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À CAPES - Fundação Coordenação de Aperfeiçoamento de Pessoal de Nı́vel Superior, pelo financia-

mento do meu curso de pós-graduação.

iv



RESUMO

Esta dissertação apresenta um panorama do sistema de saúde brasileiro, com ênfase no

caso do Estado de Pernambuco. A gestão de sistemas de saúde se manifesta sob a forma

geral de longas filas de espera, que são analisados neste contexto, incluindo algumas

abordagens que têm sido propostas e implementadas em Pernambuco, a fim de resolver

o problema. Um modelo de crescimento econômico ótimo destacando o setor de saúde,

e, em seguida, operando em conjunto, os setores de saúde e educação, é proposto. Os

resultados do prinćıpio do máximo de Pontryagin aplicado a este modelo mostram os

benef́ıcios mútuos para ambos os setores e os seus efeitos no bem-estar da sociedade. Um

estudo de caso de filas de espera no Hospital da Restauração, em Recife, Pernambuco, é

apresentado.

Palavra-chaves: Hospital da Restauração do Recife, Teoria das filas, Filas, Setor de

Saúde, Suspensão Cirúrgicas, Modelo de Controle Ótimo
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ABSTRACT

An overview of the Brazilian health care system is presented, with an emphasis in

the Pernambuco state case. One central issue concerning health systems management

manifests itself under the general form of long waiting lines, which are then here analyzed

in this context, including some approaches that have been proposed and implemented in

Pernambuco in order to tackle the problem. An optimal economic growth model high-

lighting the health sector, and then, operating jointly, the health and education sectors, is

proposed. The results of the Pontryagin Maximum Principle applied to this model show

the mutual benefits for both sectors and their effects in the community welfare. A case

study of queueing systems in Hospital da Restauração (an emergency hospital) in Recife,

Pernambuco, is presented.

Key-words: Hospital da Restauração do Recife, Queueing Theory, Queue, Waiting

Lines, Health Sector, Surgery Suspensions, Optimal Control Model
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Chapter 1 INTRODUCTION

1 INTRODUCTION

W a it in g lin e s a r e e ve r y w h e r e .

1 .1 P r o le g o m e n a

H
ow much time d o w e w a s t e in lin e s p e r w e e k ? W a it in g lin e s is a ll a r o u n d u s a n d

it s e e m s w e c a n n o t e s c a p e fr o m t h e m . Q u e u e s in vo lve h ig h c o s t s n o t e a s ily p e r -

c e ive d , r e la t e d w it h t h e c lie n t s w a it in g fo r s e rvic e , d e c r e a s e d c lie n t s s a t is fa c t io n , s a la r ie s

p a id t o e m p lo y e e s w h ile t h e y w a it fo r s e rvic e fr o m o t h e r s e rve r a n d c o s t s in c u r r e d b y

s o c ie ty .

T o r e d u c e t h e q u e u e s , t h e a d m in is t r a t o r s h o u ld d e c id e t h a t a g ive n p e r c e n t a g e o f e n t r y

le ve l c lie n t s m a y n o t b e a llo w e d t o w a it fo r s e rvic e lo n g e r t h a n a c e r t a in t im e . O r h e m a y

c h o o s e t o m in im iz e t h e t o t a l a m o u n t o f m o n e y s p e n t o n t h e o p e r a t io n . A c c o r d in g t o

S ic ilia n i et al. (2007), t h e r e is a le ve l o f w a it in g t im e s t h a t m in im iz e s t h e t o t a l c o s t s .

A b o ve t h is le ve l, h ig h e r w a it in g t im e s in c r e a s e e s t a b lis h m e n t c o s t s . T h e r e s e a r c h o f t h e

a u t h o r s d e fi n e d t h a t t h e le ve l o f w a it in g t im e s w h ic h m in im iz e s t o t a l c o s t s in h o s p it a ls is

a lw a y s b e lo w t e n d a y s .

T h e im p o r t a n c e o f s t u d y in g q u e u e s is m o r e t h a n ju s t d e t e r m in in g t h e lo g is t ic s t r u c -

t u r e . Q u e u e in g t h e o r y c a n im p r o ve t h e o p e r a t io n o f t h e s y s t e m t h r o u g h a b a la n c e o f t h e

p r o c e s s e s t o e lim in a t e b o t t le n e c k s . T h e m a in o b je c t ive is t o r e d u c e t h e u n c e r t a in ty a b o u t

t h e a r r iva l r a t e a n d t h e le n g t h o f s e rvic e . T h e im p a c t o f t h is va r ia b le s in t h e s e rvic e s

p e r fo r m a n c e c a n b e e s t im a t e d a n d t h e s u p p ly c a n b e p la n n e d (c o n t r o lle d ) b a s e d o n t h e

e s t im a t io n , s o t h e s y s t e m c a n b e o p t im iz e d . H o s p it a l q u e u e s a r e n o t m u c h s t u d ie d in

B r a z il y e t .

T h e H e a lt h M in is t r y o f B r a z il c r e a t e d t h e Q u a li-S U S t o r e d u c e t h e q u e u e s a n d t h e

t im e s p e n t o n t h e m : a s y s t e m t h a t a t t e n d s a c c o r d in g t o t h e s e ve r ity , n o t a c c o r d in g t o

t h e o r d e r o f a r r iva l. A ft e r t h e r e c e p t io n b y a t e a m o f p r o fe s s io n a ls , t h e p a t ie n t g o e s t o a

s c r e e n in g w h e r e h is r is k is m e a s u r e d . T h e c la s s ifi c a t io n is r e d (a n d t h e p a t ie n t h a s t o b e

a t t e n d e d im m e d ia t e ly ), y e llo w (t h e p a t ie n t c a n w a it s 15 m in u t e s a t m a xim u m ), g r e e n
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(t h ir t e e n m in u t e s ) a n d b lu e (t h e p a t ie n t c a n w a it u n t il t h r e e h o u r s ). F o r t h a t s t r u c t u r e

t o w o r k , t h e e m e r g e n c y o f t h e ‘H o s p it a l d a R e s t a u r a ç ã o ’ o f R e c ife h a d t o b e r e fo r m u la t e d

w it h d iff e r e n t e n t r ie s fo r d iff e r e n t p a t ie n t s . T h e H o s p it a l d a R e s t a u r a ç ã o in R e c ife is t h e

la r g e s t u n it o f t h e P e r n a m b u c o ’s P u b lic H e a lt h S y s t e m w it h t h e m o r e c o m p le x e m e r g e n c y

a n d t r a u m a d e p a r t m e n t s in t h e N o r t h / N o r t h e a s t o f B r a z il.

1 .2 J u s t ifi c a t io n

T h e q u e u e in g in p u b lic s e rvic e s , s o -c a lle d fr e e , a r e c o n s e q u e n c e s o f t h e in e vit a b le

e xc e s s o f d e m a n d fo r “ fr e e s e rvic e ”. T h e p o p u la t io n c a n n o t n o t ic e t h e p r ic e p a id t o fa c e

t h e s e q u e u e s : t im e a n d t a xe s . T h e w a it in g lin e in h e a lt h s e c t o r is a w a y o f p r io r it iz a t io n ,

t r e a t in g t h e u r g e n t c a s e s w h ile d e t e r r in g t h e p a t ie n t s t h a t w ill h a ve le s s b e n e fi t s . S o , a s

e xp e c t e d , t h e m a in b o t t le n e c k is in t h e e le c t ive t r e a t m e n t s . E le c t ive p r o c e d u r e is t h e o n e

w h ic h is s c h e d u le d in a d va n c e b e c a u s e it d o e s n o t in vo lve a m e d ic a l e m e r g e n c y . A lt h o u g h

n o n -e m e r g e n c y , if n o t a p p r o p r ia t e ly a n s w e r e d , t h e s e p a t ie n t s c a n h a ve a h e a lt h w o r s e n e d

w h a t c a n le a d t h e m t o d e a t h .

A n y q u e u e r e la t e d t o t h e h e a lt h s e rvic e w ill a ff e c t it s p e r fo r m a n c e . N o t o n ly t h e

m e d ic a l q u e u e s , b u t a n y q u e u e s t h a t c a n r e d u c e t h e p a t ie n c e , a t t e n t io n o r m o o d o f d o c t o r s

a n d n u r s e s . F o r e xa m p le , t h e p a r k in g lo t q u e u e s , t h e e le va t o r q u e u e s a n d t h e r e s t a u r a n t

q u e u e s .

H is t o r ic a lly , t h e B r a z ilia n p u b lic h e a lt h s e rvic e s h a ve b e e n c o n s t r u c t e d b a s e d o n t h e

s u p p ly . M o r e t h a n a n im p r o ve m e n t in t h e c h a in it is n e c e s s a r y a g o o d a d m in is t r a t io n o f

t h e e xis t e n t r e s o u r c e s . In o r d e r t o im p r o ve p e r fo r m a n c e o f t h e s y s t e m , w it h b e t t e r m a n -

a g e m e n t o f t h e r e s o u r c e s , t h e d y n a m ic o f h e a lt h q u e u e s a n d a ll q u e u e s in vo lve d s o m e h o w

w it h t h e h e a lt h s e c t o r n e e d t o b e u n d e r s t o o d , s o a d m in is t r a t o r s c a n m a t c h t h e ir o b je c -

t ive s w it h t h e s p e c ifi c is s u e t h a t w a s t e t im e . T h is w o r k a n a ly s e s t h is d y n a m ic p r o p o s in g

s u g g e s t io n fo r o p t im iz in g t h e h o s p it a l r e s o u r c e s .
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1 .3 Ob je c t iv e s

1.3.1 General Objective

T h e a im o f t h is w o r k is t o a n a ly s e t h e n e tw o r k q u e u e in g s y s t e m in t h e P e r n a m b u c o ’s

H e a lt h S e c t o r a n d t o e s t a b lis h c o n d it io n s t o o p t im iz e t h is s y s t e m .

1.3.2 Specific Objectives:

1. T o a n a ly s e t h e in s t it u t io n a l a r r a n g e m e n t o f t h e P e r n a m b u c o ’s H e a lt h S y s t e m ;

2. T o s t a b lis h c o n n e c t io n s b e tw e e n t h e in s t it u t io n a l m a p in t h e P e r n a m b u c o ’s H e a lt h

S y s t e m a n d t h e q u e u e s ;

3. T o a n a ly s e q u e u e s in t h e r e s t a u r a n t , e le va t o r s a n d t h e p a r k in g lo t a t ‘H o s p it a l d a

R e s t a u r a ç ã o ’ o f R e c ife ;

4. T o e la b o r a t e a n d d e ve lo p a n e c o n o m ic g r o w t h m o d e l fo r t h e H e a lt h a n d E d u c a t io n

S y s t e m s b a s e d o n t h e m o d e l b y S t a m fo r d d a S ilva a n d C a m p e llo d e S o u z a (2008);

5. T o s u g g e s t a c t io n s t o r e d u c e t h e q u e u e p r o b le m s a n a ly s e d .

1 .4 Me t h o d o lo g y

T h e s c ie n t ifi c m e t h o d a d o p t e d in t h e fi r s t p a r t o f t h e s t u d y w a s t h e e xp lo r a t o r y a n a ly s is

w it h t h e g o a l o f a c q u ir in g a n in d ic a t o r o f t h e d y n a m ic s o f t h e h e a lt h s e c t o r a t t h e H o s p it a l

d a R e s t a u r a ç ã o . T h e b a s ic s t e p s o f t h e p r o c e d u r e : P la n n in g a n d d e ve lo p m e n t o f t h e

r e s e a r c h q u e s t io n n a ir e s , d a t a c o lle c t io n , p r e vie w a n a ly s is o f t h e d a t a , lit e r a t u r e r e vie w , a

p r io r i k n o w le d g e t o e xp la in t h e r e s e a r c h r e s u lt s .

F o r t h e s e c o n d p a r t o f t h e a n a ly s is , t h e o p t im a l c o n t r o l m o d e l, it w a s a d o p t e d t h e

h y p o t h e t ic a l-d e d u c t ive a n a ly s is w h ic h is a m e t h o d o f a t t e m p t s a n d e r r o r s in w h ic h t h e

a b s o lu t e ly r ig h t a n d d e m o n s t r a b le k n o w le d g e is n o t r e a c h e d .
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1 .5 In t r o d u c t o r y No t e

T h is w o r k s t a r t e d w it h t h e c a s e s t u d y o f t h e r e s t a u r a n t o f t h e ‘H o s p it a l d a R e s t a u r a ç ã o ’.

In S e p t e m b e r o f 2011, t h e g r o u p o f s t u d e n t s in t h e P r o b a b ilis t ic S y s t e m C la s s w e n t t o

t h e h o s p it a l t o d o t h e r e s e a r c h a m o n g t h e u s e r s o f t h e r e s t a u r a n t – h o s p it a l s t a ff a n d

c o m p a n io n s .

In t h e fi r s t p a r t o f t h e r e s e a r c h t h e s t u d e n t s d is t r ib u t e d t h e s u rve y a m o n g t h e e m -

p lo y e e s t o m e a s u r e t h e ir p e r c e p t io n a b o u t t h e w a it in g t im e s in t h e q u e u e . In t h e s e c o n d

p a r t o f t h e r e s e a r c h , t h e s t u d e n t s m e a s u r e d t h e t im e in t h e q u e u e .

A ft e r t h e r e s t a u r a n t q u e u e r e s e a r c h , w e e xp e c t e d t o h a ve a c c e s s t o t h e d a t a b a s e o f

p a t ie n t s fl o w in fo r m a t io n . A ft e r fe w m o n t h s , w e d id n o t h a ve a c c e s s t o t h is d a t a b a s e

b e c a u s e o f p r o b le m s w it h t h e s t a ff r e s p o n s ib le fo r it s s u p p ly . T h a t is w h y it w a s d e c id e d

t o d e ve lo p a n o p t im a l c o n t r o l m o d e l fo r t h e h e a lt h s e c t o r .

1 .6 St r u c t u r e o f t h e Dis s e r t a t io n

T h e w o r k is s t r u c t u r e d in s ix c h a p t e r s , p r e s e n t in g in t h e fi r s t o n e (In t r o d u c t io n ) a

g e n e r a l in t r o d u c t io n w it h t h e c o n t e xt u a liz a t io n o f t h e p r o b le m , t h e o b je c t ive s o f t h e

d is s e r t a t io n , ju s t ifi c a t io n a n d m e t h o d o lo g y u s e d .

T h e C h a p t e r 2 h ig h lig h t s p r o b le m s a n d t h e p o t e n t ia lity o f t h e r e la t io n s h ip b e tw e e n

a g e n t s in t h e h e a lt h s y s t e m , s p e c ia lly in P e r n a m b u c o .

C h a p t e r 3 e xp la in s t h e q u e u e in g t h e o r y a n d m a k e s a lit e r a t u r e r e vie w o f o t h e r w o r k s

d o n e in t h is t h e m e .

C h a p t e r 4 a n a ly s e s h o w t h e g o ve r n m e n t is in ve s t in g t o r e d u c e t h e q u e u e s . T h e r e a r e

a ls o m a n a g e m e n t a c t io n t o s o lve g e n e r a l h e a lt h q u e u e s p r o b le m s .

T h e C h a p t e r 5 s t u d ie s t h e c a s e o f t h e H o s p it a l d a R e s t a u r a ç ã o in R e c ife p r e s e n t in g

t h e h o s p it a l c h a r a c t e r is t ic s a n d t h e n t h e r e s t a u r a n t q u e u e r e s e a r c h w it h it s r e s u lt s .

C h a p t e r 6 s h o w s t h e o p t im a l c o n t r o l m o d e l s t a r t in g w it h a n e xp la n a t io n a b o u t t h e

d y n a m ic s y s t e m s , t h e m o d e l a n d it s r e s u lt s .

F in a lly , c h a p t e r 7 p r e s e n t s t h e c o n c lu s io n s a n d c o m m e n t s o f t h e w h o le w o r k .
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2 TH E H E A L TH S E CTOR

“It should be noted that the subject is the medical-care industry, not health.

The causal factors in health are many, and the provision of medical care is only

one. Particularly at low levels of income, other commodities such as nutrition,

shelter, clothing, and sanitation may be much more significant.”

(Arrow , 1 9 6 3 . p. 9 3 1 )

2 .1 Th e B r a z ilia n H e a lt h Sy s t e m

U
p t o 70% o f t h e e xp e n s e s in t h e B r a z ilia n h e a lt h s e c t o r is c o n c e n t r a t e d in t h e

p u b lic a n d p r iva t e h o s p it a ls . In E u r o p e a n d N o r t h A m e r ic a t h is r e la t io n s h ip is

40% t o 50% . In B r a z il, a n y s y m p t o m is a r e a s o n t o g o t o t h e h o s p it a l. B u t a lo t o f t h e s e

s y m p t o m s c o u ld b e t r e a t e d in t h e a m b u la t o r y o r in t h e ‘P r im a r y H e a lt h C a r e S e rvic e ’

(S e rviç o d e A t e n ç ã o B á s ic a ) w it h m in o r c o s t s . T h is is t h e a r g u m e n t o f t h e L a F o r g ia

˙ C o u t t o le n c (2008). In a n in t e rvie w fo r V a lo r E c o n #o m ic o n e w s p a p e r , C o u t t o le n c s a id

e ve r y o n e c o m p la in s a b o u t t h e la c k o f in ve s t m e n t s in h e a lt h a n d in h o s p it a ls , b u t n o o n e

s a y s t h a t 30% , a t le a s t , o f t h e h o s p it a liz a t io n s s h o u ld n o t e xis t .

