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Abstract

Aims The viability of cardiac resynchronization therapy (CRT) in inotrope-dependent heart failure (HF) has been a matter of
debate.
Methods and results We searched Medline, EMBASE, Scopus, and the Cochrane Library until 31 December 2022. Studies
were included if (i) HF patients required inotropic support at CRT implantation; (ii) patients were ≥18 years old; and (iii) they
provided a clear definition of ‘inotrope dependence’ or ‘inability to wean’. A meta-analysis was performed in R (Version 3.5.1).
Nineteen studies comprising 386 inotrope-dependent HF patients who received CRT (mean age 64.4 years, 76.9% male) were
included. A large majority survived until discharge at 91.1% [95% confidence interval (CI): 81.2% to 97.6%], 89.3% were
weaned off inotropes (95% CI: 77.6% to 97.0%), and mean discharge time post-CRT was 7.8 days (95% CI: 3.9 to 11.7). After
1 year of follow-up, 69.7% survived (95% CI: 58.4% to 79.8%). During follow-up, the mean number of HF hospitalizations was
reduced by 1.87 (95% CI: 1.04 to 2.70, P < 0.00001). Post-CRT mean QRS duration was reduced by 29.0 ms (95% CI: �41.3 to
16.7, P < 0.00001), and mean left ventricular ejection fraction increased by 4.8% (95% CI: 3.1% to 6.6%, P < 0.00001). The
mean New York Heart Association (NYHA) class post-CRT was 2.7 (95% CI: 2.5 to 3.0), with a pronounced reduction of individ-
uals in NYHA IV (risk ratio = 0.27, 95% CI: 0.18 to 0.41, P < 0.00001). On univariate analysis, there was a higher prevalence of
males (85.7% vs. 40%), a history of left bundle branch block (71.4% vs. 30%), and more pronounced left ventricular
end-diastolic dilation (274.3 ± 7.2 vs. 225.9 ± 6.1 mL).
Conclusions CRT appears to be a viable option for inotrope-dependent HF, with some of these patients seeming more likely
to respond.
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Introduction

Inotrope-dependent heart failure (HF) carries a very poor
prognosis.1–3 To date, it is generally accepted that advanced
mechanical support, including left ventricular assist devices
(LVADs) or heart transplantation (HT), is the only curative
means for patients with inotrope-dependent end-stage HF.
As such, the joint 2013 American College of Cardiology and
American Heart Association guidelines, as well as the
European Society of Cardiology (ESC) guidelines, recommend

that inotropes be used as a bridge to these therapies.4,5 How-
ever, these are extremely invasive procedures that confer a
significant risk of morbidity and mortality and are limited to
a narrow pool of eligible candidates.

Cardiac resynchronization therapy (CRT) is an alternative
treatment used for patients with systolic dysfunction. Several
studies have shown CRT to be beneficial in the management
of HF with systolic dysfunction, widened QRS complex length,
and New York Heart Association (NYHA) classes II–IV.6 How-
ever, whether CRT is viable and safe for HF patients who
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require inotropic support is still a matter of debate, and its
use has traditionally been limited to patients with less ad-
vanced HF due to the perceived poor prognosis of inotrope
dependence and a lack of current evidence.

This perception has now started to be challenged by a
meta-analysis by Hernandez et al.,7 which demonstrated the
potential benefits of CRT in these patients. These included
the successful weaning of inotropes, improvements in NYHA
classification, and a reduction in 1 year mortality via compar-
ison to the REMATCH trial.8 However, the absence of ran-
domized controlled trials (RCTs) and a control group were
limitations.

Since the publication of the meta-analysis by Hernandez
et al.,7 further studies have been identified, and subgroup
analyses comparing responders and non-responders to CRT
have now become possible, a critical factor in candidate se-
lection. Therefore, an update is now required to assess the
latest body of evidence. Therefore, we performed a
meta-analysis to evaluate the impact of CRT on clinical out-
comes, echocardiographic parameters (i.e. left ventricular
ejection fraction), and electrophysiologic parameters (i.e.
QRS duration), and we compared the characteristics of re-
sponders and non-responders to CRT in inotrope-dependent
HF patients.

Methods

In accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
(Supporting Information, Data S1),9 we conducted a
meta-analysis of original research articles examining CRT in
inotrope-dependent HF.

