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Abstract

Background: Systemic inflammation can occur after transcatheter aortic valve replacement (TAVR) and correlates with adverse outcome.
The impact of remote ischemic preconditioning (RIPC) on TAVR associated systemic inflammation is unknown and was focus of this
study. Methods: We performed a prospective controlled trial at a single center and included 66 patients treated with remote ischemic
preconditioning (RIPC) prior to TAVR, who were matched to a control group by propensity score. RIPC was applied to the upper
extremity using a conventional tourniquet. Definition of systemic inflammation was based on leucocyte count, C-reactive protein (CRP),
procalcitonin (PCT) and interleukin-6 (IL-6), assessed in the first 5 days following the TAVR procedure. Mortality was determined
within 6 months after TAVR. RIPC group and matched control group showed comparable baseline characteristics. Results: Systemic
inflammation occurred in 66% of all patients after TAVR. Overall, survival after 6 months was significantly reduced in patients with
systemic inflammation. RIPC, in comparison to control, did not significantly alter the plasma levels of leucocyte count, CRP, PCT
or IL-6 within the first 5 days after TAVR. Furthermore, inflammation associated survival after 6 months was not improved by RIPC.
Of all peri-interventional variables assessed, only the amount of the applied contrast agent was connected to the occurrence of systemic
inflammation. Conclusions: Systemic inflammation frequently occurs after TAVR and leads to increased mortality after 6 months. RIPC
neither reduces the incidence of systemic inflammation nor improves inflammation associated patient survival within 6 months.

Keywords: Remote ischemic preconditioning; Transcatheter aortic valve replacement; Aortic valve stenosis; Systemic inflammatory
response syndrome; Systemic inflammation

1. Introduction
Transcatheter aortic valve replacement (TAVR) was

first successfully performed in 2002 in a critically ill pa-
tient with severe aortic stenosis [1]. Since the past almost
20 years, it has been evolved to a standard procedure for
patients at high and intermediate surgical risk, and more re-
cently, its indication is even including patients at low risk
[2]. With accumulating experience and advancing tech-

nologies, the procedure has become safer with fewer com-
plications. However, adverse events remain [2]. Systemic
inflammatory response syndrome (SIRS) occurs in approx-
imately 50% of patients after the TAVR procedure [3] and
is associated with increased morbidity and mortality [4,5].
The pathogenesis of systemic inflammation after TAVR is
not clear. Sinning et al. [4] observed more rapid ventricular
pacing runs and higher post-procedural lactate plasma con-
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centrations in patients with SIRS. This indicates that certain
characteristics of the procedure may lead to tissue hypop-
erfusion/ischemia and are associated with systemic inflam-
mation. In remote ischemic preconditioning (RIPC), alter-
nating intervals of ischemia and reperfusion are applied on
a peripheral tissue or organ, which is sought to have protec-
tive effects on ischemia and reperfusion injury [6,7]. It has
been shown in different experimental settings that inflam-
matory response can be attenuated by RIPC [8,9].

With this work, we aim to elucidate the impact of
RIPC on systemic inflammation in patients undergoing
TAVR.

2. Materials and methods
2.1 Study design and patient enrolment

We performed a prospective controlled trial recruit-
ing patients at Heart Center Dresden from February 2014
to December 2016. Data on control group patients (non-
RIPC group) were acquired retrospectively. Decision for
TAVR was made in the interdisciplinary Heart Team based
on current guideline recommendations [10]. Exclusion cri-
teria were second intervention (“valve-in-valve”), cardio-
genic shock, use of inotropics, peripheral artery disease
with symptoms, thrombosis, terminal kidney failure, active
malignancy with a life-expectancy less than one year, or the
participation in other trials. In particular, SIRS or sepsis
was ruled out before intervention. Written informed con-
sent was obtained.

2.2 Study endpoints
(1) Occurrence of systemic inflammation following

TAVR in RIPC vs. non-RIPC patients. Systemic inflam-
mation was defined by the presence of at least one of the
following criteria within the first five post-interventional
days: leucocyte count >12000/nL or <4000/nL, CRP >80
mg/dL, PCT >0.4 ng/mL, or IL-6 >80 pg/mL [11,12].