T h e P r im a r y H e a lt h C a r e is t h e fi r s t le ve l o f a t t e n t io n in t h e h e a lt h s y s t e m . E ve r y

m u n ic ip a lity m u s t h a ve it w it h q u a lity a n d a d e q u a t e fo r it s p o p u la t io n . It is t h e s e t

o f a c t io n s a n d m in im u m s t r a t e g ie s n e e d e d t o a n a p p r o p r ia t e c a r e o f t h e lo c a l h e a lt h

p r o b le m s . W it h t h e e vo lu t io n o f t h e m e d ic in e , s o m e p r o c e d u r e s t h a t u s e d t o r e q u ir e t h e

c o n fi n e m e n t o f t h e p a t ie n t is n o w d o n e in t h e a m b u la t o r y . B e s id e s , t h e a d va n c e o f t h e

P r im a r y H e a lt h C a r e a n d t h e C o m m u n ity H e a lt h A g e n t a r e r e s p o n s ib le fo r le s s h o s p it a l

t r e a t m e n t s in t h e la s t fe w y e a r s . A lt h o u g h t h e t e c h n o lo g ic a l a d va n c e a n d t h e fa c t t h a t t h e

B r a z ilia n H e a lt h S y s t e m w a s c r e a t e d t o g u a r a n t e e t h e d is t r ib u t io n o f h e a lt h a s s is t a n c e fo r

a ll p o p u la t io n , t h e c o n s t it u t io n d e fi n it io n s d id n o t c r e a t e c a p a c ity fo r t h e S U S h o s p it a ls

t o a t t e n d a ll p o p u la t io n , a s it u a t io n w o r s e n e d b y t h e d e m o g r a p h ic g r o w t h . It d e m a n d s

im p r o ve m e n t o f t h e a t t e n d in g s t r u c t u r e . A n d it s e e m s t h e r e is a d is c o n n e c t io n b e tw e e n

e xp e n d it u r e a n d r e s u lt s . T h e n , it is n o t o n ly in c r e a s in g t h e in ve s t m e n t in h e a lt h , b u t

in c r e a s in g t h e g u a r a n t e e o f t h e in ve s t m e n t in e ve r y in s t a n c e a n d r e q u ir in g r e s u lt s .

5



Chapter 2 TH E H E A L TH S E CTOR

T h e s o c io e c o n o m ic c o n d it io n s a ff e c t t h e p e r s o n ’s h e a lt h a n d c o n s e q u e n t ly t h e p o p u -

la t io n ’s h e a lt h . A p e r s o n c a n b e c o m e ill o r s u ff e r fr o m a m o t o r c y c le a c c id e n t . In e a c h

c a s e h e is s ic k . A w h ile t h e fi r s t s it u a t io n c a n b e a n t ic ip a t e d , t h e s e c o n d o n e is p u r e ly r a n -

d o m ly a n d t h e h e a lt h s y s t e m d e a l w it h b o t h . M a n y m id d le a n d h ig h in c o m e B r a z ilia n s

c o ve r e d b y p r iva t e in s u r a n c e u s e t h e S U S o c c a s io n a lly , p a r t ic u la r ly b y h ig h -c o m p le xity

s e rvic e s o r fo r s e rvic e s n o t c o ve r e d b y p r iva t e in s u r e r s (L a F o r g ia ˙ C o u t t o le n c , 2008).

T h e h e a lt h q u a lity a n d life e xp e c t a n c y a r e r e la t e d t o t h e p r o d u c t ivity c a p a c ity o f a p e r -

s o n . T h e h e a lt h s it u a t io n m o d ifi e s t h e p r o d u c t ive c a p a c ity o f a c o u n t r y . A n d t h a t is w h y

g o ve r n m e n t s a r e c o m m it t e d t o t h e h e a lt h s e c t o r .

F o r t h e a n a ly s is o f t h e p u b lic h o s p it a ls p e r fo r m a n c e , G o n ç a lve s et al. (2007) a p p lie d t h e

D a t a E n ve lo p m e n t A n a ly s is . T h e a u t h o r s u t iliz e d t h e C o n s t a n t R e t u r n s t o S c a le m o d e l

t o g e n e r a t e s c o r e s a n d e va lu a t e e ffi c ie n c y o f t h e h e a lt h u n it ie s , r a n k in g t h e m a c c o r d in g t o

t h e r e s u lt . S in c e t h e t o o l s h o w e d e ffi c ie n c y t o a va ila b ility o f t h e p e r fo r m a n c e o f h o s p it a ls ,

F r e it a s (2002) a p p lie d t h e s a m e m e t h o d t o a n a ly s e t h e R e c ife H e a lt h C o m p le x F a c ilit ie s

(t h e s o c a lle d R e c ife M e d ic a l C e n t e r , P ó lo M é d ic o d o R e c ife ). H e s h o w e d t h e r e is a

r e d u c e d n u m b e r o f e ffi c ie n t h o s p it a ls w h e n it is im p o s e d c o n s t a n t r e t u r n s t o s c a le . T h e

h e a lt h s y s t e m h a s a p r o b le m o f s u s t a in a b ility , r e p r e s e n t e d b y a va r ie ty o f fa c t o r s . T h e

m o s t im p o r t a n t is t h e e xc e s s ive u t iliz a t io n o f t h e m e d ic a l p r o c e d u r e s . H o s p it a ls b la m e

h e a lt h in s u r a n c e b e c a u s e t h e y d o n o t a d ju s t t h e p r o c e d u r e s p r ic e s a n d t h e h e a lt h in s u r a n c e

b la m e t h e h o s p it a ls a b o u t u n n e c e s s a r y p r o c e d u r e s (F r e it a s , 2002).

2.1.1 T h e H ealth U niq u e Sy stem (SU S)

A h e a lt h s e rvic e c r e a t e s p o s it ive e xt e r n a lit ie s b e c a u s e t h e in d ivid u a l h e a lt h p r o vid e s

b e n e fi t s b e y o n d t h e in d ivid u a l. A p u b lic g o o d is a n o n -e xc lu d a b le a n d n o n -r iva l g o o d . It

m e a n s t h a t t h e u s a g e o f t h e g o o d d o e s n o t r e d u c e t h e a va ila b ility t o o t h e r s a n d o n c e is

p a id , it is n o t p o s s ib le t o p r e ve n t p e o p le w h o h a ve n o t p a id fo r it fr o m h a vin g a c c e s s t o t h e

u s e o f t h e s e rvic e o r g o o d . T h e p u b lic h e a lt h s y s t e m d o e s n o t d r ive fo r p r o fi t . A s s o c ia t e d

w it h t h is , t h e la c k o f in ve s t m e n t t o t h e b a s ic in fr a s t r u c t u r e h a s s e r io u s c o n s e q u e n c e s o n

it s s e rvic e q u a lity .

T h e H e a lt h U n iq u e S y s t e m w a s c r e a t e d b y c o n s t it u t io n a l d is p o s it io n s in 1988 a n d
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im p le m e n t e d u n d e r t h e H e a lt h M in is t r y in 1991 b y t h e la w . T h e B r a z ilia n H e a lt h U n iq u e

S y s t e m is o n e o f t h e la r g e s t p u b lic H e a lt h S y s t e m o f t h e w o r ld , a n d it is t h e o n ly o n e

t o g u a r a n t e e in t e g r a l a n d c o m p le t e ly fr e e a s s is t a n c e fo r a ll p o p u la t io n , in c lu d in g H IV

p a t ie n t s , c h r o n ic r e n a l p a t ie n t s a n d c a n c e r p a t ie n t s (F N S , n .d .). T h e H e a lt h U n iq u e

S y s t e m w a s c r e a t e d w it h t h e g o a l o f c h a n g in g t h e in e q u a lity o f d is t r ib u t io n in t h e p o p u -

la t io n h e a lt h a s s is t a n c e . F o r t h a t r e a s o n , t h e s e rvic e is a va ila b le fo r a n y c it iz e n a n d it is

fo r b id d e n a n y c h a r g in g u n d e r a n y c o n t e xt .

T h e S U S is fu n d e d b y t h e d u t ie s p a id b y p o p u la t io n . T h e d e m o c r a t iz a t io n o f t h e

r e le va n t in fo r m a t io n im p lie s t h a t t h e p o p u la t io n is a w a r e o f it s r ig h t s a n d r is k s t o t h e

h e a lt h . B u t t h e u n ive r s a lity o f t h is p u b lic h e a lt h s y s t e m t a k e s a n e xc lu s io n a r y c o n n o t a t io n

b e c a u s e o f t h e c o n ju g a t e d e ff e c t o f tw o m e c h a n is m s : t h e m ig r a t io n o f t h e p e o p le w it h

m id d le a n d h ig h in c o m e t o t h e p r iva t e s y s t e m ; a n d t h e r a t io n in g o f t h e p u b lic s y s t e m

s u p p ly (R ib e ir o , 2009). T h e h e a lt h s y s t e m b e fo r e S U S h a d n o t t h e e q u a lity o b je c t ive

d e s p it e it s r o b u s t n e s s , s o it is h u g e t h e im p o r t a n c e o f g u a r a n t e e in g t h e a c c e s s t o t h e

h e a lt h s e rvic e b e c a u s e it is a lig n e d w it h t h e c o n s t it u t io n , w h ic h d o e s n o t m e a n t h a t t h e

s y s t e m is e ffi c ie n t .

T h e H e a lt h U n iq u e S y s t e m is a r e s p o n s ib ility o f t h e fe d e r a l, s t a t e a n d m u n ic ip a l g o v-

e r n m e n t s . T h e fe d e r a l r e s o u r c e s c o r r e s p o n d t o 70% o f t h e t o t a l, a n d h a s b e e n t r a n s fe r r e d

t o s t a t e a n d m u n ic ip a l d is t r ic t b y d ir e c t t r a n s fe r e n c e o f t h e N a t io n a l H e a lt h F u n d (F u n d o

N a c io n a l d e S a ú d e , F N S ) w h ic h o p e r a t io n a liz e s t h e fi n a n c in g o f d e t e r m in e d a c t io n s . T h e

fe d e r a l g o ve r n m e n t is s t ill r e s p o n s ib le fo r m o s t o f t h e H e a lt h U n iq u e S y s t e m fi n a n c in g ,

b u t t h e p a r t ic ip a t io n o f m u n ic ip a l d is t r ic t h a s b e e n g r o w in g u p . In d e p e n d e n t ly w h ic h

g o ve r n m e n t le ve l m a d e t h e p a y m e n t o f a s e rvic e , t h e S U S u t iliz e s t h e s a m e In fo r m a t io n

S y s t e m fo r a m b u la t o r y s e rvic e (A m b u la t o r y In fo r m a t io n S y s t e m ) a n d fo r h o s p it a l (H o s -

p it a l In fo r m a t io n S y s t e m ). A ls o fo r t h e p a y m e n t o f t h e s e rvic e , t h e p u b lic s y s t e m u t iliz e s

a u n iq u e “ p r ic e s h e e t ” d e fi n e d b y t h e M in is t r y o f H e a lt h . T h e t r e n d is t o d e c e n t r a liz e t h e

s y s t e m , s o t h e m u n ic ip a lit ie s c a n a s s u m e t h e r e s p o n s ib ility fo r d e live r in g t h e s e rvic e .

T h e M in is t r y o f H e a lt h d e fi n e s t h e N a t io n a l H e a lt h P o lic ie s a n d P r io r it ie s , b u t s t a t e s

a n d m u n ic ip a lit ie s a r e a u t o n o m o u s . T h e r e is a d e c e n t r a liz a t io n fo c u s e d o n t h e e m p o w e r -

m e n t o f lo c a l g o ve r n m e n t s , n o t o n t h e p r o g r a m m a n a g e r s . O n e le ve l o f g o ve r n m e n t h a s
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n o in fl u e n c e in a n o t h e r le ve l o f g o ve r n m e n t . N e it h e r fr o m fe d e r a l t o m u n ic ip a l o r s t a t e

n o r e ve n in t h e s a m e le ve l (s t a t e t o s t a t e , fo r e xa m p le ). T o t h e r e g io n a liz a t io n o f t h e

m e d iu m a n d h ig h c o m p le xity c a r e a n d t o d e fi n e t h e r o le o f t h e s t a t e h e a lt h s e c r e t a r ia t

in t h is r e g io n a liz e d d e live r y s y s t e m , w a s a p p r o ve d t h e H e a lt h C a r e O p e r a t io n a l N o r m s

(N o r m a s O p e r a c io n a is d e A s s is t#e n c ia à S a ú d e , N O A S ) in 2001. T h e m a in g o a l o f t h e

N O A S is t o p r o m o t e a b e t t e r e q u ity in t h e r e s o u r c e a llo c a t io n s a n d in t h e a c c e s s o f t h e

p o p u la t io n t o h e a lt h a c t io n s a n d s e rvic e s fo r a ll le ve ls o f c o m p le xity .

A c c o r d in g t o L a F o r g ia ˙ C o u t t o le n c (2008) t h e S U S is b a s e d o n a c o m p le x s y s t e m

o f p a y m e n t m e c h a n is m s a n d fu n d t r a n s fe r s s u c h a s :

• T h e A u t h o r iz a t io n fo r H o s p it a liz a t io n S y s t e m (A u t o r iz a ç ã o d e In t e r n a ç ã o H o s p it a -

la r , A IH ) a n d t h e H o s p it a l In fo r m a t io n S y s t e m (S is t e m a d e In fo r m a ç ã o H o s p it a la r ,

S IH ) c o n s is t o f fe d e r a l p a y m e n t s fr o m t h e H e a lt h M in is t r y (M in is t é r io d a S a ú d e ,

M S ) fo r in p a t ie n t c a r e ;

• T h e A m b u la t o r y C a r e In fo r m a t io n S y s t e m (S is t e m a d e In fo r m a ç ã o A m b u la t o r ia l,

S IA ) c o n s is t s o f fe d e r a l p a y m e n t s fo r o u t p a t ie n t a n d e m e r g e n c y s e rvic e s ;

• F e d e r a l t r a n s fe r s t o s t a t e a n d m u n ic ip a l h e a lt h s e c r e t a r ia t s r e la t in g t o h o s p it a l c a r e .

T h e s e a r e t h e p a y m e n t s fo r t h e m e d iu m a n d h ig h -c o m p le xity c a r e .

• A d d it io n a l fe d e r a l p a y m e n t s fo r u n ive r s ity a n d h ig h -c o m p le xity fa c ilit ie s a n d fo r

fa c ilit ie s p r o vid in g s p e c ia liz e d c a r e (a s c a r d ia c s u r g e r y a n d t r a n s p la n t s ) a n d e m e r -

g e n c y c a r e .
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2 .2 Th e P e r n a m b u c o ’s H e a lt h Sy s t e m

2.2.1 T h e A g ents and th e Institu tio nal A rrang em ents

T h e u s e r p a y s t h e p h y s ic ia n d ir e c t ly o r t h r o u g h h e a lt h in s u r a n c e / h o s p it a ls . T h e p h y s i-

c ia n p a y s t h e h o s p it a l fo r t h e u s a g e o f it s e q u ip m e n t s . T h e h o s p it a l p a y s t h e p h y s ic ia n ’s

s a la r y . A n d s o o n .

Figure 2.1: The Institutional Arrangement in the Brazilian Health Sector.

T h e fi g u r e 2.1 s h o w s t h e s t r o n g in t e r a c t io n b e tw e e n t h e s e a g e n t s in t h e h e a lt h s y s t e m .

It is n o t p o s s ib le t o s e p a r a t e t h e h e a lt h s y s t e m in t o in d ivid u a l p a r t s t o a n a ly s e it , t h e

s y s t e m m u s t b e o p t im iz e d a s o n e . A c c o r d in g t o P o r t e r ˙ T e is b e r g (2007) t h is in t e r a c t io n is

a z e r o s u m c o m p e t it io n . A z e r o s u m g a m e is a m a t h e m a t ic a l r e p r e s e n t a t io n o f a s it u a t io n

in w h ic h a p la y e r ’s g a in (o r lo s s ) o f u t ility is b a la n c e d b y t h e lo s s e s (o r g a in s ) o f t h e u t ility

o f t h e o t h e r p a r t ic ip a n t s .

Physicians are pressured to “improve productivity” by skimping on time spent

with patients. Physicians “win” by cutting better deals with their hospitals or

by setting up their own profit-making venture. Hospitals “win” by merging into

groups to gain more bargaining clout on rates or by signing up more physician

groups to guarantee referrals. Health insurances “win” by restricting services and

muscling physicians to accept lower pay. In ways such as these, each player in the
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system gains not by increasing value for the patient but by taking value away from

someone else. (Porter & T eisberg, 2 0 0 7 )

In t h e e n d , a ll p la y e r s lo s e in c lu d in g t h e p a t ie n t . Im p r o vin g t h e ir o w n u t ility , e a c h

a g e n t d o e s n o t c e n t e r t h e c a r e in t h e p a t ie n t a n d t h e h e a lt h e ffi c ie n c y is n o t m a xim iz e d .

P o r t e r s u g g e s t s a c o m p e t it io n o ve r b e t t e r r e s u lt s – b e t t e r h e a lt h o u t c o m e s p e r d o lla r s p e n t .

A p o s it ive -s u m c o m p e t it io n c a n c r e a t e va lu e , e n h a n c in g t h e q u a lity o f t h e s e rvic e s . T h is

s e c t io n b r ie fl y d e s c r ib e s e a c h o n e o f t h e s e a g e n t s in t h e P e r n a m b u c o ’s H e a lt h S y s t e m .

Th e Go ve r n m e n t

T h e B r a z ilia n g o ve r n m e n t a c t s a s a n e c o n o m ic p o lic y m a k e r a n d a s o n e o f t h e fi n a n c ia l

a g e n t s in t h e h e a lt h s y s t e m . T o a s s u r e a m in im u m o f c o h e r e n c y in t h e n e c e s s a r y a c t io n s

in t h e b a s ic h e a lt h , t h e t r a n s fe r o f fe d e r a l r e s o u r c e s is p e r c a p it a a n d d ir e c t e d t o s p e c ifi c

p r o g r a m s a n d a c t io n s . T o r e d u c e t h e r e g io n a l in e q u a lit ie s , t h e s t a t e s w it h lo w e r p e r

c a p it a r e s o u r c e s h a d a n in c r e a s in g in t h e a m o u n t o f m o n e y t r a n s fe r r e d . T h e g o ve r n m e n t

p a y s p h y s ic ia n s , h o s p it a ls a n d t h e p h a r m a c y in d u s t r y t o fr e e ly d is t r ib u t e m e d ic in e fo r t h e

p o p u la t io n .

