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Abstract
Background
Diabetes mellitus (DM) on insulin is a patient-related factor in the assessment of surgical risk based on the EuroSCORE II and, as such, it confers additional risk on outcomes after transcatheter aortic valve implantation (TAVI). The aim of this study was to investigate the effect of diabetes mellitus treated with insulin and oral antidiabetic drugs on clinical outcomes after TAVI.

Methods
This study is an analysis of 2000 patients who underwent TAVI between 2008 and 2015. Patients were stratified post hoc into the following categories: without diabetes (n = 1337), with diabetes treated with oral antidiabetic drugs (OAD; n = 387) and with diabetes treated using insulin (n = 276).

Results
There was no significant difference in device success (89.5% vs 89.4% vs 88.8%, adjusted odds ratio (adjOR) 1.10 [95% confidence interval (CI) 0.64–1.91]) and VARC-2-defined major complications among the three groups of patients (without DM, OAD, and insulin, respectively). Minor but not major or disabling strokes (adjOR 2.19; 95% CI 1.11–4.3) and overall renal complications (but not stage 2/3 alone) (adjOR 1.46; 95% CI 1.18–1.81) were more common in patients with diabetes than in those without diabetes. Insulin-treated patients had a significantly lower survival rate than that of patients with orally treated diabetes and of those without diabetes at 1 year (75.7% vs. 84.5% vs 84.7%, pairwise p < 0.01) and 3 years (56.9% vs. 65.9% vs. 67.9%, adj. p < 0.05) after TAVI. However, insulin-treated diabetes was not identified as an independent risk factor for higher mortality in the first (HR 1.29; 95% CI 0.97–1.72, p = 0.084) and 3rd years (HR 1.21; 95% CI 0.98–1.49; p = 0.079) after multivariable adjustment.

Conclusions
Although insulin-dependent DM is an established component of surgical risk assessment, it was not identified as an independent factor associated with reduced survival in TAVI. DM treated with oral antidiabetic drugs or insulin may have less role in decision making of treatment in TAVI candidates.
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Background
Transcatheter aortic valve implantation (TAVI) has been established as a standard of care for patients with severe aortic stenosis [1–4] with good clinical outcomes compared to those of surgical aortic valve replacement [5–8]. A deeper understanding of the role and pathophysiology of the comorbidities of these patients has improved the risk assessment and management of complications after TAVI [9–11]. Diabetes mellitus (DM) is a systemic disease and a risk factor for cardiovascular events [12]. Studies have additionally suggested a role for the systemic inflammation of diabetes in the progression of aortic stenosis [13, 14]. However, the implications of DM on the procedural outcomes of TAVI remain controversial. In particular, some studies suggest a minor effect of diabetes on this procedure [15] while others significantly worse 30-day [16] and 1-year outcome [17–19]. This contradiction is also reflected in the current risk assessment scores. More specifically, the logistic EuroSCORE I does not include the patient factor diabetes, whereas the Society of Thoracic Surgery (STS) Score utilizes the patient factor diabetes, independently of the applied therapy; in the EuroSCORE II, DM on insulin is a patient-related factor considered to have satisfactory performance in predicting perioperative as well as 30-day mortality [20–22]. The aim of this study was to investigate the effect of diabetes mellitus treated with insulin and oral antidiabetic drugs on clinical outcomes after TAVI.

Methods
The present report is a subanalysis of the prospective, single-center TAVIK (TAVI team Karlsruhe) registry, the methodology of which has been previously described [23, 24]. The registry contains data on 2000 patients with severe aortic stenosis who underwent TAVI in Karlsruhe between April 2008 and March 2015, with a subsequent follow-up of 3 years. The responsible local ethics committee (Stuttgart, Germany) approved this study, and written informed consent was obtained from each patient prior to their inclusion.
Procedures and devices
Prior to the intervention, cardiac catheterization, angiographic cardiac and peripheral vessel computed tomography, and transesophageal echocardiography were performed. The results were carefully assessed for factors that may affect the intervention [23]. TAVI was performed by a fully trained multidisciplinary team (an interventional cardiologist, a cardiac surgeon, and an anesthesiologist specializing in cardiac surgery) with support from the catheterization lab and operating room staff proficient in transcatheter procedures. The choices of access route, prosthesis and anesthesia type were made on a patient-by-patient basis.

Data collection and variables
Data regarding patient demographics (age, gender), disease characteristics and surgical risk factors prior to the intervention were collected. Clinical characteristics included information on overall comorbidities of the patients such as chronic lung disease, renal impairment, extracardiac arteriopathy, previous cardiac surgery, endocarditis, recent myocardial infarction, mitral valve disease and pulmonary hypertension. Further information concerned the NYHA stage of the patients as well as the urgency of the procedure. Finally, periprocedural details and outcomes, 30-day safety outcomes and mortality over 1 year were collected prospectively for TAVI patients. Follow-up was conducted during outpatient visits or via structured telephone interviews.

Endpoints
The primary objective was to compare the survival rates of patients without diabetes to those of patients with diabetes (orally or insulin treated) at 30 days, 1 year and 3 years after the intervention. The key secondary outcome was the proportion of patients meeting the Valve Academic Research Consortium (VARC)-2 [25] early safety endpoint at 30 days (composite of all-cause mortality; all stroke; life-threatening bleeding; acute kidney injury [AKI] stage 2/3, including renal replacement therapy; coronary artery obstruction requiring intervention; major vascular complication and/or valve-related dysfunction requiring a repeat procedure (balloon aortic valvuloplasty, TAVI or surgical aortic valve replacement [SAVR]). Other outcomes included composite elements considered individually and VARC-2-defined device success, including the absence of procedural mortality, correct positioning of a single prosthetic heart valve into the proper anatomical location, intended performance of the prosthetic valve (aortic valve gradient < 20 mmHg) and no moderate or severe prosthetic valve regurgitation.

