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RESUMO

A medida que os gastos com cuidados de salde aumentam, buscam-se maneiras
inovadoras de aumentar a eficiéncia e reduzir desperdicios. Os Centros de Materiais e
Esterilizacdo (CME) representam um setor do hospital onde h& diversas oportunidades
de otimizar o fluxo de trabalho e o uso de suprimentos. Evidéncias sugerem que a
redundancia de instrumentos em Bandejas Cirurgicas (BC) tende a ser alta e que
ganhos de eficiéncia e economias diretas de custos podem ser alcancadas por meio
da otimizacdo das BCs. Os CMEs podem também se beneficiar com estudos que
miram outros aspectos, como € 0 caso da identificacdo de Cadeias de Ajuda (do
inglés, Help Chain — HC) para os principais problemas referentes a montagem de BCs.
A HC é uma pratica de resolucdo de problemas fundamentada nos principios do lean
manufacturing e adotada nos servigcos de salde, que apresentam caracteristicas de
complexidade distintas em comparacdo com a manufatura. Nesse sentido, é
empregada a Andlise de Redes Sociais (SNA) como ferramenta analitica eficaz para
lidar com a complexidade das HCs na &rea da saude e dar visibilidade a resolugéo de
problemas. Com base nisso, esta tese de doutorado teve como objetivo fornecer
contribuic6es teorico-praticas no campo da gestdo de operacdes em um CME de um
hospital materno infantil localizado no sul do Brasil. Como resultados, um modelo
matematico customizado foi desenvolvido para otimizar o uso de bandejas cirurgicas
bésicas pelo hospital, resultando em reducdo de instrumentos e aumento das
eficiéncias de uso das BCs e uma nova abordagem para o design de HCs em servigos
de saude, utilizando SNA para demonstrar a complexidade do sistema e fornecer
visibilidade a caminhos alternativos para a resolugcéao de problemas.

Palavras-chave: Centros de Materiais e Esterilizacdo, Andlise de Redes Sociais,
Cadeias de Ajuda, Bandejas Cirurgicas, Lean Manufacturing



ABSTRACT

With the growth of the healthcare sector, innovative ways of increasing the efficiency
and reduce waste are being sought. The Central Sterile Supplies Departments (CSSD)
is an area where there are many opportunities to optimize the workflow and the
consume of resources. Evidence suggests that the redundance of surgical instruments
in Surgical Trays (ST) tends to be high, therefore gains in efficiency and savings in
direct costs could be achieved through the optimization of STs. CSSD’s could also
benefit from other research, such as Help Chain (HC) identification, to unveil the main
problems regarding STs assembly. HC is a practice of problems resolution, which is
based on Lean manufacturing principles and adopted in the healthcare services, which
presents different characteristics when compared to manufacturing environment. the
Social Network Analysis (SNA) was proposed as an analytical technique to deal with
the HCs complexity in the healthcare area and give visibility to paths for problems
solution. This research objective is to contribute to the operations management in
healthcare. The case study was in the CSSD department of a maternity and pediatric
hospital, located in the south of Brazil. As a result, a customized mathematical model
was developed to optimize the use of STs by the hospital, providing instrument’s
reduction and efficiency increase. In addition, a new approach to design HCs in
healthcare services was proposed SNA was used to demonstrate systems complexity
and give visibility to alternative paths to problems solving.

Keywords: Central Sterile Supplies Departments, Social Network Analysis, Help
Chain, Surgical Trays, Lean Manufacturing
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1 INTRODUCAO

Duas preocupagdes principais parecem permear a industria da salude em todo o
mundo (Ahmadi et al., 2019): reducédo dos investimentos publicos e 0 aumento da
demanda por cuidados. Segundo a Organisation for Economic Co-operation and
Development (OCDE), enquanto os gastos do governo com saldde permaneceram
constantes em média 8,8% do PIB de 2013 a 2018, a demanda por servicos de salde
estd aumentando continuamente, resultando em sistemas superlotados que
potencialmente expfem o0s pacientes a riscos e comprometem a qualidade dos
processos. Uma das abordagens mais populares indicadas para melhoria de
processos € a gestdo Lean (Roemeling et al., 2017). Muitos estudos centrados no
Lean na area da saulde relatam resultados bem-sucedidos (por exemplo, Prado-Prado
et al,, 2020; Leite, 2023), em contrapartida, existem estudos que questionam a
aplicacdo do Lean na area da saude (Mazzocato et al., 2010; Radnor e Osborne,
2013).

O estudo de Hines et al. (2004) mostra que a forma como o Lean lida com a
variabilidade recebeu algumas criticas. Assim, embora existam estudos que
demonstraram resultados positivos sobre os efeitos do Lean na salde, ainda é
questionavel se o Lean é bem compreendido e aplicado nesses ambientes (Bhamu e
Singh Sangwan, 2014). No que diz respeito aos aspectos do Lean que promovem a
melhoria de processos, € consensual entre a maioria dos estudiosos que alguns
pontos fundamentais incluem a minimizacdo do desperdicio e da variabilidade, bem

como o aprimoramento continuo.

Evidéncias recentes de sistemas de saude operando em capacidade maxima foram
trazidas pelo surto da COVID-19, uma emergéncia de saude publica em escala global
(Khot et al., 2020). Nesses contextos, os esforcos gerenciais para otimizar os
processos de saude e reduzir desperdicios tornam-se particularmente recomendaveis.
Um desses processos € a esterilizacdo e montagem de Bandejas Cirargicas (BC), que
que acontece nos Centros de Materiais e Esterilizagdo (CME). Os materiais de um
CME, em particular, sdo demandados por diversos setores dentro do hospital que
podem concorrer pelos mesmos itens (Alvekrans et al., 2016). O problema cresce em
complexidade ao se considerar a falta de padronizacédo do processo de montagem de

BCs e a ma logistica de distribuicdo do material (Avansino et al., 2013).

Dado o contexto inicial apresentado, e a luz da complexidade enfrentada pelo setor da
saude, o qual pode ser visto como um sistema sociotécnico complexo (Salmon et al.,

2017), mais especificamente os CMEs, argumenta-se que o Lean pode ser um
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caminho com capacidade de n&o sO reduzir a variabilidade dos processos, mas
também de contribuir numa resposta mais efetiva a variabilidade, que na maioria dos
casos é inevitavel. Como tal, o trabalho em ambientes de salde nao se limita a seguir
procedimentos operacionais padronizados (Wachs e Saurin, 2018). Além das barreiras
técnicas, organizacionais e culturais (Bakdash e Drews, 2012 ), os procedimentos nédo
abrangem todas as situacbes de trabalho possiveis e, inevitavelmente, existem
lacunas entre o work-as-imagined (trabalho como é imaginado) e o work-as-done
(trabalho como é feito) ( Clay-Williams et al., 2015). Diante disso, essa tese aborda
uma perspectiva de reducao da variabilidade, tendo como foco as abordagens que séo
utilizadas para racionalizacdo de bandejas/instrumentos cirirgicos e uma visao de
resposta a variabilidade, uma vez que durante o processo de montagem de BCs,

problemas séo inevitaveis e demandam uma solu¢éo imediata.