T h e G o ve r n m e n t o f P e r n a m b u c o , a lig n e d w it h a n a t io n a l s t r a t e g y , d e fi n e d a s a g o a l t o

in c r e a s e t h e s u p p ly o f b e d s in t h e p u b lic h e a lt h s e c t o r a n d u n b u r d e n t h e m a in e m e r g e n c ie s .

F o r t h a t , t h r e e n e w u n it s w e r e im p le m e n t e d in t h e M e t r o p o lit a n R e g io n o f R e c ife w it h

h e a lt h p r iva t e s e c t o r a d m in is t r a t io n : t h e g o ve r n m a in t a in s t h e o w n e r s h ip o f t h e h o s p it a l

a n d t h e a d m in is t r a t io n is t r a n s fe r r e d fo r a p r iva t e in s t it u t io n . T h e s t a t e o f P e r n a m b u c o

im p le m e n t e d t h is m o d e l in t h e 22 E m e r g e n c y U n it s (U P A s ) a n d in t h e t h r e e h o s p it a ls

o f n o n -s p o n t a n e o u s d e m a n d . T h e s o c ia l o r g a n iz a t io n w h ic h r e n t e d t h e U P A s a d m in is t r a -

t io n a r e in fa c t p r iva t e o r g a n iz a t io n s t h a t r e c e ive d p u b lic in ve s t m e n t t o o ff e r fr e e h e a lt h

t r e a t m e n t . T h e s o c ia l o r g a n iz a t io n c h o o s e t h r o u g h p u b lic s e le c t io n t o m a n a g e t h e t h r e e

h o s p it a ls w a s t h e In s t it u t e o f In t e g r a l M e d ic in e (IM IP ).

Th e Ho s p it a l Co m p le x

O n e o f t h e in s t it u t io n a l g u id e lin e o f S U S is t h e r a n k in g o f p r io r ity fo r t h e h e a lt h s e rvic e .

T h is p r io r it iz a t io n o r g a n is e s t h e p a t ie n t s fl o w s in t o t h r e e a s c e n d e n t le ve ls o f c o m p le xity :

10



Chapter 2 TH E H E A L TH S E CTOR

Le ve l I - L o w c o m p le xity p r o c e d u r e s . A m b u la t o r ie s , F a m ily H e a lt h U n ity (U S F ) a n d

H e a lt h C e n t r e s / B a s ic H e a lt h U n it s (U B S ).

Le ve l II - A m b u la t o r ie s w it h s p e c ia lt ie s (P o ly c lin ic s ) a n d E m e r g e n c y U n it s (U P A s ).

Le ve l III - R e fe r e n c e h o s p it a ls w it h p r o c e d u r e s o f m e d iu m a n d h ig h c o m p le xity .

T h e r e a r e fi ve m a in p u b lic h o s p it a ls in t h e M e t r o p o lit a n R e g io n o f R e c ife (R M R ):

T h e Ho s p it a l d a Re s t a u r a ffc ã o (H R ) is t h e b ig g e s t u n it o f P e r n a m b u c o p u b lic h e a lt h

s y s t e m . It is a r e fe r e n c e in a c c id e n t s a n d c o m p le x p r o c e d u r e s – b u r n in g s a n d n e u r o s u r g e r y .

T h e h o s p it a l h a s o n e o f t h e la r g e s t B u r n in g T r e a t m e n t C e n t e r (C T Q -H R )o f B r a z il a n d

it is a r e fe r e n c e in T o xic o lo g ic A s s is t a n c e C e n t e r (C E A T O X -H R ) in t h e s t a t e o f P e r n a m -

b u c o in e xo g e n o u s in t o xic a t io n a n d p o is o n o u s . S in c e 2005 t h e H R is a t e a c h in g h o s p it a l

a n d it h a s a n im p o r t a n t r o le a s a h e a lt h t r a in in g c e n t e r : t h e y h a ve t h e b e s t a n d m o s t

e xp e r ie n c e d p r o fe s s io n a ls in va r io u s c a t e g o r ie s .

T h e Ho s p it a l Ge r a l Ot á vio d e F r e it a s (H G O F )s e rve s c lin ic a l c a s e s o f t h e s o u t h -

e a s t o f R e c ife , in J a b o a t ã o n e ig h b o u r h o o d . R e fe r e n c e in p s y c h ia t r ic a n d t r a u m a t o lo g y -

o r t h o p e d ic s u r g e n c ie s . T h e h o s p it a l is a ls o r e fe r e n c e in r e s p ir a t o r y d is e a s e s , s p e c ia lly

t u b e r c u lo s is , a n d in m e d ic a l c lin ic , u r o lo g y , g e n e r a l s u r g e r y a n d p a e d ia t r ic s . It is t h e o n ly

h o s p it a l in P e r n a m b u c o t h a t t r e a t s m u lt i-d r u g s r e s is t a n t t u b e r c u lo s is p a t ie n t s .

T h e Ho s p it a l Ge t ú lio V a r g a s (H G V ) is p la c e d in t h e w e s t p a r t o f R e c ife . R e fe r e n c e

in t r a u m a s , it is c e r t ifi e d a s a t e a c h in g h o s p it a l s in c e 2004 a n d o ff e r s r e s id e n c e in va r io u s

s p e c ia lt ie s , h ig h lig h t s fo r s u r g e r ie s in t h e h a n d , in t h e d ig e s t ive s y s t e m a n d in t h e s p in a l

c o r d . T h e H G V w a s t h e fi r s t p u b lic h o s p it a l o f N o r t h -n o r t h e a s t t o o ff e r vid e o la p a r o s c o p y ,

d o n e t r o u g h a m ic r o c a m e r a .

T h e Ho s p it a l Ba r ã o d e Lu c e n a is r e fe r e n c e in m a t e r n a l a n d h ig h c o m p le xity c h ild

h e a lt h s e rvic e . T h e y a t t e n d a r o u n d fo u r t h o u s a n d p a t ie n t s p e r m o n t h in t h e tw o e m e r -

g e n c y s p e c ia lt ie s – o b s t e t r ic a n d p e d ia t r ic .
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T h e Ho s p it a l Ag a m e n o n Ma g a lh ã e s (H A M ) is lic e n s e d in c a r d io lo g y a s a h ig h

c o m p le xity r e fe r e n c e h o s p it a l. T h e r e is a n In t e n s ive C a r e U n it (IC U ) ju s t fo r t h e p o s t

o p e r a t io n o f c a r d io lo g y s u r g e r ie s , w it h fo u r b e d s . A n o t h e r r e fe r e n c e s p e c ia lty is t h e h ig h

r is k m a t e r n ity . T h e r e is a fl o o r t o t h e IC U fo r a d u lt s a n d n e o n a t a l. T h e r e is a ls o a In t e r -

m e d ia t e C a r e U n it fo r n e o n a t a l. T h e H A M is t h e o n ly p u b lic e m e r g e n c y in P e r n a m b u c o

in o t o r h in o la r y n g o lo g y .

P e r n a m b u c o h a s tw o u n ive r s ity h o s p it a ls . T h e u n ive r s ity H ospital O swaldo C ruz is t h e

h o s p it a l o f t h e F a c u lty o f M e d ic a l S c ie n c e s a t t h e U n ive r s ity o f P e r n a m b u c o (U P E ) a n d

t h e H ospital das C ĺˆnicas (H C ) is t h e h o s p it a l o f t h e F e d e r a l U n ive r s ity o f P e r n a m b u c o

(U F P E ). B o t h h a ve im p o r t a n t fu n c t io n in t h e t r a in in g , q u a lifi c a t io n a n d d e ve lo p m e n t o f

m e d ic in e s t u d e n t s .

T h e r e a r e t h r e e h o s p it a ls in t h e R e fe r e n c e d A t t e n d a n c e P o lic y a c c o r d in g t o a p r o t o c o l.

It m e a n s t h e y r e c e ive p a t ie n t s fo r w a r d e d b y t h e p u b lic h e a lt h s y s t e m – M o b ile E m e r g e n c y

C a r e S e rvic e s (S A M U ), F ir e D e p a r t m e n t a n d R e g u la t io n o f B e d s C e n t e r . T h e y a r e k n o w n

a s t h e n o n -s p o n t a n e o u s h o s p it a ls .

T h e H ospital M iguel Arraes de Alencar is a n o r t h m e t r o p o lit a n h o s p it a l la u n c h e d in

2009. It is t h e fi r s t m a jo r t r a u m a h o s p it a l c o n s t r u c t e d in t h e M e t r o p o lit a n R e g io n o f

R e c ife (R M R ) s in c e H o s p it a l d a R e s t a u r a ç ã o , fo r ty y e a r s b e fo r e . T h e u n it is m a n a g e d b y

IM IP . It is p io n e e r in t h e in t e g r a t e d a t t e n d a n c e .

T h e H ospital D om H elder C amara w a s fo u n d e d in 2010 a n d it is t h e in t e g r a t e d a t -

t e n d a n c e h o s p it a l in t h e s o u t h m e t r o p o lit a n r e g io n o f R e c ife . T h e h o s p it a l s t a n d s o u t

b e c a u s e o f it s c a r d io lo g y c e n t e r , a s p e c ia lty w it h h ig h d e m a n d in t h e h e a lt h s y s t e m .

A n d t h e H ospital P elópidas S ilveira w a s in a u g u r a t e d in 2011 a n d is o n e o f t h e m o s t

m o d e r n a n d s p e c ia liz e d h o s p it a ls o f t h e c o u n t r y , c o n s id e r in g t h e p r iva t e h o s p it a ls . It is t h e

fi r s t n e u r o c a r d io h o s p it a l o f t h e P u b lic H e a lt h S y s t e m (S U S ). In u r g e n t a n d e m e r g e n c y
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c a r e in c lin ic s u r g e r ie s , t h e h o s p it a l s e rve s p a t ie n t s w it h m y o c a r d ia l in fa r c t io n o r o t h e r

h e a r t d is e a s e s , a n e u r y s m , c e r e b r o va s c u la r a c c id e n t (s t r o k e ) a n d b r a in t u m o r s , a m o n g o t h -

e r s , a ll fo r w a r d e d b y t h e p u b lic h e a lt h s y s t e m . It r e lie ve s t h e H R a n d H G V d e m a n d in

n e u r o lo g y a n d n e u r o s u r g e r y ; a n d t h e H A M a n d t h e D o m H e ld e r C a m a r a H o s p it a l d e m a n d

in c a r d io lo g y t r e a t m e n t s . T h e h o s p it a l o ff e r s s p e c ia liz e d t e s t s a n d w o r k s 24 h o u r s in t h e

w e s t m e t r o p o lit a n r e g io n o f t h e s t a t e .

A ft e r t h e r e c e p t io n in t h e s e h o s p it a ls , t h e p a t ie n t is c la s s ifi e d t o t h e s e rvic e a c c o r d in g

t o h e a lt h p a r a m e t e r s a n d n o t a c c o r d in g t o t h e o r d e r o f a r r ive . T h e p r o c e s s c la s s ifi e s ,

a c c o r d in g t o a p r o t o c o l, t h e s y m p t o m s d e s c r ib e d b y t h e p a t ie n t , s e le c t in g p a t ie n t s w h o

n e e d u r g e n t c a r e t o g u a r a n t e e t h e s e ve r e c a s e s t o h a ve p r io r ity in t h e s e rvic e . T h e s c r e e n in g

r e c e p t io n is m a d e b y c o lo u r : r e d fo r im m e d ia t e a s s is t a n c e , y e llo w fo r u r g e n t , g r e e n fo r

le s s u r g e n t a n d b lu e fo r n o t u r g e n t .

T h e E m e r g e n c y U n it s (U P A s ) w e r e la u n c h e d in 2009 a n d a c c o r d in g t o H e a lt h M in is t r y

t h e y c a n p r o p e r ly s o lve a t le a s t 70% o f t h e c a r e p r o vid e d in h o s p it a ls . T h e s e u n it s a r e a

p a r t o f t h e p r e -h o s p it a l fi xe d s y s t e m w it h s t r a t e g ic lo c a t io n fo r s e t t in g u p t h e a t t e n t io n

t o t h e u r g e n c y w it h R e c e p t io n a n d R is k C la s s ifi c a t io n (A C C R ) a c c o r d in g t o t h e N a t io n a l

P o lic y fo r t h e E m e r g e n c y (2003).

T h is w o r k c o u ld n o t b e d o n e w it h o u t t h e s u p p o r t o f t h e S A M U . S o m e t im e a g o , w h e n

t h e a m b u la n c e s w e r e s e n t t o t h e t r e a t m e n t , t h e y c o u ld d r ive fo r h o u r s b e fo r e fi n d a b e d in

a h o s p it a l t o le a ve t h e p a t ie n t . B y t h is t im e w h e n S A M U g o e s t o t h e p la c e t o a t t e n d , it

k n o w s e xa c t ly t o w h e r e t h e p a t ie n t m u s t b e t a k e n . T h e S A M U 192 s e rvic e h a ve a m u lt i-

p r o fe s s io n a l t e a m in t h e M e d ic a l R e g u la t io n C e n t e r s w it h m o r e t h a n 500 p r o fe s s io n a ls .

S in c e D e c e m b e r o f 2012, w h e n R e c ife r e c e ive d m o r e s e ve n a m b u la n c e , t h e S A M U fl e e t is

24 a m b u la n c e s – w it h 18 fo r fi r s t a id s a n d t h e o t h e r 6 fo r a d va n c e d a t t e n d a n c e (IC U );

t h r e e m o t o c y c le s a n d o n e c a r fo r fa s t s u p p o r t ; a n d tw o h e lic o p t e r s in c o n ve n t io n w it h

t h e F e d e r a l H ig h w a y P o lic e a n d t h e S t a t e G o ve r n m e n t . P e r m o n t h , t h e S A M U in R e c ife

p e r fo r m s m o r e t h a n fo u r t h o u s a n d s o f t r e a t m e n t s (P e r n a m b u c o , 2012).

A ft e r d ia lin g 192, t h e c it iz e n is c a llin g t o a r e g u la t io n c e n t e r w it h h e a lt h p r o fe s s io n -

a ls a n d p h y s ic ia n s t r a in e d t o g ive fi r s t c a r e h e lp . T h e c a ll is t o o k b y a t e c h n ic a l a n d
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Figure 2.2: Localization of the U PAs in the Metropolitan Region of Recife - Pernambuco.

t r a n s fe r r e d t o t h e p h y s ic ia n in c h a r g e . T h is la s t p r o fe s s io n a l m a k e s t h e d ia g n o s is o f t h e

s it u a t io n a n d o r ie n t a t e s t h e p a t ie n t o r t h e p e r s o n w h o c a lle d a b o u t t h e fi r s t a c t io n s . T h e

p r o fe s s io n a l e va lu a t e s t h e b e s t p r o c e d u r e t o b e m a d e : t o a s k t h e p e r s o n t o lo o k fo r a

h e a lt h c e n t r e ; t o s e n d a n a m b u la n c e t o s u p p o r t b a s ic c a r e fo r lo c a l a t t e n d a n c e , w it h

n u r s e r y a s s is t a n t a n d a p r o fe s s io n a l fo r t h e fi r s t a id ; o r , a c c o r d in g t o t h e s e ve r ity o f t h e

c a s e , t o s e n d a n In t e n s ive C a r e U n it (IC U ) w it h p h y s ic ia n a n d n u r s e . W it h t h e p o w e r o f

a s a n it a r y a u t h o r ity , t h e r e g u la t o r p h y s ic ia n lo o k s fo r t h e h o s p it a l w it h e m p ty b e d s n e xt

t o t h e c a ll t o p r o c e e d w it h t h e t r e a t m e n t . T h e w h o le p r o c e d u r e is a q u e u e .

Th e P h a r m a c e u t ic a l In d u s t r y

T h e R e s e a r c h a n d D e ve lo p m e n t (R ˙ D ) a r e a is a n e xp a n s ive in ve s t m e n t a n d r e q u ir e s

h ig h ly q u a lifi e d p e o p le , s o t h e r e is a b a r r ie r t o n e w m a r k e t e n t r y . In B r a z il, it is n e c e s s a r y

t o im p le m e n t p u b lic p o lic ie s t o e n c o u r a g e t h e n a t io n a l m e d ic in e p r o d u c t io n , in c lu d in g

t h e p r o d u c t io n t h r o u g h n a t ive p la n t s . T h e R ˙ D in ve s t m e n t s in B r a z il a r e lo w c o m p a r e d

w it h o t h e r c o u n t r ie s . T h e r e w a s s ig n ifi c a n t ly p a r t ic ip a t io n o f t h e g e n e r ic m e d ic in e s in

t h e la s t y e a r s , w h ic h r e la t ive ly r e d u c e d t h e p a r t ic ip a t io n o f t h e in n o va t ive m e d ic in e s in
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t h e m a r k e t1. T h e s e a s p e c t s c o m b in e d w it h t h e lo w in t e g r a t io n o f t h e s u p p ly c h a in in t h e

s e c t o r a n d t h e c o n c e n t r a t io n o f t h e b u s in e s s e s in m u lt in a t io n a l la b o r a t o r ie s , c h a r a c t e r iz e d

t h e la s t fe w y e a r s in B r a z il. B e c a u s e o f t h is , s in c e 1999 t h e N a t io n a l H e a lt h S u rve illa n c e

A g e n c y (A N V IS A ) is c o n c e r n e d a b o u t in c r e a s in g t h e s a n it a r y p a t t e r n s in t h e n a t io n a l

p r o d u c t io n a n d im p r o vin g t h e c o n d it io n s t o e xp o r t a t io n . A N V IS A is c o n t r o llin g t h e

q u a lity o f t h e p r o d u c t s in t h e s e c t o r .