(2) Mortality assessment at 6 months after TAVR (all
patients included, presence of systemic inflammation).

(3) Mortality assessment at 6 months after TAVR (pa-
tients with systemic inflammation only, RIPC status).

(4) TAVR associated systemic inflammation: Impact
of peri-interventional parameters.

2.3 Procedure of TAVR and RIPC
Aortic valves were implanted through the trans-

femoral approach and under general anesthesia, as previ-
ously described [13]. With the induction of anesthesia,
RIPC was conducted with three cycles of ischemia fol-
lowed byreperfusion for five minutes each. A pressure of
20–30 mmHg above the systolic arterial pressure was ap-
plied by using a standard blood-pressure-manometer cuff
(Boso, Jungingen, Germany). Efficacy was clinically as-
sessed: pulselessness of the radial artery, acrocyanosis and
reactive hyperemia. The start of the TAVR intervention was
less than 30 minutes after finishing RIPC. Patients received

either a self-expandable CoreValve Evolut R (Medtronic,
Minneapolis, MN, USA) (n = 44) or a balloon-expandable
Sapien XT/Sapien 3 (Edwards Lifesciences Inc., Irvine,
CA, USA) (n = 22) valve. Imeron 350 (Bracco S.p.A., Mi-
lan, Italy) was used as contrast agent.

2.4 Laboratory parameters
Venous blood samples were taken at the day of admis-

sion and the first five days after the TAVR procedure in the
morning at rest. Inflammatory parameters including leuco-
cyte count, C-reactive protein (CRP), procalcitonin (PCT),
and interleukin-6 (IL-6) were measured.

2.5 Statistical analysis
Patients receiving RIPC were matched to a control

group patients by propensity score, i.e., using the method
of nearest-neighbour by the MatchIt-package [14] in “R”
(The R Foundation for Statistical Computing, Vienna, Aus-
tria). Patients were matched according to following cri-
teria: age, sex, left ventricular ejection fraction, presence
of relevant coronary artery disease (CAD), creatinine con-
centration, type of implanted bioprosthesis, number of peri-
procedural pacing runs, and volume of contrast agent used
during the procedure. All statistical tests were run by Sta-
tistical Package for Social Sciences, version 23 (SPSS Inc.,
IBM, Armonk, NY, USA). Parametric data are presented
as mean ± standard deviation (SD), while non-parametric
data are presented as median [inter-quartile-ranges (IQRs)].
p-values < 0.05 were considered statistically significant.
To assess differences in the inflammatory parameters be-
tween the RIPC and control groups at different time points,
we used a linear mixed model that accounts for individ-
ual patient effects and serial autocorrelation. Because the
inflammatory parameters were right-skewed, we applied a
log-transformation first. Chi-squared test and logistic re-
gression were used for the analysis of influencing factors
of systemic inflammation. For survival analyses, Kaplan-
Meier estimates with log-rank test were used and influenc-
ing factors on survival were calculated by Cox regression.

3. Results
3.1 Baseline data

In total, we screened 358 patients for eligibility. After
applying the exclusion criteria, 66 RIPC and 66 matched
control patients entered statistical analyses. Following
propensity score matching, both groups showed no statisti-
cally significant differences in baseline characteristics and
peri-interventional variables (Tables 1,2). The mean age
was around 82 for both groups with an even distribution
between male and female patients. The Euro-Score-II to
predict surgery associated mortality showed intermediate
risk, similar for both groups. The inflammatory parameters,
i.e., leucocyte count, CRP, PCT and IL-6, were within the
normal range and no patient in either group had fever, nor
showed other clinical signs of infection before intervention.
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Table 1. Baseline characteristics.
RIPC (n = 66) Control (n = 66) p-value

Age (years) 82 ± 4 82 ± 6 0.96
Sex

female 32 (49%) 31 (47%) >0.99
male 34 (51%) 35 (53%)

BMI (kg/m2) 28.2 [25.5; 31.2] 27.6 [23.8; 30.9] 0.17
LVEF (%) 55 [48; 60] 55 [45; 60] 0.57
Aortic stenosis