Search strategy

Medline, EMBASE, Scopus, and the Cochrane Library were
searched from 1 January 1960 to 31 December 2022 with
the following terms: ‘end-stage heart failure’, ‘catechol-
amine-dependent overt heart failure’, ‘inotrope-dependent
heart failure’, ‘advanced heart failure’, ‘New York Heart Asso-
ciation class IV’, and ‘NYHA class IV’. These terms were
searched individually with ‘cardiac resynchronization therapy’
OR ‘CRT’ OR ‘biventricular device’, combined by the Boolean
term ‘AND’. No language restrictions were applied. This
search was repeated between 1 January 2021 and 31
December 2022 to identify more recent articles.

Inclusion and exclusion criteria

Studies were included if they met the following inclusion
criteria: (i) patients had to be dependent on inotropic

support at the time of CRT implantation; (ii) if the study
included other patients, outcomes had to be specifically re-
ported on the inotrope-dependent patients; (iii) patients in-
cluded had to be more than 18 years of age; and (iv) a clear
definition of ‘inotrope dependence’ or ‘inability to wean’ had
to be provided. Studies with only one study arm that inves-
tigated the use of inotropes were also included. Commentar-
ies, review articles, and studies that failed to meet the above
criteria were excluded.

Article selection

Three investigators (D. A., F. K., and N. S. K.) independently
reviewed articles in three stages: by title, then abstract, and
finally full review. The electronic data application, Rayyan™,
was used to compile abstract information and selected arti-
cles. In instances of disagreement, consensus was reached
through discussion with other co-authors.

Data extraction

The extracted data included study population, country, pa-
tient comorbidities, mortality, electrocardiographic and echo-
cardiographic findings, as well as CRT and inotrope use. These
data were collected through a standardized proforma. Study
quality was assessed using the National Institutes of Health
Quality Assessment Tool for Pre-Post Studies with No Control
Group.10

Outcomes of cardiac resynchronization
therapy in inotrope-dependent heart failure
patients

We assessed the following outcomes from the included
studies: (i) procedural mortality; (ii) survival (at discharge,
at 1 year follow-up, and at final follow-up); (iii) inotrope
discontinuation post-CRT; (iv) mean time to discharge
post-CRT; (v) clinical, electrocardiographic, serological, and
echocardiographic parameters before and after CRT; (vi)
NYHA class before and after CRT; and (vii) hospital admis-
sion for HF pre-CRT vs. post-CRT. A subgroup analysis of
responders to CRT was also conduced; responders were de-
fined according to the definitions provided by the included
studies.

Data analysis

Quantitative analysis was performed with R (Version 3.5.1)
and SPSS (Version 26) for Kaplan–Meier analysis. Where ap-
plicable, a meta-analysis with a random effects model was
used to produce a pooled estimate of means and standard
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deviations or proportions. When medians and interquartile
ranges (IQRs) or minimum–maximum ranges were reported,
these were converted to means and standard deviations with
standard formulae.11,12 Heterogeneity between studies was
quantified using the I2 statistic (P ≤ 0.10 for significance), with
values >50% indicating considerable heterogeneity.

Results

Findings from search

Our search identified 2435 articles. After title review, 1138
abstracts were selected, yielding 27 articles for full-text

review (Figure 1). Of these, 19 met the inclusion criteria. Re-
peating the search between 1 January 2021 and 31 December
2022 did not identify additional relevant articles. Therefore,
19 studies were included.

Study characteristics

Included studies were from 10 countries (Table 1).13–31

The United States contributed the majority of studies
(n = 7), whilst Japan contributed four studies, and the re-
maining countries (Canada, Spain, Israel, Korea, France,
Romania, Tunisia, and Poland) all contributed one study.

Figure 1 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram representing the systematic literature search.
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Quality assessment

Study designs included a prospective cohort (n = 1), retro-
spective cohorts (n = 8), and case series (n = 10). According
to the National Institutes of Health Quality Assessment Tool
for Pre-Post Studies with No Control Group, there was a low
risk of bias amongst the 19 included studies (Supporting
Information, Figure S1).

Baseline characteristics

Of the included studies, a total of 386 patients with
inotrope-dependent HF were identified, and all received
CRT. The mean age was 64.6 years, and the cohort was pre-
dominantly male at 76.9% (Table 1). The majority of patients
had HF due to ischaemic cardiomyopathy (58.2%), a left bun-
dle branch block (LBBB) (56.0%), severely reduced left
ventricular ejection fraction (20.2%), and received CRT with
defibrillator (84.5%) compared with CRT with pacemaker
(15.5%). More information on study baselines is presented
in Supporting Information, Table S1.

