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An urgent in-hospital upgrade to resynchronization therapy
is associated with lower likelihood of survival as compared
to planned procedures
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INTRODUCTION
Cardiac resynchronization therapy (CRT) is
known to reduce mortality and symptoms of
heart failure (HF) and improve the quality of
life in carefully selected patients [1-4].

According to the European CRT Survey,
upgrades from previously implanted pace-
makers or implantable cardioverter-defibril-
lators constitute close to a quarter of all CRT
implantations [5]. As stated in the European
Society of Cardiology (ESC) Guidelines, CRT is
a treatment option for patients with reduced
left ventricular ejection fraction (LVEF) <35%
and QRS duration =130 ms, with the highest
class of recommendation for patients with
QRS 2150 ms of left bundle branch block
morphology [6]. An upgrade to CRT should be
considered in patients with a high percentage
of right ventricular pacing and worsening
of HF symptoms despite optimal medical
therapy [6].

Despite these guidelines, there are reports
of successful off-label de novo CRT implanta-
tions in inotropy-dependent patients or on
mechanical support [7, 8]. However, there are
only limited data on off-label CRT upgrades [9,
10]. Our study aimed to analyze the frequency
and follow-up of patients who underwent an
upgrade to CRT that was not fully in accord-
ance with the current guidelines.

METHODS
Between January 2010 and December
2014 in the National Institute of Cardiology,
94 consecutive CRT upgrade procedures were
performed. We retrospectively analyzed indi-

cations for those CRT upgrades, medical char-
acteristics, and follow-up of these patients.

The study group consisted of 24 patients
who underwent procedures that were as-
signed as“urgent”and were performed due to
acute cardiac decompensation (non-ambula-
tory New York Heart Association [NYHA] class
IV) or an electrical storm, which implies that
these upgrades were not performed following
the current guidelines. The group of 70 pa-
tients who underwent scheduled upgrade
CRT implantation served as a control group.
Patient survival was defined as the time from
CRT implantation to all-cause mortality. The
data on mortality and heart transplantation
were sourced from the national databases
provided by the Ministry of Digital Affairs
and POLTRANSPLANT. Follow-up was limited
to 60 months.

The study was approved by the Bioethics
Committee of the National Institute of Cardi-
ology (IK-NPIA-0021-98/1677/17).

Statistical analysis

Statistical analysis was performed with R
software. The Shapiro-Wilk test indicated that
the sample data was not normally distributed.
Continuous data were presented as median
(interquartile range [IQR]). Categorical data
were presented as the absolute number and
percentage of patients in each group. P-values
<0.05 were considered statistically significant.
The Mann-Whitney U test for continuous
variables and the x? test for nominal variables
were used. Survival was estimated with the
Kaplan-Meier curve. The plots were compared
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Figure 1. Survival in urgent versus scheduled cardiac resynchroni-
zation therapy upgrade

using the log-rank test. A univariate Cox regression analysis
was used to evaluate factors affecting survival.

RESULTS AND DISCUSSION
In the study group, acute cardiac decompensation was
an indication for 19 procedures and an electrical storm
in 5 cases.

There were no significant differences between the
two groups in age, sex, LVEF, presence of AF, diabetes or
pacing dependency, and history of myocardial infarction.
(Supplementary material, Table S17). The only statistically
significant difference was found in HF etiology (non-is-
chemic cardiomyopathy was presentin 67% of patients in
the study group and 40% of patients in the control group)
and NYHA class at baseline. The median follow-up in the
study group was 29 (6-53) months while in the control
group 44 (33-60) months, and the difference in the length
of follow-up was statistically significant. Survival was found
to be worse in patients that underwent a CRT upgrade
in an urgent mode compared with planned procedures
(hazard ratio 3.3 with 95% confidence interval [Cl], 1.9-5.9,
P <0.001) (Figure 1).

Ten patients (42%) died within the first year after the
upgrade, and only 6 patients (25%) survived five years
after the procedure. Three patients survived until cardi-
ac transplantation.

Multivariable Cox-regression analyses showed that
among all patients the urgent mode of the procedure along
with the absence of a high RV pacing burden were asso-
ciated with worse survival (Supplementary material, Table
$2). However, no statistically significant predictor of poor
prognosis was found in the study group (Supplementary
material, Table 53).
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Six patients were dependent on continuous intrave-
nous inotropic therapy, which was defined as the inability
to withdraw or decrease the dose of drugs without the
occurrence of hypotension — systolic blood pressure
<90 mm Hg, oliguria <20 ml/h and/or hypoxemia. The
median time to complete withdrawal of inotrope support
was 6 (1.25-13.75) days. Four patients did not survive the
first year of follow-up, and one underwent cardiac trans-
plantation.

Nine patients (38%) in the study group had indications
for CRT during the previous implantation or device re-
placement. That group consisted of patients referred from
centers that did not consider CRT at the time of previous
intervention or their attempt to perform a CRT implantation
was unsuccessful.

Patients with end-stage HF are poorly represented in
clinical trials on CRT. According to an article by Nisha et
al. [11], the current guidelines were based on studies that
consisted of only 5% of NYHA class IV individuals. None-
theless, the ESC guidelines do not exclude NYHA class IV
patients from being candidates for CRT [6]. The treatment
alternatives for HF patients who do not respond to medical
therapy are mechanical circulatory support devices and
heart transplantation [6].

Our research showed that patients who underwent
an urgent CRT upgrade have a higher risk of death than
those who had a scheduled procedure. Forty-one percent
of patients from the study group died in the first year of
follow-up. In comparison, only 7% of patients from the
control group died in the same period. Only 25% of patients
from the study group survived 5 years, two of them after
heart transplantation.

The worst outcomes were observed among inotro-
py-dependent patients. Only two out of six patients survived
the first year of follow-up after an upgrade procedure. How-
ever, few studies showed a beneficial effect of CRT de novo
implantation in inotropy-dependent end-stage heart failure
patients. Sokal et al. [7] reported 100% success in weaning
from inotropes in eleven individuals after a CRT implanta-
tion. In a meta-analysis by Hernandez et al. [8], weaning
from inotropes was successful in 93% of patients, and the
1-year survival rate was 69% after CRT de novo implantation.

Given the unfavorable outcomes presented in our
study, it must be underlined that patients with end-
stage heart disease had initially poor prognosis, and
a CRT upgrade served as a rescue therapy or “bridge-to-
-transplant” for these individuals, especially considering
the time of the investigation when not many alternative
treatment options were available [12]. Considering that
in some studies upgrades constitute almost half of all CRT
procedures [13], it would be valuable to identify the factors
for poor response in this group. It is also important to make
careful clinical assessment of patients during implantation or
exchange of devices to avoid delaying initiation of CRT ther-
apy as had happened in 38% of patients in the study group.
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