As BCs séo recipientes que acomodam instrumentos cirtrgicos (Kroes 2009). Cada
BC deveria conter os instrumentos necessdrios para realizar um procedimento
cirurgico ou familia de procedimentos. A configuragdo da BC, quando bem projetada,
oferece um conjunto minimo de instrumentos para realizar 0 maior nimero de
procedimentos dentro de uma especialidade (Fogliatto et al., 2020). A gestdo da BC
esta centrada em quatro questdes principais: (i) quais instrumentos devem ser
colocados nos BCs; (ii) em que quantidades; (iii) quais BCs sdo usadas em quais
procedimentos cirlrgicos; e (iv) quantas BCs de cada tipo devem ser mantidas em
estoque. Enquanto (i) e (ii) sdo afetados pelas preferéncias dos cirurgides, (iii)) e (iv)
dependem da frequéncia e programacdo dos procedimentos no centro cirlrgico
(Ahmadi et al., 2019).

BCs podem ser requisitadas por muitos departamentos do hospital, como os blocos
cirargicos e centros obstétricos. Por essa razdo, no cenario que existe mais de uma
unidade hospitalar competindo muitas vezes pelos mesmos conjuntos de instrumentos
cirargicos, a complexidade do atendimento a demanda e das relacdes entre o0s
individuos fica mais acentuada. Pesquisas empiricas mostraram que melhorar o
gerenciamento dos instrumentos cirargicos oferece uma oportunidade para reduzir
significativamente os desperdicios de se ter instrumentos redundantes e/ou bandejas
ineficientes (Mhlaba et al., 2015; Weiss et al., 2016; Ahmadi et al., 2019). Nesse
sentido, conhecer as abordagens e técnicas utilizadas na racionalizagdo de BCs pode

contribuir para reduzir a variabilidade deste processo.

Diante disso, foram identificadas trés abordagens principais na literatura sobre

racionalizacdo/otimizacdo de BCs (analise de especialistas, praticas lean e
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programacdo matematica) que retnem diversas técnicas dentro de cada abordagem,
gue foram usadas para atingir objetivos de reducdo de desperdicios (i.e., reducdo da
variabilidade). Programacédo matematica foi a abordagem utilizada com o objetivo de
contemplar um dos argumentos levantados pelo lean (reduzir a variabilidade), como
forma de propor um meio para resolver o problema de composicdo de bandejas

cirdrgicas no hospital objeto deste estudo.

Reconhecendo a necessidade de lidar com os problemas a medida que surgem, o
Lean adota o principio Jidoka, que da autonomia aos trabalhadores da linha de frente
para que possam detectar e corrigir os problemas antes que eles ocorram em cascata
(Vinodh e Joy 2012; Deuse et al., 2020). Jidoka também reconhece que o0s
trabalhadores da linha de frente podem precisar de apoio para lidar com os problemas.
Assim, inclui a pratica da Cadeia de Ajuda (do inglés, Help Chain - HC), definida como
um procedimento padronizado de resolucdo de problemas envolvendo o lider da
equipe e os funcionarios das areas de apoio, visando a rapida retomada do fluxo
produtivo (Tortorella e Fettermann 2018; Flinchbaugh 2007).

A HC tipica define os individuos especificos que devem ser chamados em momentos
de necessidade, seguindo uma légica linear de solicitar auxilio a escalbes superiores
se os escalbes inferiores ndo forem capazes de restabelecer a produgéo dentro de um
prazo predefinido (Sting & Loch 2016). Na area da saude, devido a alta complexidade,
0 pressuposto de linearidade da HC preconizado pelo lean pode né&o ser viavel. Varios
autores (e.g., Roemeling et al., 2017; Ferreira e Saurin, 2019; Salehi et al., 2021)
consideram a salde como o setor que sintetiza o conceito de sistemas sociotécnicos
complexos devido a caracteristicas como alta incerteza; portanto, uma resposta rapida

e eficiente a variabilidade pode contribuir para manter a resiliéncia dos processos.

De maneira geral, o conhecimento da literatura e, mais profundamente, de todas as
etapas que compdem o processo de montagem de BCs, revelou a existéncia de
diversos problemas que podem afetar a qualidade das BCs. Na maioria dos casos,
esses problemas estdo relacionados, mas ndo se limitam, a falha de comunicagéo
entre os profissionais do CME e de outras unidades consumidoras de BCs, falta de um
procedimento padrdo de montagem e lista de instrumentos desatualizadas. Sendo
assim, tomando o outro argumento levantado pelo Lean sobre como os sistemas
respondem a variabilidade, foram mapeadas e desenhadas as Cadeias de Ajuda para
resolucéo de cinco problemas dentro do mesmo hospital, desenvolvendo dessa forma,
uma abordagem que da visibilidade a cadeia de ajuda (com métricas como

centralidade do ator e sua disponibilidade) de cada problema analisado.
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Como limitacdo para a investigagdo empirica de HC na saude e em outros setores, a
literatura nédo fornece prescri¢cdes claras sobre como projetar uma HC — por exemplo,
como definir os participantes da HC e quais areas de apoio devem ser incluidas. Dada
a falta de teoria enxuta especifica sobre HCs, foi utilizada a Andlise de Redes Sociais
(SNA) como lente tedrica. A SNA permite mapear, medir e analisar as interacfes
sociais entre atores ou grupos de atores, seja amizade, trabalho em grupo ou a

simples troca de informacdes (Borgatti et al., 2009; Sloane & O'Reylli, 2013).

Portanto, diante deste contexto, sdo colocados dois caminhos que surgem como
promissores e que norteiam a presente tese. O primeiro diz respeito as a¢cbes que
visam reduzir a variabilidade do processo, isto €, a racionalizagdo e otimizacdo das
bandejas cirtrgicas. O segundo se refere a como este processo e os profissionais
envolvidos respondem a variabilidade, ou seja, dando visibilidade aos problemas e
desenhando HCs eficientes. O setor onde este estudo foi desenvolvido € um Centro de
Materiais e Esterilizacdo (CME) de um hospital publico materno infantil, localizado na
cidade de Porto Alegre/RS. Sendo assim, algumas questdes de pesquisa foram
estabelecidas para guiar a tese. Em primeiro lugar: (i) qual é a literatura existente
sobre racionalizacdo de bandejas cirdrgicas em organizacdes de saude? (ii) quais sédo
as principais abordagens e técnicas relatadas para racionalizacdo de bandejas
cirargicas?; (iii) quais sdo as areas impactadas pela racionalizagdo, considerando o
desempenho operacional e econémico?; e (iv) quais sdo as lacunas de pesquisa na
literatura sobre racionalizacdo de BCs que poderiam ser organizadas em uma futura
agenda de pesquisa?. Em segundo lugar, levando em conta que o CME € o local que
armazena os instrumentos cirurgicos e distribui para as unidades que solicitam e que,
por essa razéo, as relacbes sociais entre os colaboradores passa a ser de singular
importancia, surge a questdo: (i) como uma HC em servicos de saude pode ser
modelada e interpretada sob a 6tica da analise de redes sociais? e (ii) quais sdo os
pontos em comum e as diferencas entre as perspectivas lean e SNA das HCs?.
Somando-se a isto, verifica-se que estas questdes levantadas para processos na area

da saude séo bastantes restritas e pouco exploradas na literatura recente.
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1.1 Temadatese

O funcionamento com qualidade dos sistemas de saude é um elemento que pode ter
um impacto direto para os cidaddos. No entanto, 0 aumento da procura por servigcos
de saude e recursos cada vez mais escassos estao desafiando o sistema publico de
saude. Como resposta a essas restricbes, gerentes e profissionais de saude tém
trabalhado em conjunto para adaptar praticas industriais de melhorias de processo,
como o Lean, para operacdes de saude (Leite et al., 2022). O Lean oferece diversos
caminhos para se obter a reducdo de desperdicios em muitos tipos de processos.
Nesta tese, foi usada a visdo do Lean para demonstrar como se obter a reducéo da
variabilidade (através da racionalizacao/otimizacdo de bandejas e instrumentos
cirdrgicos) e como responder a variabilidade inevitavel (dando visibilidade as cadeias
de ajuda dos principais problemas que ocorrem na montagem de BCS e de que forma

podem ser solucionados).