Outcomes of cardiac resynchronization therapy in
inotrope-dependent heart failure patients

The median follow-up was 534 days (IQR: 180 to 1500).
Survival outcomes post-CRT are shown in Figure 2. The vast
majority of patients survived to discharge at 91.1% [95%
confidence interval (CI): 81.2% to 97.6%, I2 = 69%;
Figure 2A],17,18,20,22,24,26,29–31 whilst 69.7% (95% CI: 58.4%
to 79.8%, I2 = 65%; Figure 2B)15,18–21,23–26,31 and 59.0%
(95% CI: 49.0% to 68.6%, I2 = 69%; Figure 2C) were alive
12 months after discharge or until the end of follow-up,
respectively.14–31 Of the nine studies that reported
intra-procedural mortality, there were no recorded deaths
during CRT implantation.15,17,19,20,25,29,30

Inotrope use is shown in Figure 3. A significant majority of
patients were weaned off inotropes post-CRT at 89.3% (95%
CI: 77.6% to 97.0%, I2 = 74%; Figure 3A),17–20,22–26,29 with a
mean duration of inotrope use of 7.6 days (95% CI: 3.7 to
11.5, I2 = 95%; Figure 3B),17,19,20,24,27,28 whilst the mean time
to discharge post-CRT was 7.8 days (95% CI: 3.9 to 11.7,
I2 = 84%; Figure 3C).17,20,24,28

Changes in clinical, electrocardiographic, serological, and
echocardiographic markers post-CRT are shown in Figure 4.

Table 1 Overall baseline characteristics of the included studies (n = 19)

Variable No. of studies n Mean (95% CI)/percentage (95% CI)

Demographics
Age (years) 16 338 64.6 (62.2 to 67.0)
Males (%) 14 289 76.9 (70.2 to 83.1)
Follow-up time (days) 12 257 778 (561 to 995)

Comorbidities
Diabetes mellitus (%) 4 69 29.0 (14.0 to 46.4)
CKD (%) 3 53 41.6 (12.9 to 73.3)
Atrial fibrillation (%) 9 199 38.6 (25.7 to 52.4)

Laboratory values
Sodium (mEq/L) 4 79 133.6 (131.9 to 135.2)
Creatinine (μmol/L) 6 117 147.8 (116.8 to 178.9)
Haemoglobin (g/dL) 3 69 11.3 (10.8 to 11.7)
BNP (pg/mL) 3 69 873 (462 to 1284)

HF aetiology
Ischaemic cardiomyopathy (%) 13 268 58.2 (44.4 to 71.5)
Non-ischaemic cardiomyopathy (%) 13 271 54.6 (34.3 to 74.2)

ECG and echocardiogram
HR (b.p.m.) 3 60 81.9 (79.5 to 84.2)
SBP (mmHg) 6 110 91.2 (86.0 to 96.4)
QRS duration (ms) 14 257 168 (160 to 177)
LBBB (%) 7 105 56.0 (19.8 to 89.2)
LVEF (%) 14 278 20.2 (18.8 to 21.7)
LVEDV (mL) 6 104 224 (153 to 295)
LVESV (mL) 5 87 197 (161 to 234)
LVESD (mm) 4 110 60.7 (56.0 to 65.4)
LVEDD (mm) 6 130 69.5 (65.3 to 73.6)
CRT-D (%) 15 234 84.5 (62.9 to 97.6)
CRT-P (%) 15 234 15.5 (2.4 to 37.1)
IABP (%) 3 50 17.5 (7.3 to 30.1)
Hospital LOS (days) 6 99 23.4 (6.6 to 40.4)

BNP, brain natriuretic peptide; CI, confidence interval; CKD, chronic kidney disease; CRT-D, cardiac resynchronization therapy with defibril-
lator; CRT-P, cardiac resynchronization therapy with pacemaker; ECG, electrocardiogram; HF, heart failure; HR, heart rate; IABP,
intra-aortic balloon pump; LBBB, left bundle branch block; LOS, length of stay; LVEDD, left ventricular end-diastolic diameter; LVEDV, left
ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; LVESV, left ventric-
ular end-systolic volume; SBP, systolic blood pressure.
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Post-CRT mean systolic blood pressure increased by
13.5 mmHg (95% CI: 9.9 to 17.2, I2 = 0%, P < 0.00001;
Figure 4A),18,25,30,31 whilst mean QRS duration decreased by

29.0 ms (95% CI: �41.3 to �16.7, I2 = 69%, P < 0.00001;
Figure 4B).17,19,25,28–30 Serum brain natriuretic peptide (BNP)
decreased by 1.4 pg/mL (95% CI: �2.61 to �0.22, I2 = 88%,