Vmax (cm/s) 404 ± 94 (n = 53) 418 ± 79 (n = 59) 0.57
dpmax (mmHg) 72 [48; 85] (n = 63) 67 [54; 89] (n = 62) 0.91
dpmean (mmHg) 40 [28; 51] (n = 63) 40 [31; 54] (n = 60) 0.73

CAD 33 (51%) 30 (46%) 0.70
PCI or CABG in history 26 (39%) 24 (36%) 0.86

Medication
ACE inhibitor or AT1-blocker 50 (76%) 42 (64%) 0.22
β blocker 54 (82%) 50 (76%) 0.54
MRA 6 (9%) 6 (9%) >0.99

Euro-II-Score 4.6 [2.9; 7.6] 4.0 [2.7; 7.2] 0.73
Laboratory parameters before TAVR

TnT (ng/L) 27.0 [14.8; 34.3] 23.0 [15.0; 51.2] 0.32
creatinine (µmol/L) 101 [79; 134] 98 [81; 116] 0.67
GFR (mL/min/1.73 m2) 54 ± 18 56 ± 17 0.47
urea (mmol/L) 7.1 [5.6; 10.8] 7.1 [5.6; 9.6] 0.57

Values are presented as mean ± SD, median [IQR], or n (%). If the number of patients was not n = 66, it was listed as n =
x. RIPC, remote ischemic preconditioning; BMI, body mass index; LVEF, left ventricular ejection fraction; Vmax, maximum
velocity; dpmax, maximum pressure gradient; dpmean, mean pressure gradient; CAD, coronary artery disease with>50% stenosis;
PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACE, angiotensin converting enzyme; AT1,
angiotensin II receptor type 1; MRA, mineralocorticoid receptor antagonist; TnT, high sensitive troponin T; GFR, glomerular
filtration rate; TAVR, transcatheter aortic valve replacement.

Table 2. Peri-interventional variables of the TAVR procedure
after matching.

RIPC (n = 66) Control (n = 66) p-value

Type of valve
Medtronic CoreValve 44 (66.7%) 44 (66.7%) >0.99
Edwards Sapien XT/3 22 (33.3%) 22 (33.3%)

Number of dilatations 2 [1; 2] 2 [1; 2] >0.99
1 18 (27.3%) 16 (24.2%)
2 40 (60.6%) 43 (65.2%)
3 6 (9.1%) 7 (10.6%)
4 2 (3.0%) 0

Number of pacing runs 2 [2; 3] 2 [2; 3] 0.99
1 40 (60.6%) 35 (53.0%)
2 18 (27.3%) 25 (37.9%)
3 6 (9.1%) 6 (9.1%)
4 2 (3.0%) 0

Procedure duration (min) 54 [41; 71] 52 [42; 65] 0.29
Contrast agent amount (mL) 130 [120; 150] 130 [100; 153] 0.23
Values are presented as median [IQR] or n (%). RIPC, remote ischemic
preconditioning.

3.2 Systemic inflammation frequently occurs after TAVR
and is associated with increased mortality

Systemic inflammation, which was defined as the oc-
currence of at least one pathologic inflammatory biomarker

following the first 5 post-interventional days after the TAVR
procedure, occurred in 66% (n = 87) of all patients. In the
RIPC group, 42 patients (64%) showed an inflammatory
response, in comparison to 45 patients (68%) in the control
group (p = 0.58). Overall, we observed an increase of all
four markers of systemic inflammation following the TAVR
procedure (Fig. 1). Patients with inflammatory response af-
ter the TAVR procedure suffered an increased 6-monthmor-
tality (p = 0.01, Fig. 2).

