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A B S T R A C T

Introduction: Intravenous inotropic support represents an important therapeutic option in advanced heart failure 
(HF) as bridge to heart transplantation, bridge to mechanical circulatory support, bridge to candidacy or as 
palliative therapy. Nevertheless, evidence regarding risks and benefits of its use is lacking. 
Methods: we conducted a retrospective single center study, analysing the effect of inotropic therapies in an 
outpatient cohort, evaluating the burden of hospitalizations, the improvement in quality of life, the incidence of 
adverse events and the evolution of organ damage. 
Results: twenty-seven patients with advanced HF were treated in our Day Hospital service from 2014 to 2021. 
Nine patients were treated as bridge to heart transplant while eighteen as palliation. Comparing data regarding 
the year before and after the beginning of inotropic infusion, we observed a reduction of hospitalization (46 vs 
25, p<0,001), an improvement of natriuretic peptides, renal and hepatic function since the first month (p<0,001) 
and a better quality of life in 53% of the population treated. Two hospitalizations for arrhythmias and seven 
hospitalizations for catheter-related complications were registered. 
Conclusions: in a selected population of advanced HF patients, continuous home inotropic infusion were able to 
reduce hospitalizations, improving end organ damage and quality of life. We provide a practical guidance on 
starting and maintaining home inotropic infusion while monitoring a challenging group of patients.   

1. Introduction

Advanced heart failure (AHF) represents 1 to 10% of the overall
heart failure (HF) spectrum, with prevalence increasing due to the 
improvement of survival provided by guideline directed medical ther
apies (GDMT) [1]. Prognosis of AHF remains poor, with a 1-year mor
tality ranging from 25% to 75% [2,3]. In this setting, intravenous 
inotropic support represents an important option as bridge to advanced 
heart failure therapies (heart transplantation (HT) or mechanical cir
culatory support (MCS)) or as palliative therapy [1,4–7]. 

While many studies [8–11] showed that inotrope therapy in acute or 
chronic HF was consistently associated with decreased survival and/or 
increased risk of adverse cardiovascular events, less is known regarding 
continuous inotropic home infusion. 

Studies implying intravenous continuous home inotropic therapy use 
are usually small, often including patients without GDMT or implantable 
cardiac defibrillators (ICD). Moreover, the whole spectrum of AHF is 
rarely considered and patients treated with inotropes as bridge-to- 
transplant (BTT) and bridge-to-candidacy (BTC) are poorly evaluated. 

We conducted a single center, observational, retrospective study, 
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analyzing the effect of home inotropic therapy in an AHF outpatient 
cohort. Particularly, we evaluated the burden of HF hospitalizations and 
improvement in quality of life (QoL) before and after the beginning of 
outpatient inotrope therapy, the incidence of possible adverse events 
and the evolution of the end organ damage during the infusions. 
Moreover, we provide a practical guidance for clinicians on starting and 
maintaining continuous home inotropic infusion. 

2. Methods

2.1. Study population and patients selection 

We reviewed medical records of all patients discharged from our 
institution on continuous home inotropic infusion after a hospitalization 
for HF between 2014 and 2021. IRB approval was not deemed necessary, 
since we performed a retrospective observational study where patients 
‘data were collected anonymously. Each patient signed a generic 
informed consent, warning about the collection of clinical and labora
tory data. 

All patients <18 years old, without follow-up data and on inotropes 
therapy post-LVAD implantation for right ventricular dysfunction were 
excluded. Indications for inotropic agents included BTT and BTC stra
tegies or palliative care (PC). Only patients with AHF and inotropic 
dependence were included in the study. Inotrope dependence is defined 
by a HF specialist team as the presence of symptomatic hypotension, 
recurrence of congestive symptoms and worsening end-organ function 
during the weaning from inotrope infusion. In each patient the infusion 
strategy starts after the failure of a therapy with Levosimendan. The 
drug (dobutamine, dopamine or milrinone) and the dose are chosen 
during the hospitalization according to the clinical presentation, 
following the principle of the lowest effective dose. When the inotropic 
dependence is defined and patients are clinically stable, they are 
implanted with a central venous catheter (peripherally inserted central 
catheter (PICC), Hickman or Groshong) and discharged with the ino
tropes home infusion program. 

