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INTRODUCTION
Septic patients are at increased risk of developing cardiac arrhythmias [1,2]. Catechola-

minergic vasopressors, necessary to treat physio-pathological hypotension, exacerbate sym-
pathetic nervous system activity, causing increased heart rate (HR) [3]. Tachyarrhythmias 
during sepsis have been associated with increased mortality and a higher incidence of adverse 
events [3]. New-onset supraventricular arrythmia was reported in 6% of patients with severe 
sepsis and in 46% of those with septic shock [4-6], and is associated with an increased length 
of intensive care unit (ICU) stay among survivors [6]. Conversely, HR control was linked to 
improved clinical outcomes [7].
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ABSTRACT
INTRODUCTION: Septic shock is frequently complicated by tachyarrhythmias, which are associated with a poorer prog-
nosis and increased intensive care unit stays. Landiolol, an ultra-short acting β-blocker, is effective in controlling heart rate 
(HR) and controlling cardiac arrhythmias in patients with sepsis. However, economic evaluations of its use remain limited. 
This study explores the potential economic benefits of landiolol compared to standard of care (SoC) in the Italian acute/
emergency care setting.
METHODS: A decision model was developed to evaluate the cost-effectiveness and budget impact of using landiolol ver-
sus SoC to manage sepsis-related tachyarrhythmia. In the model, the clinical benefit was expressed in terms of percentage 
change in patients reaching HR target. The economic model of landiolol was designed based on Landi-SEP trial. Costs 
were calculated from the hospital perspective and were derived from literature and national tariffs. A deterministic one-way 
sensitivity analysis was performed to assess the robustness of the cost-effectiveness analysis, and three alternative scenario 
analyses were performed on the budget impact analysis.
RESULTS: In the cost-effectiveness analysis, the mean total cost per patient was estimated to be €27,632 for those treated 
with landiolol vs €30,992 with SoC, corresponding to a difference of −€3,360 per patient. Despite pharmacological costs 
being higher in the landiolol group, patients treated with landiolol had a reduction of costs associated with hospital stay 
(−€4,251 per patient) compared with SoC. In the budget impact base case analysis, the gradual use of landiolol was as-
sociated with a decrease in the overall healthcare expenditure, with cumulative savings of approximately €22.5 million 
over three years. The projected expenditure for landiolol is offset by the reduction in expenditure on the other healthcare 
resources included in the analysis, primarily hospital stay.
CONCLUSION: The use of landiolol may reduce hospital costs in the Italian setting. Additional studies are needed to 
confirm these results in a larger population.
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Landiolol, an ultra-short acting β-blocker, is indicated for the treatment of supraventricu-
lar tachycardia and for the control of ventricular rate in patients with atrial fibrillation or atrial 
flutter and for non-compensatory sinus tachycardia [8]. Compared with other beta-blockers, 
landiolol exhibits higher β1-receptor selectivity and a lower hemodynamic impact [9]. Ran-
domized clinical trials have demonstrated that landiolol is effective in reducing HR and pre-
venting new-onset arrhythmias, without increasing vasopressor requirements, compared to 
standard of care (SoC) including fluid resuscitation, antimicrobial therapy, norepinephrine 
administration, and corticosteroids [3,8].

Evidence on the economic implications of landiolol use is currently scarce in the pu-
blished literature. However, understanding its cost implications is important for healthcare 
decision-making, particularly in the management of critically ill patients with sepsis and ta-
chyarrhythmias. Evaluating whether the higher acquisition cost of landiolol is balanced by 
reductions in resource utilization—such as shorter hospital stays, fewer complications, or 
decreased need for additional interventions—is essential to guide clinicians, hospital admini-
strators, and policymakers. In this economic analysis, we aim to evaluate the economic impact 
of landiolol compared to the SoC. 

METHODS

Cost effectiveness analysis

Model overview
A decision model was developed using Microsoft Excel to evaluate the cost-effectiveness 

and budget impact of using landiolol versus SoC to manage sepsis-related tachyarrhythmia 
(Supplementary Figure 1). 