Figure 2 Survival outcomes post-cardiac resynchronization therapy. (A) Discharge, (B) 12 month survival, and (C) overall survival. CI, confidence
interval.
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P = 0.02; Figure 4C),24–26 mean serum creatinine decreased by
27.8 μmol/L (95% CI: �41.6 to �14.1, I2 = 4%, P < 0.0001;
Figure 4D),17,18,25,26,31 and left ventricular ejection fraction in-
creased 4.8% (95% CI: 3.1% to 6.6%, I2 = 16%, P < 0.00001;
Figure 4E).20,24–29

HF severity and hospital readmission post-CRT are shown
in Figure 5. Post-CRT patients were significantly less likely to
have NYHA class IV status (risk ratio = 0.27, 95% CI: 0.18 to
0.41, I2 = 34%, P < 0.00001; Figure 5A)17,20,23–27,29 and had
a mean NYHA class of 2.7 (95% CI: 2.5 to 3.0, I2 = 56%;
Figure 5B).17,20,23–26,29,31 The number of hospital admissions
for HF post-CRT compared with pre-CRT decreased on
average by 1.87 (95% CI: �2.70 to �1.04, I2 = 77%,
P < 0.00001; Figure 5C).24,25 Lee et al. compared the number

of HF hospitalizations 1 year prior to CRT implantation and
1 year after,24 whilst Milliez et al. compared HF hospitaliza-
tions 15 months prior to CRT implantation with HF hospitali-
zations throughout the study follow-up.25

Responders vs. non-responders to cardiac
resynchronization therapy

Supporting Information, Table S2 compares the characteris-
tics of responders and non-responders to CRT. These univar-
iate data show a lack of significant difference in age between
responders and non-responders (65.5 ± 3.9 vs. 57.8 ± 5.8,
P = 0.412) or the prevalence of hypertension (38.1% vs.

Figure 3 Post-cardiac resynchronization therapy (CRT) weaning of inotropes (A), duration of inotrope use (B), and time to discharge (C) after CRT. CI,
confidence interval.

6 N.J. Al-Shakarchi et al.

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.14835

 20555822, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14835 by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [08/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



20.0%, P = 0.281), diabetes mellitus (38.1% vs. 20.0%,
P = 0.281), non-ischaemic cardiomyopathy (85.7% vs. 80.0%,
P = 0.528), or atrial fibrillation (38.1% vs. 20.0%,
P = 0.281).19,24 However, the prevalence of LBBB was signifi-

cantly greater in responders compared with non-responders
(71.4% vs. 30.0%, P = 0.036), and despite the lower represen-
tation, there were more women in the non-responder group
(40% vs. 16.3%, P = 0.015).19,24 Left ventricular ejection

Figure 4 Change in clinical (A), electrocardiographic (B), serological (C, D), and echocardiographic markers (E) post-cardiac resynchronization therapy
(CRT). BNP, brain natriuretic peptide; BP, blood pressure; CI, confidence interval; LVEF, left ventricular ejection fraction.
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fraction prior to CRT was reduced in responders compared
with non-responders (19.5% ± 0.15 vs. 24.1% ± 0.9,
P = 0.036), whilst left ventricular end-systolic volume (LVESV;
218.2 mL ± 1.9 vs. 175.5 mL ± 5.5, P = 0.016) and left ventric-
ular end-diastolic volume (274.3 mL ± 7.2 vs. 225.9 mL ± 6.1,
P = 0.038) were higher in responders prior to initiation of
CRT.19,24

Responder status was defined differently across
studies: Lee et al. defined non-responders as patients who
failed to achieve a relative reduction in LVESV of at least
15% (compared with baseline echocardiography) following

CRT implantation,24 whilst Hara et al. defined non-
responders as those who could not be successfully
withdrawn from intravenous inotropes in the post-CRT
implantation period.19

Discussion

To the best of our knowledge, this is the largest meta-analysis
evaluating the impact of CRT on inotrope-dependent HF

Figure 5 Change in heart failure (HF) severity by New York Heart Association (NYHA) class (A, B) and readmissions (C) post-cardiac resynchronization
therapy (CRT). CI, confidence interval.
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patients. The most relevant findings are as follows: (i) CRT
was associated with survival to discharge with successful
weaning of the vast majority of patients from inotropic sup-
port; (ii) intra-procedural mortality was extremely low; (iii)
CRT prolonged survival, improved NYHA class status, reduced
hospital readmissions for HF, and reduced BNP levels; and (iv)
a higher prevalence of males and individuals with a history of
LBBB and more pronounced left ventricular dilation, as
assessed by measurement of end-diastolic volume, was ob-
served in the CRT responder group.

