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ABSTRACT

Objective: To assess the minimization of costs associated with Intensive Care Unit
(ICU) length of stay, after implementing a Spinal Arthrodesis Care Pathway (CP).
Method: Cost-minimization analysis of administrative CP data from a public pediat-
ric hospital. Two periods of analysis were considered: pre (2019) and post-complete
implementation of the CP (2022). The study considered SUS as payer. The ICU daily
cost considered SIGTAP table. A budget impact analysis was conducted considering
a 5-year time horizon to estimate a savings associated with more patients receiving
CP over the years. Results: 64 patients were followed by PC in 2019 (ICU average
time; 3.8 days) and 62 patients (ICU average time: 0.8 days) in 2022, suggesting
a 3-day ICU stay reduction, and resulting in minimization of cumulative costs of
R$ 189k for 60 patients. In addition, shorter total hospital stay was identified with
2022 CP. Conclusion: The implementation of the Spine Arthrodesis Care Pathway
was a strategy considered effective as it provided equal rates as it helped to dis-
charge patients from hospital and reduced ICU stay. The new CP optimized ICU-
beds, providing an efficient allocation of resources in a hospital from SUS.
Keywords: cost-minimization; spine arthrodesis; care pathway.

RESUMO

Objetivo: Avaliar a minimizagédo de custos relacionados ao tempo de internagédo em
Unidade de Terapia Intensiva (UTI), ap6s implementagdo de uma Linha de Cuidado
(LC) de Artrodese de Coluna. Método: Analise de minimizacao de custos que con-
siderou dados administrativos da LC de um hospital pediatrico. Foram considerados
dois periodos de analise: pré (2019) e pés-implementagdo completa da LC (2022),
na perspectiva do SUS como fonte pagadora. O custo da diaria em UTI foi baseado
em tabela SIGTAP. Anélise de impacto orgamentario com horizonte temporal de 5
anos foi realizada para estimar a economia gerada pelo maior nimero de pacien-
tes que recebem a LC ao longo dos anos. Resultados: 64 pacientes foram acom-
panhados pela LC em 2019 (tempo médio; T : 3,8 dias) e 62 pacientes (tempo
médio; T, 0,8 dias) em 2022, sugerindo uma redugao média de 3 dias de UTI,
e acarretando em uma minimizacdo de custos de R$189 mil, para 60 pacientes
acumulados em 5 anos. Além disso, foi observado menor tempo de hospitalizagao
total. Concluséao: A implementacao da estratégia de Linha de Cuidado de Artrodese
de Coluna é considerada efetiva sob o ponto de vista de promover alta hospitalar aos
pacientes. Otimiza o tempo de UTI, sugerindo uma melhor capacidade de alocacao
eficiente de recursos no SUS.

Palavras-chave: custo-minimizacéo; artrodese de coluna; linha de cuidado.
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Introduction

In Brazil, approximately 6 million people present
with scoliosis. In youth, this condition has a preva-
lence of 1.4 to 4% among individuals aged 10 to 18
years, with 85% of the cases occurring in females in
late-onset forms.

Scoliosis can be secondary to neuromuscular
diseases, congenital issues, tumors, or various syn-
dromes. It is defined as a deformity of the spine in
the coronal plane greater than 10° on radiographic
examination, accompanied by vertebral rotation.
Commonly, the etiology is not identified, meaning
it is often idiopathic.

The progression and severity of scoliosis are
related to the etiology and the growth of the pa-
tient; that is, scoliosis may worsen during periods
of growth spurts. Treatment, likewise, is indicated
according to etiology, degree of curvature, and po-
tential remaining growth. Generally, in the pediat-
ric population, scoliosis does not lead to significant
symptoms and is not prevalent, not being a deter-
mining factor for modifying medical conduct.

The evolution of surgical materials and tech-
niques, along with intraoperative care, has trans-
formed the routine of the surgical specialty in pe-
diatric hospitals in recent decades, accounting for a
significant portion of healthcare funding.

It is known that a patient’s stay in the hospital,
especially in the ICU, leads to worse clinical out-
comes due to a higher risk of infection, as well as
increased hospital costs. Standardizing patient care
during preoperative, intraoperative, and postoper-
ative periods has become increasingly relevant to
optimize the care of patients with scoliosis. In this
context, Care Pathways have gained prominence as a
significant strategy to enhance the effectiveness and
efficiency of care for patients with scoliosis.