For the AHF patients group discharged with intravenous continuous 
inotropic drugs as palliative therapy, this therapeutic strategy is adopted 
after exclusion of HT or MCS programs and after a failed test with pe
riodic infusion of Levosimendan. Initiation of palliative inotropes is al
ways aligned with patients’ goals and values. During the hospitalization, 
a full palliative care and psychological evaluation of patients and care
givers is made in a multidisciplinary contest. A follow up program with 
timeline scheduled on patients ‘needs and pump refill has to be planned 
at discharge. 

2.2. Ambulatory treatment protocol and follow up 

Home administration of dobutamine, dopamine or milrinone is made 
by an automated continuous infusion pump (CADD Legacy 1, Smiths 
Medical, Fig. 3). This pump has a 250 mL reservoir capacity, delivering 
the inotrope with a fixed speed during 24 h. The number of accesses in 
our Day Hospital Service is fixed at the discharge time: it depends on the 
need of refill that it is influenced by the drug decay and dosage (twice a 
month for dobutamine, once a week for milrinone and twice a week for 
dopamine). 

Our day hospital service is managed by one HF specialist cardiolo
gist, four nurses with expertise in HF management, PC and psychologist 
consultants [15]. The visits schedule is based on the single inotrope 
features and includes also psychological evaluations and health educa
tion. For patients with inotropes infusion as palliative therapy, there is 
an early involvement of the general practitioner and PC colleagues, to 
activate home-based program [16]. This program is performed by a 
medical and nursing care team dedicated to symptoms control and 
supplementary therapies administration, like intravenous diuretics bo
luses, once or more times weekly. A multidisciplinary approach 
providing different therapies is therefore essential for fulfilling the 

patients’ needs and expectations. 

2.3. Outcome measures 

The study analyzed the number and duration of hospitalizations 
during the year before and after the beginning the ambulatory intrave
nous inotropic support. In order to define a change of QOL, we used the 
Likert 7 item scale to provide a proper assessment of patient perceived 
QOL at 1 and 6 months after beginning the inotrope infusions [17]. 

We evaluated natriuretic peptide (NTproBNP), renal (creatinine, 
blood urea nitrogen (BUN)) and liver function (bilirubin) at baseline, 1 
and 6 months respectively. 

Finally, we collected adverse events as arrhythmias and catheter- 
related complications after the beginning of the therapy. 

2.4. Statystical analysis 

Summary statistics of clinical and laboratory variables were 
expressed as means and standard deviations, medians and interquartile 
ranges, or counts and percentages, as appropriate. Cross-sectional 
comparisons between groups were made using the ANOVA test on 
continuous variables, the Brown–Forsythe statistic when the assumption 
of equal variances did not hold, or the non-parametric Mann–Whitney 
test when necessary. The chi-squared or Fisher exact test was used for 
discrete variables. Repeated measures between baseline and follow-up 

Table 1 
Demographic and baseline data.   

Number of patients with 
available data 

All 

Patients  27 
Age 27 56 years (50–63 

years) 
Female 27 7 (26%) 
Etiology of Heart Disease 
Dilatative cardiomyopathy 27 11 (40%) 
Ischemic cardiomyopathy 27 9 (33%) 
Other 27 7 (26%) 
Markers of AHF 
Baseline NYHA Class 
NYHA III 27 16 (60%) 
NYHA IV 27 11 (40%) 
Left ventricular Ejection 

Fraction 
26 25% (21–32%) 

Right ventricular disfunction 26 20 (74%) 
Cardiac Index 24 1,88 l/min/m2 

(1,39–2,23) 
Wedge Pressure 24 23,5 mmHg (13–29) 
Mean Pulmonary Pressure 24 32,5 mmHg 

(24,75–37) 
Mean Pulmonary Vascular 

resistance indexed 
24 5,01WU (2,6–7,7) 