In s id e o f t h e p h a r m a c e u t ic a l in d u s t r y t h e r e is a m a r k e t in g in d u s t r y a n d t h e s a le s r e p -

r e s e n t a t ive s a r e im p o r t a n t in t e r m e d ia t e s b e tw e e n p h y s ic ia n s a n d d r u g s c o m p a n ie s . N o w a -

d a y s , m o s t p a t ie n t s g o t o t h e d o c t o r ’s o ffi c e o n ly b e c a u s e o f t h e m e d ic in e p r e s c r ip t io n .

S in c e t h e t im e o f p h y s ic ia n s is s h o r t , t h e a p p o in t m e n t c a n b e r e s u m e d in p r e s c r ip t io n o f

e xa m s a n d m e d ic in e s , s o m e t im e s u n n e c e s s a r y , t o a t t e n d t h e n e c e s s ity o f a c o n s u m e r is m

c u lt u r e . T h e u s e r s , o n t h e o t h e r h a n d , h a ve b e e n u s in g t h e in t e r n e t in fo r m a t io n t o s e lf-

m e d ic a t e . B a r r o s (1983) b e lie ve s t h a t t h e la b e llin g o f m e d ic a l p r o d u c t s is o n e o f t h e

m e c h a n is m s t o in c r e a s e s a le s , fa c ilit a t in g o r e n c o u r a g in g s e lf-m e d ic a t io n . T h e a u t h o r

h ig h lig h t s t h e “ o ve r m e d ic a t io n p h e n o m e n o n ” : w h e n t h e u s e o f m e d ic in e s t o t r e a t d is -

e a s e s , w h ic h o ft e n h a ve o n ly p a llia t ive s o lu t io n , b e c o m e s a c o m m o n -p la c e . T h e m e d ic in e

is c o m m e r c ia liz e d .

T h e p r ic e e la s t ic ity o f t h e d e m a n d s h o w s t h e r e s p o n s ive n e s s o f t h e q u a n t ity d e m a n d e d

o f a g o o d o r s e rvic e t o a c h a n g e in it s p r ic e . W h e n t h e d e m a n d o f a g o o d is r e la t ive ly

in e la s t ic , it m e a n s t h a t c h a n g e s in t h e p r ic e h a ve s m a ll e ff e c t o n t h e d e m a n d e d q u a n t ity

o f a g o o d . M e d ic in e p r o d u c t s a r e p r ic e in e la s t ic . W h e n p e o p le a r e s ic k , t h e y n e e d t o

u s e t h e m e d ic in e t o g e t b e t t e r a n d s in c e t h e r e is n o d ir e c t s u b s t it u t e , t h e y a r e vu ln e r a b le

t o t h e p r ic e c h a n g e . It is o n ly d iff e r e n t fo r lo w e r -in c o m e p o p u la t io n w h o d o e s n o t h a ve

m o n e y t o b u y t h e m e d ic in e a n d o n ly u s e t h e o n e s fr e e d is t r ib u t e d b y g o ve r n m e n t .

B r a z il h a s fa vo r a b le c o n d it io n s t o b e c o m e a p h a r m a c e u t ic a l in d u s t r y a d va n c e d r e s e a r c h

p o le . A n d it s h ig h b io -d ive r s ity in c r e a s e s t h e p o t e n t ia l o f t h e c o u n t r y t o a t t r a c t s in ve s t -

m e n t s . T h e r e is a P h a r m a c o -c h e m ic a l C o m p le x b e e n c o n s t r u c t e d in G o ia n a , N o r t h o f

P e r n a m b u c o . T h e B r a z ilia n B lo o d D e r iva t ive s a n d B io t e c h n o lo g y C o m p a n y (H e m o b r á s ),

a H e a lt h M in is t r y In d u s t r y , in t e n d s t o m a k e B r a z il a u t o -s u ffi c ie n t in t h e b lo o d d e r iva -

1The generic medicines are produced after the expiration or w aiver of patents and has the description
of the chemical composition on the pack age, w ith no trademark
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t ive s s e c t o r . T h is w ill p r o vid e m o r e a u t o n o m y t o B r a z il c o n c e r n in g t h e h e a lt h p r o d u c t s ,

a s m e d ic in e s . It is a c o m p le x s u p p ly c h a in a n d t h e e xp e c t a t io n is t h a t o t h e r e c o n o m ic a l

s e g m e n t s w it h t e c h n o lo g ic a l b a s is e s t a b lis h t h e m s e lve s in t h e C o m p le x t o p r o vid e in p u t

t o t h e p r o d u c t io n lin e . T h e fa c t o r y is a p r o c e s s o f t e c h n o lo g ic a l t r a n s fe r e n c e fr o m F r a n c e

a n d it w ill s a ve R$ 800 m illio n s a n n u a lly t o B r a z il w it h a c a p a c ity o f p r o c e s s in g o f 500,000

lit e r s o f p la s m a , t h e r a w m a t e r ia l o f b lo o d p r o d u c t s . H e m o b r á s h a s a s t r a t e g ic im p o r t a n c e

b e in g t h e la r g e s t fa c t o r y o f b lo o d p r o d u c t s in t h e L a t in A m e r ic a a n d it s h o u ld in it ia t e it s

p r o d u c t io n in 2014.

Th e In d u s t r y o f Me d ic a l a n d Ho s p it a l Eq u ip m e n t s

T h e In d u s t r ia l R e vo lu t io n s t a r t e d in t h e 18t h c e n t u r y in U n it e d K in g d o m a n d t h e n

E u r o p e , U n it e d S t a t e s , J a p a n t o t h e w o r ld . It w a s a p e r io d o f lo t s o f c h a n g e s (in t r a n s p o r t ,

a g r ic u lt u r e , m in in g , e t c ) b u t t h e s p e c ia l o n e w a s t h e s u b s t it u t io n o f t h e m a n u a l m a n p o w e r

a n d t h e a n im a l t r a c t io n in in d u s t r y t o w a r d s m a c h in e m a n u fa c t u r in g . T h e r e a t s t a r t e d a n

in fl u x o f p o p u la t io n fr o m t h e c o u n t r y s id e in t o t o w n s a n d c it ie s .

T h is is t h e e r a o f t h e R e vo lu t io n in M e d ic a l a n d H o s p it a l E q u ip m e n t s In d u s t r y . T h e

p h y s ic ia n a r e b e in g t r a in e d t o d e a l w it h m a c h in e s , t o r e a d t h e ir r e s u lt s a n d t o u s e t h e

t e c h n o lo g y t o s u p p o r t t h e d ia g n o s is . It is a g o o d a d va n c e s in c e t h e p h y s ic ia n s c a n d ia g -

n o s is a n d e ve n p e r fo r m s u r g e r ie s a t d is t a n c e . B u t it c a n b e b a d , b e c a u s e if t h e h o s p it a l

h a s e q u ip m e n t s o u t o f c a lib r a t io n , t h e p h y s ic ia n s w ill in c o r r e c t ly d ia g n o s is t h e p a t ie n t .

P h y s ic ia n s a r e a lm o s t c o m p le t e ly d e p e n d e n t o n t h e t e c h n o lo g y . T h e h o s p it a l c a n n o t m e a -

s u r e h o w m o n e y is w a s t e d in b a d m a in t e n a n c e o f e q u ip m e n t s . It c r e a t e s a q u e u e in t h e

h o s p it a ls t o u s e e le c t r o n ic m e d ic a l d e vic e s t o d ia g n o s is t e s t s a n d c a n e ve n o r ig in a t e s e r io u s

p r o b le m s fo r m is d ia g n o s is .

T h e e q u ip m e n t in d u s t r y is t h e m a in r e s p o n s ib le fo r t h e t e c h n o lo g y e vo lu t io n in t h e

h e a lt h s y s t e m . A s t e c h n o lo g y in c r e a s e s in t h e h e a lt h s e c t o r , p r ic e s r is e , c o n t r a r y t o t h e

t r a d it io n a l e c o n o m ic d y n a m ic (L o p e z , 2007). It h a p p e n s b e c a u s e in t h e h e a lt h s y s t e m ,

t h e va lu e is n o t m a d e b y t h e o w n p r o d u c t b u t b y t h e a d d e d va lu e o f t h e p r o d u c t fo r t h e

c o n s u m e r s – t h e ir h e a lt h r e c o ve r e d . T h is is t r u e fo r h o s p it a l e q u ip m e n t s t e c h n o lo g y (h ig h

c o m p le xity t r e a t m e n t s ), b u t t a k in g in t o c o n s id e r a t io n t h e t o o ls fo r h o m e c a r e , t h e r e is
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a p r ic e r e d u c t io n in t h is m a r k e t . It is t h e c a s e o f b lo o d p r e s s u r e m e a s u r e m e n t a n d t h e

fi r s t -a id m a c h in e s . T h e r e a r e p h o n e a p p lic a t io n s a ls o , fo r p e o p le t o t r a c k t h e ir p e r s o n a l

w e lfa r e (d ia r y e xe r c is e s a n d n u t r it io n d ie t , fo r e xa m p le ) a n d t o p r e ve n t vis it t o d o c t o r ’s

o ffi c e .

Th e He a lt h P r o fe s s io n a ls — Th e P h y s ic ia n s

A c c o r d in g t o t h e S e c r e t a r ia t o f H e a lt h S u rve illa n c e (S V S ), in t h e 30s , t h e in fe c t io u s

a n d p a r a s it ic d is e a s e s a c c o u n t e d fo r a p p r o xim a t e ly 46% o f d e a t h s in t h e c a p it a ls o f t h e

c o u n t r y . In 2003 it w a s fo u n d t h a t t h e s e c o n d it io n s c o r r e s p o n d e d t o o n ly 5% o f t h e d e a t h s

in B r a z il. C ir c u la t o r y d is e a s e s h a ve t h e h ig h e s t m o r t a lity r a t e . C e r e b r o va s c u la r A c c id e n t

(C V A ), c o m m o n ly k n o w n a s strok e, h a d a n in c id e n c e o f 31.7% o n c ir c u la t o r y p r o b le m s

in 2005, r e p r e s e n t in g 10% o f t o t a l d e a t h s in t h e B r a z il. It is p r o b a b ly r e la t e d t o t h e

b u s y , s t r e s s e d a n d s e d e n t a r y life s ty le w it h d is o r d e r ly e xa c e r b a t e d t o b a c c o a n d a lc o h o lic

b e ve r a g e s . T h e is s u e s a r e o t h e r s , b u t t h e p h y s ic ia n s a r e s t ill n e e d e d .

B e c o m in g a d o c t o r c o n s u m e s a m in im u m o f 8 y e a r s . T h e m e d ic in e a ve r a g e s a la r y is fa r

fr o m p a y t h e e ff o r t m a d e b y t h e d o c t o r s w h ile e d u c a t io n a l fo r m a t io n . T h e r e is a n in c e n t ive

fo r t h e d o c t o r t o lo o k fo r p r o fi t a b le s p e c ia lit ie s in m e d ic in e . It is t h e s h o r t a g e o f t h e

p r im a r y -c a r e d o c t o r s a n d g e n e r a l p r a c t it io n e r s , w h o w o r k h a r d e r a n d e a r n le s s t h a n o t h e r

s p e c ia lt ie s . W e iy u a n (2008) c a lls t h e d is p r o p o r t io n a t e fo c u s o n h o s p it a ls a n d s p e c ia lis t s

o f h o s p it a l- c e n t r is m a n d a ffi r m s it c a r r ie s a c o n s id e r a b le c o s t in t e r m s o f u n n e c e s s a r y

m e d ic a t io n a n d ia t r o g e n e s is . G o ve r n m e n t d o e s n o t in ve s t in t h e h e a lt h c a r e p r o fe s s io n a l

q u a lifi c a t io n a n d w h o a r e q u a lifi e d o ft e n le a ve s t h e s t a t e , a n d e ve n t h e c o u n t r y , t o s e e k

b e t t e r w a g e s a n d la b o u r c o n d it io n s .

G o ve r n m e n t a n d s a la r ie d e m p lo y m e n t d e m a n d s t h e p h y s ic ia n s t o s e e m o r e p a t ie n t s in

le s s t im e . T h e r e is a p r e s s u r e t o h ig h e r p r o d u c t ivity w it h o u t a n y c o n c e r n a b o u t t h e q u a lity

m e a s u r e . C a b a n a et al. (2007) d o n e a r e s e a r c h in a le ve l I p u b lic h o s p it a l o f P e r n a m b u c o

b e tw e e n A u g u s t a n d D e c e m b e r o f 2004 t o c o m p a r e t h e p r e va le n c e o f c o m m o n m e n t a l

d is o r d e r s in p h y s ic ia n s . F r o m 186 p h y s ic ia n s w h o w o r k in t h e h o s p it a l, 124 o f t h e m

p a r t ic ip a t e d o f t h e r e s e a r c h (t a b le 2.1). T h e r e s e a r c h a n a ly s e d fa c t o r s a s t h e o ve r lo a d ,

s le e p d e p r iva t io n a n d d is t r e s s w it h t h e jo b . T h e e m e r g e n c y p h y s ic ia n s w o r k s fo r t h e
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s t a t e (p < 0.0001), t h e y h a ve m u lt ip le jo b s (p = 0.004), g r e a t e r w e e k ly w o k lo a d (≥

71h o u r s )(p = 0.007), t h e y p r e s e n t e d a g r e a t e r s e n s a t io n o f b e in g o ve r lo a d e d (95.74% , p =

0.015) a n d t h e y r e c e ive d u p t o 5 t im e s t h e m in im u m s a la r y a t t h e h o s p it a l (p < 0.0001).

86% o f t h e m u s e t o a t t e n d fo llo w e d s h ift s a n d 82% h a ve a n o t h e r jo b in t h e p r iva t e h o s p it a l.

T h e a u t h o r s c o n c lu d e d t h a t t h e e m e r g e n c y p h y s ic ia n s , c o n s id e r in g a ll a s p e c t s , p r e s e n t a

h o s p it a l r o u t in e w it h t h e w o r s t w o r k in g c o n d it io n s , e s p e c ia lly if c o m p a r e d w it h t h e w a r d s .

T a b le 2.1: Variables Related to the Physicians Routine (Cabana et al., 2 007 ) .

Variables
W ard
n= 5 7

n%
U TI
n = 1 7

n%
Emergency
n = 5 0

n% p-value

Y ears since graduation 6 – 1 1 4 7 .02 7 4 1 .1 8 1 9 3 8 p < 0.0001
1 1 – 2 0 2 0 3 5 .09 8 4 7 .06 2 1 4 2

≥2 1 3 3 5 7 .8 9 2 1 1 .7 6 1 0 2 0
W ould k eep career’s
choice?

Y es 4 7 8 2 .4 6 1 3 7 6 .4 7 3 1 6 2 p = 0.05 5

No 1 0 1 7 .5 4 4 2 3 .5 3 1 9 3 8
Number of places in
w hich he w ork s

U p to 2 1 7 3 0.3 6 2 1 1 .7 6 3 6 p = 0.004

3 – 4 3 1 5 5 .3 6 8 4 7 .06 3 5 7 0
≥ 5 8 1 4 .2 9 7 4 1 .1 8 1 2 2 4

Tw o shifts in a row Y es 1 5 3 4 .09 1 4 8 2 .3 5 7 3 8 6 p < 0.0001
No 2 9 6 5 .9 1 3 1 7 .6 5 7 1 4

W eek ly hours dedi-
cated to the offi ce

1 - 6 1 0 2 2 .7 3 8 8 0 1 2 4 1 .3 8 p = 0.002

≥ 7 3 4 7 7 .2 7 2 2 0 1 7 5 8 .6 2
Employed in the pri-
vate hospital system

Y es 4 9 8 5 .9 6 1 5 8 8 .2 4 4 1 8 2 p= 0.7 8 5

No 8 1 4 .04 2 1 1 .7 6 9 1 8
Time in the hospital
(years)

1 – 1 0 1 7 2 9 .8 2 1 0 5 8 .8 2 3 3 6 7 .3 5 p < 0.0001

≥ 1 1 4 0 7 0.1 8 7 4 1 .1 8 1 6 3 2 .6 5
Time in the sector
(years)

U p to 5 1 5 2 6 .7 9 2 1 1 .7 6 1 7 3 4 p = 0.1 2 0

6 – 1 0 1 4 2 5 7 4 1 .1 8 1 9 3 8
≥ 1 1 2 7 4 8 .2 1 8 4 7 .06 1 4 2 8

Salary in the hospital
A (minimum w age)

Y es 4 9 8 5 .9 6 1 5 8 8 .2 4 4 1 8 2 p = 0.7 8 5

No 8 1 4 .04 2 1 1 .7 6 9 1 8

T h e p r iva t e in s t it u t io n h a s b e t t e r t e c h n o lo g ic a l in fr a s t r u c t u r e . A n d if t h e p h y s ic ia n

is r e m u n e r a t e d b y t h e n u m b e r o f e xa m in a t io n s , h e w ill a lw a y s b e b e t t e r p a id in p r iva t e

in s t it u t io n s a n d t h e p u b lic h o s p it a ls w ill g e t t ir e d p h y s ic ia n s in r u s h t o g o t o t h e o t h e r

jo b s . A t fi r s t , t h e p a t ie n t u s e d t o p a y d ir e c t ly t o t h e p h y s ic ia n a n d n o w t h is p a y m e n t

is d o n e b y t h ir d p a r t ie s . T o c o m p e n s a t e t h e s a m e s t a n d a r d o f livin g , t o m a xim iz e t h e ir

p r o fi t , t h e y w o r k in va r io u s d iff e r e n t o ffi c e s a n d h o s p it a ls (M o n t e n e g r o , 2006). It lim it s
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t h e ir a c c e s s t o b e t t e r q u a lifi c a t io n s a n d it in c r e a s e s t h e p r o b a b ility o f a m is d ia g n o s e d

p a t ie n t . T h e y t r y t o c o m p e n s a t e t h e r e d u c e d s a la r y w it h t h e w o r k lo a d . It is t h e s a m e

p r o b le m w h e n t h e y a r e r e m u n e r a t e d b y t h e ir p r o d u c t ivity .