1.2 Objetivo da Tese

O objetivo geral desta tese é fornecer contribuicdes tedrico-praticas no campo da
gestdo de operacdes na area da saude em um Centro de Materiais Esterilizados
(CME).

Para que seja possivel alcancar o objetivo geral deste trabalho, € necessério atingir os

seguintes objetivos especificos:

a) ldentificar as abordagens e técnicas utilizadas na racionalizacao e otimizagao

de bandejas cirtrgicas com base na literatura.

b) Entender as etapas que formam o processo de racionalizagédo e otimizacdo de
bandejas cirtrgicas e propor técnicas que possam contribuir para a reducéo da

redundancia de instrumentos.

c) Investigar quais sdo os principais problemas que estdo relacionados aos
instrumentos cirargicos no CME e em outras duas unidades (Bloco Cirurgico e

Centro Obstétrico).

d) Discutir como a HC dos problemas € imaginada (work-as-imagined) e como é

operacionalizada (work-as-done).

e) Levantar os instrumentos cirdrgicos utilizados nas bandejas basicas pelos 38

procedimentos realizados hospital.
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f) Desenvolver um modelo matematico personalizado para otimizar o uso das

bandejas basicas abrangendo os 38 procedimentos analisados.
g) Propor novas configuracdes de bandejas basicas.

1.3 Justificativa do tema e dos objetivos

O tema desta tese envolve duas areas principais: (i) estudo sobre racionalizacéo e
otimizacdo de bandejas cirtrgicas e (i) desenho de HCs envolvendo trés
departamentos do hospital a fim de evitar a interrupgdo de processos quando
problemas sé&o identificados. A area (i) tem recebido destaque nos ultimos anos. A
utilizacao de técnicas que abordam adequadamente a complexidade da montagem de
uma BC e que ao mesmo tempo possua apenas 0s instrumentos que serao utilizados
no procedimento tem sido evidenciada em estudos recentes (Fogliatto et al., 2020;
Cardoen et al., 2015). No entanto, pouco se sabe sobre quais técnicas se adequam
melhor a cada uma das etapas do processo de racionalizacdo de BCs. Do ponto de
vista da otimizagdo de BCs, a ideia de se usar bandejas modulares pode permitir a
combinacdo de instrumentos que sirvam a varias especialidades, a fim de responder
de maneira conveniente a demanda das unidades que consomem o0S materiais
hospitalares. Em relacéo a éarea (ii), € essencial que se tenha mapeado os problemas
gue podem eventualmente surgir relacionados a montagem de BCs e que sdo
distribuidas para as unidades consumidoras, pois dessa maneira € possivel criar
mecanismos que evitem a interrupcdo dos processos. Seguindo nessa linha,
propomos o0 uso da SNA para desenhar as HCs que funcionam entre trés
departamentos do hospital, demonstrando o work-as-imagined, isto €, as HCs como
imaginada pelas equipes, e contrapondo com o work-as-done, que € como

efetivamente as HCs sao funcionam.

1.4 Delineamento do Estudo

Definidos os objetivos da tese e apresentada a justificativa da importancia desta
pesquisa, esta secdo estabelece o delineamento do estudo pelo qual esses objetivos
serdo alcancados, considerando o método de pesquisa e o método de trabalho

utilizados.
1.4.1 Método de Pesquisa

A pesquisa realizada nesta tese é classificada como qualitativa e quantitativa.
Abordagens qualitativas tém énfase na interpretacédo subjetiva dos individuos e no

delineamento do contexto da pesquisa (Miguel, 2012). Abordagens quantitativas
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utilizam-se de métodos logico-dedutivos, explicando relagdes de causal/efeito e, por
meio da generalizacdo de resultados, tornando possivel replicd-los em cenérios e
segmentos distintos do que apresentados neste estudo (Berto e Nakano 2000). Ambas
as abordagens sao Uteis para estudos exploratérios, 0os quais sao caracterizados pela

investigacdo de fendmenos recentes e novos.

7

Em relacdo aos objetivos, esta tese € classificada como pesquisa exploratéria e
aplicada. Segundo Gil (2008), a pesquisa exploratéria tem como finalidade o
esclarecimento e delimitacdo de um tema buscando proporcionar uma nova
perspectiva do problema. A natureza aplicada se deve ao interesse na aplicacao,
utilizacdo e consequéncias praticas dos conhecimentos gerados buscando solucionar

problemas especificos.
1.4.2 Método de Trabalho

A tese esté estruturada em trés artigos com objetivos especificos, os quais auxiliam o
atingimento do objetivo geral da tese. Cada artigo e objetivo explorado faz referéncia a
um campo de conhecimento abordado dentro da gestdo de operacdes em sistemas de
saude. A estrutura do trabalho, os temas dos artigos, seus objetivos e métodos séo
apresentados na Tabela 1. Cabe ressaltar que os artigos séo apresentados no formato
de submissdo aos perioddicos internacionais estando, portanto, escritos em lingua

inglesa.

Artigo 1 - Approaches to the rationalization of surgical instrument trays: scoping review
and research agenda (Abordagens para a racionalizagdo de bandejas de instrumentais
cirdrgicos: revisao de escopo e agenda de pesquisa) — Foi conduzida uma reviséo de
escopo da literatura para identificar e mapear as evidéncias disponiveis sobre o
gerenciamento de BCs. Além disso, foi utilizada a metodologia PRISMA para
estruturacdo dos resultados da busca por artigos. Foram revisados quarenta e oito
artigos sobre Racionalizacdo de Bandejas Cirurgicas (do inglés, Surgical Tray
Rationalization - STR), que foram agrupados de acordo com suas principais
abordagens propostas: analise de especialistas, praticas enxutas e programacao

matematica.

Artigo 2 — Social network analysis to map help chains in health services: moving from
linearity to complexity (Andlise de redes sociais para mapear cadeias de ajuda em
servicos de saude: da linearidade a complexidade). O uso da SNA para mapear HCs
foi testado em um hospital materno infantil, onde foram analisadas HCs relacionadas a

cinco problemas. Os problemas diziam respeito ao fornecimento de instrumental
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cirrgico do Centro de Materiais e Esterilizagcdo (CME) para o Bloco Cirtrgico (BC) e
Centro Obstétrico (CO). Foram analisados o0s cinco problemas mais frequentes
relatados pelo gerente do CME. A SNA foi utilizada para desenhar as cinco redes de
HC dos problemas, mostrando as interacdes entre os envolvidos na resolugcédo. O
pressuposto de linearidade da HC com base na producdo enxuta ndo se confirmou

quando confrontado com a complexidade dos servicos de saude estudados.

Artigo 3 - A mathematical model for optimizing surgical trays: Case study in a Brazilian
hospital (Modelo matematico para otimizacdo de bandejas cirdrgicas: um estudo de
caso em um hospital brasileiro). Um modelo matematico customizado foi desenvolvido
para lidar com o problema de otimizacdo de bandejas cirurgicas, conhecido na
literatura como Tray Optimization Problem (TOP). Atualmente, o hospital combina trés
bandejas bésicas para oferecer uma maior abrangéncia no atendimento de 38
procedimentos cirargicos. Nosso modelo matemético, mantém a quantidade de

bandejas, mas oferece trés novas configuracdes de bandejas basicas, buscando obter

uma maior eficiéncia.