The economic model of landiolol was designed based on Landi-SEP RCT [10]. To date, no 
clinical trials specifically assessing the efficacy and safety of landiolol in the Italian clinical 
setting have been published. The Landi-SEP trial, a study conducted at 20 sites in 7 Euro-
pean countries (Czech Republic, Germany, Italy, Austria, Slovenia, Hungary, Estonia), was 
identified as the most appropriate source to estimate the clinical effects of landiolol compared 
to SoC [10]. In the model, the clinical benefit was expressed in terms of percentage change 
in patients reaching HR target. This outcome was selected as it was the primary endpoint, 
demonstrated statistical significance between comparators, and was validated by clinical ex-
perts. Patients with sepsis or septic shock who developed tachyarrhythmia enter the model 
and received either landiolol or SoC. Within each treatment arm, patients can experience 
one of two clinical pathways during the modelled time horizon: not achieving the HR target 
(arrhythmia persists) or no event (successful control). Each of these intermediate health states 
then leads to one of two final outcomes: death or alive (Supplementary Figure 1).

Resource use was derived from the clinical trial and included the length of stay in ICU and 
general ward. Hospital length of stay was assumed to correspond to the study time horizon of 
28 days. For the landiolol group, length of stay reduction was adjusted according to the hazard 
ratio of 0.8 reported in the Landi‑SEP trial (CI 95% 0.41–1.54) [10]. The model was develo-
ped over a time horizon of 28 days in accordance with the available evidence [10,11], which 
corresponded to the total hospital stay. Due to the short time horizon of the model, discounting 
of costs was deemed not necessary. 

Costs were calculated from the Italian hospital perspective and were derived from litera-
ture and national tariffs. Outcomes were expressed as: 1) cost savings; and 2) the incremental 
cost-effectiveness ratio (ICER), expressed as the cost saved per patient reaching HR target.

The ICER was calculated by dividing the difference in total costs (incremental cost) by the 
difference in the incremental effect (patients reaching HR target) to provide a ratio of “savings 
per extra unit of health effect”. 

Where applicable, the present economic analysis was conducted and reported in accordan-
ce with the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) 2022, 
which aim to improve the transparency, completeness, and consistency of health economic 
evaluations [12].

Study outcomes
The primary endpoint was a multi-component endpoint defined by achieving HR response 

(3 subsequent hourly HR values at 80–94 bpm or < 80 bpm and not clinically relevant), HR 
maintenance (defined as not recording 3 subsequent hourly HR values > 94 bpm or < 80 bpm 
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after achievement of HR response), and no increase in vasopressor requirements during the 
first 24 h after treatment [10].

Analysis comparator
Between February 2018 and February 2022, a total of 196 patients were randomly assi-

gned to the landiolol group (n=98) or control group (n=98) [10]. HR response was achieved 
and maintained in 58.2% and 29.6% of patients respectively in landiolol and control group 
(Supplementary Table I) [10].

Pharmacological cost and other resource use 
Treatment costs were modelled according to the resource use in the Landi-SEP trial. These 

assumptions were reviewed and validated by clinical experts to ensure their relevance, plau-
sibility, and alignment with current clinical practice. All costs were actualized to 2025 euros 
using Italian inflation indices [13]. The drug treatments considered included landiolol, nore-
pinephrine, vasopressin, terlipressin, dopamine, and epinephrine. Landiolol was introduced as 
part of the hypotension treatment to achieve control of tachyarrhythmia. Their utilization was 
modelled in accordance with the therapeutic regimens reported in the trial. Drug dosages were 
assumed to correspond to the median doses administered during the study period, as reported 
in the trial. Supplementary Table II shows the total dose received by the two groups during 
the whole treatment period. Drug costs were derived from public price lists [15,16]. Due to 
the short time horizon of the model, there was no discounting of costs.

Resource use data were derived from literature and included hospital stay in general ward 
and ICU (Supplementary Table III) [10]. Cost per hospital day was derived from administra-
tive databases and literature [17,18]. 

Sensitivity analysis
A one-way deterministic sensitivity analysis (DSA) was performed to assess how varia-

tions of individual input parameter values affected the model outputs, specifically the resul-
ting ICER, and thus to judge the robustness of the study’s findings. Input ranges for sensitivity 
analysis were obtained by adding or subtracting percentage values (±15%) to or from the 
baseline estimates.