Baseline NTproBNP 26 4792 ng/L 
(3204–8977) 

Guideline Directed Medical Therapy 
ARNI 26 3 (12%) 
ACE-I / ARBs 26 10 (38%) 
B-Blockers 26 21 (81%) 
MRAs 26 20 (74%) 
Implantable Devices 
ICD 27 14 (52%) 
CRT 27 8 (30%) 
Continuous inotrope therapy 
Dopamine 27 14 
Dobutamine 27 8 
Milrinone 27 5 

ACE-I: angiotensin converting enzyme inhibitor, AHF: advanced heart failure, 
ARBs: angiotensin receptor blockers, ARNI: angiotensin receptor neprilisin 
inhibitors,B-blockers: beta blockers, ICD: implantable cardiac defibrillator, CRT: 
cardiac resynchronization therapies; MRAs: mineral receptor antagonists, 
NYHA: New York heart association. 
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were evaluated by means of the paired t-test for continuous Gaussian- 
distributed parameters or the Wilcoxon test as appropriate. For binary 
variables, the McNemar test was applied. A p-value < 0.05 and a 95% 
confidence interval were defined as the significance level. The size of the 
effect of the inotropic infusion, both in terms of the number of hospi
talizations and the variation of biomarkers, was then estimated using 
Cohen’s D. Data analysis was performed by SPSS version 28.0 (IBM 
Corp. Released 2021. IBM SPSS Statistics for Windows, Version 28.0. 
Armonk, NY: IBM Corp). 

3. Results

3.1. Patients baseline characteristics 

From 2014 to 2021, 27 patients were discharged with continuous 
inotrope infusion from our institution. Their data is resumed in Table 1. 
Median age was 56 years (Q1-Q3 50–63 years), 20 patients were male 
(74%). The main cause of AHF was dilated cardiomyopathy (11 patients, 
40%) followed by ischemic heart disease (9 patients, 33%). The other 
patients involved were affected by graft failure (4 patients, 16%), 
valvular heart disease (1 patients, 4%), hypertrophic cardiomyopathy (1 
patient, 4%) and restrictive cardiomyopathy (1 patient, 4%). The me
dian ejection fraction before treatment was 25% (Q1-Q3 21–32%) and 
20 patients (74%) had a right ventricular dysfunction. The median 
cardiac index was 1.88 L/min/m2 (Q1-Q3 1,39–2,23) with high pul
monary pressure (mean pulmonary pressure 32,5 mmHg (Q1-Q3 
24,75–37), high wedge pressure (median 23,5 mmHg (Q1-Q313–29) 
and high pulmonary vascular resistance indexed 5,01WU (2,6–7,7). 

Nine patients (33%) underwent ambulatory intravenous inotropic 
support as BTT while the other 18 patients (67%) as palliative therapy. 
Fourteen patients (52%) were treated with dopamine infusion, 8 (30%) 
with dobutamine and 5 (18%) with milrinone (Fig. 1). The mean dose of 
inotropes was 2.8 ± 0.31 mcg/kg/min for dopamine, 2.9 ± 0.56 mcg/ 
kg/min for dobutamine and 0.33 ± 0.04 mcg/kg/min for milrinone. 

3.2. Outcomes 

During the year before the beginning of the inotropic support, we 
assessed 52 hospitalizations with an average of 1.93 ± 0.99 hospitali
zations per patient. Of these, 96% are attributable to a cardiological 
cause: 46 (88%) for HF; two (4%) for cardiac arrhythmias; two (4%) for 
endocarditis. The total number of hospitalization days was 1591, with a 
mean of 58.93 ± 38.70 days (minimum:15 days; maximum: 159 days) 
for patient. 

