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ABSTRACT

INTRODUCTION: Prolonged administration of norepinephrine to critically ill patients can lead to serious adverse events.
In this context, the concept of “decatecholaminization” has emerged over the past decade, involving the association of
vasopressin with norepinephrine to reduce catecholamines need. Additionally, beta-blockers can help prevent increased
heart rate resulting from sepsis treatments. This study presents an economic analysis evaluating the economic implications
of the decatecholaminization use in patients with septic shock treated in intensive care unit (ICU) from the Italian National
Health Service (NHS) perspective.

METHODS: Two analyses were conducted: (1) a patient-level comparison of costs between two real-world cases, one
treated with decatecholaminization and one without this approach, and (2) a cohort-level analysis using a pharmacoeco-
nomic model to project cost differences for the Italian National Health Service (NHS) before and after implementing
decatecholaminization.

RESULTS: In the patient-level analysis, the use of decatecholaminization results in increased pharmacological expenses
(+€210), and cost reduction in resource utilization (-€30,412). Similarly, the cohort-level shows higher pharmacological
costs (+€192 per patient) and lower cost for other resources (-€1,264 per patient) in the future vs current scenario, resulting
in a cumulative cost reduction of -€1,072 per patient. Considering an eligible population of 39,207 patients, decatechol-
aminization results in a total cost reduction of approximately €42.4 million.

CONCLUSION: This analysis supports the economic viability of decatecholaminization as an effective treatment for com-
prehensive management of septic shock. Further evaluation in real-world settings is needed to validate these findings and
optimize clinical application.
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INTRODUCTION

Sepsis is a life-threatening condition triggered by pathological and biochemical abnorma-
lities resulting from an infection [1]. Septic shock is of the most severe progression of sepsis,
marked by circulatory system collapse that lead to reduced mean arterial pressure (MAP)
(causing hypotension) and peripheral vascular resistance, compromised cardiac output, and a
deterioration in oxygen exchange [1,2].

Sepsis and septic shock affect millions of people each year, with a mortality rate ranging
from 20 to 30% [3-5]. In Italy, the number of death certificates citing sepsis rose by almost
40% from 2003 to 2015, accounting for 3% to 8% of all recorded deaths in the country during
these years [6]. According to the Italian Project for Prospective Surveillance of Nosocomial
Infections in Intensive Care Units (SPIN-UTI) report, about 15% of all hospital-acquired
infection culminate in septic shock [7]. Therefore, sepsis and septic shock constitute both a
clinical challenge and a public health concern.

According to the 2021 International Guidelines for the Management of Sepsis and Sep-
tic Shock, the primary approach to diagnosed sepsis involves administering antimicrobials,
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restoring blood volume using crystalloids, and infusing norepinephrine to achieve a MAP of
65 mmHg [2].

The predominant vasoactive agents employed in the management of hypotension during
septic shock currently consists of catecholamine, such as norepinephrine and dobutamine [8].
Norepinephrine, a neurotransmitter and hormone classified within the catecholamines group [9],
is used to attain hemodynamic objectives with high efficacy during the initial phases of resusci-
tation [8,10]. Nevertheless, prolonged administration or the assertive pursuit of hemodynamic
objectives has proved ineffective in non-responder patients [8,11,12], potentially yielding adver-
se effects, such as immunological response disturbance and myocardial dysfunction exacerba-
tion [13—16]. Results from a large trial suggested comparable clinical outcomes between norepi-
nephrine alone and a combined regimen of argipressin (vasopressin) and norepinephrine [8,17].

Given the deleterious effects of norepinephrine, on critically ill patients, the concept of “de-
catecholaminization” has been advanced over the past decade [18,19]. Potential treatments for
implementing decatecholaminization include arginine vasopressin (AVP) receptor agonists,
infused at low-doses to restore vascular tone and spare the use of catecholamines, and beta-
blockers, with cardioprotective properties, employed for the treatment of non-compensatory
supraventricular tachycardia (SVT) arising from adrenergic hypertone [20]. The primary aim
of decatecholaminization is to partially or entirely spare exogenous norepinephrine use, the-
reby achieving cardiovascular protection with non-adrenergic pathways [20].

