-III 116 (93) 14 (12) 1.00

IV 9 (7) 1 (11) 0.97 0.13–7.40 0.98

EuroSCORE II

Mean: 6.1 0.95 0.83–1.09 0.45

Systolic PAP (mmHg)

�60 97 (78) 14 (14) 1.00

>60 28 (22) 1 (4) 0.23 0.03–1.77 0.16

Mean: 49 0.96 0.91–1.01 0.14

LV dysfunktion moderate or severe

No 103 (82) 14 (14) 1.00

(Continued)
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6-months mortality. Similarly Rodes-Cabau et al. found no correlation between CK-MB rise
and 30-day mortality after TAVI, however, postprocedural TnT elevation was found as an in-
dependent risk factor of cardiac mortality in their study [6].

In the VARC-2 definition of periprocedural MI, the cut off level of troponin is set to 15x the
upper reference limit. Rodés-Cabau et al. found a TnT cutoff point> 600 ng/L best determin-
ing the occurrence of cardiac death and a TnT cutoff point> 480 ng/L best predicted a de-
crease in left ventricle ejection fraction following TAVI [6]. These levels correspond well with
our findings and they are in accordance with 15x the upper reference limit (30–40 ng/L) for
previous troponin analysis methods. In order to detect minor spontaneous MI, the tests for tro-
ponins have been made more sensitive in the low ranges and they allow a decrease in upper ref-
erence limit [12]. At our laboratory, troponin is analyzed as high sensitive troponin T with an

Table 6. (Continued)

Variable n (%) of patients 6 months mortality n (%) HR CI (95%) p-value

Yes 22 (18) 1 (5) 0.31 0.04–2.38 0.26

Approach

Transfemoral 88 (70) 7 (8) 1.00

Transapical 37 (30) 8 (22) 2.98 1.08–8.23 0.04

Procedure time (min)

Mean: 107 1.005 0.99–1.01 0.29

Rapid pacing runs

Mean: 2.0 0.83 0.46–1.47 0.51

Plasma CK-MB, day 1 (μg/L)

�225 85 (83) 12 (14) 1.00

>225 18 (17) 3 (17) 1.50 0.41–5.47 0.54

Median: 10 1.03 1.01–1.05 0.007

Plasma TroponinT, day 3 (ng/L)

�600 99 (86) 9 (9) 1.00

>600 16 (14) 6 (38) 6.68 2.24–19.9 0.001

Median: 185 1.001 1.001–1.002 0.001

Signs or symptoms

No 93 (74) 6 (6) 1.00

Yes 32 (26) 9 (28) 5.29 1.88–14.9 0.003

TnT > 600 ng/L or CK-MB > 225 μg/L

No 98 (78) 9 (9) 1.00

Yes 27 (22) 6 (22) 2.62 0.93–7.37 0.07

VARC2 criterion for MI

No 113 (90) 10 (9) 1.00

Yes 12 (10) 5 (42) 6.01 2.05–17.7 0.002

Stroke within 30 days

No 110 (96) 15 (14) 1.00

Yes 5 (4) 0 0.047 0.00–6110 0.61

Need for hemodialysis

No 122 (98) 13 (11) 1.00

Yes 3 (2) 2 (67) 12.2 2.70–55.2 0.03

For continuous variables hazard ratios are calculated per unit change. CI = confidence interval; ECC = extracorporeal circulation; HR = hazard ratio;

LV = Left ventricular; MI = myocardial injury; NYHA = New York Heart Association class; NT-proBNP = N-terminal prohormone brain natriuretic peptide;

PCI = percutaneous coronary intervention; PAP = pulmonary artery pressure; CK-MB = creatine kinase-muscle, brain isotype; TnT = Troponin T.

doi:10.1371/journal.pone.0130423.t006
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upper reference limit 15 ng/L, which alters the required elevation of TnT to 225 ng/L if the
present VARC-2 definition for periprocedural MI is followed. Consequently, changes in upper
reference limit due to change to high sensitive assays should not affect the cut-off level for the
MI diagnosis at TAVI procedures. Alternatively, a different multiply of the upper reference
limit of the high sensitive assays for TnT should be used.

In our study, TnT> 600 ng/L, signs and symptoms, and VARC-2 criteria for periprocedural
MI all showed a significant correlation to adverse procedure outcome in terms of 6-months
mortality, NT-proBNP elevation, renal impairment, and need of ICU care. TnT> 600 ng/L
had the best predictive value of 6-months mortality and in the multivariate Cox regression
model it was the only independent significant variable predicting 6-monts mortality.

We found a higher incidence (10%) of periprocedural MI according to the VARC-2 defini-
tion than the 1% to 3% reported in other publications, using the same criteria.[13–15] Howev-
er, our 13% incidence of patients with TnT> 600 ng/L is lower than the 40% reported in
uncomplicated TAVI procedures by Rodés-Cabau [6]. The difference in incidence of peripro-
cedural MI in our study compared to others might be a manifestation that the signs and symp-
toms of MI at TAVI procedures are obscure, difficult to interpret, and not comparable with the
clinical manifestation of spontaneous MI.

In accordance with previous studies, we found a higher incidence of myocardial injury and
MI according to the VARC-2 criteria in TA patients compared with TF patients, but the differ-
ence in occurrence of signs and symptoms did not reach significant level [6].

Study limitations
The study population is relatively small and although it allows the statistic calculations con-
ducted, the results must be interpreted in the light of the sample size and they must also be ver-
ified in larger, multicenter studies. Data on preprocedural CK-MB and TnT were incomplete
and we can therefore not exclude the possible occurrence of preprocedural biomarker eleva-
tion. If so, the frequency of MI according to the VARC-2 criteria might have been
somewhat lower.

Conclusions
Postprocedural elevation of troponin T after TAVI adequately reflects the periprocedural myo-
cardial injury and it is related to adverse procedure outcome. In fact, TnT> 600 ng/L was the
only independent variable predicting 6-months mortality. The signs and symptoms in the
VARC-2 criteria add little or nothing to the diagnosis of periprocedural MI. However, signs
and symptoms are absent in nearly half of the patients with postprocedural TnT> 600 ng/L.
We therefore suggest that periprocedural MI at TAVI should solely be based on levels of bio-
chemical markers of myocardial injury, preferably troponins. A cutoff level of TnT> 600 ng/L
on the third day after TAVI procedures seems to be adequate, independently of the local upper
reference limit. Such a criterion for periprocedural MI at TAVI would facilitate the unbiased
comparison of different patient materials and provide a powerful prognostic variable.
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