In the year following the start of the inotropic support the total 
number of hospitalizations was 25 with an average of 0,93 ± 0,958 
hospitalizations per patient (p < 0,001 comparing with hospitalization 
pre-starting inotropic support). Of these, 80% are attributable to a 
cardiological cause or to a catheter-related complication: 11 hospitali
zations (44%) for HF, two (15%) for arrhythmic events, 7 (28%) for 
catheter-related complications (five infections, one catheter occlusion 
and one catheter misplacement). The total number of hospitalization 
days was 599, with an average of 22,19 ± 36,84 days for patients, 
significantly different if compared with the pre-inotropes period (p <
0,001). 

During the follow up, 27 patients (100%) reached a month follow up. 
Only 20 patients (74%) managed the 6 months follow up: 5 patients died 
(18%, only one in the BTT group) and 2 patients (8%) underwent heart 
transplantation. At one year of follow up, 12 patients died (44%, 11 in 
the palliative group, 1 in the BTT group), while 5 patients (18%) un
derwent heart transplant. In the PC group (7 patients on dobutamine, 9 
patients on dopamine, 2 patients on milrinone) we registered a survival 
of 11 ± 9 months, with an actuarial 1-year survival of 44.4% and a 
maximum of 39 months of inotropic home infusion (one patient on 
intravenous milrinone, with only one hospitalization after starting ino
trope therapy, Fig. 4). No patient discontinued inotropic therapy for the 
development of side effects. 

3.3. Biochemical data and quality of life 

At 1 and 6 months the evolution of end organ damage is resumed in 
Table 2. Compared to the beginning of intravenous inotropes therapy, 
laboratory findings showed a progressive improvement of perfusion 
markers and neuro-hormonal activation: creatinine and BUN had a 
significant reduction in the first month, with a trend to stability in the 
following period. Bilirubin and NTproBNP trended to reduction during 
the first 6 month of monitoring. 

Regarding the quality of life, after 1 month, 70% of the patients 
declared no change in the quality of life, 6 patients (22%) showed an 
improvement while 2 patients (8%) documented a worsening of their 
lifestyle. After 6 months, 53% of the patients experience an improve
ment in quality of life. 

4. Discussion

AHF is defined as a stage of HF where conventional treatments (i.e.
guideline-directed drugs, devices, conventional surgery) are insufficient 
to control patient’s symptoms. [4] In the context where advanced 
therapies are needed, continuous inotropes home infusion represents an 
important option for reducing the recurrence of hospitalizations, 
improving QoL and end-organ damage. [12–14] The American Heart 
Association (AHA) and the European guidelines (ESC) on heart failure 
suggest to consider inotropes in patients with low cardiac output and 
evidence of organ hypoperfusion as bridge to MCS or HT (2a for BTT/ 2b 
for palliation in AHA, 2b for BTT in ESC guidelines) [1,6]. 

This single center, observational, retrospective study, analyzed the 

Fig. 1. Patients’ treatments. 
The cohort was treated with a continuous home infusion of dopamine (14 pa
tients, 52%), dobutamine (8 patients, 30%) or milrinone (5 patients, 18%). The 
drug and dosage were chosen with a patient ‘tailored approach’, following the 
principle of the lowest effective dose. 

Table 2 
End organ damage variability. BUN: blood urea nitrogen.   

Baseline 1 month P 
value 

6 months P value (6 
months Vs 
baseline) 