Statistical analysis
Continuous variables are presented as the mean ± standard deviation (SD) and were compared using a t-test. Categorical variables are presented as absolute numbers with frequencies (%) and were compared using a χ2 test (or Fisher’s exact test where appropriate). The odds of periprocedural complications and 30-day safety events are presented as odds ratios (OR) with 95% confidence intervals (CI) and p-values. The inverse probability of treatment weighting was utilized to account for baseline imbalances between the two groups, with adjustments for age, ejection fraction, previous coronary artery bypass grafting (CABG), coronary artery disease, major neurological deficits, renal disease and frailty between patients without and with DM. The adjustment was performed by building a model using a regression analysis with these factors and the predicted probability of treatment weighting was applied in subsequent analyses. No adjustment was performed in the event of zero cases. Survival was evaluated using Kaplan–Meier curves and life tables, with the survival distributions of the two samples compared using a log-rank test. Stepwise Cox regression analysis was performed with the enter method to identify risk factors of mortality in the overall TAVI population. A covariate was removed from the model if the p-value exceeded 0.10.
All tests were two-sided, and a p-value of < 0.05 was considered statistically significant. Data analyses were conducted using SPSS version 20.0 (IBM, Chicago, IL, USA).


Results
Patient characteristics
The patient characteristics are presented in Table 1. Of the 2000 analyzed patients, 387 (19.3%) had orally treated DM, and 276 (13.8%) had insulin-treated DM. Patients with DM were younger than those without DM (82.3 years for patients without DM vs 81.4 years for patients with orally treated DM vs 79.8 ± 5.5 years for patients with insulin-treated DM, p < 0.001) and had a lower ejection fraction (57.6 vs 56.4 vs 53.9, p = 0.001 respectively) and a higher incidence of comorbidities, such as coronary artery disease (57.4% vs 64.9% vs 72.1%, p < 0.001), previous CABG (12.9% vs 16.0% vs 24.6%, p < 0.001), major neurological deficits (9.6% vs 8.3% vs 14.5%, p = 0.021) and renal failure (4.0% vs 6.5% vs 10.9%, p < 0.001). Patients with diabetes had a higher degree of frailty (30.8% vs 36.4% vs 41.3%, p < 0.001) as well as a higher EuroSCORE I (20.5 vs 20.6 vs 24.7, p = 0.015) than patients without DM.Table 1Patient characteristics


	 	Without diabetes (n = 1337)
	Diabetes on OAD (n = 387)
	Diabetes on insulin (n = 276)
	p-value

	Age (years)
	82.30 ± 5.51
	81.35 ± 5.12
	79.75 ± 5.49
	< 0.001

	Male gender
	590 (44.1)
	182 (47.0)
	140(50.7)
	0.110

	LVEF (%)
	57.57 ± 13.07
	56.37 ± 13.77
	53.85 ± 14.63
	0.001

	PAD
	187 (14.0)
	60 (15.5)
	71 (25.7)
	0.067

	CAD
	767 (57.4)
	251 (64.9)
	199 (72.1)
	< 0.001

	Previous CABG
	173 (12.9)
	62 (16.0)
	68 (24.6)
	< 0.001

	Previous MI
	137 (10.2)
	49 (12.7)
	39 (14.1)
	0.110

	COPD (moderate/severe)
	150 (11.2)
	52 (13.4)
	33 (12.0)
	0.488

	Mitral valve disease (> II°)
	174 (13.0)
	48 (12.4)
	38 (13.8)
	0.875

	Porcelain aorta
	88 (6.6)
	26 (6.7)
	14 (5.1)
	0.621

	Log. EuroSCORE I
	20.46 ± 14.52
	20.60 ± 15.12
	24.69 ± 18.17
	< 0.001

	Carotid stenosis
	231 (17.3)
	74 (19.1)
	64 (23.2)
	0.065

	Previous valve surgery
	46 (3.4)
	14 (3.6)
	5 (1.8)
	0.344

	Major neurological deficits
	128 (9.6)
	32 (8.3)
	40 (14.5)
	0.021

	Critical perioperative situation
	19 (1.4)
	3 (0.8)
	6 (2.2)
	0.310

	Pulmonary hypertension (moderate/severe)
	277 (20.7)
	68 (17.6)
	69 (25.0)
	1.0

	Renal failure incl. dialysis
	53 (4.0)
	25 (6.5)
	30 (10.9)
	< 0.001

	Emergency case
	15 (1.1)
	7 (1.8)
	6 (2.2)
	0.157

	Overall frailty
	412 (30.8)
	141 (36.4)
	114 (41.3)
	0.001

	NYHA IV
	88 (6.6)
	27 (7.0)
	32 (11.6)
	0.014


CABG coronary artery bypass graft, CAD coronary artery disease, LVEF left ventricular ejection fraction, MI myocardial infarction, PAD peripheral artery disease, COPD chronic obstructive pulmonary disease





Procedural characteristics
A SAPIEN valve was implanted in 17.7% of patients, while SAPIEN XT was implanted in 42.8%, SAPIEN 3 was implanted in 16.4%, CoreValve was implanted in 18.0%, Symetis was implanted in 4.3%, and JenaValve/Portico was implanted in 1.0%. There was no statistically significant difference in the procedural characteristics between patients without DM and those with orally treated and insulin-treated DM concerning the use of balloon or self-expandable valves (77.8% vs 79.7% vs 72.1%, p = 0.126 for the balloon expandable valves) and access route (64.8% vs 64.9% vs 63.0%, p = 0.844 for the transfemoral access).