Table 1. Estrutura das etapas da pesquisa desenvolvida

s ~ . . .- Método de
Estudos Objetivo Questdes de Pesquisa Revisdo Teoérica Pesquisa
RQ1. Qual é a literatura existente
Identificar sobre STR em organizacdes de 1. Abordagens
abordagens e saude? éra racio?laliza 50
técnicas utilizadas RQ2. Quais sao as principais para racion ¢
. R . e otimizagédo de
para racionalizagdo abordagens e técnicas relatadas BCs Pesquisa
e otimizacao de para STR? - quis .
: I . 2. Técnicas para qualitativa:
Artigo 1@ Bgr]d(e_jas RQ3' Quais 80 as areas racionalizagdo e reviséo
Cirtrgicas (BCs) e impactadas pelo STR, T - ”
v . otimizacdo de BCs sistematica de
propor as técnicas  considerando o desempenho o ;
! ; N 3. Etapas do bibliografia
mais adequadas operacional e econdémico? rocesso de
de acordo com a RQ4. Quais sédo as lacunas de Eacionaliza 50 de
etapa de pesquisa na literatura STR que BCs &
racionalizacdo poderiam ser organizadas em
uma futura agenda de pesquisa?
Identificar
probl_emas RQ1. Como uma HC em servicos Pesqw;a
relacionados a . qualitativa e
. de saude pode ser modelada e AU
instrumentos ; " . quantitativa:
S interpretada sob a 6tica da 1. Cadeias de
cirirgicos e como Jlise de red e ud Coleta e
Artigo 2 ®  s&o anaise e reces sociais: auaa interpretag&o de
. . RQ2. Quais sdo os pontos em 2. Analise de redes
operacionalizadas . - dados com
: comum e as diferencas entre as  sociais.
as cadeias de : base nas
; s perspectivas lean e SNA das P
ajuda entre trés HCs? métricas de
departamentos do ’ SNA

hospital
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Desenvolver um

modelo
matematico Pesquisa
customizado para quantitativa:
otimizar bandejas 1. Coleta de
. c béasicas que 1. Otimizagéao de dados

Artigo 3@ atendem todos os N/A bandejas cirlrgicas 2. Elaboragéo
procedimentos do modelo
cirargicos 3. Discusséo
analisados de um dos resultados

hospital publico
materno infantil

(a) Artigo publicado no periédico BMC Health Services Research.
(b) Artigo publicado no periédico International Journal of Production Research (IJPR)

(c) Artigo em desenvolvimento; submisséo mais provavel para International Journal of Production Research (IJPR)
1.5 Delimitacfes do Estudo

No campo da gestdo de BCs, a gestdo de instrumentos, realizada dentro do CME, que
abastece diversos departamentos do hospital com materiais cirdrgicos, tem sido
identificada como uma atividade complexa e intensiva em recursos devido a
inventarios néo padronizados, instrumentos cirargicos redundantes e ciclos de
esterilizacdo desnecessarios (Ribes-lborra et al., 2022). Além disso, se calcula que
pode haver uma economia significativa associada a reducéo de instrumentos em BCs
(Cardoen et al., 2015; Weeks et al., 2022). No entanto, o calculo do impacto financeiro,
reflexo da redugdo de instrumentos e otimizacdo de BCs, ndo faz parte do escopo
desta tese. No que tange a racionalizacdo e otimizacdo de BCs, foram avaliados
apenas dados de impacto operacional, ou seja, que podem interferir diretamente na

performance dos processos do CME e das unidades por esse atendidas.

No campo da analise das HCs, a literatura ainda é bastante incipiente. A HC tipica
define os individuos especificos que devem ser chamados em momentos de
necessidade, seguindo uma légica linear de buscar ajuda de pessoas em posicdes
hierarquicas superiores se pessoas abaixo dessa hierarquia nao forem capazes de
restabelecer a producdo dentro de um prazo predefinido (Sting e Loch, 2016). Essa
l6gica, na area da saulde, acaba sendo confrontada pela complexidade do sistema,
onde deve-se levar em consideracao variaveis como disponibilidade, confiabilidade e
agilidade das pessoas. Essas e outras variaveis podem influenciar no design da HC
gue sera formada para cada problema identificado. A pesquisa foi limitada a explorar
os fluxos de informacdo nas HCs, ndo estendendo a analise para incluir outros

elementos, como andons e rotinas de aprendizagem para o gerenciamento diario.
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1.6 Estrutura da Tese

Esta tese esta organizada em quatro capitulos principais. No Capitulo 1 foram
introduzidos o problema, o tema a ser desenvolvido, bem como os objetivos,
justificando a importancia da pesquisa dos pontos de vista académico e pratico. O
capitulo também apresentou o método de trabalho, a estrutura e as delimitagdes do
estudo. Na sequéncia, os capitulos 2, 3 e 4 apresentam o0s artigos propostos,
conforme estrutura apresentada na Tabela 1. O Capitulo 5 aborda as consideracdes

finais.
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4. ARTIGO 3 — A mathematical model for optimizing surgical trays: Case study

in a Brazilian hospital

Abstract

The operating rooms (ORs) constitute a significant portion of revenue while also
generating waste. Therefore, enhancing efficiency and reducing waste become a high
priority. Our goal was to develop a customized mathematical model to optimize the
quantity of instruments in Basic Trays (BTs) to meet the demand for 38 surgical
procedures. Data regarding the number of instruments used for each procedure,
composition of BTs, and frequency of procedure occurrences were provided by the
analyzed hospital. The intervention of the proposed approach resulted in a significant
reduction in the quantity of instruments (37.50%), a notable increase in overall
efficiency (from 58.40% to 76.12%), and a considerable reduction in instrument excess
in BTs (from 53.66% to 24.63%). The intervention of the proposed approach
demonstrates gains for the hospital. Combining the mathematical model with expert
assessments can enhance the optimization of BTs. Improving the organization of trays
can alleviate stress and prevent adverse events, allowing managers to focus on other
value-added tasks for patients. Financial benefits could not be investigated due to
limited understanding of how departments record monetary information. Achieving
measurable and significant time savings is possible by examining instrument utilization
rates and reducing redundancy in trays, leading to a reduction in performance

variability and an overall improvement in efficiency.

Keywords: Help chain, Social network analysis, Lean production, Complexity, Health

services.
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4.1. Introduction

Many hospitals are even more focused on strategies to improve operational
performance and reduce costs. Perioperative services are often examined, as they
frequently represent a significant portion of a hospital's budget (Macario et al., 1995;
Canadian Institute of Health Information, 2020). In addition, surgical instruments are
also a considerable expense for hospitals. Managerial efforts to control the related
costs have gone beyond the main processes to include secondary ones, previously
ignored. One such secondary process that has recently received attention is the
Surgical Tray (ST) optimization (Dollevoet et al., 2018). Each ST is a container that
holds surgical instruments (Malone et al., 2019), and is equipped with the necessary

items for conducting a set of procedures.

The appropriate STs design provides a minimal set of essential instruments, facilitating
the performance of a maximum number of procedures within a specialty (Fogliatto et
al., 2020). Additionally, eliminating unnecessary or redundant instruments in STs can
result in time savings (Fogliatto et al., 2018), reduce sterilization time (Yoon et al.,
2019), ergonomic risks (Ahmadi et al., 2019), unnecessary instrument purchases
(Harvey et al., 2017), operational effort, and increase the cost savings in Operating
Rooms (ORs) (Humphries et al.,, 2018), without negative effects on patients
(Greenberg et al.,, 2012; Harvey et al.,, 2017). However, despite the advantages,
previous studies have demonstrated that hospitals design inappropriate STs. For
example, Stockert and Langerman (2014) observed that about 83% of the instruments
in STs were not necessary for the surgeries. Mhlaba et al. (2015) identified a set of STs
with low instrument utilization rates, reaching about 14% and 29%. Similarly, Koyle et

al. (2018) reported that only 42% of the instruments in pediatric trays were used.