A n o t h e r r e s e a r c h d o n e b y t h e F e d e r a l B o a r d o f M e d ic in e (C o n s e lh o F e d e r a l d e M e d ic -

in a , C F M ) b e tw e e n 2010 a n d 2012 r e ve le d t h e w r o n g d is t r ib u t io n o f p h y s ic ia n s in P e r -

n a m b u c o . T h e c a p it a l o f P e r n a m b u c o h a s 6.27 d o c t o r s r e g is t e r e d w it h t h e m e d ic a l c o u n c il

fo r e ve r y t h o u s a n d in h a b it a n t s . It is a b o ve t h e R io d e J a n e ir o (s ixt h p la c e ) a n d e ve n S ã o

P a u lo (e le ve n t h ). T h e r e a r e a p p r o xim a t e ly 14,000 p h y s ic ia n s o f P e r n a m b u c o a n d m o r e

t h a n 9,000 a r e in t h e c a p it a l. T h e n a t io n a l a ve r a g e o f m e d ic a l d e m o g r a p h y is tw o p h y s i-

c ia n s p e r t h o u s a n d p e o p le . P e r n a m b u c o is t h e 11t h in t h e n a t io n a l r a n k in g a n d t h e 1s t

in t h e N o r t h e a s t , w it h 1.57 p h y s ic ia n s p e r 1,000 in h a b it a n t s .

T h e W o r ld H e a lt h O r g a n iz a t io n (W H O ) r e c o m m e n d s o n e p h y s ic ia n p e r t h o u s a n d in -

h a b it a n t s w h ic h m e a n s t h e p r o b le m o f p h y s ic ia n s in B r a z il is n o t t h e la c k o f p r o fe s s io n a l,

b u t t h e w r o n g d is t r ib u t io n o f t h e m a n d t h e in t e r io r iz a t io n p r o c e s s o f t h e h e a lt h p r o fe s s io n -

a ls . T h e s o lu t io n is n o t c r e a t in g p r iva t e u n ive r s it ie s o f m e d ic in e n o r e ve n e xt e n d in g t h e

m e d ic in e p u b lic u n ive r s it ie s fo r t h e in n e r p a r t o f t h e s t a t e . B o t h s o lu t io n s t e n d t o r e d u c e

t h e q u a lity o f t h e m e d ic in e c o u r s e a n d m a y n o t s o lve t h e p r o b le m a t a ll. T h e g o ve r n m e n t

s h o u ld c r e a t e in c e n t ive s fo r t h e p h y s ic ia n s b e t t e r d is t r ib u t io n a lo n g t h e c o u n t r y .

Th e He a lt h In s u r a n c e

T o m in im iz e t h e u n c e r t a in ty a n d r is k , p e o p le h ir e h e a lt h in s u r a n c e s . B u t in s u r a n c e s

h a ve a p e r s o n a l p e r s p e c t ive : t o c o n s id e r a n in s u r a b le e ve n t w ill d e p e n d o n e c o n o m ic

r e s o u r c e s a n d p e r s o n a l r is k t o le r a n c e , a t m in im u m . W h e n a h e a lt h in s u r a n c e c o m p a n y

in s u r e s a n in d ivid u a l, t h e c lie n t k n o w s m o r e t h a n t h e c o m p a n y a b o u t h is in h e r e n t h e a lt h

p r o b le m s a n d h e n c e a b o u t h is p r o b a b ility o f h a vin g a d is e a s e , n o t c o n s id e r in g t h e u n e x-

p e c t e d e ve n t s . T h e r e is a s y m m e t r ic in fo r m a t io n in t h e in s u r a n c e m a r k e t s . T h e in s u r a n c e

c a n n o t c o ve r 100% o f t h e h e a lt h s it u a t io n s b e c a u s e p e o p le w o u ld n o t t a k e c a r e o f t h e ir

h e a lt h a n d t h e s o c ie ty w o u ld b e m o r e c a r e le s s . T h a t is w h y t h e r e is a p r ic e d iff e r e n t ia t io n

in t h e in s u r a n c e m a r k e t . T h e r is k a ve r s io n p e r s o n w ill p a y fa r m o r e t h a n o t h e r p e o p le ,

n o t c o n s id e r in g t h e b u d g e t c o n s t r a in t . It a llo w s p e o p le w it h le s s e c o n o m ic c o n d it io n s t o
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h a ve a c c e s s t o t h e lo w -p r ic e in s u r a n c e o p e r a t o r s . T o a vo id t h is a d ve r s e s e le c t io n m e c h a -

n is m , s o m e in s u r a n c e c o m p a n ie s im p o s e c la u s e s a b o u t p r e e xis t e n t d is e a s e s a n d d e m a n d s

a m in im u m t im e b e fo r e h a vin g s p e c ifi c t r e a t m e n t s .

H e a lt h in s u r a n c e s r e d u c e c o n s id e r a b ly t h e p r ic e p a id b y t h e c o n s u m e r a n d m a y s ig n if-

ic a n t ly in fl u e n c e t h e d e m a n d fo r h e a lt h . F o r e xa m p le , t h e ‘h o s p it a l c a r e o n ly ’ in s u r a n c e

in d u c e s u n n e c e s s a r y h o s p it a liz a t io n b e c a u s e a n y a m b u la t o r y t r e a t m e n t w ill b e p a id o u t

b y t h e c o n s u m e r . F r o m t h e p h y s ic ia n , t h e r e is a s o lic it a t io n o f a n e xc e s s ive n u m b e r o f

c o m p le m e n t a r y e xa m s t o r e d u c e t h e m a r g in o f e r r o r , s in c e t h e p a t ie n t is n o t p a y in g fo r

e a c h o n e o f t h e m . O n t h e o t h e r h a n d , if t h e h e a lt h in s u r a n c e d o e s n o t c o ve r h ig h c o m -

p le xity s e rvic e s , t h e p a t ie n t w ill c a ll o n S U S s e rvic e s . S o m e p h y s ic ia n s a r e n o t a c c e p t in g

h e a lt h in s u r a n c e s a n y m o r e b e c a u s e o f t h is c o n fl ic t o f in t e r e s t s . T h e h ig h e r t h e n u m b e r o f

u s e r s w it h p r iva t e h e a lt h in s u r a n c e , t h e lo w e r is t h e o ve r lo a d o f t h e P u b lic H e a lt h S y s t e m

(S U S ). T h e p r iva t e h e a lt h in s u r a n c e is a c o m p le m e n t a r y s e rvic e t o t h e S U S , g u a r a n t e in g

t h e h e a lt h a t t e n d a n c e t o t h e w h o le p o p u la t io n o f a r e g io n . B e c a u s e o f t h is r e la t io n s h ip

a m o n g h e a lt h in s u r a n c e s a n d t h e S U S , t h e A r t ic le 32 o f L a w n . N o 9656, d a t e d 03 J u n e

1998, s t a t e s t h a t t h e s e rvic e p r o vid e d b y p u b lic h o s p it a ls t o h e a lt h in s u r a n c e u s e r s o r

d e p e n d e n t s h o u ld b e r e p a id t o t h e S U S . T h e c o n s u m e r s o f h e a lt h in s u r a n c e m u s t c h o o s e

w is e ly t h e h e a lt h in s u r a n c e a n d b e c o n s c io u s n e s s a b o u t u n n e c e s s a r y t r e a t m e n t b e c a u s e

in t h e e n d , t h e c o s t w ill r e t u r n fo r t h e in s u r a n c e c o n s u m e r s .

Th e Us e r s o f t h e He a lt h Se r vic e s

T h e t im e t h a t p a t ie n t s s p e n d g e t t in g h e a lt h c a r e s e rvic e s s h o u ld b e r e fl e c t e d in t h e w a y

it is c a lc u la t e d t h e n a t io n a l h e a lt h c a r e e xp e n d it u r e s , s a id A la n K r u e g e r2 in t h e N e w Y o r k

T im e s . T h e id le t im e t h e u s e r in t h e a m b u la t o r ie s a n d c h e c k -u p s q u e u e s c o u ld b e u s e d

fo r o t h e r r e n t a b le a c t ivit ie s in t h e e c o n o m y . T h e p h y s ic ia n s d e la y s c o m p r o m is e s t h e u s e r s

e xp e c t a t io n s a b o u t t h e t r e a t m e n t t o b e r e c e ive d . T e c h n o lo g y a n d q u e u in g m a n a g e m e n t

c a n r e d u c e t h e w a it in g im p a c t fo r t h e p a t ie n t s .

U s e r s p e r c e p t io n s c a n m e a s u r e t h e q u a lity o f t h e h e a lt h c a r e . P e r c e p t io n o f a c o n s u m e r

h a s t h e in fl u e n c e o f h is / h e r e xp e c t a t io n s . A S U S u s e r h a s lo w e r e xp e c t a t io n s t h a n a

2Professor of Economics and Public Aff airs at Princeton U niversity and Research Associate at the
National Bureau of Economic Research
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p a t ie n t in t h e p r iva t e s y s t e m – t h e la s t o n e s p e n d s m o r e m o n e y t o h a ve a b e t t e r s e rvic e

a n d w ill d e m a n d m o r e q u a lity , in g e n e r a l. N o w a d a y s t h e p a t ie n t d o e s n o t ju s t a c c e p t t h e

p h y s ic ia n d e c is io n . W it h t h e a d ve n t o f t h e in t e r n e t , m o s t p a r t o f t h e p o p u la t io n h a ve

a c c e s s t o h u g e q u a n t ity o f in fo r m a t io n a n d it c h a n g e d t h e p a t ie n t -d o c t o r r e la t io n s h ip , it

c h a n g e d t h e p a t ie n t p e r c e p t io n s : t h e y a r e n o t o n ly p a s s ive r e c e ive r s o f c a r e . O f c o u r s e

t h e fr e e a c c e s s t o t h e in fo r m a t io n d o e s n o t m e a n h ig h q u a lity in fo r m a t io n . It d e m a n d s

fr o m p h y s ic ia n s t o d e a l w it h t h is n e w s c e n a r io .

T h e A p p lie d E c o n o m ic R e s e a r c h In s t it u t e (IP E A ) d id a d o m ic ilia r r e s e a r c h in 2010 t o

m e a s u r e t h e p e r c e p t io n o f t h e B r a z ilia n fa m ilie s a b o u t t h e h e a lt h s e rvic e s – T h e S o c ia l

P e r c e p t io n In d ic a t o r s S y s t e m (S IP S ). T h e q u e s t io n n a ir e s w e r e a p p lie d in a s a m p le o f

2,773 p e o p le livin g in p e r m a n e n t p r iva t e h o u s e h o ld s . T h e p a r a m e t e r s fo r c h o o s in g t h e

s a m p le d is t r ib u t io n w e r e b a s e d in t h e N a t io n a l R e s e a r c h p e r H o u s e h o ld s S a m p le (P N A D )

c o n d u c t e d in 2008 b y t h e B r a z ilia n In s t it u t e o f G e o g r a p h y a n d S t a t is t ic s (IB G E ).

A m o n g o t h e r p u b lic h e a lt h s e rvic e s , a s h e a lt h c e n t e r s , s p e c ia liz e d p h y s ic ia n s , u r g e n c ie s

a n d e m e r g e n c ie s a n d m e d ic in e s d is t r ib u t io n s , t h e F a m ily H e a lt h P r o g r a m (P r o g r a m a d e

S a ú d e n a F a m ı́lia , P S F ) w a s t h e b e s t e va lu a t e d s e rvic e . 80,7% o f t h e in t e rvie w e d p e o p le

w h o r e c e ive d a m e m b e r o f t h e P S F t e a m a t h o m e r a t e d t h e s e rvic e a s “ g o o d ” o r “ ve r y

g o o d ”. O n ly 5,7% r a t e d t h is p r o g r a m a s “ b a d ” o r “ ve r y b a d ”.

A m o n g o t h e r p u b lic h e a lt h s e rvic e s a s va c c in a t io n , t h e fi g h t a g a in s t D e n g u e , P o p u la r

P h a r m a c y , S A M U 192 a n d U P A 24h ; t h e F a m ily H e a lt h P r o g r a m (7.0 in a s c a le fr o m 0

t o 10) w a s n o t s o w e ll r a t e d o n ly b e t t e r t h a n t h e U P A 24h (6.6). T h e b e s t r a t e d p r o g r a m

w a s t h e V a c c in a t io n w it h 8.8 p o in t s . T h is r e s e a r c h w a s d o n e b y IB O P E (B r a z ilia n In s t i-

t u t e o f P u b lic O p in io n a n d S t a t is t ic s ) a t t h e r e q u e s t o f N a t io n a l In d u s t r y C o n fe d e r a t io n

(C o n fe d e r a ç ã o N a c io n a l d a s In d ú s t r ia s , C N I). 2.002 p e o p le w e r e in t e rvie w e d w it h a n a g e

a b o ve 16 y e a r s o ld , in S e p t e m b e r o f 2011. A c c o r d in g t o t h is r e s e a r c h , 61% o f t h e p e o p le

c o n s id e r t h e h e a lt h s e rvic e o f t h e c o u n t r y a s “ p o o r ly ” o r “ b a d ” a n d 85% d id n o t p e r c e ive

im p r o ve m e n t s in t h e B r a z ilia n p u b lic h e a lt h s e rvic e s in t h e la s t t h r e e y e a r s .

A c c o r d in g t o t h e in t e rvie w s , t h e m a jo r p r o b le m s o f S U S a r e :

1. L a c k o f p h y s ic ia n s — 58%

2. T h e w a it in g t o H e a lt h C e n t e r s S e rvic e s — 35.4%
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3. T h e w a it in g t o s c h e d u le a n d a p p o in t m e n t w it h s p e c ia liz e d p h y s ic ia n s — 33.8%

In c r e a s in g t h e n u m b e r o s p h y s ic ia n s is t h e m a in s u g g e s t io n (46,9% ). T o r e d u c e t h e

w a it in g t im e b e tw e e n a p p o in t m e n t a n d t h e c o n s u lt is a s u g g e s t io n t o s p e c ia liz e d p h y s ic ia n s

(34% ) a n d t h e h e a lt h c e n t e r s (15.5% ). 32% o f t h e s a m p le a r e a ls o u n s a t is fi e d a b o u t t h e

w a it in g t im e t o e m e r g e n c y s e rvic e s . F o r t h e d is t r ib u t io n o f m e d ic in e s , t h e m a in s u g g e s t io n

is t o in c r e a s e t h e lis t o f fr e e d is t r ib u t e d m e d ic in e s (43% ).

A n d t h e m a in b e n e fi t s o f S U S s e rvic e a r e :

1. F r e e a c c e s s t o t h e h e a lt h s e rvic e s — 52.7%

2. N o d is t in c t io n in t h e a t t e n d a n c e (U n ive r s a lity ) — 48%

3. F r e e d is t r ib u t io n o f m e d ic in e s — 32.8%

T h is r e s u lt is t o t a lly a lig n e d w it h S U S p r in c ip le s : u n ive r s a lity , e q u ity a n d in t e g r a t io n .

O n t h e o t h e r h a n d , p e o p le c h o o s e t o h ir e h e a lt h in s u r a n c e s , e ve n t h e lo w -q u a lity -lo w -

p r ic e h e a lt h , c o m p r o m is in g a c o n s id e r a b le fr a c t io n o f t h e fa m ily b u d g e t in o r d e r t o r e d u c e

o f t h e S U S s e rvic e s . 40% o f S IP S in t e rvie w e d a ffi r m t o h a ve t h e in s u r a n c e fo r s p e e d in g

in a p p o in t m e n t s a n d m e d ic a l e xa m in a t io n s . A s im ila r r e s e a r c h w a s m a d e b y M a u r ic io d e

N a s s a u In s t it u t e in J u ly o f 2012 w it h 624 p e o p le in R e c ife a n d t h e m a in s u g g e s t io n w a s

t o in c r e a s e t h e s p e e d in t h e s c h e d u lin g o f t h e a p p o in t m e n t s . It m e a n s t h a t d e s p it e p e o p le

h ir e h e a lt h in s u r a n c e b e c a u s e o f it s h ig h e r s p e e d in h e a lt h s e rvic e s c o m p a r a b le t o t h e S U S

s e rvic e s , p e o p le a r e n o t t o t a lly s a t is fi e d .

2.2.2 T h e D em and

In t h e c la s s ic a l a p p r o a c h t o c o n s u m e r d e m a n d , t h e a n a ly s is o f c o n s u m e r b e h a vio u r

b e g in s b y s p e c ify in g t h e c o n s u m e r ’s p r e fe r e n c e o ve r t h e c o m m o d ity b u n d le s in t h e c o n -

s u m p t io n s e t (M a s -C o le ll et al., 1995). B u t t h e h e a lt h d e m a n d b y t h e p o p u la t io n s t a n d -

p o in t is u n p r e d ic t a b le , it is a r a n d o m va r ia b le d is t r ib u t io n . P a s t e xp e r ie n c e s w it h o t h e r s

c a n n o t b e k n o w le d g e t o r e d u c e t h e u n c e r t a in ty a n d d is e a s e r is k .

A c c o r d in g t o A r r o w (1963) t h e r e w o u ld b e a m o d e l in w h ic h t h e in d ivid u a l w h o fa ils

t o b e im m u n iz e d c o u ld p a y t o a n y o n e w h o s e h e a lt h is e n d a n g e r e d , a p r ic e s u ffi c ie n t ly
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h ig h s o t h a t t h e o t h e r s w o u ld fe e l c o m p e n s a t e d ; o r , a lt e r n a t ive ly , t h e r e w o u ld b e a p r ic e

w h ic h w o u ld b e p a id t o h im b y o t h e r s t o in d u c e h im t o b e im m u n iz e d . T h e im m u n iz a t io n

p r o c e d u r e c a n b e t h o u g h t a s a n y p r e ve n t ive c a r e – va c c in e , a n n u a l c h e c k u p s , n u t r it io n ,

p h y s ic a l e xe r c is e s . H ig h e r p r ic e s in t h e h e a lt h c a r e s e rvic e s r e d u c e t h e a va ila b le in c o m e ,

b e c a u s e o f t h e in e la s t ic c h a r a c t e r is t ic o f t h e p r o d u c t . If t h e r e is a n in c r e a s e in t h e h o s p it a l

a d m is s io n p r ic e s , it c a n r e d u c e t h e o u t p a t ie n t c a r e a c c e s s t o t h e h e a lt h s e rvic e s b u t n o t

t h e e xis t in g d e m a n d . T h e d e m a n d fo r h e a lt h s e rvic e s d o e s n o t t a k e in t o c o n s id e r a t io n t h e

d is t r ib u t ive q u e s t io n s a n d , t h e r e a t , it is in e q u it a b le .