A Care Pathway (CP) can be defined as a mul-
tidisciplinary effort aimed at developing a care
plan for a defined group of patients, incorporating
guidelines, evidence, and expert consensus opin-
ions on local care. The Care Pathways (CPs) aim
to reduce variability in care and enhance its sys-
tematization, positively impacting the improve-
ment of care quality, patient experience, reduction
of hospital costs, and better clinical outcomes. By

translating the best evidence into systematized and
multidisciplinary care—through algorithms and
treatment protocols that manage processes and
outcomes—along with patient involvement in the
clinical decision-making process, clinical manage-
ment becomes more comprehensive, integrating
management needs, improving clinical outcomes,
and enhancing user satisfaction within the health-
care system.

Objective

To analyze the costs of ICU stays for pediatric pa-
tients undergoing spinal arthrodesis before and after
the implementation of the Care Pathway for Idio-
pathic Spinal Arthrodesis, from the perspective of
the Unified Health System (SUS).

Methods
Study Location and Cost Analysis Perspective

The study was conducted in a large (361 beds)
and high-complexity pediatric hospital in southern
Brazil, which has a nationally recognized orthopedic
surgery service. This hospital also has a Health Val-
ue Management Office responsible for the institu-
tion’s economic analyses. The study was developed
from the perspective of SUS as the payer.

Study Design

This is a comparative analysis (pre vs. post-im-
plementation of CP) of costs, based on administra-
tive data collected from a CP specialized in caring
for patients undergoing spinal arthrodesis. Patients
attended at the pediatric reference hospital of SUS
have their data systematically collected, analyzed,
and made available in a Dashboard (WeKnow®) for
the managers of the CP.

Through real-time analysis, the Care Pathway
(CP) is monitored daily by medical professionals
(managers and surgeons) and a multidisciplinary
team to identify opportunities for improving care.

Further details of the data and assumptions
of the cost-minimization analysis can be seen in
chart 1.
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Population Characteristics

Eligible patients for the study should possess the
following characteristics: they must be undergoing
treatment according to the institutional guidelines
of the Care Pathway for Spinal Arthrodesis, which
included children and adolescents (up to 18 years
old) diagnosed with any comorbidity that requires
surgical intervention, particularly due to idiopathic
scoliosis.

Patients admitted specifically for idiopathic sco-
liosis in 2019 and 2022 were included in this study,
as the pre- and post-implementation groups of the
CP for Arthrodesis due to Idiopathic Scoliosis, re-
spectively. The years 2020 and 2021 were considered
a “wash-out” period due to the pandemic and the
interval for the implementation of the CP. Admin-
istrative data (length of stay, ICU time, hospital
discharge, and mortality) were defined as study ob-
jects, thus not requiring approval from the Ethics
and Research Committee. Economic data related to
the payer source (daily rates) were obtained from the
Management System of Procedures, Medications,
and OPME:s (SIGTAP).

Chart 1. Assumptions of the Cost Analysis

Administrative and cost data were extracted from
the hospital’s computerized database and SIGTAPR
respectively.

Costs

Expenses related to pediatric ICU daily rates
(code: 08.02.01.015-6 - daily rate for pediatric inten-
sive care unit - ICU II) were calculated, summing
the total costs.

Medical fees or other rates or therapy costs that
could add to the total treatment cost were not con-
sidered. Costs associated with adverse drug events
and procedures or other costs related to quality of
life were not estimated.

Control Scenario: Pre-Implementation of the
Care Pathway

Before the implementation of the care pathway,
spinal arthrodesis was managed according to the
directives given by the operating surgeon, without
a systematic monitoring of results, either regarding
care processes or patient outcomes. The team’s ac-
tions occurred based on the patient’s needs, without,
however, a directed approach towards daily goals to
be achieved.

Scientific question

What is the economic impact of implementing a spinal arthrodesis care pathway?

Study population

Pediatric patients undergoing corrective spinal arthrodesis surgery

Intervention With Care Pathway (2022)

Comparator Without Care Pathway (2019)

Outcomes Hospital discharge (primary), ICU length of stay (secondary)

Perspective Payer, SUS (Brazilian Unified Health System)

Time horizon Hospitalization period

Cost Direct medical costs (Pediatric ICU daily cost: R$ 700.00. Source: SIGTAP 2022)
Currency Brazilian Real (R$)

Relevant model assumptions

1) Hospital discharge suggests successful surgical recovery. Therefore, the CP is considered
effective when patients are discharged, which occurred in 100% of cases (both pre and
post-implementation), validating cost-minimization as the analysis method.

the chosen perspective.