Periprocedural outcomes and early safety
VARC-2-defined device success [25] was achieved in 89.5% of patients without diabetes, 89.4% of patients with orally treated diabetes and 88.8% of patients with insulin-treated diabetes (p = 0.944). Overall, there were low rates of procedural mortality (1.3% vs 1.3% vs 2.5%, p = 0.685).
30-day mortality rate was comparable between patients with and without DM (5.1% vs 4.4% vs 7.6%, adjusted p = 0.814 for total mortality, 3.4% vs 3.9% vs 5.4%, adjusted p = 0.711 for cardiovascular mortality). Statistically significant complication rates were identified for minor strokes (3.7% vs 1.6% vs 1.8%, adjusted p = 0.023) as well as for renal complications (22.6% vs 29.7% vs 36.6%, adjusted p < 0.001) but not for stage 2 and 3 renal failure (2.7% vs 3.4% vs 4.7%, adjusted p = 0.248, Table 2). The VARC-2 safety endpoint was met by 87.1% vs 84.2 vs 84.8%, adjusted p = 0.096 (Table 3).Table 2VARC-2 complications (30 days)


	 	Without diabetes (n = 1337)
	Diabetes on OAD (n = 387)
	Diabetes on insulin (n = 276)
	p-value
	HR (95% CI)*
	p-value*

	Total mortality
	68 (5.1)
	17 (4.4)
	21 (7.6)
	0.255
	1.05 (0.69–1.60)
	0.814

	 Cardiovascular death
	45 (3.4)
	15 (3.9)
	15 (5.4)
	0.212
	0.91 (0.56–1.48)
	0.711

	 Noncardiovascular death
	23 (1.7)
	2 (0.5)
	6 (2.2)
	0.160
	1.46 (0.64–3.36)
	0.369

	Myocardial infarction
	14 (1.0)
	7 (1.8)
	4 (1.4)
	0.379
	0.58 (0.26–1.33)
	0.201

	Stroke
	78 (5.8)
	14 (3.6)
	13 (4.7)
	0.110
	1.49 (0.94–2.35)
	0.088

	 Major/disabling stroke
	29 (2.2)
	8 (2.1)
	8 (2.9)
	0.731
	0.94 (0.50–1.76)
	0.854

	 Minor stroke
	49 (3.7)
	6 (1.6)
	5 (1.8)
	0.046
	2.19 (1.11–4.3)
	0.023

	Bleeding
	254 (19.0)
	71 (18.3)
	58 (21.0)
	0.809
	0.96 (0.75–1.22)
	0.735

	 Life-threatening or major
	127 (9.5)
	33 (8.5)
	31 (11.2)
	0.936
	1.02 (0.73–1.46)
	0.927

	 Minor
	127 (9.5)
	38 (9.8)
	27 (9.8)
	0.872
	0.91 (0.66–1.26)
	0.584

	Renal complications
	302 (22.6)
	115 (29.7)
	101 (36.6)
	< 0.001
	1.46 (1.18–1.81)
	< 0.001

	 Stage 2/3
	36 (2.7)
	13 (3.4)
	13 (4.7)
	0.170
	0.73 (0.43–1.24)
	0.248

	Vascular complications
	123 (9.2)
	39 (10.1)
	22 (8.0)
	0.652
	0.94 (0.67–1.31)
	0.713

	 Major
	39 (2.9)
	14 (3.6)
	12 (4.3)
	0.428
	0.74 (0.44–1.24)
	0.255

	 Minor
	84 (6.3)
	25 (6.5)
	10 (3.6)
	0.211
	1.09 (0.72–1.66)
	0.676

	New PPM implantation
	175/1167 (15.0)
	45/340 (13.2)
	43/228 (18.9)
	0.180
	0.96 (0.72–1.27)
	0.753


VARC-2 criteria, Kappetein et al. [45]
PPM primary pacemaker
* Adjustment of significant basic parameters (age, ejection fraction, previous CABG, coronary artery disease, major neurological deficits, renal disease and frailty) between patients with and without DM



Table 3Procedural characteristics (72 h) and device success (30 days)


	 	Without diabetes (n = 1337)
	Diabetes on OAD (n = 387)
	Diabetes on insulin (n = 276)
	p-value
	Adjusted OR (95% CI)†
	Adjusted p-value†

	Device success (n, %)
	1196 (89.5)
	346 (89.4)
	245 (88.8)
	0.944
	1.10 (0.64–1.91)
	0.731

	Gradient ≥ 20 mmHg (n, %)
	39 (2.9)
	14 (3.6)
	7 (2.5)
	0.228
	1.10 (0.64–1.91)
	0.731

	Moderate or severe aortic insufficiency (n, %)
	19 (1.4)
	4 (1.0)
	3 (1.1)
	0.707
	0.77 (0.32–1.87)
	0.564

	Malposition (n, %)
	6 (0.4)
	0
	6 (2.2)
	0.079
	1.67 (0.52–5.35)
	0.391

	Second Valve (n, %)
	44 (3.3)
	14 (3.6)
	7 (2.5)
	0.607
	0.96 (0.56–1.65)
	0.881

	Procedural mortality 72 h (n, %)
	23 (1.7)
	8 (2.1)
	9 (3.3)
	0.685
	1.19 (0.62–2.27)
	0.598