A c c o r d in g t o t h e P N A D 2008, 55.6% o f t h e p e o p le a s s is t e d in t h e h e a lt h s y s t e m a n d

67.65% o f t h e h o s p it a liz a t io n s w e r e fi n a n c e d b y S U S . T h e S U S d id n o t fi n a n c e o n ly lo w

c o s t s e rvic e s , b u t m a in ly t h e h ig h c o s t s e rvic e s – 73.3% o f t h e c h e m o t h e r a p y , r a d io t h e r -

a p y h e m o d ia ly s is a n d h e m o -t h e r a p y s e rvic e s w e r e fi n a n c e d b y S U S . T h e p o o r e s t B r a z ilia n

r e g io n s a r e u s in g m o r e t h e h e a lt h s e rvic e : 81.9% o f t h e p o p u la t io n in t h e N o r t h o f B r a z il

a n d 83.9% o f t h e p o p u la t io n in t h e N o r t h e a s t o f B r a z il u s e t h e S U S s e rvic e s , w h ile t h e

o t h e r r e g io n s d o n o t u s e m o r e t h a n 67% e a c h – w h ic h m e a n s t h a t t h e e q u a lity c h a r a c t e r is -

t ic s o f t h e S U S is b e in g r e a c h e d . T h e t a b le 2.2 a d a p t e d fr o m P o r t o et al. (2011) s h o w s t h e

p e r c e n t a g e u s e o f t h e S U S s e rvic e s d ivid e d fo r in c o m e d e c ile 3. It is im p o r t a n t t o n o t ic e

t h a t t h e S U S c o ve r e d a lm o s t 88% o f h e a lt h s e rvic e fo r t h e p o o r e s t p e o p le a n d o ve r t h a n

50% p e r c e n t o f t h e s e ve n t h in c o m e d e c ile , w h ic h m e a n s t h e r e a r e p e o p le n o t c o ve r e d b y

t h e S U S y e t . T h e r ic h e s t p e o p le s t ill u s e t h e S U S s e rvic e s (17% ) p r o b a b ly b e c a u s e o f t h e

in s u r a n c e c o m p a n io n s r e g u la t io n s (h ig h e r c o s t s e rvic e s ).

In t e r m s o f ty p e o f t h e h e a lt h s e rvic e d e m a n d , t h e W o r ld H e a lt h O r g a n iz a t io n (W H O )

r a n k e d t h e 10 m o s t k illin g d is e a s e s in 2010 (fi g u r e 2.3). A c c o r d in g t o t h e W H O , c a r d io va s -

c u la r a n d c e r e b r o va s c u la r d is e a s e s h a ve ve r y s im ila r r is k fa c t o r s : h y p e r t e n s io n , d ia b e t e s ,

h ig h c h o le s t e r o l, in a d e q u a t e n u t r it io n , s e d e n t a r y life s ty le , s m o k in g a n d h a r m fu l a lc o h o l

u s e . T h e s c e n a r io is t h a t p e o p le a r e d y in g b e c a u s e o f t h e b a d q u a lity o f life a s s o c ia t e d

w it h h ig h le ve l o f s t r e s s . M o r e p e o p le d ie d b e c a u s e o f d ia b e t e s t h a n b e c a u s e o f p n e u -

m o n ia in 2000, w h ile in 2010 o c c u r r e d t h e o p p o s it e . M o r e p e o p le a r e d y in g b e c a u s e o f

3Considering the w hole population rank ed by the income and divided in ten equal parts (deciles) , each
decile corresponds a part of this distribution. The first part is the poorest one and the 1 0th part is the
richest one.
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T a b le 2.2: SU S Services and Hospitalizations - PNAD - Brazil, 2 008 .

Income Decile SU S Services (%) N Total SU S Hospitalizations (%) N Total
1 8 7 .6 3 ,1 2 3 ,5 7 3 9 2 .5 2 ,1 5 1 ,9 6 0
2 8 6 .4 1 ,5 5 3 ,1 4 9 9 1 .5 9 02 ,8 2 9
3 8 3 .0 2 ,2 4 7 ,7 2 1 8 8 .2 1 ,2 8 2 ,7 1 9
4 7 5 .9 2 ,5 01 ,8 2 5 8 4 .7 1 ,4 3 4 ,2 4 8
5 7 0.4 2 ,4 1 7 ,04 4 7 7 .3 1 ,2 5 9 ,9 9 5
6 6 3 .7 2 ,6 8 8 ,4 1 5 7 4 .3 1 ,2 8 1 ,8 06
7 5 6 .3 2 ,3 9 2 ,2 6 5 6 4 .9 1 ,1 6 7 ,6 3 3
8 4 1 .5 2 ,6 4 2 ,5 4 2 5 0.8 1 ,1 8 0,6 07
9 2 5 .0 2 ,8 1 9 ,1 2 2 3 2 .1 1 ,2 1 1 ,5 05
1 0 1 6 .8 3 ,06 6 ,1 04 2 3 .4 1 ,2 4 2 ,7 8 7

h y p e r t e n s ive p r o b le m .

T a b le 2.3 : The most k illing diseases in Brazil - 2 000 vs 2 01 0.

# Most Killing Diseases 2 000 2 01 0
1 Cerebrovascular Disease 8 4 .7 1 3 9 9 .1 5 9
2 Myocardial infarction 5 9 .2 9 7 7 9 .2 9 7
3 Pneumonia 2 9 .3 4 8 5 4 .9 8 6
4 Diabetes mellitus 3 5 .2 8 4 5 4 .5 4 2
5 Hypertensive Diseases 2 3 .7 2 1 4 4 .4 6 0
6 Bronchitis, emphysema, asthma 3 3 .1 7 3 4 0.3 6 0
7 Heart Failure 2 8 .1 9 5 2 7 .4 02
8 Lung Cancer 1 4 .6 5 5 2 1 .7 1 5
9 Another ischemic heart disease 1 9 .1 5 9 2 0.1 1 1
1 0 Cirrhosis and chronic liver diseases 1 5 .4 9 5 1 9 .2 3 5

2 .3 Ac c o u n t a b ilit y , Q u a lit y a n d Tra n s p a r e n c y in t h e H o s -

p it a ls

P e o p le a r e livin g lo n g e r a n d w it h t h is a g in g p o p u la t io n c o m e s a n in c r e a s e in t h e

in c id e n c e o f c h r o n ic d is e a s e s . B u t t h e h e a lt h s y s t e m is p o o r ly o r g a n iz e d t o h a n d le t h e

n e w c h a lle n g e s . In 2001, t h e In s t it u t e o f M e d ic in e o u t lin e d s ix A im s fo r Im p r o ve m e n t fo r

h e a lt h c a r e 4:

1. S a fe ty : a vo id in g in ju r ie s t o p a t ie n t s fr o m t h e c a r e t h a t is in t e n d e d t o h e lp t h e m ;

4The report “ Crossing the Q uality Chasm: a New Health System for the 2 1 st Century” can be found
in http:/ / w w w .iom.edu
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2. E ff e c t ive n e s s : p r o vid in g s e rvic e s b a s e d o n s c ie n t ifi c k n o w le d g e a n d r e fr a in in g fr o m

p r o vid in g s e rvic e s t o t h o s e n o t lik e ly t o b e n e fi t fr o m t h e m ;

3. P a t ie n t -c e n t e r e d s e rvic e s : p r o vid in g c a r e t h a t is r e s p e c t fu l o f a n d r e s p o n s ive t o

in d ivid u a l p a t ie n t p r e fe r e n c e s , n e e d s , a n d va lu e s , a n d e n s u r in g t h a t p a t ie n t va lu e s

g u id e a ll c lin ic a l d e c is io n s ;

4. T im e ly : r e d u c in g w a it s a n d s o m e t im e s h a r m fu l d e la y s fo r b o t h t h o s e w h o r e c e ive

a n d t h o s e w h o g ive c a r e ;

5. E ffi c ie n c y : a vo id in g w a s t e , in c lu d in g w a s t e o f e q u ip m e n t , s u p p lie s , id e a s a n d e n e r g y .

6. E q u it a b le c a r e : p r o vid in g c a r e t h a t d o e s n o t va r y in q u a lity b e c a u s e o f p e r s o n a l

c h a r a c t e r is t ic s s u c h a s g e n d e r , g e o g r a p h ic lo c a t io n o r s o c io e c o n o m ic s t a t u s .

Q u a lity r e q u ir e s c o n t in u o u s a s s e s s m e n t , m a n a g e m e n t a n d im p r o ve m e n t o f p r o c e s s e s .

A c c o r d in g t o L a F o r g ia ˙ C o u t t o le n c (2008), a n y e ff o r t s t o im p r o ve t h e q u a lity a n d e ffi -

c ie n c y o f p u b lic h o s p it a ls in B r a z il w ill r e ly o n in c r e a s in g t h e m o t iva t io n a n d p r o a c t ivity

o f h o s p it a l m a n a g e r s a n d e m p lo y e e s . It is n o t o n ly t o e s t a b lis h a p e r fo r m a n c e -b a s e d c o n -

t r a c t fo r t h e h e a lt h p r o fe s s io n a ls , b u t t o a llo w fl e xib le w o r k h o u r s , t o g u a r a n t e e c o n t r a c t

e n fo r c e m e n t s a n d a r o b u s t in fo r m a t io n e n vir o n m e n t . T h e s e a c t io n s a s s o c ia t e d t o a n in -

c r e a s e o f t h e a u t o n o m y o f t h e h o s p it a ls c a n in c r e a s e t h e a c c o u n t a b ility o f m o s t h o s p it a ls .

T h e id e a o f a c c o u n t a b ility is r e a lly a t t r a c t a b le a t fi r s t , b u t it r e q u ir e s c o n s id e r a b le c h a n g e s

in t h e h o s p it a l r o u t in e , s p e c ia lly fo r t h e p h y s ic ia n s a n d n u r s e s . P o r t e r ˙ T e is b e r g (2007)

a ffi r m s t h a t m a n y p h y s ic ia n s fe a r t h a t m o r e o u t c o m e m e a s u r e s w o u ld in c r e a s e t h e r is k o f

p r a c t ic e c la im s . A n d t h e o p p o s it e is w h a t h a p p e n s , b e c a u s e p h y s ic ia n s w ill b e b e t t e r a b le

t o p r e ve n t t h e m s e lve s fr o m b a d o u t c o m e s . It w ill b e e a s ie r t o d o c u m e n t c o m p lic a t io n s

a n d a n a ly s e t h e m . T o fo llo w p r o c e d u r e s a n d m a in t a in r e c o r d s o f t h e ir o w n p e r fo r m a n c e

d e m a n d s e xt r a -t im e a n d p a t ie n c e a n d , in g e n e r a l, t h e y d o n o t s e e t h e d ir e c t r e s u lt o f

t h e d a t a r e c o r d in g . It is n o t e n o u g h t h e d a t a t o b e c o lle c t e d p e r io d ic a lly , m u s t e xis t s

a c o m p a r a t ive a n a ly s is , r e p o r t in g a n d im p le m e n t a t io n o f t h e s u g g e s t e d c h a n g e s t o g u a r -

a n t e e t h e im p r o ve m e n t . T h e h o s p it a ls s h o u ld h ir e think tank p r o fe s s io n a ls t o m e a s u r e ,

a n a ly s e , s u g g e s t s a n d im p le m e n t s t r u c t u r a l c h a n g e s t o im p r o ve t h e h o s p it a l p e r fo r m a n c e

in d ic a t o r s .
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In h is b o o k , U nac countable: W hat hospitals won’t tell y ou and how transparenc y can

revolutionize health care, D r . M a k a r y e xp o s e s u n c o m fo r t a b le t r u t h s a b o u t t h e h o s p it a ls

q u a lity in U n it e d S t a t e s . O n ly t h e h e a lt h c a r e w o r k e r s a r e a b le t o u n d e r s t a n d e ve r y -

t h in g t h a t h a p p e n s in s id e o f t h e s y s t e m . F r o m im p a ir e d p h y s ic ia n s u n t il u n n e c e s s a r y

t r e a t m e n t s , t h e a u t h o r e xp la in s a b o u t n o n -s p o k e n is s u e s in t h e h o s p it a l-p a t ie n t c a r e . A n

e xa m p le is t h e ‘n e ve r e ve n t ’:

N ever events should absolutely never happen in a hospital. D iff erent from

complications, which cannot be completely eliminated, never events are by defini-

tion avoidable. T hey include leaving sponges or instruments inside a patient after

surgery, performing the wrong operation or the right one on the wrong side or

the wrong patient. T hese catastrophes should simply never occur. N ever events

sound shocking, but most every hospital in the country, including every hospital I

have ever worked in, has had at least a couple every year. ( M akary, 2 0 1 2 )

W it h o u t p u b lic ly a va ila b le m e t r ic s o f a h o s p it a l’s o u t c o m e s , h o w c a n p e o p le c h o o s e

w h e r e t o g o ? A s in m a n y o t h e r c o u n t r ie s , t h e a b s e n c e o f r e lia b le d a t a , s y s t e m a t ic m e a -

s u r e m e n t a n d in s t it u t io n a l in fr a s t r u c t u r e fo r m o n it o r in g a n d e va lu a t in g q u a lity fr u s t r a t e s

m o s t a t t e m p t s t o a s s e s s t h e q u a lity o f c a r e in B r a z ilia n h o s p it a ls (L a F o r g ia ˙ C o u t t o -

le n c , 2008). P e o p le s h o u ld h a ve o n lin e a c c e s s t o t h e h o s p it a l p e r fo r m a n c e d a t a b a s e . T h e

n u m b e r s o f ‘n e ve r e ve n t s ’, in fe c t io n r a t e s , p a t ie n t o u t c o m e s a n d p a t ie n t s a t is fa c t io n in

t h e h o s p it a ls s h o u ld b e a va ila b le .

H o s p it a l q u a lity is a ls o a ff e c t e d b y t h e q u a lity o f p r o fe s s io n a l p r a c t is e . T h e h e a lt h c a r e

s y s t e m a c t s a s t h e le m o n m a r k e t o f t h e e c o n o m y : t h e h o s p it a ls k n o w s m o r e a b o u t t h e

p r o d u c t (t h e h e a lt h c a r e ) t h a n t h e b u y e r s (t h e p a t ie n t s ). B e c a u s e o f t h e a s y m m e t r ic

in fo r m a t io n , t h e p a t ie n t c a n n o t d iff e r e n t ia t e s e xc e lle n t p h y s ic ia n s fr o m b a d p h y s ic ia n s . It

c o ve r s u p t h e b a d -p e r fo r m a n c e p h y s ic ia n s , d o e s n o t p r o m o t e t h e e xc e lle n t p h y s ic ia n s a n d

c a n e ve n r e d u c e t h e a ve r a g e e ffi c ie n c y o f t h e h e a lt h in t h e s y s t e m . If it is n o t p o s s ib le t o

m e a s u r e it , it is d iffi c u lt t o im p r o ve it . A c c o u n t a b ility in t h e h e a lt h s y s t e m w o u ld e xp o s e

d a n g e r o u s d o c t o r s a n d r e w a r d g o o d p e r fo r m a n c e . T r a n s p a r e n c y c a n im p r o ve t h e p a t ie n t

e xp e r ie n c e a n d r e vo lu t io n iz e t h e h e a lt h c a r e s y s t e m .
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2 .4 Th e Mo t o r c y c le Co s t s fo r t h e H e a lt h Se c t o r

C a b r a l et al. (2011) a n a ly s e d t h e e p id e m io lo g y o f t h e a c c id e n t s in t h e la n d t r a n s p o r t

a c c id e n t s in t h e m u n ic ip a lity o f O lin d a fr o m J u ly o f 2006 u n t il J u n e o f 2007 a n d t h e y

fo u n d t h a t p e d e s t r ia n s , c y c lis t s a n d m o t o r c y c le o c c u p a n t s c o n c e n t r a t e 78% o f t h e vic t im s .

T h e m o t o r c y c le w a s t h e m a jo r c a u s e o f t h e r u n n in g o ve r s (43% ). T h is ty p e o f s t u d y is

im p o r t a n t t o d e fi n e p o lic ie s t o p r e ve n t t h e c a u s e o f t h e a c c id e n t s .

S in c e 1989 is m a n d a t o r y t h e u s e o f t h e s a fe b e lt , b u t o n ly in 1998 t h e la w c a m e

in t o e ff e c t in t h e n a t io n a l r o a d s . T h e m a n d a t o r y u s e o f t h e s a fe b e lt r e p r e s e n t e d a n

a d va n c e in t h e p r o t e c t io n o f t h e c a r u s e r p o p u la t io n , c o n s id e r a b ly r e d u c in g t h e m o r t a lity

in c a r a c c id e n t s . A c c o r d in g t o t h e N a t io n a l T r a ffi c D e p a r t m e n t (D E N A T R A N ) a n d t h e

In fo r m a t io n S y s t e m M o r t a lity o f t h e H e a lt h M in is t e r (S IM / M S ) d a t a b a s e s , fr o m 1998

t o 2008, t h e m o r t a lity in m o t o r c y c le a c c id e n t s h a d in c r e a s e d in 29.2% c o n s id e r in g t h e

r a is e in m o t o r c y c le s a le s : it w a s a r a is e o f 79% in t h e m o t o r c y c le s a le s a n d a n im p r e s s ive

in c r e a s e o f 83% in t h e vic t im s o f t h is ty p e o f a c c id e n t in t e n y e a r s . W h ile t h e r e w a s a

d e c r e a s e in t h e c a r a c c id e n t c o n s id e r in g t h e va r ia t io n in t h e c a r s a le s – b e c a u s e it w a s a n

in c r e a s e o f 47% in t h e c a r s a le s a n d 36% in t h e c a r a c c id e n t vic t im s .