Budget impact analysis
The objective of the Budget Impact Analysis (BIA) was to compare, in terms of costs and 

consequences, landiolol vs SoC, from the Italian hospital perspective, for the treatment of 
adult patients (≥ 18 years old) with sepsis-related tachyarrhythmia. 

The BIA aims at estimating, in the short term (3 years), the financial consequences of the 
adoption and use of a new health technology in a specific territorial area and, therefore, to 
estimate the impact on the expenditure trend for that condition, following the change in the 
mix of therapies used.

Figure 1. Eligible population for treatment with landiolol
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Two different scenarios were analyzed and compared (Supplementary Figure 2): 1) a sce-
nario without landiolol (current scenario) in which the population is treated with the therapies 
currently available in Italy for the treatment of patients with sepsis-related tachyarrhythmia; 
and 2) a hypothetical scenario with landiolol (future scenario) resulting from the introduc-
tion and progressive use of landiolol among the options available in Italian clinical practice. 
Total costs were estimated considering pharmacological costs, hospital stay costs and ICU 
stay (with or without ventilation) costs. Where applicable, the present economic analysis was 
conducted and reported in accordance with the Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS) 2022, which aim to improve the transparency, completeness, 
and consistency of health economic evaluations [12].

Target population

Literature data estimated a sepsis incidence rate in Italy ranging between 300 and 400 ca-
ses per 100,000 inhabitants [19]. Of all care-related infections, 22.5% are classified as septic 
shock, 20.0% as severe sepsis, and 57% as sepsis only [20]. Considering the incidence of new 
arrhythmia in the population with severe sepsis and septic shock [4,6], it is estimated that the 
population eligible for landiolol in Italy is approximately 20,000 patients per year (Figure 1).

Base case analysis

In the base case analysis, landiolol is not considered among the treatment options in the 
current scenario; its use is gradually introduced in the future scenario. The distribution of pa-
tients by treatments in the current scenario was assessed with market research (Table I) [21]. 
The estimated treatment mix for the two scenarios of the analysis is shown in Table I. In the 
future scenario, patients potentially treated with landiolol are estimated to be 1,640 in Year 1, 
2,227 in Year 2, and 2,834 in Year 3.

Clinical and economic inputs

The BIA was performed considering the same assumptions of the cost-effectiveness 
analysis for clinical efficacy, resource use and costs, except for pharmaceutical cost. The mo-
del included landiolol, metoprolol, esmolol, and amiodarone, as well as an “other” catego-
ry comprising bisoprolol and digoxin (marginal use of additional anti-infective agents). The 
selection and categorization of treatments were informed by market research data reflecting 
current clinical practice [21]. Drug costs were derived from public price lists (Supplementa-
ry Table IV) [15,16]. Due to the short time horizon of the model, discounting of costs was 
deemed not necessary. A scenario analysis considering the pharmaceutical costs from cost-
effectiveness analysis was performed.

Scenario analyses

Three scenario analyses were performed. Recent market analysis [21] indicates that lan-
diolol is currently used by a small percentage of physicians (< 5%) for the management of 
sepsis-associated tachyarrhythmia, despite not being reimbursed by the Italian National He-
althcare System. Consequently, a scenario analysis was conducted, assuming a 4.6% mar-
ket share for landiolol in the current scenario. The estimated treatment mix for the scenario 
analysis is shown in Supplementary Table V.

In alignment with the cost-effectiveness model, an additional analysis has been conducted, 
considering the treatment distribution from Landi-SEP trial (Table I). This distribution has 
been considered fixed in the years of analysis.

Treatment
Current 

scenario (%)

Future scenario (%)

Year 1 Year 2 Year 3

Landiolol 0.0 8.1 11.0 14.0

Metoprolol 8.7 7.0 6.3 5.7

Esmolol 15.4 14.0 13.4 12.9

Amiodarone 64.1 60.0 58.6 57.1

Other 11.8 11.0 10.7 10.4

Total 100 100 100 100

Table I. Base case analysis: patient distribution by treatment
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Finally, a third scenario was developed to assess the economic implications of landiolol 
when priced considering the latest tender price. This analysis aimed to evaluate the budget 
impact of landiolol under a hypothetical pricing condition that reflects its proposed acquisi-
tion cost. 