Based on findings of the Vasopressin versus Norepinephrine as Initial Therapy in Septic
Shock (VANISH) trial and the Vasopressin and Septic Shock Trial (VASST), it was establi-
shed that norepinephrine in association with vasopressin is non-inferior to norepinephrine as
an initial therapy for septic shock [17,21]. The administration of vasopressin did not lead to
higher rates of adverse events, particularly ischemic events [17,21]. On this subject, Sacha et
al. conducted a retrospective study wherein patients with septic shock, who received a fixed
dose of vasopressin in association with norepinephrine, demonstrated improved prognosis
when the vasopressin infusion led to an increase in MAP [22]. The vasopressin responders
group exhibited significantly better outcomes in terms of mortality, intensive care unit (ICU)
and hospital free days than the non-responders [22].

An early association, or synergism, between norepinephrine and argipressin should be
considered to reduce cardiovascular risks related to medium-high dosages of norepinephrine.
For example, as reported in Good Clinical Practice of STAARTI (Italian scientific society of
anesthesiologists and intensivists), the early association of vasopressin with norepinephrine
is considered appropriate in patients with less severe septic shock (dosages of norepinephrine
from 5 to 14 pg/min) to reduce mortality [23].

Moreover, tachycardia and atrial fibrillation are considered significant prognostic factors
in patients with sepsis; therefore, reducing heart rate to less than 95 beats per min within 24
h of onset might improve prognosis [24]. In some patients, protracted endogenous and exo-
genous sympathetic overstimulation, marked by persisting tachycardia, has been shown to be
harmful despite initial improvement in hemodynamic response. In this context, the duration
and the total dose of catecholamine therapy, and the detrimental effects of tachycardia are
associated with poor outcomes [14,25]. Conventional treatments of sepsis, including fluid re-
suscitation and vasopressors, might exacerbate sympathetic nervous system activity, causing
increased heart rate. B-blockers can help prevent these effects [24].

The implementation of decatecholaminization could potentially enhance patient progno-
sis, consequently reducing the utilization of hospital resources and yielding both clinical and
economic benefits.

In this paper, we present two real-world (patient-level) cases and a cohort-level analysis.
The second analysis is based on an economic model developed to evaluate the clinical and
economic implications of introducing decatecholaminization for treating septic shock patients
in ICU, from the Italian National Health Service (NHS) perspective.

METHODS

In the present paper, two analyses were conducted:

1. A patient-level analysis, in which data of two real-world cases treated at Sant’Andrea
Hospital (Rome, Italy) were used to compare costs between a patient who underwent de-
catecholaminization and one who did not.

2. A cohort-level analysis, in which a pharmacoeconomic model was developed to compare
cost difference before (current scenario) and after (future scenario) the implementation of
decatecholaminization to the Italian NHS system.
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Frequency [48]
Healthcare resource Unit costs (€)* [27-31] Patient 1—without Patient 2 — with
decatecholaminization decatecholaminization
Cardiac surgery 6,876.00 3.0 0.0
ICU stay 1,941.80 6.0 3.0
CT scan 100.89 5.0 2.0
X rays scan/Ultrasound 42.52 4.0 1.0
Transfusion 468.40 4.0 0.0
CPR/Extracorporeal circulation 4,048.00 1.0 1.0
Respiratory failure 1,654.61 1.0 0.0
Consultations 20.66 3.0 0.0

Table I. Resource consumption and unitary costs in patient-level analysis
* Unit costs have been discounted to 2024 monetary value
CPR: cardiopulmonary resuscitation; CT. computerized tomography; ICU: Intensive Care Unit

Patient-level analysis: clinical inputs based on real-world data

In this first analysis, clinical data were extracted from two case reports provided by
Sant’ Andrea Hospital in Rome.

Patient 1 (74 years-old) was affected by arterial hypertension, depressive syndrome, along
with schizophrenia and a compulsive hoarding disturbance. The patient was rescued after a
fall and transported to the emergency room. He reported dizziness started in the previous days
and severe asthenia. After a psychiatric and cardiac consultations, a coronary artery bypass
graft (CABG) surgery was requested to stabilize the clinical picture. Septic shock raised fol-
lowing a cardiac surgery. A conservative approach (without decatecholaminization) was em-
ployed to treat the patient, including high dose norepinephrine, esmolol and metoprolol (Table
S1 in Supplementary material). The patient died after 6 days.