Figure 2.3 : Victims Rate Evolution per Vehicle in Traffi c Accidents. DENATRAN, Brazil. 1 9 9 8 -2 008 .

A c c o r d in g t o t h e S t a t e C o m m it t e e fo r P r e ve n t io n o f M o t o r c y c le A c c id e n t s , in 2011,

a r o u n d 160 o f 3,250 vic t im s o f m o t o r c y c le a c c id e n t w h o u n d e r w e n t s u r g e r y in H ospital da
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R estauraç ão, H ospital G etúlio V argas and H ospital O távio de F reitas e n d e d p a r a p le g ic s .

A ft e r t h e in s t a lla t io n o f U P A ’s , ju s t t h e m o s t s e ve r e c a s e s g o t o t h e H o s p it a l. M o s t o f t h e

m o t o r c y c lis t in ju r e d in 2011 h a d o n ly e le m e n t a r y s c h o o l (21.12% ) o r h ig h s c h o o l (25.04% )

c o m p le t e d . It m u s t s a y a lo t a b o u t t h e e c o n o m y : n o t s p e a k in g a b o u t t h e lo w in ve s t m e n t

in e d u c a t io n , t h e r e is a p r e s s u r e t o fi n d a jo b a n d k e e p in g it .

T h e m o t o r c y c lis t p r o vid e s im p o r t a n t s e rvic e t o t h e fi r m s , r a p id ly b r in g in g a n d le a vin g

d o c u m e n t s a n d o r d e r s . B u t it is a h ig h r is k a c t ivity , m o s t ly b e c a u s e t h e y im p r u d e n t ly

m o ve b e tw e e n c a r s a n d s o m e t im e s fa s t e r t h a n t h e lim it s p e e d . M o t o r c y c lis t s a r e m o r e

s u s c e p t ib le t o h a ve a c c id e n t s . T h e h u m a n lo s t a n d s o c ia l c o s t a r e h ig h , b e c a u s e in g e n e r a l,

t h e s e p r o fe s s io n a ls a r e r e g is t e r e d a s a u t o n o m o u s a n d d o n o t h a ve a h e a lt h in s u r a n c e . In

a c a s e o f a n a c c id e n t , t h e y e n d u p g o in g t o a p u b lic h o s p it a l, s o m e t im e s fo r m o n t h s ,

a n d m o s t o ft e n t h e y g o o u t o f t h e h o s p it a l w it h p e r m a n e n t seq uelae a n d u n e m p lo y e d .

L e s s p r o d u c t ivity t o t h e e c o n o m y . T o r e d u c e m o t o r c y c le a c c id e n t , t r a ffi c e d u c a t io n is

d e m a n d e d . T h e O p e r a t io n A lc o h o l P r o h ib it io n (L ei S eca)5 h a s b e e n r e d u c in g t r a ffi c

a c c id e n t b u t h a s n o t a c t u a lly a n e d u c a t io n a l g o a l, p e o p le a r e r e s p e c t in g t h e la w b e c a u s e

o f it s p u n is h m e n t , n o t b e c a u s e o f t h e ir c o n s c io u s n e s s . B e fo r e c o n s id e r t h e r e d u c e in t h e

In d u s t r ia liz e d P r o d u c t s T a x (IP I) t o in c e n t ive m o t o r c y c le s s a le s , t h e g o ve r n m e n t s h o u ld

c o n s id e r h o w t h is c a n a ff e c t t h e h e a lt h in ve s t m e n t s .

5Since November of 2 01 1 it is a crime to drive under the infl uence of any alcohol level.
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3 TH E W A ITING L INE S

T h e w a it in g lin e s a r e a n im p o r t a n t a n d c e n t r a l t o p ic in o p e r a t io n s r e s e a r c h .

3 .1 Wh a t a r e t h e y ?

A
q ueuein g s y s tem c a n b e d e s c r ib e d a s p a t ie n t s a r r ivin g fo r s e rvic e , w a it in g fo r

t h e s e rvic e if t h e y a r e n o t im m e d ia t e s e rve d , u t iliz in g t h e s e rvic e , a n d le a vin g

t h e s y s t e m a ft e r b e in g s e rve d (K le in r o c k , 1975). In q u e u e in g s t u d ie s it is n e c e s s a r y t o

e s t im a t e t h e p r o b a b ility d is t r ib u t io n o r p a t t e r n o f t h e a r r iva l t im e s b e tw e e n s u c c e s s ive

p a t ie n t a r r iva ls , t h e in t e r -a r r iva l t im e s (J o h n s o n , 2008). T h e p r o b a b ility d is t r ib u t io n

o f t h e s e rvic e t im e s d e p e n d s o n t h e n u m b e r s o f p a t ie n t s in lin e a n d t h e e xp e r ie n c e o f

t h e s e rve r . U s u a lly w e a s s u m e t h a t t h e s e rvic e t im e s a r e in d e p e n d e n t a n d id e n t ic a lly

d is t r ib u t e d , a n d t h a t t h e y a r e in d e p e n d e n t o f t h e in t e r -a r r iva l t im e s (A d a n ˙ R e s in g ,

2001). T h e p a t ie n t a r r iva l p a t t e r n is a s s u m e d t o b e in d e p e n d e n t . It is a ls o im p o r t a n t t o

k n o w t h e n u m b e r o f s e r ve r s , t h e c a p a c it y o f t h e s y s t e m a n d t h e q u e u e d is c ip lin e .

T h e n u m b e r o f c h a n n e ls d e fi n e s t h e n u m b e r o f p a r a lle l s e rvic e s t h a t c a n s e rve t h e

a r r iva l c u s t o m e r s s im u lt a n e o u s ly . A m u lt ic h a n n e l s y s t e m w it h a u n iq u e q u e u e d iff e r s

fr o m a m u lt ic h a n n e l s y s t e m w it h o n e q u e u e fo r e a c h s e rve r . In s o m e q u e u e p r o c e s s e s

t h e r e is a p h y s ic a l lim it a t io n o f t h e c a p a c ity o f s e rvic e a n d a s lo n g a s t h e q u e u e r e a c h e s

a g ive n le n g t h , w h ic h w ill d e p e n d o n t h e s y s t e m , n o o t h e r n e w c u s t o m e r c a n e n t e r s in

t h e s y s t e m u n t il t h e r e is a va ila b le s p a c e . It h a p p e n s b e c a u s e o n e is d e a lin g w it h fi n it e

q u e u e in g s y s t e m s . A s y s t e m in w h ic h e ve r y c u s t o m e r w h o e n t e r s is s e rve d is a s y s t e m

w it h in fi n it e c a p a c ity .

Q u e u e d is c ip lin e d e s c r ib e s h o w t h e c u s t o m e r s a r e s e rve d a ft e r a q u e u e h a s b e e n fo r m e d .

T h e o n ly p a r a m e t e r t h a t d e p e n d s o n t h e d is c ip lin e o f t h e q u e u e s is t h e va r ia n c e o f t h e

w a it in g t im e . T h e q u e u e d is c ip lin e s p e c ifi e s t h e d is p o s it io n o f t h e c u s t o m e r s w h o fi n d a ll

s e rvic e s b u s y — b lo c k e d c u s t o m e r s . It c a n b e a n o r d e r ly q u e u e F ir s t in F ir s t o u t (F IF O ),

a ls o k n o w n a s F ir s t C o m e F ir s t S e rve d (F C F S ). O r in t h e r e ve r s e o r d e r : L a s t in L a s t

o u t (L IL O ), a s in a n e le va t o r , fo r in s t a n c e . It c a n b e a p r io r ity q u e u e o r a S e rvic e in
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R a n d o m O r d e r (S R O ). A lt h o u g h F IF O is t h e m o s t c o m m o n q u e u e d is c ip lin e , in t h e c a s e

o f h o s p it a l q u e u e s it is r e q u ir e d t o e s t a b lis h a p r io r ity q u e u e d is c ip lin e , b e c a u s e F IF O d o e s

n o t r e s p e c t t h e e m e r g e n c ie s . T h e q u e u e d is c ip lin e is c o n s id e r e d t o c a lc u la t e t h e in d ivid u a l

w a it in g t im e s .

Figure 3 .1: Time-diagram notation for queues (Kleinrock , 1 9 7 5 ) .

T h is fi g u r e r e p r e s e n t s a fi r s t -c o m e -fi r s t -s e rve o r d e r o f s e rvic e . T h e a r r o w a p p r o a c h in g

t h e q u e u e lin e fr o m b e lo w in d ic a t e s t h a t a n a r r iva l h a s o c c u r r e d t o t h e q u e u e . T h e

c u s t o m e r Cn+ 1 a r r ive s b e fo r e c u s t o m e r Cn e n t e r s o n s e rvic e . a n d Cn+ 1 is o n ly a t t e n d e d

w h e n Cn d e p a r t s fr o m s e rvic e . Cn+ 2 e n t e r s im m e d ia t e ly in t h e s y s t e m , s in c e it is id le . A s

t im e g o o n it is p o s s ib le t o id e n t ify t h e n u m b e r o f c u s t o m e r s in t h e s y s t e m , L(t).

T h e r e a r e tw o g e n e r a l s it u a t io n s o f p r io r ity d is c ip lin e s – p r e e m p t ive a n d n o n -p r e e m p t ive .

In t h e p r e e m p t ive c a s e , t h e p a t ie n t w it h h ig h e s t p r io r ity is a llo w e d t o e n t e r in s e rvic e in -

d e p e n d e n t ly o f w h ic h s e rvic e is h a p p e n in g in a p a t ie n t w it h lo w e s t p r io r ity . T h e s e rvic e o f

t h e lo w e s t p r io r ity p e r s o n is s u s p e n d e d t o g ive t h e p r io r ity a n d it w ill c o n t in u e o r r e s t a r t

la t e r . In t h e n o n -p r e e m p t ive c a s e t h e c u s t o m e r w it h h ig h e s t p r io r ity g o t o t h e b e g in n in g

o f t h e q u e u e b u t o n ly e n t e r s in s e rvic e a ft e r t h e c u s t o m e r in s e rvic e g o e s o u t o f t h e s y s t e m .

T h e w a it in g lin e r e p r e s e n t s t h e b a la n c e b e tw e e n d e m a n d a n d s u p p ly . If t h e r e is e xc e s s

in t h e s u p p ly , t h e r e w ill b e s t o c k in t h e fi r m s . A n d if t h e r e is e xc e s s in t h e d e m a n d ,

t h e r e w ill b e q u e u e s . T h e h e a lt h s e c t o r , e r r o n e o u s ly , h a s b e e n c a lc u la t in g t h e p a y m e n t o f

t h e in ve s t m e n t in t e c h n o lo g y b a s e d o n ly in t h e p r o d u c t io n c a p a c ity , n o t c o n s id e r in g t h e

d e m a n d a s a r e s t r ic t io n . It le a d s t o a h ig h s u p p ly o f s e rvic e s .
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T h e r e a r e tw o d e c is io n m a k e r s in a q u e u e – t h e m a n a g e r o f t h e s y s t e m a n d t h e c u s -

t o m e r . S in c e d iff e r e n t p e o p le h a ve d iff e r e n t p r e fe r e n c e s , t h e m a n a g e r c a n n o t s e e t h e

u t ility o f e ve r y s in g le c u s t o m e r t o d e c id e w h ic h a m o u n t o f t im e w ill b e t h e m a xim u m in

t h e w a it in g lin e . T h e m a n a g e r s h a ve t o d e c id e t h e r ig h t n u m b e r o f s e rve r s t o n o t h a ve

u n n e c e s s a r y c o s t s – w h e n t h e r e is id le c a p a c ity – n o r lo s e ‘c u s t o m e r s ’ b e c a u s e o f t h e h ig h

le ve l o f w a it in g t im e – w h e n t h e r e a r e n o s e rve r s e n o u g h t o a t t e n d t h e a r r iva l r a t e .

T h e q u e u e c a n b e c o n s id e r e d a s t h e t im e s p e n t in t h e lin e o r a s t h e t o t a l t im e a

c u s t o m e r s p e n d s in t h e s y s t e m : q u e u e p lu s s e rvic e . T h e m o s t in t e r e s t in g t o s t u d y w ill

d e p e n d o n t h e o b je c t ive o f t h e s e rvic e m a n a g e r . T h e c lie n t w a n t s a g o o d s e rvic e in t h e

m in im u m t im e . H e c a n d e c id e b e tw e e n e n t e r in t h e lin e o r n o t . T h e h ig h e r is t h e ‘s e rvic e

va lu e ’ fo r t h e c u s t o m e r m o r e t im e h e w ill b e w illin g t o w a it . If h e d e c id e s t o w a it a n d

t h e n g ive s u p , it is c a lle d “ r e n e g in g ”. If h e lo o k s a t t h e q u e u e a n d d e c id e s t o n o t g e t in ,

it is c a lle d “ b a lk in g ”. A n d t h e m o s t c o m m o n : if h e k e e p s c h a n g in g t h e q u e u e , it is c a lle d

“ jo c k e y in g ”. T h e s e rvic e m a n a g e r w a n t s t o m a xim iz e p r o fi t s . A n d fo r t h is , h e w ill n e e d t o

c o n c e r n a b o u t h is c lie n t , im p r o vin g t e c h n o lo g y a n d in c r e a s in g t h e n u m b e r (o r e ffi c ie n c y )

o f s e rve r s in t h e s y s t e m if it is n e c e s s a r y . It is im p o r t a n t t h a t t h e a r r iva l r a t e (λ) t o b e le s s

t h a n t h e s e rvic e r a t e (µ): λ < µ. In t h e ‘H o s p it a l d a R e s t a u r a ç ã o ’ r e s t a u r a n t p r e lim in a r y

s t u d y , t h is r e la t io n s h ip w a s 4 c u s t o m e r s p e r m in u t e t o 0.5 s e rve d p e r m in u t e , w h ic h is a

c r it ic a l s it u a t io n .

3 .2 Th e P s y c h o lo g y o f Wa it in g Lin e s

If you ex pect a certain level of service, and perceive the service reviewed to

be higher, you are a satisfied client. If you perceive the same level as before,

but ex pected higher, you are disappointed and, conseq uently, a dissatisfied client.

( M aister, 1 9 8 5 )

In 1985, M a is t e r d e t e r m in e d a fo r m u la t o d e s c r ib e s a t is fa c t io n :

S a t is fa c t io n = P e r c e p t io n − E xp e c t a t io n (3.2.1)

S o m e p e o p le h a ve a h ig h e r d is u t ility in a q u e u e t h a n o t h e r p e o p le . It c a n b e s a id t h a t
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t h e r e is a d im in is h in g m a r g in a l d is u t ility o f w a it in g lin e . In o t h e r w o r d s , t h e r e w ill b e

p e o p le r e fu s in g t o w a it fo r lo n g t im e b e c a u s e a t c e r t a in p o in t t h e u t ility o f t h e s e rvic e is

m in o r a n d it w ill d e c r e a s e . It w ill d e p e n d s o n t h e va lu e o f t h e s e rvic e fo r e a c h p e r s o n .

T h a t is w h y t h e r e a r e p e o p le w illin g t o p a y fo r n o t w a it in q u e u e s . T o d a y , w it h t h e a d ve n t

o f t h e in t e r n e t a n d t h e im p r o ve m e n t o f t e c h n o lo g y it is e a s ie r t o a vo id ‘p h y s ic a l q u e u e s ’.

E ve r y b o d y h a s o n c e c o n fr o n t e d a s it u a t io n in w h ic h y o u h a ve t o fa c e a q u e u e t o h a ve a

s e rvic e d o n e b u t t h e t im e is s h o r t b e c a u s e t h e r e is a d e a d lin e t o m e e t – m a y b e a b u s in e s s

m e e t in g o r t o p ic k u p y o u r s o n in t h e s c h o o l. P e o p le w h o n o t h a ve e n o u g h in fo r m a t io n

a b o u t t h e w a it in g t im e w ill s t a y a n xio u s . E m o t io n s d o m in a t e t h e w h o le s e n s a t io n a b o u t

t h e e xp e r ie n c e in w a it in g lin e s . T h e o b je c t ive o f t h e s y s t e m m a n a g e r s is t o m a k e t h is

e xp e r ie n c e a s b e t t e r a s p o s s ib le . F o r t h a t , q u e u e s h a ve t o b e fa ir , c le a r , e ffi c ie n t a n d a s

a lw a y s a s p o s s ib le p le a s a n t .

A n xie ty m a k e s w a it s s e e m lo n g e r (M a is t e r , 1985). T h e fa m o u s s e n s a t io n t h a t t h e

o t h e r q u e u e a lw a y s m o ve s fa s t e r c a n b e s o lve d w it h a s in g le q u e u e . S in g le lin e s m o ve

m o r e q u ic k ly t h a n m u lt ip le lin e s e ve n fo r a h ig h e r t o t a l n u m b e r s o f c u s t o m e r s – b e c a u s e

it r e d is t r ib u t e s t h e va r ia n c e o f t h e s e rve r in a n s w e r t h e d e m a n d – a n d t h e p e r c e p t io n o f

fa ir n e s s is b e t t e r . W it h m u lt ip le lin e s p e o p le c a n s e e w h e n t h e o t h e r lin e s a r e m o vin g

fa s t e r , b u t t h e y d o n o t p e r c e ive w h e n t h e ir lin e is t h e fa s t e s t o n e . T h is c r e a t e s a fe e lin g o f

u n fa ir n e s s w h ic h c a n w o r s e n t h e w a it in g e xp e r ie n c e . If t h e r e a r e t h r e e lin e s (A , B a n d C )

a n d it is r a n d o m t h a t a n y o f t h is lin e w ill h a ve a d e la y , t h e r e a r e s ix p o s s ib le a r r a n g e m e n t s

fr o m t h e fa s t e s t t o t h e s lo w e s t in a n y p a r t ic u la r m o m e n t . It c o u ld b e t h e A m o vin g fa s t e r

(A B C o r A C B ), t h e B m o vin g fa s t e r (B A C o r B C A ) o r t h e C (C A B o r C B A ). In o n ly

tw o o f t h e s e s ix p e r m u t a t io n s w ill c o m e o u t if y o u a r e a t q u e u e A , fo r e xa m p le . It is o n e

c h a n c e in t h r e e fo r y o u r lin e t o b e m o vin g fa s t e r w h ic h is m o r e t h a n 66% t h a t t h e o t h e r

lin e s a r e p a s s in g y o u r s . A n y q u e u e in g la y o u t n e e d s t o t r a n s m it a fa ir n e s s fe e lin g , t h a t is

w h y a s in g le q u e u e is b e t t e r fo r m o s t c a s e s .