RESULTS

Cost-effectiveness analysis
Overall, the total cost for patients treated with landiolol was lower than that for patients 

treated with the SoC (Table II). Despite the higher pharmacological cost, treatment with lan-
diolol was associated with a reduction in hospital stay costs (−€4,251 per patient).

Moreover, the analysis showed that each successful case of HR control with landiolol was 
associated with cost savings of €11,760.

Results of the sensitivity analysis are shown in Figure 2 and were expressed as incremen-
tal costs per patients with target HR. The DSA confirmed the robustness of the analysis to 
variations in the input parameters of the model. In all scenarios analysed, landiolol was cost 
saving vs SoC. The variations with the highest magnitude of influence were the cost per ho-
spital day (general ward) and the total number of hospital days. This suggests that reductions 
in overall hospitalization duration associated with achieving target HR have a substantial im-
pact on economic outcomes. Importantly, across all tested parameter variations, incremental 
costs remained negative, indicating that the intervention was consistently associated with cost 
savings per patient achieving target HR.

Budget impact analysis

Base case analysis
The results of the base case analysis (Ta-

ble III) showed that the gradual use of lan-
diolol led to a decrease in the total expendi-
ture. The cumulative savings over the three 
years was approximately −€22.9 million. 

The projected expenditure for landiolol 
was €1.3 million at Year 1, €1.8 million at 
Year 2, and €2.3 million at Year 3 and was 
offset by the reduction in expenditure on the 
other healthcare resources included in the 
analysis (hospital stay).

Cost components Landiolol Control

Hospital stay (normal ward) (€) 5,875 10,126

ICU stay (€) 20,955 20,806

Drugs (€) 802 60

Total (€) 27,632 30,992

Cost difference (€) -3,360

Table II. Results of the cost-effectiveness analysis.
ICU: intensive care unit

Figure 2. Results of the sensitivity analysis
ICU: intensive care unit
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Scenario analysis
The results of the first scenario analysis (Table IV) confirmed that the increased use of lan-

diolol led to a decrease in expenditure. Although drug acquisition costs increased, cumulative 
savings over the three years amounted to approximately −€13.3 million. 

The results of the second scenario analysis (Supplementary Table VI) based on treatment 
distribution from the Landi-SEP trial, further supported these findings. The introduction of 
landiolol in the treatment paradigm also resulted in cumulative savings of approximately 
−€22.5 million over three years.

Finally, a third scenario incorporating the tender price of landiolol in the base case was 
evaluated. This analysis demonstrated additional cost savings, with cumulative reductions in 
expenditure over the three-year horizon estimated at approximately €24.7 million. 

DISCUSSION
In this cost-effectiveness analysis, we found that the use of landiolol was associated with 

significant cost savings compared with SoC. The cost-effectiveness analysis demonstrated 
that, despite higher drug acquisition costs, landiolol reduced overall expenditure primarily 
through shorter hospital stays. Sensitivity analyses confirmed the robustness of these findings, 
with landiolol remaining cost-saving across all tested scenarios. The findings of the sensitivity 
analysis are consistent with the published literature, which identifies length of stay, including 
ICU, as one of the principal cost drivers [22-24]. Furthermore, the budget impact analysis 
projected substantial cumulative savings over a three-year horizon, ranging from €13.3 to 
€24.7 million depending on the assumptions applied.

Published health economic evaluations of treatments for sepsis-induced tachycardia are 
scarce. A recent health economic study explored the cost-effectiveness of using landiolol in 
the management of sepsis-induced tachycardia in Germany [25]. 

This study showed that, compared with SoC, landiolol was a dominant strategy over a li-
fetime horizon, generating cost savings of approximately €2,834 from the German healthcare 
system perspective and €1,380 from the hospital perspective, while providing a QALY gain 
of 0.47, equivalent to 5.63 months in perfect health.