	Early safety (n, %)
	1165 (87.1)
	326 (84.2)
	234 (84.8)
	0.258
	1.26 (0.96–1.66)
	0.096


†Adjustment of significant basic parameters (age, ejection fraction, previous CABG, coronary artery disease, major neurological deficits, renal disease and frailty) between patients with and without DM





Intermediate and long-term survival
The vital status of the patients was assessed at the end of the 1st year as well as 3 years after the intervention. 1-year survival rate was 84.4% (208 events) for patients without DM and 80.8% (127 events) for patients with DM, suggesting that there was no significant difference between the two groups (p = 0.182). After further division of the patients with DM, the survival of orally treated patients was 84.5% (60 events), while that for insulin-treated patients was 75.7% (67 events), suggesting a statistically significant difference between the last group of patients and both the patients without diabetes (p = 0.003) as well as the orally treated patients (p < 0.001, Fig. 1a, b). 3-year survival rate was 67.9% (429 events) for patients without DM and 61.5% (255 events) for patients with DM, suggesting a significant difference between the two groups (p = 0.004). Following the same analysis pattern, the survival of orally treated patients was 64.9% (136 events) and 56.9% for insulin-treated patients (157 events), suggesting a statistically significant difference between the last patients and both the patients without DM (p < 0.001) as well as the orally treated patients (p = 0.014, Fig. 1a, b).[image: A12933_2019_873_Fig1_HTML.png]
Fig. 1a Kaplan–Meier curve; survival rate for patients with and without diabetes.  b Kaplan–Meier curve; survival rate for patients without patients, with orally-treated and insulin-treated diabetes mellitus. DM diabetes mellitus, OAD oral antidiabetic drugs





To further investigate the effect of insulin-treated DM on 1-year survival, we entered this factor in a multivariate Cox regression analysis. Insulin-treated DM was not identified as a statistically significant factor (p = 0.226). The identified significant factors were ejection fraction (p = 0.010), frailty (p = 0.001) and chronic renal failure (p < 0.001), pulmonary hypertension (p = 0.005) and chronic obstructive pulmonary disease (COPD) (p = 0.048) as well as peripheral arterial vascular disease (p = 0.008, Table 4). In year 3, the same factors were identified as statistically significant: ejection fraction (p = 0.001), frailty (p < 0.001), chronic renal failure (p < 0.001), age (p < 0.001) and COPD (p = 0.002), peripheral arterial vascular disease (p = 0.005), pulmonary hypertension (p = 0.001) and previous CABG (p = 0.002).Table 4Multivariate Cox regression analysis at 1 and 3 years


	 	1 year
	3 years

	HR (95% CI)
	p-value
	HR (95% CI)
	p-value

	Male gender
	1.14 (0.90–1.45)
	0.274
	0.90 (0.76–1.06)
	0.217

	Age
	1.02 (1.002–1.04)
	0.031
	1.03 (1.01–1.04)
	< 0.001

	Diabetes

	 Orally treated
	0.89 (0.67–1.19)
	0.452
	0.99 (0.82–1.21)
	0.935

	 Insulin treated
	1.29 (0.97–1.72)
	0.084
	1.21 (0.98–1.49)
	0.079

	EF
	0.98 (0.98–0.99)
	< 0.001
	0.99 (0.99–1.0)
	0.001

	PAD
	1.44 (1.10–1.90)
	0.008
	1.32 (1.09–1.60)
	0.005

	Carotid stenosis
	1.02 (0.77–1.35)
	0.904
	0.99 (0.81–1.20)
	0.902

	COPD
	1.37 (1.003–1.87)
	0.048
	1.41 (1.14–1.74)
	0.002

	Previous valve surgery
	1.13 (0.65–1.94)
	0.667
	0.97 (0.65–1.46)
	0.898

	Major neurological deficits
	1.08 (0.77–1.51)
	0.644
	1.13 (0.89–1.43)
	0.302

	Pulmonary hypertension
	1.42 (1.11–1.81)
	0.005
	1.35 (1.13–1.61)
	0.001

	Previous MI
	1.18 (0.86–1.60)
	0.308
	1.08 (0.86–1.35)
	0.535

	Previous CABG
	1.13 (0.83–1.55)
	0.439
	1.40 (1.13–1.73)
	0.002

	Mitral valve disease
	1.26 (0.95–1.68)
	0.104
	1.07 (0.87–1.33)
	0.525

	Frailty
	1.77 (1.41–2.23)
	< 0.001
	1.77 (1.51–2.08)
	< 0.001

	Chronic renal failure
	2.65 (1.89–3.73)
	< 0.001
	2.39 (1.85–3.09)
	< 0.001

	CAD
	0.99 (0.77–1.28)
	0.963
	1.07 (0.90–1.29)
	0.397


CABG coronary artery bypass graft, CAD coronary artery disease, LVEF left ventricular ejection fraction, MI myocardial infarction, PAD peripheral artery disease, COPD chronic obstructive pulmonary disease