Formally, the management of STs involves four primary inquiries: (i) the selection of
instruments to be included in the STs; (i) determining the quantities required; (iii)
identifying which STs are utilized for specific surgical procedures; and (iv) establishing
the optimal inventory levels for each type of ST. While (i) and (ii) are influenced by the
preferences of surgeons, (iii) and (iv) hinge on the frequency and scheduling of
procedures within the surgical center (Ahmadi et al., 2019). These inquiries can be
addressed in the literature by mathematical optimization problems, named Tray
Optimization Problem (TOP).

Despite the importance and significant impact of surgical tray management, there have
been relatively few studies dedicated to addressing this topic. Previous

implementations of ST optimization have often been expert-driven, involving labor-
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intensive efforts focused on a small set of trays (Dos Santos et al., 2021). On the other
hand, past studies based on mathematical programming models have typically tested
models with simulated data due to the difficulty of obtaining real instrument usage data.
The grouping (or assembly) of surgical instruments has many advantages; however,
the actual design of trays is a complex combinatorial problem. In this study, we
employed a linear programming approach to address the basic tray composition
problem in a maternal and child hospital. The model presented in this research differs
from other studies by incorporating the frequency of occurrence of 38 procedures
performed in a maternal and child hospital as a weighting factor. This approach is used
to propose new compositions for basic surgical trays that cater to all analyzed

procedures.

This article is organized as follows. Section 2 provides a literature review of
mathematical programming models used in the context of surgical tray optimization.
Section 3 presents the method, detailing the development of the multi-objective linear
programming model used for surgical tray configurations. Section 4 provides the results
of the proposed mathematical formulation, Section 5 presents the discussion, and

finally, Section 6 concludes the study.

4.2. Background

Surgeons are particular about the instruments used during surgeries once these
ensure comfort during stressful surgeries (Cichos et al., 2017). The Central Sterile
Supplies Departments (CSSD) processes and assembles the Basic Trays (BT) that are
then distributed to operating rooms (OR) to meet the specific needs of each procedure
(Morris et al., 2014; Van Meter and Adam, 2016). However, there are often errors in
determining the number and types of instruments required for each set (Cichos et al.,
2017), resulting in an excess of instruments in the BTs (Humphries et al., 2018). Even
if these instruments are not used, they need to be sterilized and repackaged due to
being exposed to the environment, which leads to a waste of financial and human

resources (Yalamanchi et al., 2022).

Dos Santos et al. (2021) conducted a literature review on the reduction of the number
of STs and instruments on STs. The authors analyzed 48 papers published until
October 2020 and identified a focus on three main approaches: Specialist Review
(SR), Lean Thinking (LT), and Mathematical Programming (MP). This section presents
a brief literature review of the papers published in the last few years that used MP
models to create more efficient surgical trays. For a comprehensive overview of this

topic, please refer to the review by Dos Santos et al. (2021).
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Ahmadi et al. (2023) addressed the inefficiency in the use of surgical instruments due
to the lack of optimized configurations in STs. The study proposes a probabilistic
optimization model for configuring STs based on the probability of instrument usage.
The model provides decision support for surgeons by presenting the optimized
probability of tray usage and the associated costs of resterilization. The method
incorporates both a heuristic and a meta-heuristic algorithm. The study highlights
potential benefits for hospitals, such as reducing costs associated with the
unnecessary opening of STs before a procedure. It includes a risk analysis to estimate

confidence in the recommended solution.

Deshpande et al. (2023) discuss that surgeries account for over 60% of hospital costs,
with 15% allocated to instruments. Despite this, less than 20% - 30% of provided
instruments are actually used. In this study, the authors proposed a mathematical
optimization model to configure STs with the aim of reducing costs associated with
unused instruments. The implemented methodology resulted in a 54% reduction in
unused instruments. When compared to expert recommendations, the model
demonstrated higher efficiency (20% less excess) and fewer instances of missing

instruments.

Toor et al. (2022a) evaluated the effectiveness of a personalized mathematical model
in optimizing STs compared to traditional clinical review. Using 80 orthopedic
procedures as a basis in a large academic hospital, they recorded instrument usage
and observed processes in instrument reprocessing departments and the operating
room to quantify associated costs. The proposed mathematical model resulted in a
significant reduction of 47% in the number of instruments, leading to an annual savings
of approximately $34,440 compared to the clinical review, which achieved a 23%
reduction. The combination of the model's information with the clinical review further

reduced instruments by an additional 22%, resulting in savings of $14,230.

Toor et al. (2022b) conducted an intervention study focused on standardizing STs for
laparoscopy, with the goal of achieving cost savings. To achieve this, they developed a
mathematical inventory optimization model to configure a standardized tray and
determine its minimum stock quantity. The mathematical model took into account
constraints such as the use of instruments from specific trays but did not consider the
frequency of each procedure. There was a significant reduction in the number of
instruments in the proposed STs (391 — 255), and an increase in surgeon satisfaction

in the operating rooms.
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Harris and Claudio (2021) addressed the issue of allocating surgical instruments to
trays and assigning them to specific surgical procedures within the framework of the
Tray Optimization Problem (TOP). The proposed mathematical model optimized the
allocation of instruments in STs, taking into account factors such as current inventory,
surgical demand, surgeon preferences, and human factors. In contrast to previous
approaches that treated instrument requests as strict constraints, this proposed model
introduced flexibility by incorporating expected rates of non-utilization through goal
programming. The model improved expected instrument utilization rates compared to

the baseline, reducing the number of unused instruments in various scenarios.

The literature-reviewed studies presented some points that still require attention,
highlighting the need for advancements in research on the TOP. Firstly, few of these
studies incorporated the frequency of procedure occurrences in the objective function,
limiting the ability to adapt solutions to real demands. Additionally, many studies
focused on a limited number of specialties, sometimes addressing only one, which can
limit the applicability of the conclusions to a broader spectrum of surgical practices. The
absence of metrics measuring the reduction in inefficiency, such as the excess of
instruments before and after modeling, also represents a significant gap. On the other
hand, our study comprehensively addresses these deficiencies. By considering the
frequency of procedure occurrences in the objective function, we employed a multi-
objective mathematical model and evaluated 38 specialties, aiming to provide a more
holistic approach. Furthermore, our model optimizes the quantity of instruments in an
optimal manner to cater to all specialties, providing a solution that enhances efficiency
and reduces inefficiency. These improvements position our study as a significant

contribution to advancing this topic in the healthcare domain.

4.3. Method

4.3.1 Research design

This study was carried out in a public hospital in Southern Brazil. The hospital serves
more than 20 medical specialties and has 200 inward beds and approximately 800
employees. There are four operating rooms in the surgical center, and more than 1,000
procedures were performed between January and August 2022. The sterile unit stores
around 700 surgical instruments, some organized in kits by procedure type (over 50
are offered), and others stored individually. Jointly, the surgical center and the center of
sterilized materials comprise 80 employees. The research project was approved by the
hospital's ethics committee (CAEE 50610221.3.0000.5329).
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The CSSD plays a crucial role in the operational flow of the hospital, serving as the
central point for receiving and processing all surgical instruments necessary for
carrying out the 38 mapped surgical procedures. The process of assembling STs within
the CSSD consists of seven steps. Upon arrival at the CSSD, a meticulous process
begins to ensure the proper sterilization of instruments (steps 1 - 3). However, it is in
step 4 that the actual assembly of the tray takes place, representing a crucial moment
to ensure that all necessary instruments are ready for use. A specific challenge arises
in the assembly of STs, which pertains to which and how many instruments will
compose each ST. This type of problem is classified in the literature as the Tray
Optimization Problem (TOP) and is typically associated with the development of a

mathematical model. The CSSD workflow is presented in Figure 10.