Patient 2 (72 years-old), previously in good health, presented to the hospital in a critically
severe condition, characterized by confusion, hypotension, and a tense, painful abdomen.
Septic shock developed subsequent to a re-
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Adult Italian population Patients with sepsis Patients with septic shock
(=18 years) [31] N (0.4% [32]) > (22.5% [33])
n = 49,786,127 n = 174,251 n = 39,207

Figure 2. Eligible population funnel

The cohort-level analysis compares a current scenario, in which decatecholaminization is not
or scarcely considered as treatment option for patients with septic shock, and a future scena-
rio, where decatecholaminization is introduced among treatment options (Figure 1). The
analysis was conducted from the Italian NHS perspective.

Due to the limited availability of scientific literature and the impracticality of basing the
analysis on only two real-world cases, three clinical experts in the fields of anesthesiology
and reanimation were consulted to validate the input data for the analysis. In particular, the
clinical experts (n = 2 Directors of the Department of Anesthesia and Intensive Care and
n = 1 Hospital Pharmacist) supported in the definition of the patient population, validation
of the patient treatment pathway and additional resource consumption. The eligible popu-
lation was calculated starting from the adult Italian population [31] and applying the rates
of patients with sepsis [32], and septic shock [33]. Overall, approximately 39,000 eligible
patients were eligible to the treatment with decatecholaminization. Figure 2 illustrates the
patient population funnel employed to calculate the eligible pool in the scenario analysis
[31-33].

As for the patient-level analysis, the model takes into account the costs associated with
the use of:

- Pharmacological treatments.
- Other healthcare resources (interventions, length of hospital stay, etc.).

Unit costs have been discounted to 2024 monetary value considering the average annual
inflation rate for the period.

According to available literature data and expert opinion, treatment options were divided
in two steps [34]. In the first step norepinephrine was considered as first-line treatment in
both the current and future scenarios (0.5 pg/kg/min). In the second step, norepinephrine was
considered either alone at a high dose (0.8 pg/kg/min), or in combination with a second vaso-
pressor at a low dose (0.5 pg/kg/min; decatecholaminization).

Literature evidence and additional case reports suggests that implementing norepinephri-
ne sparing strategies (i.e., decatecholaminization) is associated with lower morbidity and lo-
wer ICU length of stays [35-37]. Decatecholaminization involves an initial administration of
norepinephrine, followed by the subsequent use of an alternative vasopressor or inotrope to

Step Treatment Current scenario (%) Future scenario (%)
1s step NE 100,0 100,0
2" step NE, high dose 75.0 25.0
NE, low dose + vasopressors / inotropes 25.0 75.0
Vasopressors / Argipressin 45.0 75.0
inotropes Dobutamin 33.0 5.0
Terlipressin 10.0 0.0
Levosimendan 12.0 20.0
Additional treatment Landiolol 0.0 17.5
Esmolol 10.0 17.5
Metoprolol 10.0 10.0
Amiodarone 30.0 15.0
No treatment 50.0 40.0

Table Il. Pharmacological treatment distribution used in cohort-level analysis [34]

NE: norepinephrine
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preserve peripheral perfusion. In cases where patients remain tachycardic, additional admini-
stration of beta-blockers or antiarrhythmic drugs may be necessary.

Vasopressors or inotropes considered to be associated with norepinephrine were argipres-
sin, dobutamine, terlipressin and levosimendan. An additional treatment step was evaluated
for patients experiencing non-compensatory tachycardia (~24% [14]), involving the use of
landiolol, esmolol, metoprolol, or amiodarone. The patients’ treatments distribution was ini-
tially assessed by market research involving 358 Italian departments of anesthesia, reanima-
tion, and ICUs, and further validated by expert opinion (Table II) [34].