Discussion
Our data suggest that DM is not associated with increased complication risk after TAVI and that insulin-dependent DM was not identified as an independent risk factor associated with increased mortality at 1 and 3 years. In particular, there was no evidence of a significant difference concerning major vascular complications, major stroke or severe kidney injury. Additionally, we had a predominant use of transfemoral access, which is in line with the general preference due to the lesser degree of invasiveness and can generally be managed safely in patients with and without DM [26, 27]. The most common statistically significant complications included minor renal and minor neurological complications. Furthermore, the periprocedural mortality did not differ between patients without diabetes and insulin-treated patients with diabetes, even after adjusting for the different demographic characteristics at baseline. Our results are concordant with other single- and multicenter studies which demonstrate similar survival rates and complications in patients with and without diabetes after TAVI at 30 days after the intervention [15, 28–31]. Similar results were also published for patients with type 2 DM undergoing surgical aortic valve replacement with mechanical and bioprosthetic valve [32]. Those data from a large national registry suggested that in-hospital mortality was not higher for patients with DM.
On the contrary, data from a national multicenter registry (OBSERVANT investigators) identified DM as a significant factor for 30-day mortality [33]. In this study, however, more than 65% of the patients were in New York Heart Association (NYHA) stage III/IV, and there was no stratification between orally- and insulin-treated patients. Furthermore, this discrepancy is probably associated, to a certain degree, with the use of the first-generation devices as well as with the transapical access from the implantation center [23].
Intermediate and long-term mortality
Concerning mid-term and long-term survival, lower survival rate was observed for patients with diabetes than for those without diabetes; subgroup analysis revealed that this result was mainly driven by insulin-treated patients with DM. This result remained statistically significant even after adjusting for baseline parameters. DM on insulin itself was not identified as a statistically significant parameter for lower survival at 1 year after TAVI in the Cox regression analysis. This result is concordant with the data from a national multicenter registry by Conrotto et al. [18] and a meta-analysis by Ando et al. [34] as well as a multicenter study with data from the society of thoracic surgeons and American college of cardiology transcatheter valve registry published by Abramowitz et al. [35]. The meta-analysis by Ando et al. demonstrated that DM is independently associated with higher midterm mortality but similar perioperative complications, regardless of the type of DM [36], while Conrotto et al. showed that this phenomenon concerns only the insulin-treated group. Finally, Abramowitz et al. indicated a stronger 1-year mortality association in insulin-treated DM than in non-insulin-treated DM.
These findings are also in agreement with those provided from a recent meta-analysis, which identified insulin-treated DM as an independent predictor for poor medium- to long-term outcomes, but was not associated with a higher 30-day mortality [37], while another meta-analysis by Sun et al. [38] suggested that DM was not associated neither with increased risk of periprocedural complications nor with lower survival rate at 30 days and 1 year. In this latest analysis, however, a subgroup analysis for patients treated with insulin was not performed. This finding probably indicates the multifactorial effect of systemic disease, suggesting the need for cardiac risk factor modification for insulin-treated patients with DM, to the extent that this phenomenon could be reflected in the levels of HbA1c [15, 19]. Gu et al. [39] also indicated that HbA1c variability was related independently to the risk of all-cause mortality in patients with heart failure. Finally, the higher incidence of comorbidities, such as coronary artery disease and impaired renal function, could possibly contribute to the increased mortality risk in patients treated with insulin. Another study suggested that the gender itself might also play a role to the clinical outcomes [40]. The pathophysiological background of these clinical findings might include the procoagulant imbalance, the chronic exposure to high glucose levels and the effects of hyperinsulinemia, which are reflected, to a certain degree, to the use of insulin. The role of coronary artery disease is also well-established in the current literature, suggesting that DM and especially insulin therapy, is a strong predictor for cardiovascular mortality as well as particularly for late or repeat revascularization irrespective of an early procedure [41]. The same mechanism may also be partially an explanation for increased mortality in patients with DM after major cardiovascular events, such as stroke, aortic aneurysm and dissection, acute lower limb ischemia and myocardial infraction, as indicated from a large national registry [42].

The use of risk scores in TAVI
Diabetes mellitus is integrated in the STS risk score, and insulin-treated DM is integrated in the EuroSCORE II [43, 44], with satisfactory performance predicting cardiac surgical perioperative and 30-day mortality; however, these two scores do not indicate a relevant discrimination for the procedural outcome. The logistic EuroSCORE, on the other hand, does not include diabetes as a factor. Several studies have indicated that 30-day mortality may be more accurately predicted by the EuroSCORE II than by the other two risk scores, suggesting that this risk score is a valuable tool in the clinical setting [43, 44]. The update of the EuroSCORE derived from the need for better calibration, as risk-adjusted cardiac surgical mortality has declined in recent decades. The researchers of the working group provided evidence that only insulin-dependent DM was associated with higher mortality. A EuroSCORE II validation study by Barili et al. also suggested that diabetes on insulin is a significant risk factor for open surgical perioperative risk, while other factors, such as NYHA II, pulmonary and neuromuscular dysfunction as well as pulmonary artery systolic pressure < 55 mmHg, could be removed from the risk model without changing the performance of the model [21].
The discrepancy in the role of diabetes in the assessment of perioperative risk in TAVI could be explained by the inherited characteristics of the risk assessment tool. The current perioperative risk scores derive from open surgical registries and are designed mostly to predict the risk of surgical aortic valve implantation but not TAVI. Supposedly, a model risk score specifically designed for TAVI could weigh discriminative factors other than those of the current scores. The Placement of AoRTic TraNscathetER Valve (PARTNER) trial indeed showed that intermediate risk patients undergoing transfemoral TAVI had better outcomes than those of open surgical patients [8], and the extended use of local anesthesia has improved the procedural outcomes, which consequently indicates a risk stratification for access in TAVI. Therefore, the use of the current perioperative risk tools not only is useful for risk estimation in TAVI but also implicates the prominent need for the development of more comprehensive TAVI risk tools.