2) Only ICU daily costs were considered, as they are the most relevant economic data for

3) Mortality definition within the CP is limited to observation during hospital stay.

Source: Authors (2023)
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Post-Implementation Scenario of the Care
Pathway

In October 2020, the monitoring of the Care Path-
way for spinal arthrodesis began, initially directed
towards patients with Idiopathic Scoliosis. The care
protocol was monitored by a multidisciplinary team
(surgeons, physiotherapists, nursing staff, pharma-
cy, psychology, nutrition, social services, and quality
nurse) with the goal of applying it individually to
each patient undergoing the procedure, identifying
their vulnerabilities, opportunities for improve-
ment, and adjusting the protocol according to the
observed needs.

Daily therapeutic goals were established in the
therapeutic plan, associated with reducing the aver-
age length of stay while maintaining adequate pain
control to facilitate early mobilization of the patient
and conditions for hospital discharge.

The following actions were developed to assist
the professionals involved in monitoring the care
pathway (Chart 2):

Budget Impact Analysis (BIA): Pre vs. Post-
-Implementation

The population of the economic model is based
on the assumption that the number of patients will
remain constant, i.e., 60 per year, which can be

allocated to both the “pre” and “post-implemen-
tation” strategies, depending on the dynamics of
the adoption of the Care Pathway (CP) within the
institution. The costs derived from the economic
analysis described earlier, with average costs per
patient in the pre and post periods being R$ 2660
and R$ 560, respectively. As the budget impact
analysis requires an annual adoption rate of the
intervention, a hypothetical increase of 10% per
year was assumed (reaching 50% in the fifth year)
for patients receiving the new model of the CP for
spinal arthrodesis.

Results
General Data

In the following table (Table 1), we present data
from 64 patients during the pre-implementation pe-
riod (2019), compared to 62 patients in the post-im-
plementation period (2022). There were no losses in
follow-up.

Outcomes

All patients from both groups (pre and post-im-
plementation) were discharged from the hospital
(considered as the resolution of spinal arthrodesis).
There were no fatalities.

Chart 2. Actions developed for monitoring the idiopathic scoliosis spinal arthrodesis care pathway

2. Pain control (analgesia),
3. Early mobilization,
4. Nutrition (gastrointestinal symptoms),

* Structuring a goal-oriented Therapeutic Plan shared with the team and family.
» Establishing Daily Therapeutic Goals for the patient, including 5 care categories:
1. Clinical care (wound care, devices, and pain scale monitoring),

5. Social care — all customized by day of hospitalization (DO, D1, D2...).

* Measuring Average Length of Stay from the day of surgery (DO) to the discharge day, considered the primary outcome.

Creating a Spinal Arthrodesis CP Diary with information on goals, pain scale, and a space for patients and families to
log entries during hospitalization. This encourages patient-centered care and enables daily progress tracking based on
the therapeutic plan.

Defining the FLACC scale as the standard for pain measurement by the nursing team.

Creating a standard prescription template including routine items used by the medical team, incorporating objective
criteria (FACES) for additional analgesia.

Managing the transition from intravenous to oral medication and early mobilization

Source: Authors (2023)
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Table 1. Data obtained from the Dashboard on pre- and post-implementation of the care pathway

SO Inswamcen ) ngh Telne
Pre (2019)  N°. of patients 64 (36.57%) 108 (61.71%) 3(1.71%) 175 (100%)
Hospital discharge 64 (100%) 108 (100%) 3 (100%) 175 (100%)
In-hospital death 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Post (2022) N°. of patients 62 (37.80%) 96 (58.54%) 6 (3.66%) 164 (100%)
Hospital discharge 62 (100%) 96 (100%) 6 (100%) 164 (100%)
In-hospital death 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Source: Authors (2023)
Costs Discussion

Before the implementation of the Care Pathway
(CP) in 2019, the average cost for ICU daily rates
was R$ 2,660.00, with an average length of stay of
3.8 days per patient. After the implementation of the
CP in 2022, the average cost for ICU daily rates de-
creased to R$ 560.00, with an average length of stay
of 0.8 days per patient.