There is limited discussion of the prognosis of end-stage
HF on inotropes within the existing literature. A study by
Hershberger et al. found that 12 month survival in
inotrope-dependent patients was only 6%.32 The REMATCH
trial (LVAD vs. medical management), in contrast, found that
12 month survival of patients with end-stage HF was 25%,8

though these patients were not necessarily inotrope depen-
dent. These findings, therefore, appear to suggest a benefit
both in symptomatic improvement and in survival when com-
pared with optimal medical therapy.

The alternatives to CRT are HT or LVAD, either as a destina-
tion therapy or as a bridge to transplant. The 2021 ESC
Guidelines now consider LVAD outcomes comparable to
transplantation but acknowledge that its use is limited by ad-
verse effects negatively affecting quality of life.5 These typi-
cally relate to thromboembolic or bleeding events, infection,
or pump malfunction. Similarly, there are also certain chal-
lenges to HT, namely, primary graft dysfunction or complica-
tions relating to immunosuppression such as graft rejection,
infection, and malignancy, not to mention the significant
peri-operative morbidity and mortality.33

CRT is a less invasive procedure than both HT and LVAD,
with a low rate of complications in 5.6% of cases, which were
most commonly the need for lead re-intervention (2.4%),
pneumothorax requiring drainage (0.9%), and infection
(0.8%). Given the relative safety of CRT and the lower level
of invasiveness compared with HT and LVAD, as well as its ap-
parent survival and symptomatic benefits in patients who are
dependent on inotropes, as suggested by this study, it is
worth considering the possibility of utilizing CRT in patients
who are ineligible for these treatments or who will be consid-
ered for this treatment after, for example, improvement of
right ventricular function or of pulmonary hypertension. Fur-
thermore, our findings that the majority of patients moved
down one or two NYHA classes after receiving CRT suggest
that it could be used for symptomatic relief, such as in a pal-
liative setting.

Assessing the rates of responders vs. non-responders, we
found that patients with LBBB were more likely to respond,
which is in line with the well-known effect of CRT for correc-
tion of electrical dyssynchrony resulting from late activation
of the lateral left ventricular wall.34 Contrary to this, however,
there was no difference in mean QRS duration between re-
sponders and non-responders. This could be due to a lack

of statistical power in the sample used for the responder
analysis, as numerically, CRT responders presented broader
QRS complexes.

Limitations and future directions

This meta-analysis was limited predominantly by its rela-
tively small sample size and significant loss of follow-up. Per-
haps most importantly, though, there is a complete lack of
RCTs in this field. To compensate for that, we tried to iden-
tify case–control studies elsewhere in the literature. Unfortu-
nately, this was limited, and the cohorts of patients in the
studies we included in our review often assessed notrope-
dependent patients before and after CRT or compared
inotrope-dependent patients undergoing CRT implantation
with other patients undergoing CRT but in a less advanced
NYHA functional class. Only one study30 had a control group,
which comprised age- and ejection fraction-matched pa-
tients with non-ambulatory HF who did not undergo CRT.
These patients had significantly lower survival free from
all-cause death and hospitalization for HF (log rank
P = 0.04) than those who received CRT. Cowburn et al.17

compared their cohort of inotrope-dependent patients im-
planted with CRT with historical cohorts from the REMATCH
study and observed that mortality at 12 months was lower in
their CRT patients than in patients treated medically or with
LVAD in the REMATCH cohort (30%, 75%, and 48%, respec-
tively). However, to determine the true efficacy of CRT as
rescue therapy in inotrope dependency, we would need to
conduct a large RCT. As this study strongly implies that CRT
carries survival and symptomatic benefits in this cohort of
patients, it could be considered unethical to deprive the con-
trol group of this therapy in such a study. His bundle and left
bundle branch area pacing may also play a role in this pa-
tient population as an additive or alternative treatment
modality.35

Conclusions

CRT appears to be a viable therapy for inotrope-dependent
HF patients. It may be an alternative to LVAD and HT in pa-
tients meeting the appropriate criteria for CRT, providing a
less invasive treatment modality to a larger candidate pool
with fewer inherent risks. Some patients in this population
appear to respond better to CRT, namely, those with LBBB.
Given the limited data available, further interventional
studies, including RCTs, will be an essential next step in
determining widespread implementation of CRT in these
patients.
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