Limitations
The main research limitation of this study is the observational nature and the resulting potential for variability. The standardized protocols used at our TAVI center are likely to have minimized disparities; nevertheless, the role of unmeasured confounders cannot be ruled out. Good-quality readily available data improve the validity of comparisons. Furthermore, this is a single center analysis and, therefore, there might be an unavoidable risk for bias regarding treatment options. However, the sample size of this registry might improve the external validity of the results. Finally, it was possible to distinguish the all-cause mortality into cardiovascular and non-cardiovascular mortality in a reliable way, particularly because of the large size of the registry and the wide time span in which the registry was conducted. Further information, such as the glycemic control of the disease, was not collected, implying a possible effect of the control itself rather than the choice of insulin use.


Conclusions
Although insulin-dependent DM is an established component of surgical risk assessment, it was not identified as an independent factor associated with reduced survival in TAVI. DM treated with OAD or insulin may have less role in decision making of treatment in TAVI candidates.

Acknowledgements
Not applicable.

Authors’ contributions
PT and GS concepted the current form and analyzed the results of the registry. All authors read and approved the final manuscript.

Funding
This registry was conducted without any financial support.

Ethics approval and consent to participate
The responsible local ethics committee (Stuttgart, Germany) approved this study, and written informed consent was obtained from each patient prior to their inclusion.

Consent for publication
Not applicable.

Competing interests
Gerhard Schymik (GS) and Holger Schröfel (HS) are proctors, and Peter Bramlage (PB) is a consultant for Edwards Lifesciences. No competing interests was declared by the other authors.


[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, et al. Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery. N Engl J Med. 2010;363(17):1597–607.Crossref

2.
Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, Iung B, Lancellotti P, Lansac E, Rodriguez Munoz D, et al. 2017 ESC/EACTS guidelines for the management of valvular heart disease. Eur Heart J. 2017;38(36):2739–91.Crossref

3.
Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd, Guyton RA, O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, et al. 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 Practice Guidelines. J Am Coll Cardiol. 2014;63(22):e57–185.Crossref

4.
Otto CM, Nishimura RA. New ACC/AHA valve guidelines: aligning definitions of aortic stenosis severity with treatment recommendations. Heart (British Cardiac Society). 2014;100(12):902–4.

5.
Gilard M, Eltchaninoff H, Iung B, Donzeau-Gouge P, Chevreul K, Fajadet J, Leprince P, Leguerrier A, Lievre M, Prat A, et al. Registry of transcatheter aortic-valve implantation in high-risk patients. N Engl J Med. 2012;366(18):1705–15.Crossref

6.
Armoiry X, Obadia JF, Pascal L, Polazzi S, Duclos A. Comparison of transcatheter versus surgical aortic valve implantation in high-risk patients: a nationwide study in France. J Thorac Cardiovasc Surg. 2018;156(3):1017–25.Crossref

7.
Schymik G, Varsami C, Bramlage P, Conzelmann LO, Wurth A, Luik A, Schrofel H, Tzamalis P. Two-year outcomes of transcatheter compared with surgical aortic valve replacement in “minimal-risk” patients lacking EuroSCORE co-morbidities (from the TAVIK Registry). Am J Cardiol. 2018;122(1):149–55.Crossref

8.
Lindman BR, Pibarot P, Arnold SV, Suri RM, McAndrew TC, Maniar HS, Zajarias A, Kodali S, Kirtane AJ, Thourani VH, et al. Transcatheter versus surgical aortic valve replacement in patients with diabetes and severe aortic stenosis at high risk for surgery: an analysis of the PARTNER Trial (Placement of Aortic Transcatheter Valve). J Am Coll Cardiol. 2014;63(11):1090–9.Crossref

9.
Perrin N, Ellenberger C, Licker M, Hachulla AL, Cikirikcioglu M, Frei A, Roffi M, Noble S. Management of vascular complications following transcatheter aortic valve implantation. Arch Cardiovasc Dis. 2015;108(10):491–501.Crossref

10.
Hildick-Smith D, Redwood S, Mullen M, Thomas M, Kovac J, Brecker S, Trivedi U, Young C, Hutchinson N, Maccarthy P, et al. Complications of transcatheter aortic valve implantation: avoidance and management. EuroIntervention. 2011;7(5):621–8.Crossref

11.
O’Sullivan CJ, Stortecky S, Buellesfeld L, Wenaweser P, Windecker S. Preinterventional screening of the TAVI patient: how to choose the suitable patient and the best procedure. Clin Res Cardiol. 2014;103(4):259–74.Crossref

12.
Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-Rodriguez M, Gale CP, Deanfield J, Smeeth L, Timmis A, Hemingway H. Type 2 diabetes and incidence of cardiovascular diseases: a cohort study in 1.9 million people. Lancet Diabetes Endocrinol. 2015;3(2):105–13.Crossref

13.
Banovic M, Athithan L, McCann GP. Aortic stenosis and diabetes mellitus: an ominous combination. Diabetes Vasc Dis Res. 2019;9:1479164118820657.