Currently, the CSSD assembles 15 STs that cater to individual procedures and 3 BTs
(basic tray 1, basic tray 2, and basic tray 3) that are configured to cover a broader
range of procedures. The BTs are combined to meet the demand for the remaining
procedures. The TOP addressed in this research focuses on finding an optimized
solution that increases the efficiency of the BTs (i.e., quantity of instruments per tray)
and reduces the instruments redundance (i.e., excess instruments per tray) to

adequately meet the needs of the 38 surgical procedures.
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Figure 1. Process flow of Surgical Trays in the CSSD
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4.3.2 Data

The hospital being studied has shared a historical record corresponding one year of
surgeries. The data base contains information about all types of surgeries performed,
along with their frequency and the instruments required. The frequency and demand for
instruments associated with each surgery are available for consultation in the
supplementary material. The BTs are currently composed of a total of 216 instruments,
divided into three trays. The hospital combines surgical trays to meet the demand/
however, due to the lack of detailed information on which trays are combined, we
consider that the BTs are always combined integrally, i.e., all the instruments contained

in the three BTs are made available to the surgeon.

Four metrics pertaining to the composition of the new BTs will be discussed: (i) overall
efficiency, (ii) number of instruments, (iii) % BT meeting procedure demand, and (iv) %
BT exceeding procedure demand. The overall efficiency is defined as a combination of
the total percentage of demand for instruments met and the total percentage of
demand for instruments exceeded across all considered surgeries. The fulfilled
demand (iii) refers to the quantity of instruments of any type necessary for the analyzed
surgeries and present in the BTs. The metric, calculated for each surgery and
averaged, is determined by the ratio of the total fulfiled demand to the total required

demand for each type of instrument.

On the other hand, the exceeded demand (iv) represents the quantity of instruments of
any type required for the analyzed surgeries and present beyond the requested
guantity in the BTs. The calculation of (iv), calculated for each surgery and averaged, is
determined by the ratio of the total demand exceeded for instruments of any type to the
maximum demand that can be exceeded. Here, were adopt an upper bound for the
total number of instruments that can be added to the surgical trays for each type of
instrument. The upper bound is the maximum required demand for each type of
instrument, considering all analyzed surgeries. Thus, the maximum demand that can
be exceeded, for each type of instrument, is calculated as the difference between the
upper bound and the required demand. Details about the mathematical model are

presented in Section 3.3.
4.3.3 Mathematical Model

Let I be a set of instruments and J a set of surgeries. Each surgery j € J is performed
at a frequency f; and requires a certain number of instruments i € I, represented by

dij. Furthermore, let K denote a collection of trays, wherein each one is characterized
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by a designated capacity denoted as C (i.e. the upper limit on the number of

instruments that can be accommodated within a given tray). The problem consists of

assigning a set of instruments [ € [ to a set of trays K € K, which combined must

fulfill the instruments' demand of each surgery as much as possible, with a low humber

of instruments in excess in all trays. The variables and parameters of the model are

presented in Table 12.

Table 2. Parameters and decisions variables in the mathematical formulation

Notation Description
Parameters
F Number of surgeries carried out for one year
C Maximum tray capacity
a Coefficient to establish the lower bound of capacity to each tray k
fi Number of surgeries of type j carried out for one year
a; Maximum quantity of instrument type i demanded over all surgeries
d;j Demand for instrument type i by surgery j
Vib The minimum number of trays to be formed
Yub The maximum number of trays to be formed
Variables
Vij 1if tray k is used, O otherwise
Xik Quantity of instruments type i assigned to tray k
e Quantity of instruments type i required by surgery j that have not been fulfilled
ngj Quantity of instruments type i in excess to what is demanded by surgery j
a; Percentage of demand fulfilled for instruments of all types required by surgery j
b Percentage of demand exceeded for instruments of all types required by

surgery j
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Given the previous definitions, the problem under study may be formulated as follows.

(1-b)+aq
e Ul @
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ax F
EijZdij_zxik Vielje] @)
kek
ng = ink_dij Vielje] 3)
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The objective function (1) aims to maximize the overall efficiency of the instrument
trays, considering the frequency of surgeries and prioritizing the efficiency of more
frequent surgeries. Efficiency is defined as a weighted combination of the percentage
of demand fuffilled (a;) and the percentage of demand exceeded (b;) for each surgery,
drawing from the concept of cell design group efficiency (Greene and Sadowski, 1984).
We parallel instrument trays with production cells, aiming to accommodate the
surgery’s instruments demand as much as possible within the trays and as little as
possible outside them, i.e., through individual instruments or small instrument kits. This
approach seeks to optimize the allocation of instruments, aligning with the efficiency

principles of cell layout design concepts.

The set of constraints (2), which allows the calculation of variables e;;, refers to the

total number of instruments type i demanded by surgery j that are not allocated to the
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trays. In opposition, the set of constraints (3), which allows the calculation of variables
n;;, refers to the total number of instruments type i demanded by surgery j that are
allocated to the trays in excess to what is required by the surgery. Variables e;; and n;;
are instrumental in computing the overall percentage of fulfilled (a;) and exceeded
instruments (b;) for each surgery. Variables a; are calculated using the set of

constraints (4) and variables b; by the set of constraints (5).

The set of constraints (6) ensures that instruments are allocated for a tray only if the
tray is being used for any surgery, and, at the same time, sets a lower and upper
bound for the number of instruments allocated in each tray. The upper bound is defined
as the tray’s capacity, while the lower bound is a percentual (a € [0,1]) of the maximum
capacity. Similarly, constraints (7) define a lower and upper bound for the number of
used trays, limiting the total number of trays formed. Finally, constraints (8)-(11) define
the variables and parameters’ domains. Constraint (8) defines Y as a binary variable,
constraint (9)-(10) as positive integral variables (i.e. Z*), and constraint (11) defines

variables a; e b; as positive real variables (i.e. R™) contained in the interval [0,1].
4.4, Results and Discussion

The proposed mathematical model was implemented using the Julia programming
language, through the JuMP package. The model was solved using Gurobi 10.1.0. In
the following subsection, we provide a direct comparison between the results of the

mathematical model and the current hospital scenario.
4.4.1 Base Scenario

Three configurations for basic trays (BT) were generated based on the mathematical
model. These configurations underwent a comparative analysis with the current BTs
configuration employed by the hospital. Utilizing the existing configuration as a
reference, two parameters were established for the mathematical model: (i) the tray
capacity (C) was defined as 89 instruments (i.e., the maximum instrument capacity
within the three BTs currently operational at the hospital), and (i) the maximum
instrument allocation per tray was set at half of its full capacity (i.e., an approximation
of the low-capacity basic tray currently in use by the hospital). Additionally, for direct
alignment with the hospital's ongoing operations, the minimum (y;;,) and maximum

(yvup) number of BTs in use were stipulated as three trays.
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Table 13 provides a comprehensive analysis of the current configuration of BTs. To
ensure consistency in instrument identification, a specific coding system was chosen,
using the format 'l + instrument number' (e.g., I1, 12, etc.). It is noted that the quantity of
instruments in each BT varies. Regarding the utilization of instruments in each BT for
the 38 procedures, BT1 showed the highest utilization percentage (17.04%), followed
by BT2 (14.65%) and BT3 (13.22%). This indicates that, even with fewer instruments in
the tray, BT1 demonstrated higher efficiency in meeting the demand for procedures

compared to the other two BTSs.