Creatinine 1727 ±
0,633 

1430 ±
0,430 

0,008 1374±
0,450 

0,09 

BUN 98,12 ±
51,105 

65,13±
34,108 

0,006 60,266 ±
29,796 

0,05 

Bilirubin 1459 ± 0,9 1111 ±
0,609 

0,021 0,958 ±
0,388 

0,012 

NTproBNP 6524,72 ±
5415,448 

4201,58 ±
2459,697 

0,014 3756,46 ±
2998,464 

0,002  
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effect of continuous intravenous home inotropic infusion in AHF out
patients, involving a PC group (18 patients, 67%) and a BTT group (9 
patients, 33%). Despite the advanced stage of our cohort, a great per
centage of patients was in optimal medical therapy with more than 80% 
were treated with beta blockers and protected by implantable cardiac 
defibrillators. Each patient was selected after an admission for acute HF, 
presenting a functional NYHA Class III (60%) or IV (40%). The median 
ejection fraction was 25% (Q1-Q3 21–32%), with low cardiac index 
(1.88 L/min/m2 (Q1-Q3 1,39–2,23)), high wedge pressure (23,5 mmHg; 
Q1-Q3 13–29), high pulmonary pressures (mean pulmonary pressure 
32,5 mmHg; Q1-Q3 24,75–37) and pulmonary vascular resistances 
indexed of 5,01WU; Q1-Q3 2,6–7,7). Twenty patients (74%) showed 
right ventricular dysfunction too. The median NTproBNP was 4792 ng/L 
(Q1-Q3 3204–8977). The number of deaths or transplanted patients in 
the first year is determined by the advance stage of the disease (17 pa
tients, 63%). 

A 2018 systematic review regarding outpatient inotrope use in pa
tients with AHF demonstrated an improvement in New York Heart As
sociation (NYHA) functional class in the treated population, without 
affecting the overall survival. [12]. Moreover, few data are available on 
the role of continuous home inotropes infusions in reducing the burden 
of hospitalizations or improving end organ damage and pulmonary 
pressures profile [13,14]. 

Firstly, we observed a reduction of the burden of hospitalizations 
during the first 12 months of inotropic home infusion: from an average 
of 1.93 ± 0.997 hospitalizations per patient to 0,93 ± 0,958 (p<0,001). 
Inotropes infusions also promoted a reduction in the mean duration of 
hospital stay, ranging from 58.93 ± 38.70 the year before starting this 
therapeutic strategy to 22,19 ± 36,84 days (p < 0,001) the year after 
inotropes infusion beginning. Moreover, we registered an improvement 
of QoL after 6 months of treatment for 53% of patients 

The global upgrade of our cohort is confirmed by bio humoral data: 
renal function showed a prompt restoring in the first months; NTproBNP 
and bilirubin trended towards a peak reduction at 1 and 6 months. 

Arrhythmic events and central venous catheter infections are among 
the most feared awaited adverse events in outpatient inotrope use. We 
registered only two hospitalizations (15%) for arrhythmic events and 7 
(28%) hospitalizations for catheter-related complications (five in
fections, one catheter occlusion and one catheter misplacement). These 

numbers are in line with the experience of Deepak et al. in a similar 
population [18]. 

AHF population has an ominous survival rate and the most 
contemporary and comprehensive metanalysis underscores how 
inotropic therapy in heart failure can’t improve survival. Anyway, in our 
study, a program with inotropic home infusion has allowed in the first 
group (inotropes as BTT) a hemodynamic stability with 55% of HT in the 
first year (Figs. 2, 4). 

If data supporting the role of inotropes as therapies in a BTT scenario 
is encouraging [14], knowledge about the use of inotropes in a palliative 
care setting is scarce. A small observational study regarding the use of 

Fig. 2. Study cohort follow up. 
Twenty-seven patients were observed for 12 months during the treatment applied: nine in the bridge to transplant group and eighteen in the palliative care group. At 
one year of follow up, twelve patients died (44%, 11 in the palliative group, 1 in the BTT group), while five patients (18%) underwent heart transplantation. We 
describe a 52% reduction of hospitalization in the first year of treatment. 

Fig. 3. CADD Legacy 1, Smiths Medical. Automated continuous infusion pump. 
This portable pump has a 250 mL reservoir capacity, delivering the inotrope 
with a fixed speed during 24 h. 
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dobutamine in a palliative care setting and involving 21 patients showed 
the improvement in symptomatic status, heart failure hospitalizations, 
and health-care-related costs [19]. Taimoor Hashim et al. described the 
chance of using dobutamine and milrinone in AHF-PC setting with an 

actuarial 1-year survival of 47% [13]. 
In our single center experience, inotropic home infusion therapy can 

be adopted with benefit not only as BTT, but also as PC (Fig. 4), pre
serving fluid volume, end organ damage and hemodynamics, reducing 