Data on length of stay were retrieved from the two real-world cases, additional literature
and validated by the clinical experts. In particular, available data indicates:

- Septic shock treatment duration ranging from 4 and 7 days [17,34,35,38].
- Hospital length of stay ranging between 23 and 28 days [17,34,38—40].
- Of'the total time spent in the hospital, approximately 60% is in the ICU [17,34,38,41].

After expert validation, for the cohort-level analysis, it was assumed that patients not
receiving decatecholaminization spend 25 days in hospital and receive sepsis treatment for 6
days (Figure S1 in Supplementary material). Sepsis treatment is divided into:

- Step-1: norepinephrine 0.5 pg/kg/min, for 1 day.
- Step-2: high-dose norepinephrine, for 5 days.

Similarly, it was considered that patients undergoing decatecholaminization spend 24 days

in hospital and receive sepsis treatment for 4 days. Sepsis treatment is divided into:

- Step-1: norepinephrine 0.5 pg/kg/min, for 1 day.

- Step-2: low-dose norepinephrine, for 3 days (in combination with vasopressor/inotrope
for 1 to 3 days depending on the drug).

Table S2 in Supplementary material provides additional details on treatments.

It is important to note that, according to expert opinion, with the implementation of deca-
techolaminization, patients should experience a decrease in the hospital stay, with a potential
reduction ranging from 1 to 5 days (4-20% decrease). This reduction is confirmed by publi-
shed clinical cases [35]. Since there is a lack of literature evidence supporting a direct associa-
tion between decatecholaminization and reduced hospital stay days, a conservative estimate
of a 1-day decrease in hospital stay was assumed. However, potential outcomes associated
with more substantial reductions, examining scenarios involving 3 and 5 days of hospital stay
reduction, were considered.

The other healthcare resources considered in the analysis are described in detail in Ta-
ble III [42]. Unit costs were retrieved from national tariff [26,27] and literature data and
actualized to 2024 [29,30].

Sensitivity analysis

Some assumptions used in the model, such as the number of days of hospital stay, drugs
posology and frequencies of resource consumption were based on market research and li-
terature data confirmed by experts’ opinion [34,42]. To take account of such variability, a
deterministic (one-way) sensitivity analysis was carried out to identify the input values with
the largest effect on the results of the economic analysis.

For the deterministic sensitivity analysis, the baseline value of each of the following parame-
ter was modified to the upper and lower limits of + 15% variation: length of hospital stay; pro-
portion of patients with sepsis; proportion of patient using high dose norepinephrine, argipressin,
levosimendan, terlipressin or dobutamine; patient weight; proportion of patients with non-com-
pensatory tachycardia; renal replacement therapy, respiratory failure and consulting frequency.

Frequency [18,22,35,36,39-41,48]

Healthcare resource Unit cost (€)° [27,28,30,31] Without With
decatecholaminization decatecholaminization
Hospital stay* 1,481.59 25 days 24 days
Respiratory failure 1,654.61 60.0% 40.0%
Renal replacement therapy 3,734.00 35.0% 18.0%
Consultations 20.66 8 0

Table Ill. Unitary costs and frequencies of resource consumption in cohort-level analysis
* Considering 60% of stay in ICU (€1,654) and 40% in general ward (€674) [18,49,50]

° Unit costs have been discounted to 2024 monetary value

ICU: Intensive Care Unit

F Farmeconomia. Health economics and therapeutic pathways 2024; 25(1)
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RESULTS

Patient-level analysis

The results of the patient-level analysis are shown in Figure 3. Costs were classified based
on pharmacological treatments, ICU length of stay, diagnostic exams (which include CT scan
and X rays scan) and interventions (including cardiac surgery, transfusion, cardiopulmonary
resuscitation (CPR)/extracorporeal circulation, respiratory failure, renal replacement therapy
and consultations). It is evident that, despite the marginal rise in pharmacological expenses
(+€210), the use of decatecholaminization results in substantial cost reduction associated with
healthcare resource utilization (€30,412). The cumulative cost reduction amount to €30,202.
The main drivers of cost reduction are the costs related to the ICU stay and interventions.