3.3 RIPC has no impact on the occurrence of systemic
inflammation following TAVR

First, the impact of RIPC on parameters of systemic
inflammation was analysed. As shown in Fig. 1, none of
the four inflammatory parameters assessed in this study
significantly differed between the RIPC and control group
within the first 5 post-interventional days after TAVR. The
comparative numeric values for both groups at baseline,
day 2 and day 5 are detailed in Supplementary Table
1. RIPC did not significantly alter the impact on mortal-
ity in patients suffering from systemic inflammation (p =
0.62, Fig. 3). Both groups, patients with TAVR associated
systemic inflammation and those without, showed similar
baseline characteristics (Supplementary Table 2).
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Fig. 1. Time course of inflammatory markers following the TAVR procedure. RIPC with no influence on systemic inflammatory
response after TAVR. (A) Leucocyte count. (B) CRP. (C) PCT and (D) IL-6 did not significantly differ between the RIPC and non-RIPC
group at any of the time points assessed after TAVR; the respective p-value is provided for each parameter. blue solid line – RIPC; red
solid line – non-RIPC. CRP, C-reactive protein; PCT, Procalcitonin; IL-6, Interleukin-6.

Fig. 2. Negative impact of TAVR associated systemic inflam-
mation on patient survival. Kaplan-Meier-curve showing signif-
icantly reduced overall survival in patients with systemic inflam-
matory response after TAVR within the observation period of 6
months (p = 0.01).

Fig. 3. Impact of RIPC on survival in patients with TAVR as-
sociated systemic inflammation. RIPC and non-RIPC displayed
comparable impact on 6-month mortality in all patients that suf-
fered from systemic inflammation after TAVR (p = 0.62).
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3.4 Peri-interventional amount of contrast agent used is
associated with systemic inflammation following TAVR

In a next step, we analysed the impact of peri-
interventional variables of the TAVR procedure on the oc-
currence of systemic inflammation. Chi-squared test and
regression analysis identified solely the amount of contrast
agent used to be associated with the occurrence of systemic
inflammation following TAVR (p = 0.02, Table 3). The
number of dilatations, or number of pacing runs, the proce-
dure duration, and the type of implanted bioprosthetic valve
showed no association (Table 3).

Table 3. Influence of peri-interventional variables on the
occurrence of systemic inflammation following TAVR.

X2 (df) Odds ratio (95% CI) p-value

Type of valve 3.793 (1) - 0.05
Number of dilatations 1.983 (2) - 0.37
Number of pacing runs 2.101 (2) - 0.35
Procedure duration - 0.997 (0.985–1.008) 0.58
Contrast agent amount - 0.989 (0.979–0.998) 0.02
Of all peri-interventional variables assessed, Chi-Square-Test and re-
gression analysis identified only the amount of contrast agent used
associated with the occurrence of systemic inflammation following
TAVR (bold print p-value). X2 = Pearson chi-squared (degrees of free-
dom, df), odds ratio (95% confidence interval, CI).

4. Discussion
The aim of this study was to assess the effect of RIPC

on TAVR associated systemic inflammation. Based on
common denominators of systemic inflammation, i.e., leu-
cocyte count, CRP, PCT and IL-6, we estimated the inci-
dence of inflammatory response after TAVR. We showed
that systemic inflammation frequently occurs after TAVR
and was associated with increased mortality. RIPC,
however, did not significantly reduce the occurrence of
TAVR associated systemic inflammation. The sole peri-
interventional variable associated with the occurrence of a
significant systemic inflammatory response was the amount
of contrast agent used.

The occurrence of a systemic inflammatory response
after TAVR has been the focus of investigation in only a few
studies and it has been associated with inferior outcomes
[4,5,15]. Sinning et al. [4] and Lindman et al. [5], who
used a transfemoral approach for TAVR, as was applied in
this study, reported an incidence of 40% and 63%, respec-
tively. In our data, 66% of all patients suffered from in-
flammatory response, confirming and emphasizing its high
incidence and relevance. Of note, we used a different def-
inition for systemic inflammation, which may account for
small discrepancies in the exact numbers. In several other
studies examining acute kidney injury after TAVR, a post-
interventional increase in leucocyte count with no signs of
infection was observed and attributed to a systemic inflam-

matory response [16–18]. It was associated with an adverse
impact on various outcomes, such as acute kidney injury.
In agreement with other studies [4,5], we confirmed that
the occurrence of systemic inflammation is associated with
significantly increased mortality.