14.
Natorska J, Wypasek E, Grudzien G, Sobczyk D, Marek G, Filip G, Sadowski J, Undas A. Does diabetes accelerate the progression of aortic stenosis through enhanced inflammatory response within aortic valves? Inflammation. 2012;35(3):834–40.Crossref

15.
Chorin E, Finkelstein A, Banai S, Aviram G, Barkagan M, Barak L, Keren G, Steinvil A. Impact of diabetes mellitus and hemoglobin A1C on outcome after transcatheter aortic valve implantation. Am J Cardiol. 2015;116(12):1898–903.Crossref

16.
Le Quang K, Bouchareb R, Lachance D, Laplante MA, El Husseini D, Boulanger MC, Fournier D, Fang XP, Avramoglu RK, Pibarot P, et al. Early development of calcific aortic valve disease and left ventricular hypertrophy in a mouse model of combined dyslipidemia and type 2 diabetes mellitus. Arterioscler Thromb Vasc Biol. 2014;34(10):2283–91.Crossref

17.
Puls M, Bleckmann A, Jacobshagen C, Danner BC, Hasenfuss G, Seipelt R, Schillinger W. Diabetes increases short- and long-term mortality after transcatheter aortic valve implantation (TAVI). Deutsch Med Wochenschr. 2014;139(16):822–8.Crossref

18.
Conrotto F, D’Ascenzo F, Giordana F, Salizzoni S, Tamburino C, Tarantini G, Presbitero P, Barbanti M, Gasparetto V, Mennuni M, et al. Impact of diabetes mellitus on early and midterm outcomes after transcatheter aortic valve implantation (from a multicenter registry). Am J Cardiol. 2014;113(3):529–34.Crossref

19.
Abramowitz Y, Jilaihawi H, Chakravarty T, Mangat G, Maeno Y, Kazuno Y, Takahashi N, Kawamori H, Cheng W, Makkar RR. Impact of diabetes mellitus on outcomes after transcatheter aortic valve implantation. Am J Cardiol. 2016;117(10):1636–42.Crossref

20.
Velicki L, Cemerlic-Adjic N, Pavlovic K, Mihajlovic BB, Bankovic D, Mihajlovic B, Fabri M. Clinical performance of the EuroSCORE II compared with the previous EuroSCORE iterations. Thorac Cardiovasc Surg. 2014;62(4):288–97.Crossref

21.
Barili F, Pacini D, Capo A, Rasovic O, Grossi C, Alamanni F, Di Bartolomeo R, Parolari A. Does EuroSCORE II perform better than its original versions? A multicentre validation study. Eur Heart J. 2013;34(1):22–9.Crossref

22.
Biancari F, Vasques F, Mikkola R, Martin M, Lahtinen J, Heikkinen J. Validation of EuroSCORE II in patients undergoing coronary artery bypass surgery. Ann Thorac Surg. 2012;93(6):1930–5.Crossref

23.
Schymik G, Wurth A, Bramlage P, Herbinger T, Heimeshoff M, Pilz L, Schymik JS, Wondraschek R, Suselbeck T, Gerhardus J, et al. Long-term results of transapical versus transfemoral TAVI in a real world population of 1000 patients with severe symptomatic aortic stenosis. Circ Cardiovasc interv. 2015;8(1):e000761.Crossref

24.
Schymik G, Heimeshoff M, Bramlage P, Herbinger T, Wurth A, Pilz L, Schymik JS, Wondraschek R, Suselbeck T, Gerhardus J, et al. A comparison of transcatheter aortic valve implantation and surgical aortic valve replacement in 1,141 patients with severe symptomatic aortic stenosis and less than high risk. Catheter Cardiovasc Interv. 2015;86(4):738–44.Crossref

25.
Kappetein AP, Head SJ, Genereux P, Piazza N, van Mieghem NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es GA, et al. Updated standardized endpoint definitions for transcatheter aortic valve implantation: the Valve Academic Research Consortium-2 consensus document. J Thorac Cardiovasc Surg. 2013;145(1):6–23.Crossref

26.
Stortecky S, O’Sullivan CJ, Buellesfeld L, Windecker S, Wenaweser P. Transcatheter aortic valve implantation: the transfemoral access route is the default access. EuroIntervention. 2013;9(Suppl):S14–8.Crossref

27.
Lareyre F, Mialhe C, Bourlon F, Habib Y, Dommerc C, Raffort J. Diabetes mellitus is not associated with worse vascular outcome following percutaneous transfemoral transcatheter aortic valve implantation. Acta Cardiol. 2019;14:1–7.Crossref

28.
Berkovitch A, Segev A, Barbash I, Grossman Y, Maor E, Erez A, Regev E, Fink N, Mazin I, Hamdan A, et al. Clinical impact of diabetes mellitus in patients undergoing transcatheter aortic valve replacement. Cardiovasc Diabetol. 2015;14:131.Crossref

29.
Tokarek T, Dziewierz A, Wiktorowicz A, Bagienski M, Rzeszutko L, Sorysz D, Kleczynski P, Dudek D. Effect of diabetes mellitus on clinical outcomes and quality of life after transcatheter aortic valve implantation for severe aortic valve stenosis. Hellenic J Cardiol. 2018;59(2):100–7.Crossref

30.
Mendez-Bailon M, Lorenzo-Villalba N, Munoz-Rivas N, de Miguel-Yanes JM, De Miguel-Diez J, Comin-Colet J, Hernandez-Barrera V, Jimenez-Garcia R, Lopez-de-Andres A. Transcatheter aortic valve implantation and surgical aortic valve replacement among hospitalized patients with and without type 2 diabetes mellitus in Spain (2014–2015). Cardiovasc Diabetol. 2017;16(1):144.Crossref