Cohort-level analysis

The results obtained in the cohort-level analysis are illustrated in Figure 4. Similar to the
patient-level analysis, the use of decatecholaminization leads to a slight increase in pharma-
cological costs (+€192 per patient) but delivers a significant reduction in the costs related to

Costs (€)

30,000

25,000

20,000

15,000

10,000

5,000

0

Pharmacological treatments ICU LOS Diagnostic exams Inteventions*

[ Patient 1 (without decatecholaminization) [] Patient 2 (with decatecholaminization)

28,204

11,650

5,825

38

248 ‘ o 244

Figure 3. Results of patient-level analysis
* Including cardiac surgery, transfusion, CPR/extracorporeal circulation, respiratory failure, renal replacement therapy and consultations
CPR: Cardiopulmonary Resuscitation; ICU: Intensive Care Unit; LOS: Length of Stay

Costs (€)

40,000
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10,000

5,000

I Current scenario [ ] Future scenario
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185 377 , , -
Pharmacological treatment Hospital stay Interventions*

Figure 4. Results per patient of cohort-level analysis
*Including respiratory failure, renal replacement therapy and consultations
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Per patient Cumulative (n = 39,207)
Data type
Current scenario Future scenario Current scenario Future scenario
Drug costs (€) 185 377 7,131,979 14,246,538
Other resources costs (€) 38,769 37,505 1,520,013,808 1,470,457,883
Total costs (€) 38,955 37,882 1,527,145,786 1,484,704,421
Difference (€) 1,072 -42,441,366

Table IV. Summary of results of cohort-level analysis

G 1 day (LOS: 24 vs 25 days) 3 days (LOS: 22 vs 25 days) 5 days (LOS: 20 vs 25 days)
N 0 1 1
o
S
2
o -1,000
2 -1,072
-
c
g -2,000
3
o
(4 2,554
2 -3,000
S
=]
=
=
| -4,000
n -4,036
2
7]
o
: -5,000

Figure 5. Cost reduction breakdown per patient based on hospital days reduction in future scenario
LOS: Length of stay

other healthcare resources consumption (-€1,264 per patient). The main driver of cost reduc-
tion is the costs related to the hospital stay.

Taking into account the entire eligible population of 39,207 patients, decatecholamini-
zation results in a total cost reduction of approximately €42.4 million. Table IV presents a
summary of the results from the cohort-level analysis, categorized by individual patients or
cumulative.

In the cohort-level analysis a conservative hypothesis of 1-day hospital stay reduction
in the future scenario was considered, resulting in a cost reduction of -€1,072 per patient.
However, estimating a potential reduction in atrial fibrillation rate of 25-30% [34,43,44], a
further decrease in hospital stay could be anticipated. The implementation of decatechola-
minization led to incremental cost reduction proportional to the reduction in hospital days,
with reductions of 3 and 5 days resulting in cost reduction of -€2,554 and -€4,036 per patient,
respectively (Figure 5). Applying this reduction to the entire eligible population, a total cost
reduction of -€101 million and -€159 million could be achieved, with 3 and 5 days reduction,
respectively. These findings offer valuable insights into the potential benefits of decatechola-
minization, laying the foundation for further investigations on its impact on patient outcomes.

Sensitivity analysis

Sensitivity analyses showed that results were robust and did not change significantly when
assumptions were modified within plausible ranges (Figure S2 in Supplementary material). In
all but one deterministic analyses tested, the future scenario, with a massive implementation
of decatecholaminization, was found to achieve cost reduction vs the current scenario. The
only instance in which the future scenario did not lead to cost reduction is when a longer
hospital stay for the decatecholaminized patient (27 days; +15%) vs non-decatecholaminized
patient (25 days) is considered. However, it is important to highlight that this occurrence is
unlikely, as literature evidence suggests that the implementation of decatecholaminization
is correlated with the reduction of atrial fibrillation of 25-30% [34,43,44] and is associated
with a decrease morbidity and hospital stay [36,37]. The assumption of a 1-day reduction in
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hospital stay following decatecholaminization implementation, adopted in the cohort-level
analysis, is quite conservative. Indeed, the prolonged hospital stay is associated with patients’
extreme severity rather than the therapeutic approach. Additional evidence are needed to va-
lidate the considered assumptions.