The sufficiency and suitability of biomarkers to as-
sess systemic inflammation can be subject to discussion. Of
note, we deliberately avoided to apply the once commonly
used SIRS definition, now mostly abandoned because of its
low specificity and limited usefulness [19]. Moreover, we
did not consider them adequate for our study cohort. The
implantation of the bioprosthesis can affect the heart rate as
it is oftentimes associated with post interventional atrioven-
tricular blocks. Furthermore, general anesthesia affects the
autonomic nervous system with influence on body temper-
ature, heart, and respiratory rates. Therefore, we tried to
avoid using potentially confounding factors and instead re-
lied on serological parameters of systemic inflammation
that are available in the clinical routine setting. A compar-
ative overview of the commonly known SIRS criteria and
this study’s definition of systemic inflammation is provided
in Supplementary Table 3.

The occurrence and negative impact of an inflam-
matory response has been well described in patients un-
dergoing cardiac surgery and cardiopulmonary bypass [20,
21]. The predominant mechanisms for triggering this im-
mune response involve the surgical trauma itself and is-
chemia/reperfusion injury during the procedure [22]. The
latter is caused by temporary systemic and organ hypop-
erfusion resulting in activation of neurohumoral, immuno-
logical and inflammatory pathways [23,24]. It is therefore
plausible that several TAVR procedure associated condi-
tions, which can potentially lead to hypoperfusion and is-
chemia/reperfusion injury, may contribute to the develop-
ment of inflammatory response. Sinning et al. [4] identified
the number of ventricular pacing runs and major vascular
complications as independent predictors of SIRS develop-
ment. In this study, we identified the amount of the applied
contrast agent as the only peri-interventional variable asso-
ciated with the occurrence of an inflammatory response. In-
terestingly, the number of dilatations, the number of pacing
runs, the procedure duration or the choice of the implanted
bioprosthetic valve showed no association with the occur-
rence of systemic inflammation.

The application of RIPC is described as a promis-
ing strategy to avoid adverse outcomes due to is-
chemia/reperfusion injury [25]. Reversible episodes of is-
chemia followed by reperfusion are applied in the periphery
and is meant to render protective effects through neurohu-
moral signaling [1]. On the molecular level, it was shown
that RIPC leads to suppression of genes encoding key in-
flammation factors [8]. Mechanical RIPC achieved by re-
peated inflation and deflation of a blood pressure cuff is an
easy-to-use, non-invasive and safe method. In patients suf-
fering frommyocardial infarction treatedwith percutaneous

5
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coronary intervention and in patients undergoing coronary
artery bypass surgery, the application of RIPC was shown
to be cardioprotective and beneficial on clinical outcomes
[26–28]. Two previous studies on RIPC in TAVR patients
did not reveal any beneficial effects with regard to cardio-
or renoprotection and overall survival [29,30]. Given that
RIPC is conceived to prevent adverse effects caused by is-
chemia/reperfusion injury and that systemic inflammation
is a possible consequence thereof, it is plausible to assume
that RIPC may prevent the occurrence of inflammatory re-
sponse. This study is the first that examined the effect of
RIPC on systemic inflammatory response in patients under-
going TAVR. However, our data indicates that RIPC nei-
ther reduces the incidence of systemic inflammation nor
improves inflammation associated patient survival within
6 months.

5. Limitations
Our study contains some strengths and limitations.

The following positive points can be mentioned: The study
includes a contemporary cohort of patients undergoing a
rather uniform treatment regimen. Baseline characteristics
of the compared groups were homogeneous as were the
peri-interventional variables. The study is limited by its
number of patients and the lack of randomization with the
possible bias by propensity score matching. The efficacy of
ischemia induction with RIPC was assessed clinically. Be-
cause the causes of death could not be ascertained for most
of the deceased, mortality analysis in this study is restricted
to all-cause mortality.

6. Conclusions
In conclusion, this study shows that TAVR associated

systemic inflammation occurs frequently and is associated
with an increased 6-month mortality. Our data do not lend
support to the concept that RIPC reduces the occurrence of
inflammatory response after TAVR.
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