Thus, we can observe that the reduction of 3
ICU days (Pre: 3.8 days vs. Post: 0.8 days) gener-
ated an average savings of R$ 2,100.00 per patient
(Figure 1).

Additionally, early mobilization of patients, re-
duced postoperative opioid use, and shorter hospi-
talization times were reported; however, these costs
were not accounted for in this study.

Budget Impact Analysis (BIA)

Based on the assumptions adopted for the bud-
get impact analysis, it was possible to observe that
annually, in a scenario without CP the costs re-
lated to the treatment of 60 patients would reach
R$ 159,600. Over 5 years, the total costs would
amount to R$ 798,000. In the scenario where the
CP (post-implementation strategy) is gradually ad-
opted in the institution, the total costs in Year 1
would be R$ 147,000, while in Year 5, the total costs
would be R$ 96,600.

This is the first study in the literature regarding
the reduction of costs related to the length of stay in
the ICU, measured by the cost of hospital daily rates,
resulting from the implementation of a care pathway
in clinical practice for pediatric patients undergoing
spinal arthrodesis surgery, admitted to a SUS hospi-
tal. We demonstrated the capacity to better allocate
resources within a healthcare system, particularly in
relation to the scarcity of ICU beds.

The inclusion of Care Pathways for Spinal Ar-
throdesis as presented suggests an important role for
systematized assistance, with the potential for better
outcomes than reported in the international literature.
An American cohort study with 10 years of follow-up
of patients with spinal deformities suggested that, of
the 1,310 patients monitored, the length of stay after
the first surgical procedure corresponds to a median
time of 8 days (interquartile range of 7 to 9 days). In
the present study, the ICU length of stay was less than
1 day, and the total length of stay averaged 11 days,
which can be considered close to the American study.
Additionally, findings from the Scandinavian Reg-
istry of patients with spinal-related diseases support
these results. It is important to note that the etiolo-
gy of scoliosis is critical for estimating prognosis and
complications that may extend the hospital length of
stay, which was not the focus of this initial research.

The low mortality rate found in this Brazilian co-
hort (zero) reflects other studies, which reported a risk
of 0.1% to 1.7% after 90 days of hospital discharge.
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Figure 1. Reduction in ICU stay and daily costs per patient

5.0 days RS 3.000,00

R$ 2.660,00

4.0 days

R$ 2.000,00
3.0 days
2.0 days R$ 1.000,00

RS 560,00
R$ (2.100,00)

1.0 days

RS

-0,8 days
0.0 days
Pre Post

-1.0 days R$ (1.000,00)
-2.0 days

R$ (2.000,00)
-3.0 days

-3 days

-4.0 days R$ (3.000,00)

mmm |CU cost per patient = |CU lenght of stay (days)

Legend: Pre (pre-implementation period, 2019); Post (post-implementation period, 2022); ICU (Intensive Care Unit) Source:
Authors (2023)

Figure 2. Budget Impact
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Legend: ICU (Intensive Care Unit). Source: Authors (2023)
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Regarding the limitations of this study, it is im-
portant to highlight that the analyzed period differs
from previous publications, as it is common to eval-
uate outcomes such as readmission, mortality, and
other complications over a 90-day time horizon. The
Care Pathway of the referred hospital, still under de-
velopment, aims to monitor beyond the hospitaliza-
tion period, collecting data to track outcomes and
the outpatient environment.

Additionally, the retrospective collection of
data introduces potential biases related to loss or
inaccuracy of information, as well established in
the literature. Finally, the cost of pediatric ICU
daily rates was the only variable considered for the
economic analysis, along with the length of stay in
the ICU. Thus, the extrapolation of these data to
other contexts should be carried out cautiously, es-
pecially concerning private hospitals. The absence
of an economic model in the analysis may lead to
limitations related to the lack of cost variables and
clinical parameters that could impact the final pa-
tient cost, such as infections and even the risk of
readmission.

Conclusions

The implementation of the strategy for the Care
Pathway for Spinal Arthrodesis is considered effec-
tive in promoting hospital discharge for patients.
It optimizes ICU time, suggesting a better capacity
for efficient resource allocation within the Unified
Health System (SUS).
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