DISCUSSION

The concept of “decatecholaminization” has gained traction in recent years due to
the recognition of the detrimental effects of catecholamines, such as norepinephrine. No-
repinephrine plays a crucial role in regulating cardiovascular function, but excessive or
prolonged exposure to exogenous norepinephrine can lead to adverse outcomes, particu-
larly in critically ill patients [18,19]. Decatecholaminization represents a novel approach
aimed at minimizing reliance on exogenous catecholamines, thereby reducing the poten-
tial for adverse effects while still achieving cardiovascular support through alternative
non-adrenergic pathways [20]. One of the primary concerns with high-dose norepinephri-
ne therapy is its association with peripheral ischemia and cardiac complications, which
can significantly impact patient outcomes. By adopting decatecholaminization strategies,
clinicians seek to improve patient safety. The effectiveness of decatecholaminization in
attenuating the severity of side effects has been documented in the medical literature. The-
se studies have demonstrated the potential benefits of decatecholaminization in reducing
the incidence of adverse events, improving hemodynamic stability, and optimizing organ
perfusion in critically ill patients [45—47]. The integration of decatecholaminization into
clinical practice not only could improve overall patient care, but also allow the optimiza-
tion of treatment protocols, contributing to a significant reduction in the required duration
of treatment.

Despite the potential clinical advantages of decatecholaminization, its implementation
may encounter certain challenges. One consideration is the possibility of increased treatment
costs associated with the use of adjunctive therapies or alternative vasopressors. However,
the present analysis suggests that any rise in treatment cost is negligible and largely balanced
out by potential cost lowering derived from reduced length of stay and decreased utilization
of resources, such as continuous renal replacement therapy (CRRT) and mechanical ven-
tilation. Particularly noteworthy is the potential reduction in CRRT usage by up to 90% in
cases, indicating significant reduction of resource use and enhanced healthcare system effi-
ciency. These findings are supported by a recent meta-analysis that pooled data from 23 trials
[48]. This study suggested that the concomitant use of non-catecholamine vasopressors and
norepinephrine treatment is associated with shortened the length of mechanical ventilation,
improved renal function, and improved cardiac function [48]. Additionally, careful patient
selection and personalized treatment approaches may help optimize the cost-effectiveness of
decatecholaminization strategies.

It is important to recognize the limitations inherent in the data sources and analytical
approaches used. Modelling studies are valuable tools for assessing the potential impact of
decatecholaminization strategies; however, they are based on certain assumptions and simpli-
fications that may affect their validity and generalizability. These models often rely on data
inputs derived from existing literature or expert opinion, which may not fully capture the
complexity of clinical scenarios. Indeed, individual case reports and observational studies can
provide valuable real-world insights, but their designs may be susceptible to biases, such as
selection bias or confounding variables, which can impact the accuracy and reliability of the
findings. Additionally, the retrospective nature of many observational studies can limit the
ability to establish causality or generalize results to broader patient populations. As a result,
the findings of modelling studies should be interpreted with caution and validated through
empirical research in diverse patient populations and clinical settings.

Robust, prospective studies are needed to validate the efficacy and safety of decatechola-
minization in critically ill patients. Randomized controlled trials with adequate sample sizes
and long-term follow-up are crucial for establishing evidence-based guidelines and informing
clinical practice.

Overall, while decatecholaminization shows promise as a therapeutic strategy for mitiga-
ting the adverse effects of high-dose catecholamine therapy, further research is necessary to
elucidate its clinical utility. By addressing existing knowledge gaps and overcoming metho-
dological challenges, clinicians can enhance their ability to provide safe and effective care for
critically ill patients requiring vasopressor support.

Farmeconomia. Health economics and therapeutic pathways 2024; 25(1) F
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CONCLUSION

In conclusion, decatecholaminization stands as a promising therapeutic approach for ma-
naging critically ill patients by reducing dependence on high-dose norepinephrine and mi-
tigating associated risks, thereby enhancing patient outcomes and safety within intensive
care settings. Despite certain methodological limitations, data gaps, and simplifications, this
analysis gives confidence in the value and economic viability of decatecholaminization as
an effective treatment to ensure comprehensive management of patients with septic shock.
Further evaluation in broader real-world settings is warranted to validate these findings and
optimize clinical application.
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