Fig. 4. Inotropes infusion applied to different AHF profiles. 
IHD: Ischaemic Heart Disease, DCM: Dilated Cardiomyopathy, BTT: Bridge to Transplant, PC: Palliative Therapy, HF: Heart Failure, HT: Heart Transplant. The 
Inotropic continuous home infusion is tailored on the single patient’s profile, in order to guarantee the therapeutic effect: 1) DL, dopamine 200 mg/5 ml, 5 vials (=
1000 mg) in 5% 250 ml Glucose Solution (because of hypernatremia), rate of infusion 50 ml/24 h; 2) MM, milrinone 10 mg/10 ml, 25 vials (= 250 mg) undiluted, 
rate of infusion 24 ml/24 h; 3) MS, milrinone 10 mg/10 ml, 25 vials (= 250 mg) undiluted, rate of infusion 35 ml/24 h; 4) LR, dobutamine 250 mg/20 ml, 11 vials (=
2750 mg) undiluted, rate of infusion 35 ml/24 h. 

Fig. 5. Operative flow chart. 
HF: heart failure. I.V: endovenous. After an admission for HF, the advanced patients considered inotrope dependent is assigned to a treatment arm (dobutamine, 
milrinone or dopamine). The role of the Day Hospital service is to provide a holistic management of the advanced HF patients, where a multidisciplinary approach 
(involving palliative care specialists and general practitioners) answers to the patients’ need and expectations. 
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hospitalizations and, finally, gaining benefit as expressed by QoL. 
Adverse events (arrhythmias and catheter infection) have always to 

be considered [18] and to be weighted against the benefit of the therapy: 
for example, we decided to treat with inotropic infusions 5 patients not 
protected by ICDs, 2 of them with a PC indication. The decision to 
implant a device for protection from sudden death in a cohort of 
advanced patients has to be carefully thought, especially in the PC 
cohort, considering the patient prognosis and will. 

We know that a multidisciplinary approach is essential for the 
optimal treatment of AHF and PC specialist must be part of the team. 
According to the 2002 WHO definition, the goal of PC is to improve 
quality of life for both patient and family members: prevention and relief 
of suffering, early identification and treatment of pain, physical, psy
chosocial and spiritual problems [20]. Great evidence supporting 
palliative therapy comes from the PAL-HF trial [21], the first random
ized controlled trial on PC intervention in advanced HF. In this trial 150 
patients with advanced HF recently hospitalized were randomized to 
usual care or usual care plus a 6-month interdisciplinary PC intervention 
led by a specialized nurse practioner. For the second group it was 
registered a significant improvement in HF-specific and disease-generic 
QoL at 6-month follow-up (KCCQ and FACIT-Pal scale). Despite the 
positive effect of PC on quality of life, only 7.6% of patients with severe 
HF are involved in this evaluation [22]. 

5. Limitations

This study has several limitations. It is a retrospective study from a
single tertiary-care institution. The low number of patients involved and 
the high mortality could have biased our results, since the survivors on 
inotropes dwindled over time and this could represent a potential reason 
why fewer hospitalizations occurred. Given the small number of patients 
and potential differences in patient selection and characteristics that 
could have influenced outcomes, we are unable to make a robust anal
ysis about the independent effect of each drug (milrinone versus 
dobutamine versus dopamine) on survival. 

6. Conclusion

In a real world population of contemporary AHF patients with
inotropic dependence, a continuous home infusion of dopamine, 
dobutamine or milrinone represents a possible and efficient strategy, 
documenting an improvement in number of hospitalizations, QoL and 
end organ damage. We remark the fundamental role of HF specialist, PC 
specialists, HF specialist nurses and general practioner in the HF team 
(Fig. 5). It is always necessary to adequately select the patient who can 
benefit from these treatments, establishing an accurate infusion protocol 
that maximizes the drug efficacy and sustainability for patients and 
caregivers. 

This single center experience offers a practical guideline for the 
prescription and management of ambulatory intravenous inotropic 
support as BTT/BTC or palliative programs, including a discussion of 
potential risks and benefits and a roadmap for how to initiate and 
maintain them. 
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