Table 3. Current composition of Basic Trays

Instruments BT1 BT2 BT3
11 2 2 1
12 2 1 2
I3 0 1 0
14 1 0 4
15 2 0 0

1138 0 1 1
1139 1 0 0
1140 2 0 1
1141 2 1 2
1142 1 4 1
Total 46 81 89

The performance of the BTs was assessed considering the four metrics presented in
section 3.2. The objective function in eq. (1) seeks to maximize overall efficiency. To
achieve this, a weighting is applied using the procedure occurrence frequency (F), the
percentage of instruments meeting demand, and the percentage of instruments
exceeding demand. The current overall efficiency of BTs assembled by CSSD and
distributed to surgical centers is 58.40% (with a total of 216 surgical instruments). The
parameter a; resulted in 73.62%, i.e., the percentage of instruments, considering the
three basic trays, that meet the demand for the 38 surgical procedures is 73.62%. On
the other hand, the percentage of instruments exceeding demand (b;), with a result of
53.66%, indicates that the BTs have more instruments than effectively used by

surgeons. These performance results are summarized in Table 14.

Table 4. Performance of current BT scenario

Metric Value
Overall efficiency 58.40%
Number of instruments 216

BT meets the demand of procedures - a; 73.62%
BT exceeds the demand of procedures - b; 53.66%
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As previously mentioned, the mathematical model was parameterized with three
surgical trays, which is the quantity currently used by the hospital. The number of
instruments assigned to each BT was 45 instruments, totaling 135 surgical instruments
to meet the demand for the same 38 surgical procedures. Instruments that were not
grouped into any of the three trays are considered standalone instruments that may or
may not be requested by the surgeon, depending on the surgery. In this regard, it is
noteworthy that the mathematical model considers the combination of the three BTs to
meet the demand for procedures. Table 15 presents the composition of the BTs

obtained through the mathematical model.

Table 5. Composition of BTs generated by the mathematical model

Instruments BT1 BT2 BT3
11 1 0 9
12 0 4 0
I3 1 4 0
14 2 1 1
I5 1 2 9

1138 0 0 1
1139 3 0 1
1140 2 2 1
1141 0 1 0
1142 1 2 0
Total 45 45 45

Regarding the performance of the BTs generated by the mathematical model,
improvements are observed in all analyzed metrics. Even with a smaller number of
instruments per tray, the overall efficiency increased to 76.12%, while the instrument
demand met (q;) for procedures was 77.46%. The significant improvement, in addition
to the lower number of instruments in the BTs, was in the reduction of the quantity of
excess instruments (b;), decreasing from 53.66% to 24.63%. Table 16 presents the

results generated by the model considering new BTs configuration.

Table 6. Performance of optimized BTs

Metric Value
Overall efficiency 76.12%
Number of instruments 135

BT meets the demand of procedures - g; 77.46%
BT exceeds the demand of procedures - b; 24.63%

Comparing the current BTs with those generated by the proposed model, a significant
reduction in the number of instruments in each BT is evident. The overall reduction in

surgical instruments was approximately 37.50% (from 216 to 135). This reduction may
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bring benefits to the hospital across various dimensions, such as cost savings in
instrument sterilization, improved inventory organization, enhancements related to the
reduced weight of trays (particularly during transportation), better organization of
instruments within the tray (preventing nurse technicians and surgeons from wasting
time searching for instruments), among other advantages. While these aspects were
not specifically addressed in this study, numerous research studies have demonstrated
operational and financial gains resulting from the reduction of instruments in surgical
trays (Cichos et al., 2017; Yoon et al., 2019; Capra et al., 2019; Toor et al., 2022b).

Figure 11 illustrates the magnitude of the reduction achieved in the analyzed BTs.

g5 L 4
75

o5 B 49.44%

[i]
s B 44.44%

5 B 2,1?%1

35
BT1 BT2 BT32

Current BTs BTs generated by model

Figure 2. Reduction in the number of surgical instruments in each BT

In this study, we developed a customized mathematical model to maximize the
efficiency of meeting the demand for 38 surgical procedures using three basic trays.
The number of trays is a crucial factor for surgeons, clinical, and operational staff
(Dobson et al., 2015; Capra et al., 2019). The results reported in Table 5 show that,
considering the analyzed metrics, storing fewer instruments in the BTs would result in
better performance in meeting the demand for instruments required for procedures
performed in the hospital. From a practical standpoint, trays with redundant instruments
can affect various hospital-related aspects, with the most critical ones having a direct
impact on the patient (Van Meter et al., 2016; Looner et al., 2021). Consequently,
reassessing the tray inventory is crucial and can prevent errors in tray assembly from
being propagated further (Ahmadi et al., 2019). However, optimizing the inventory of
surgical instruments requires a high level of coordination to ensure success. Smaller
guantities of trays and instruments could be achieved by aligning surgeons' needs,

instrument availability, and procedure frequency periodically.
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Several studies report the high costs associated with the processing and reprocessing
of hospital materials (Morris et al., 2014; Cichos et al., 2017; Yalamanchi et al., 2022),
emphasizing that these costs can compromise the materials department budget if not
controlled (Toor et al., 2022a). Cost savings in these operations could be beneficial for
both hospitals and patients (Capra et al., 2019). Although this study does not aim to
demonstrate the financial impact of the achieved efficiency increase, it is implicit that
reaching this goal would result in cost reduction for the hospital. The implementation of
standardized BTs in terms of instrument quantity would not incur any direct expenses

and would enable the recovery of many surgical instruments for reuse.

Another indirect benefit of tray optimization relates to the flow of patients in the
operating rooms (ORs). Adjusting the practice of procedure planning and scheduling
becomes possible when there is an understanding of inventory capacity (Ahmadi et al.,
2019). Zhang et al. (2009) demonstrated how an enhanced allocation of capacity for
specialties, combined with the suitability of surgical trays for procedure needs, reduced
patient length-of-stay in the OR. Such reduction and the increase in OR utilization
impact not only patient flow but also financial gains for hospitals (Cardoen et al., 2015).

The efficiency and satisfaction of professionals are other aspects positively impacted
by the optimization of STs. Studies have reported efficiency gains in operating rooms
(Greenberg et al., 2012; Humphries et al., 2018), tray assembly (Fogliatto et al., 2018;
Belhouari et al., 2023), and professional satisfaction (Capra et al., 2019; Harris and
Claudio, 2021). These findings align with the results obtained through the customized
mathematical model presented in this study, as it is understood that the improvement in

the demonstrated metrics would also reflect gains in the operational dimension.

Another likely benefit of optimizing STs is the reduction of physical work required by
teams operating in ORs and CSSD personnel when handling lighter trays. Trays used
in a surgical procedure can be heavy, ranging from 13.2 kg to 16.8 kg (Farrelly et al.,
2017). Reducing the weight of STs has a direct impact on alleviating the physical
workload for the professional handling STs through a workday. Such reduced weight
would result in less repetitive physical work for perioperative services teams and

surgical technicians.

4.5. Conclusion

In this article, we developed a solution approach for the Tray Optimization Problem
(TOP). In TOP, the composition of instrument trays, their assignment to surgeries, and

the number of trays are simultaneously determined. The customized mathematical
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model developed in this study takes into account the analysis of the demand for
surgical instruments for 38 procedures, which may require not only specific trays, but

also basic trays assembled to cover a broader range of specialties.