To date, no formal economic evaluations have been conducted for esmolol or other agents 
in the management of sepsis-induced tachycardia. Our analysis is therefore among the first 
to explore the economic impact of beta-blockade in this clinical setting. There are no recent 
studies exploring the per-patient cost of sepsis in Italy. A systematic review reported that the 
median of the mean hospital-wide cost of sepsis per patient worldwide was $32,421 (IQR 

Cost Components Current scenario
Future scenario

Year 1 Year 2 Year 3

Hospital stay (normal ward) (€) 205,014,094 198,042,050 195,545,886 192,963,647

ICU stay (€) 421,235,831 421,481,300 421,569,183 421,660,098

Drugs (€) 1,460,173 2,566,517 2,967,634 3,385,367

Total (€) 627,710,098 622,089,866 620,082,703 618,009,112

Difference vs current scenario (€) - −5,620,232 −7,627,396 −9,700,987

Table III. Results of budget impact analysis—base case
ICU: intensive care unit

Cost Components Current scenario
Future scenario

Year 1 Year 2 Year 3

Hospital stay (normal ward) (€) 201,035,994 198,042,050 195,545,886 192,963,647

ICU stay (€) 421,375,890 421,481,300 421,569,183 421,660,098

Drugs (€) 2,108,601 2,585,499 2,986,017 3,403,131

Total (€) 624,520,486 622,108,849 620,101,086 618,026,876

Difference vs current scenario (€) - −2,411,637 −4,419,400 −6,493,610

Table IV. Results of budget impact analysis—first scenario analysis
ICU: intensive care unit
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$20,745–$40,835), which helps to contextualize the magnitude of the savings observed in our 
analysis [26]. A future reduction in the acquisition cost of landiolol would further enhance its 
economic value, potentially leading to an even greater impact on healthcare resource utiliza-
tion.

Our analysis demonstrates the health economic advantages of landiolol in the acute care 
setting and from the Italian healthcare system perspective. In particular, landiolol reduced 
costs associated with ICU stay compared with SoC, offsetting the higher medication costs.

Tachycardia is a frequent manifestation in sepsis or septic shock, associated with poor pro-
gnosis, hemodynamic instability, and organ dysfunction, thus requiring prompt intervention 
[19]. Current guidelines, such as the Surviving Sepsis Campaign, emphasize early recognition 
and stabilization but do not specify which pharmacological agent should be used for rate 
control [20]. This is mainly due to the lack of strong evidence demonstrating the superiority 
of one treatment over another in terms of long-term clinical outcomes in patients with sepsis. 
Nevertheless, the pharmacological profile of landiolol appears promising.

Landiolol leads to a reduction in HR and myocardial oxygen demand, without signifi-
cantly affecting blood pressure. Landiolol has an onset of action within 0 to 2 minutes after 
administration and its selectivity ratio (255) is higher than that of other beta-blockers, such 
as bisoprolol (13.5), atenolol (4.7), metoprolol (2.3), and esmolol (33) [27-29]. Landiolol 
achieves a more rapid and pronounced reduction in HR than esmolol, without the significant 
decrease in blood pressure observed with esmolol [9]. Its rapid onset and offset of action make 
it particularly suitable for acute conditions such as sepsis or septic shock. From a cost–benefit 
perspective, landiolol appears advantageous, as it combines a favorable hemodynamic profile 
for clinicians managing septic patients with cost savings for the healthcare system.

This study provides one of the first economic evaluations of HR control in sepsis, addres-
sing a relevant gap in the literature. By drawing on data from randomized controlled trials and 
incorporating detailed estimates of hospital resource use within the Italian healthcare system, 
the analysis ensures a high level of internal validity for treatment-effect estimates while offe-
ring a realistic assessment of the financial implications of landiolol. The integration of both 
cost-effectiveness and budget impact analyses, supported by sensitivity testing, ensures that 
the results are consistent across a range of plausible scenarios. These features increase the 
credibility of the findings and enhance their value for informing clinical and policy decision-
making.