31.
Schewel D, Zavareh M, Schewel J, Thielsen T, Schmidt T, Schafer U, Kuck KH, Frerker C. Impact of interaction of diabetes mellitus and impaired renal function on prognosis and the incidence of acute kidney injury in patients undergoing transcatheter aortic valve replacement (TAVR). Int J Cardiol. 2017;232:147–54.Crossref

32.
Lopez-de-Andres A, Perez-Farinos N. Impact of type 2 diabetes mellitus in the utilization and in-hospital outcomes of surgical aortic valve replacement in Spain (2001–2015). Cardiovasc Diabetol. 2018;17(1):135.Crossref

33.
Capodanno D, Barbanti M, Tamburino C, D’Errigo P, Ranucci M, Santoro G, Santini F, Onorati F, Grossi C, Covello RD, et al. A simple risk tool (the OBSERVANT score) for prediction of 30-day mortality after transcatheter aortic valve replacement. Am J Cardiol. 2014;113(11):1851–8.Crossref

34.
Ando T, Takagi H, Briasoulis A, Umemoto T. Does diabetes mellitus impact prognosis after transcatheter aortic valve implantation? Insights from a meta-analysis. J Cardiol. 2017;70(5):484–90.Crossref

35.
Abramowitz Y, Vemulapalli S, Chakravarty T, Li Z, Kapadia S, Holmes D, Matsouaka RA, Wang A, Cheng W, Forrester JS, et al. Clinical impact of diabetes mellitus on outcomes after transcatheter aortic valve replacement: insights from the Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve Therapy Registry. Circ Cardiovasc Interv. 2017;10(11):1636–42.Crossref

36.
Mina GS, Gill P, Soliman D, Reddy P, Dominic P. Diabetes mellitus is associated with increased acute kidney injury and 1-year mortality after transcatheter aortic valve replacement: a meta-analysis. Clin Cardiol. 2017;40(9):726–31.Crossref

37.
Lv W, Li S, Zhao Z, Liao Y, Li Y, Chen M, Feng Y. Diabetes mellitus is an independent prognostic factor for mid-term and long-term survival following transcatheter aortic valve implantation: a systematic review and meta-analysis. Interact Cardiovasc Thorac Surg. 2018;27(2):159–68.Crossref

38.
Sun Y, Liu X, He Y, Tang M, Zhu Q, Xu X, Guo D, Shi K, Hu P, Wang L, et al. Meta-analysis of impact of diabetes mellitus on outcomes after transcatheter aortic valve implantation. Am J Cardiol. 2017;119(4):623–9.Crossref

39.
Gu J, Pan JA, Fan YQ, Zhang HL, Zhang JF, Wang CQ. Prognostic impact of HbA1c variability on long-term outcomes in patients with heart failure and type 2 diabetes mellitus. Cardiovasc Diabetol. 2018;17(1):96.Crossref

40.
Linke A, Schlotter F, Haussig S, Woitek FJ, Stachel G, Adam J, Hollriegel R, Lindner A, Mohr FW, Schuler G, et al. Gender-dependent association of diabetes mellitus with mortality in patients undergoing transcatheter aortic valve replacement. Clin Res Cardiol. 2019;108(1):39–47.Crossref

41.
Orbach A, Halon DA, Jaffe R, Rubinshtein R, Karkabi B, Flugelman MY, Zafrir B. Impact of diabetes and early revascularization on the need for late and repeat procedures. Cardiovasc Diabetol. 2018;17(1):25.Crossref

42.
de Miguel-Yanes JM, Jimenez-Garcia R, Hernandez-Barrera V, Mendez-Bailon M, de Miguel-Diez J, Lopez-de-Andres A. Impact of type 2 diabetes mellitus on in-hospital-mortality after major cardiovascular events in Spain (2002–2014). Cardiovasc Diabetol. 2017;16(1):126.Crossref

43.
Johansson M, Nozohoor S, Zindovic I, Nilsson J, Kimblad PO, Sjogren J. Prediction of 30-day mortality after transcatheter aortic valve implantation: a comparison of logistic EuroSCORE, STS score, and EuroSCORE II. J Heart Valve Dis. 2014;23(5):567–74.PubMed

44.
Durand E, Borz B, Godin M, Tron C, Litzler PY, Bessou JP, Dacher JN, Bauer F, Cribier A, Eltchaninoff H. Performance analysis of EuroSCORE II compared to the original logistic EuroSCORE and STS scores for predicting 30-day mortality after transcatheter aortic valve replacement. Am J Cardiol. 2013;111(6):891–7.Crossref

45.
Kappetein AP, Head SJ, Genereux P, Piazza N, van Mieghem NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, van Es GA, et al. Updated standardized endpoint definitions for transcatheter aortic valve implantation: the Valve Academic Research Consortium-2 consensus document (VARC-2). Eur J Cardiothorac Surg. 2012;42(5):S45–60.Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/A12933_2019_873_Fig1_HTML.png
a '
1.0
0.8
X
T 067
2
g p = 0.004
w
o
2
2 04
£
4]
0.2+
0.0
T T T T
0 365 730 1095  days after TAVI
No DM === 1337 | 1133 | 1035 | 912
DM w— 663 | 538 | 478 | 408
b
1.0
0.8
x
T 06+
2
=
E
o
2
& 04+ patientswithout DM vs patients with orally-treated DM:  p=0.33
§ patients without DM vs patients with insulinn-treated DM: p = 0.014
4]
0.2
0.0
1 1 | 1
0 365 730 1095 days after TAVI
No DM w1337 1133 1035 912
Orallytreated 387 329 296 251
Insulintreated === 276 209 182 157






OEBPS/contact.gif