Our findings indicate the need for periodic reviews of all STs, especially BTs, which
have a broader scope and may require instrument modifications more frequently. From
a theoretical perspective, the result generated by the mathematical model considered a
set of constraints aimed at ensuring that BTs efficiently meet the demand for surgeries
for each procedure. The reduction in the number of instruments (approximately
37.50%), the increase in overall efficiency (from 58.40% to 76.12%), and the reduction
of excess instruments/redundant instruments in BTs (from 53.66% to 24.63%)
demonstrate that our approach alone would yield gains for the hospital in various
dimensions. The optimization of BTs could be even more positive if the developed
mathematical model were combined with expert evaluations regarding the use of
surgical instruments. From a practical standpoint, the results suggest that less time
would be required to assemble the STs, freeing the CSSD team for other tasks.
Similarly, a smaller number of instruments per BT would likely result in fewer
instruments to count during and after surgeries, allowing the OR team to focus on the
patient's needs.

This study presents several limitations. Firstly, the model was parameterized with the
quantity of BTs set at three, which is the number used by the analyzed hospital. This,
to some extent, limits the optimization. Additionally, the quantity of instruments
comprising each BT may not fully reflect the current reality of the hospital, as the
documents provided with the quantities, according to the CSSD manager, were not
updated for at least three months. Another limitation is the absence of monetary
quantification resulting from the optimization of BTs. Although the study found new
optimized configurations of BTs through the model, assigning a monetary value was
not possible due to a lack of information regarding the purchase of instruments/material
processing by the hospital. Future research can explore various directions. Creating
diverse scenarios for optimizing STs using the approach presented in this study may
reveal further opportunities for improvement. Additionally, characterizing cost savings
and assessing the impact on all aspects of procedure time, sterilization, assembly, and

transportation could enhance the robustness of result presentations.
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5. CONSIDERACOES FINAIS

Duas preocupacfes principais desafiam a industria da saude em todo o mundo
(Ahmadi et al., 2019): redugéo dos investimentos publicos e o aumento da demanda
por cuidados. Em tais cendrios, é particularmente aconselhavel realizar esfor¢os de
gestdo para aprimorar os processos de saude, visando aumentar a eficiéncia e
fortalecer a resiliéncia em nivel sistémico. Muitos pesquisadores tém visto as préaticas
do Lean (filosofia de melhoria continua surgida no setor industrial) como um caminho
que pode ser seguido para, ao mesmo tempo, (i) reduzir a variabilidade dos processos
e (i) responder a variabilidade inevitavel. Isso gera um questionamento sobre a
aplicabilidade de alguns pressupostos preconizados pelo Lean em um cenario de alta

imprevisibilidade, como o setor da salde.

Nesse sentido, esta tese buscou explorar os campos de conhecimento (i) e (ii), e
fornecer abordagens que pudessem contribuir para uma melhoria holistica no campo

de gestdo de operagdes no setor da saude.

Inicialmente, foram identificadas e classificadas as abordagens usadas para a
racionalizacdo de BCs. Foi realizada uma revisdo de escopo da literatura que mapeou
as evidéncias mais recentes sobre a gestdo de BCs. 48 artigos foram analisados e
agrupados em trés principais abordagens: Andlise de Especialistas (AE), Préticas
Lean (PL) e Programacdo Matematica (PM). Os achados desses estudos
demonstraram o impacto da reducdo de instrumentos cirirgicos em bandejas em duas
dimensdes: operacional e econdmica. Além disso, foi possivel identificar as principais
técnicas utilizadas na otimizacdo de BCs. Demonstrou-se, através dos resultados das
pesquisas, que quando existe a combinacdo de técnicas e abordagens (AE, PL e/ou
PM), os hospitais podem obter beneficios em muitas diregdes. Para desenvolver uma
abordagem gue contemplasse o campo de conhecimento (i), foi utilizada a abordagem
de PM. O modelo matematico levou em consideragdo a analise da demanda por
instrumentos cirdrgicos para 38 procedimentos, que podem requerer ndo apenas
bandejas especificas, mas também bandejas bésicas (do inglés, Basic Trays — BTS)
montadas para cobrir uma gama mais ampla de especialidades. Identificou-se a
necessidade de revisdes periddicas mais frequentes especialmente em bandejas de
escopo mais amplo, que é o caso das BTs. Como resultado, se obteve uma reducéo
significativa na quantidade de instrumentos que compdem as BTs do hospital, tendo
reflexo na reducéo da variabilidade, uma vez que o modelo indica que a eficiéncia do

uso das bandejas, e consequentemente dos instrumentos aumentaria cerca de 18%.

43



Essa investigacdo inicial acerca das abordagens e técnicas utilizadas para a
racionalizacdo de bandejas cirargicas, revelou que alguns aspectos, como a falta de
comunicacao e a falta de padronizacéo, podem refletir em erros na montagem de BCs,

podendo interromper a distribuicdo de BCs as unidades consumidoras.

Diante disso, foram identificados os principais problemas que incidem sobre o
processo de montagem de BCs. Esses problemas estdo relacionados ao CME
(unidade que monta as BCS) e ao centro cirlrgico e centro obstétrico (principais
unidades que as utilizam). Uma nova abordagem foi desenvolvida para o design de
HCs, utilizando Andlise de Redes Sociais (SNA) para demonstrar a complexidade do
sistema e fornecer visibilidade a caminhos alternativos para a resolucdo de cada
problema. A SNA destacou a complexidade das HCs dos cinco problemas
identificados, revelando o papel de cada profissional na HC de cada problema.
Mudltiplos caminhos para solucionar problemas envolvem pessoas fora da estrutura
tradicional das HCs. A rede de multiplas camadas permite investigar a contribuicdo
individual em sistemas complexos, onde o melhor desempenho nem sempre esta
ligado a um ator especifico. Conhecimento prévio das caracteristicas dos atores é
crucial na formacdo de equipes eficazes. As premissas lineares desafiadas pela SNA

ndo sédo intrinsecamente incorretas, sendo adequadas para sistemas mais simples.

Em resumo, esta pesquisa mostra uma ampla investigagdo sobre o tépico de
racionalizagdo/otimizacdo de bandejas cirargicas e suas ramificages, fornecendo
contribuicbes para a gestdo de operagbes de hospitais e, sobretudo, para os
interessados nos processos que permeiam os CMEs. Através desta pesquisa, essa
tese de doutorado responde as questdes de pesquisa propostas e o objetivo geral, que
foi de fornecer contribuigBes tedrico-pratica no campo da gestdo de operacées em um
CME de um hospital publico. Os resultados trazem uma contribuicdo adicional as
pesquisas anteriores sobre o tema e constituem uma peca Unica e original que oferece
contribuicbes relevantes para académicos, pesquisadores e gestores da area da

salde.

Este estudo apresentou limitagcdes que podem ser abordadas por pesquisas futuras.
Em primeiro lugar, esta tese foi desenvolvida considerando o cenario de apenas um
hospital, que foi usado como base para o desenvolvimento das abordagens propostas.
No entanto, comparacbes com outros hospitais, de portes e regibes distintas,
enriqueceria os resultados e proporcionaria mais insights. Além disso, a demonstracéo
do impacto financeiro, que seria um reflexo natural das abordagens propostas neste

estudo, ndo foi investigada. Portanto, estudos futuros poderiam caminhar nessa
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direcdo, explorando as nuances das abordagens propostas nesta pesquisa e

combinando com analises exploratdrias do contexto econdmico-financeiro.
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