However, the following limitations should be considered when interpreting the results of 
the present analysis. First, the clinical evidence on landiolol is primarily derived from clinical 
trials including fewer than 200 patients and is mainly based on HR control, which represents 
a surrogate endpoint [10]. Future health economic evaluations should include the long-term 
outcomes, considering that post-discharge mortality following sepsis hospitalization was 
more common among patients with new-onset AF during sepsis [10]. Although the approach 
used provides valuable insight into the potential cost savings associated with landiolol use, 
it does not capture indirect costs or fully account for the complexity of sepsis management. 
Another limitation is that the clinical efficacy data were derived from randomized controlled 
trials conducted outside of Italy and then applied to the Italian healthcare context. This may 
represent a source of bias, as treatment choices in different healthcare systems can be influen-
ced by economic factors and organizational structures that do not necessarily reflect the Italian 
setting. The absence of real‑world data, which are important for confirming applicability in 
routine clinical practice, also represents an inherent constraint of the study. Another limitation 
relates to the choice of comparator. In clinical practice, the selection of a specific agent for rate 
control is not always interchangeable, as clinical factors often determine the preference for 
one drug over another. The generalizability of our findings should be interpreted with caution, 
particularly in relation to different healthcare systems. Our analysis was based on data and 
cost structures specific to the Italian healthcare system, which may limit the applicability of 
the results to other settings and introduce uncertainty when alternative assumptions are ap-
plied. Additionally, the ICER was not expressed in terms of QALYs due to the lack of availa-
ble utility data; instead, it was calculated as incremental costs or savings per patient achieving 
the target heart rate. While bootstrapping or probabilistic sensitivity analysis (PSA) was not 
performed, and therefore confidence intervals around cost estimates and ICERs could not be 
derived, the DSA of key parameters yielded results consistent with the base‑case analysis. 
This decision not to conduct a PSA was made based on the robustness of results demonstrated 
through DSA, and the relative simplicity of the analytical model employed.

One-way DSA was performed on all key model parameters. These analyses systemati-
cally varied each parameter across its plausible range. The DSA consistently demonstrated 
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that the primary conclusions of the analysis remained stable across all examined parameter 
ranges. Tornado diagrams revealed that no single parameter, when varied individually, altered 
the conclusion regarding cost-effectiveness. Given that the DSA comprehensively explored 
parameter uncertainty space and consistently supported the base-case conclusions, the addi-
tional computational burden of a PSA was deemed to provide limited incremental value for 
decision-making purposes. The analytical framework employed in this study utilized a rela-
tively parsimonious model structure with a limited number of uncertain parameters. Unlike 
complex Markov models or microsimulation approaches where parameter interactions may 
generate emergent uncertainty not captured by one-way DSA, our model structure was simple 
and straightforward. The limited number of uncertain inputs reduced the potential for com-
plex non-linear interactions between parameters that might only be revealed through probabi-
listic analysis. For models of this level of complexity, the DSA adequately characterized the 
decision uncertainty without requiring full probabilistic treatment. We acknowledge that the 
absence of a PSA represents a limitation of this analysis. PSA offers the advantage of jointly 
varying all uncertain parameters simultaneously, thereby capturing potential correlations and 
interactions between inputs. This approach also generates valuable outputs such as cost-effec-
tiveness acceptability curves and credible intervals around the incremental cost-effectiveness 
ratio. These characteristics facilitate interpretation by decision-makers and support informed 
policy choices. However, in the present analysis, the consistency of the DSA results provides 
reassurance regarding the robustness of the base-case findings despite the absence of formal 
probabilistic analysis.

Therefore, the consistency of the clinical evidence on landiolol and the robustness of the 
sensitivity analyses suggest that similar economic benefits may be observed in comparable 
healthcare contexts.

While additional evidence would further strengthen current knowledge, existing clinical 
data indicate that landiolol may represent a valuable therapeutic option in the management of 
sepsis-induced tachyarrhythmias. Future research should focus on conducting well-designed 
clinical trials in diverse patient populations and settings, with a particular emphasis on evalua-
ting both clinical and patient-centred outcomes. Additionally, health economic studies should 
employ comprehensive cost-effectiveness analyses that consider a broader range of factors 
beyond clinical outcomes alone.

CONCLUSION
The present economic analyses in the Italian setting show that the use of landiolol can 

lead to savings in terms of hospital costs. Further studies are needed to confirm the economic 
impact of landiolol in larger and more heterogeneous patient populations and across different 
healthcare systems.
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