U n c e r t a in a n d u n e xp la in e d d e la y s c a u s e a n xie ty a n d m a k e t h e w a it s e e m s lo n g e r t h a n it

r e a lly is . In p h y s ic ia n ’s o ffi c e , p e o p le c a n a r r ive c o n s id e r a b ly e a r lie r t h a n t h e a p p o in t m e n t

t o g u a r a n t e e t h e ir a t t e n d a n c e b u t t h e y g e t e xt r e m e ly a n n o y e d if t h e d o c t o r d o n o t s t a r t

o n t h e r ig h t t im e . M a is t e r c a lls it “ t h e a p p o in t m e n t s y n d r o m e ”. T o a d vic e p e o p le a b o u t
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t h e e s t im a t e d w a it in g t im e c a n r e d u c e t h e ir t e n s io n b e c a u s e t h e y c a n d o o t h e r a c t ivit ie s

w h ile t h e s y s t e m is n o t r e a d y fo r t h e m . It is n e c e s s a r y t o p r o vid e a c le a r , u n a m b ig u o u s

c o n c e p t u a l m o d e l o f h o w t h e lin e o p e r a t e s , w h e r e p e o p le s h o u ld e n t e r , w h a t is e xp e c t e d

a n d h o w lo n g it w ill t a k e (N o r m a n , 2008).

P e o p le h a ve le s s e a g e r n e s s if t h e y p e r c e ive d t h e y a r e in s e rvic e a lr e a d y . A c c o r d in g

t o M a is t e r (1985) t h e r e is a fe a r o f “ b e in g fo r g o t t e n ” s o t h e p a t ie n t s h a ve t o fe e l t h e y

e n t e r e d in t h e s y s t e m e ve n if t h e y a r e n o t in t r e a t m e n t y e t . T h e p a t ie n t s n e e d t o b e

a w a r e a b o u t t h e w a it in g t im e . W h ile w a it in g , p e o p le c a n w a t c h vid e o s a b o u t h e a lt h a n d

w e lfa r e o r t h e y c a n r e a d fo ld e r a b o u t h e a lt h c a r e – t h e y h a ve t o b e e n t e r t a in e d . In t r ia g e

s y s t e m s – w it h n u r s e s c h e c k in g t h e s y m p t o m s o f t h e p a t ie n t s a n d d e c id in g w h e t h e r t h e

p a t ie n t s h o u ld s e e a p h y s ic ia n – p a t ie n t s d o n o t h a ve t h e c o n s c io u s n e s s o f t h e q u e u e a n d

p e r c e ive it a s a p a r t o f t h e s e rvic e . M u s t e xis t a d e t e r m in e d p a t t e r n fo r t h e m o s t c o m m o n

p r o c e d u r e s , s o t h e y w ill t a k e le s s t im e t o b e c o m p le t e d .

3 .3 Ma t h e m a t ic a l Mo d e ls

T h e q u e u e in g s y s t e m s g o e s b e y o n d t h e s im p le in t r o d u c t io n m a d e in t h is c h a p t e r . F r o m

t h e e le m e n t a r y m a t h e m a t ic s u n t il t h e a d va n c e d m a t e r ia l it is r e q u ir e d t o u n d e r s t a n d

s t o c h a s t ic m o d e ls t o s t u d y q u e u e in g t h e o r y . T h is s e c t io n is a d a p t e d fr o m K le in r o c k

(1975).

3.3.1 T ax o no m y o f th e Q u eu e M o d els

K e n d a ll’s c la s s ifi c a t io n o f q u e u e in g s y s t e m s (1953) e xis t s in s e ve r a l m o d ifi c a t io n s . T h e

m o s t c o m m o n is d e fi n e d w it h fo u r le t t e r s : A/B/m /k. T h e fi r s t le t t e r s p e c ifi e s t h e in t e r -

a r r iva l t im e d is t r ib u t io n a n d t h e s e c o n d o n e t h e s e rvic e t im e d is t r ib u t io n . F o llo w in g is t h e

n u m b e r o f s e rve r s a n d t h e n t h e m a xim u m n u m b e r o f c u s t o m e r s a llo w e d a t a n y o n e t im e .

G is u s e d fo r g e n e r a l d is t r ib u t io n , HR fo r R -s t a g e h y p e r e xp o n e n t ia l d is t r ib u t io n s , Er fo r

r -s t a g e E r la n g d is t r ib u t io n s , M (m e m o r y le s s ) fo r t h e e xp o n e n t ia l d is t r ib u t io n a n d D fo r

d e t e r m in is t ic t im e s . It m e a n s , a q u e u e d e fi n e d a s M/M/1 o r M/M/1/∞ is a s in g le s e rve r

q u e u e w it h P o is s o n a r r iva ls , e xp o n e n t ia lly d is t r ib u t e d s e rvic e t im e s a n d in fi n it e n u m b e r
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o f w a it in g p o s it io n s .

3.3.2 A B asic M o d el

T h e a r r iva l p r o c e s s d e s c r ib e s h o w t h e c lie n t s a r r ive o n t h e q u e u e . T h e t im e b e tw e e n

t h e a r r iva ls a r e n o t k n o w n t h u s t h e a r r iva l p r o c e s s is d e s c r ib e d in t e r m s o f t h e p r o b a b ility

d is t r ib u t io n o f t h e in t e r -a r r iva l t im e s o f c u s t o m e r s . T h e in t e r a r r iva l t im e s a r e r a n d o m

va r ia b le s s o t h e a r r iva l p r o c e s s h a s s t o c h a s t ic b e h a vio u r . T h e a r r iva l p r o c e s s c a n b e

r e p r e s e n t e d a s :

A(t) = P [t im e b e tw e e n a r r iva ls ≤ t] (3.3.1)

It is a s s u m e d t h a t t h e s e in t e r -a r r iva l t im e s a r e in d e p e n d e n t a n d id e n t ic a lly d is t r ib u t e d

r a n d o m va r ia b le s . In a b a s ic m o d e l t h e in t e r -a r r iva l p r o b a b ility d is t r ib u t io n is t h e e x-

p o n e n t ia l p r o b a b ility , m e m o r y le s s c h a r a c t e r is t ic . F o r a n in t e r -a r r iva l t im e e xp o n e n t ia lly

d is t r ib u t e d , t h e n u m b e r o f a r r iva ls in t h is t im e in t e rva l fo llo w s a P o is s o n d is t r ib u t io n . It

is im p o r t a n t t o n o t ic e t h a t t h e e xp o n e n t ia l d is t r ib u t io n is n o t s y m m e t r ic . T h e a ve r a g e

in t e r -a r r iva l t im e b e tw e e n c u s t o m e r s is 1
λ
, w h e r e λ is t h e a ve r a g e a r r iva l r a t e o f c u s t o m e r s .

T h e s e r vic e t im e is t h e a m o u n t o f d e m a n d t h e a r r iva ls r e m a in e d u p o n s e rvic e . T h e

p a r a m e t e r fo r t h is e xp o n e n t ia l d is t r ib u t io n is µ, w h ic h is t h e a ve r a g e s e rvic e r a t e . T h e

s e rvic e t im e c a n b e c o n s id e r e d a s

E(x) = P [s e rvic e t im e ≤ x] (3.3.2)

C o n s id e r in g Cn a s t h e c u s t o m e r n . x is t h e s e rvic e t im e fo r Cn. A n d tn c a n b e

c o n s id e r e d a s the arrival time for Cn - the arrival time for Cn−1, o n e h a s :

A(t) = P [tn ≤ t] (3.3.3)

A n d t h e s a m e w a y fo r t h e s e rvic e t im e :

B(x) = P [bn ≤ x] (3.3.4)
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C o n s id e r in g t h e t im e s p e n t in t h e q u e u e a s wn a n d t h e t o t a l t im e s p e n t in t h e s y s t e m

fo r Cn a s sn, t h e n :

sn = wn + xn (3.3.5)

Figure 3 .2: Arrival and Departures (Kleinrock , 1 9 7 5 ) .

T h e h e ig h t in t h e u p p e r s id e o f t h e fi g u r e (3.2) r e p r e s e n t s t h e n u m b e r o f c u s t o m e r w h o

a r r ive d in t h e s y s t e m in (0, t) w h ile t h e h e ig h t in t h e lo w e r s id e o f t h e fi g u r e r e p r e s e n t s

t h e n u m b e r o f c u s t o m e r s w h o a lr e a d y d e p a r t e d .

L(t) = α(t) − δ(t)

D e n o m in a t in g t h e n u m b e r o f a r r iva ls in (0, t) a s α(t) a n d t h e n u m b e r o f d e p a r t u r e s in

(0, t) a s δ(t), t h e n t h e a r r iva l t im e λ c a n b e r e p r e s e n t e d a s λt =
α(t)

t
.

Lit t le ’s La w

L it t le ’s la w g ive s a ve r y im p o r t a n t r e la t io n b e tw e e n t h e a ve r a g e n u m b e r o f c u s t o m e r s

in t h e s y s t e m L, t h e m e a n ‘s o jo u r n ’ t im e W a n d t h e a ve r a g e n u m b e r o f c u s t o m e r s e n t e r in g

t h e s y s t e m p e r u n it t im e λ. It a ffi r m s t h a t

L = λW (3.3.6)

It m e a n s t h a t t h e a ve r a g e n u m b e r o f c u s t o m e r s in a q u e u e in g s y s t e m is e q u a l t o t h e

a ve r a g e a r r iva l r a t e o f c u s t o m e r s t o t h a t s y s t e m t im e s t h e a ve r a g e t im e t h e c lie n t s p e n t in

t h e s y s t e m . T h e L it t le ’s la w d o e s n o t d e p e n d u p o n a n y a s s u m p t io n r e g a r d in g t h e a r r iva l
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d is t r ib u t io n n o r t h e s e rvic e t im e d is t r ib u t io n .

T h e L it t e ’s la w t o c a lc u la t e o n ly t h e s e rve r(s ) is L = λx, in w h e r e x is t h e a ve r a g e

t im e s p e n t in t h e s e rvic e b o x.

3.3.3 M ark o v P ro cesses

A s t o c h a s t ic p r o c e s s is a fa m ily o f r a n d o m va r ia b le s in d e xe d b y t h e t im e p a r a m e t e r t

r e p r e s e n t e d b y X = X(t), t ∈ T w h e r e T is t h e s e t o f in d e xe s o r p a r a m e t e r s w h ic h c a n b e

o f a n y n a t u r e , s in c e it b e lo n g s t o t h e s e t o f r e a l n u m b e r s . A b o u t t h e s t a t e s p a c e , it c a n

b e d is c r e t e -s t a t e p r o c e s s – o r c h a in – if t h e p o s it io n s t h a t p a r t ic le m a y o c c u p y a r e fi n it e

o r c o u n t a b le . O r it c a n b e c o n t in u o u s -s t a t e p r o c e s s if t h e t h e p o s it io n s o f t h e p a r t ic le s

a r e o ve r a fi n it e o r in fi n it e c o n t in u o u s in t e rva l. A s t o c h a s t ic p r o c e s s X(t) is s t a t io n a r y if

t h e fi n it e -d im e n s io n a l d is t r ib u t io n fu n c t io n is in va r ia n t t o s h ift s in t im e fo r a ll va lu e s o f

it s a r g u m e n t s .

A M a r k o v p r o c e s s h a s e xp o n e n t ia l d is t r ib u t io n (m e m o r y le s s ). A m a r k o v c h a in is a

m a r k o v p r o c e s s w it h a d is c r e t e s t a t e s p a c e . A s e t o f r a n d o m va r ia b le s Xn fo r m s a M a r k o v

c h a in if t h e p r o b a b ility o f t h e n e xt s t a t e xn+ 1 d e p e n d s o n ly u p o n t h e c u r r e n t s t a t e xn a n d

n o t u p o n a n y p r e vio u s va lu e s .

T h e B ir t h -D e a t h p r o c e s s is a s p e c ia l c la s s o f M a r k o v c h a in s . T h e d e fi n in g c o n d it io n

is t h a t s t a t e t r a n s it io n s t a k e p la c e b e tw e e n n e ig h b o r in g s t a t e s o n ly . T h e b ir t h -d e a t h

p r o c e s s r e q u ir e s t h a t if Xn = i t h e n Xn+ 1 = i − 1, i o r i + 1 a n d n o o t h e r . T h e e ve n t s a r e

s t a t is t ic a lly in d e p e n d e n t a n d m a y b e e it h e r d is c r e t e o r c o n t in u o u s t im e p r o c e s s e s .

A M a r k o v c h a in w it h c o n t in u o u s p a r a m e t e r in w h e r e t h e s t a t e t r a n s it io n s is o n ly

a llo w e d fo r t h e n e xt s t a t e is a P o is s o n p r o c e s s , o r P u r e B ir t h . T h e P o is s o n P r o c e s s

r e q u ir e s t h a t if Xn = i t h e n Xn+ 1 = i + 1 in a c o n s t a n t r a t e . It is t h e s a m e o f a b ir t h -

d e a t h p r o c e s s w it h t h e d e a t h r a t e z e r o (λn = λ; µn = 0).

Th e M / M / 1 Mo d e l

T h e p r o b a b ility d is t r ib u t io n o f t h e in t e r -a r r iva l t im e a n d t h e s e rvic e t im e a r e e xp o n e n -

t ia l. T h e c a p a c ity o f t h e s y s t e m is in fi n ity a n d t h e q u e u e d is c ip lin e is F C F S . F o r λ < µ
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in a s t e a d s t a t e t h e fo llo w in g c a lc u lu s c a n b e d o n e :

U s a g e o f t h e s y s t e m :

ρ =
λ

µ

E xp e c t e d n u m b e r o f c u s t o m e r s in t h e s y s t e m :

L =
λ

µ − λ

E xp e c t e d n u m b e r o f c u s t o m e r s in t h e q u e u e (L e n g t h ):

Lq =
λ2

µ (µ − λ)

E xp e c t e d w a it in g t im e in t h e s y s t e m fo r :

W =
1

µ − λ

E xp e c t e d w a it in g t im e in t h e q u e u e :

Wq =
λ

µ(µ − λ)

P r o b a b ility o f t h e s y s t e m b e in g id le :

P0 = 1 −
λ

µ

P r o b a b ility t o h a ve n c u s t o m e r s in t h e s y s t e m :

Pn = ρn(1 − ρ)

P r o b a b ility o f t h e w a it in g t im e b e h ig h e r t h a n t > 0:

P (Tq > t) = ρe −(µ−λ)t
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In w h e r e T is t h e a ve r a g e s y s t e m (s o jo u r n ) t im e ; Tt is t h e s y s t e m t im e p e r c u s t o m e r

a ve r a g e d o ve r a ll c u s t o m e r s in t h e in t e rva l (0,t) a n d Lt is t h e a ve r a g e n u m b e r o f c u s t o m e r s

in t h e q u e u e in g s y s t e m d u r in g t h e in t e rva l (0,t).

Th e M / G / 1 Mo d e l

T h e r e a r e c a s e s in w h ic h t h e e xp o n e n t ia l d is t r ib u t io n d o e s n o t d e s c r ib e e xa c t ly t h e

a r r iva l p r o c e s s . F o r t h e s e , t h e r e is a g e n e r a liz a t io n o f t h e b a s ic m o d e l. It is n o t n e c e s s a r y

t o k n o w t h e s e rvic e t im e , o n ly it s m e a n 1
λ

a n d va r ia n c e σ2. A s lo n g a s σ2 in c r e a s e s ,

L, Lq, W a n d Wq a ls o in c r e a s e .

U s a g e o f t h e s y s t e m :

ρ =
λ

µ

E xp e c t e d n u m b e r o f c u s t o m e r s in t h e s y s t e m :

L = Lq +
λ

µ

E xp e c t e d n u m b e r o f c u s t o m e r s in t h e q u e u e (L e n g t h ):

Lq =
λ2σ2 + λ

µ

2

2
(

1 −
λ
µ

)

E xp e c t e d w a it in g t im e in t h e s y s t e m fo r :

W = Wq +
1

µ

E xp e c t e d w a it in g t im e in t h e q u e u e :

Wq =
Lq

λ

P r o b a b ility o f t h e s y s t e m b e in g id le :

P0 = 1 −
λ

µ
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Q u e u e in g Ne t w o r k

J a c k s o n ’s t h e o r e m s t a t e s t h a t in a n e tw o r k q u e u e s e a c h n o d e is a n in d e p e n d e n t q u e u e -

in g s y s t e m . It is a s s u m e d in fi n it e c a p a c ity fo r a ll q u e u e s . F o r r e a l s y s t e m s t h is in fi n it e

c a p a c ity a s s u m p t io n d o e s n o t h o ld , b u t is o ft e n m a in t a in e d d u e t o t h e d iffi c u lty o f g r a s p -

in g t h e b e tw e e n -q u e u e c o r r e la t io n s t r u c t u r e p r e s e n t in fi n it e c a p a c ity n e tw o r k s (O s o r io ˙

B ie r la ir e , 2007). A t t im e t , t h e s t a t e o f t h e n e tw o r k is d e fi n e d b y a ve c t o r (k1, k2, ..., kM)

w h ic h is fu r t h e r a s s u m e d t o b e a M a r k o v p r o c e s s , w it h p r o b a b ility Pk1,...kM
(t). T h e t h e o -

r e m is b a s e d o n t h r e e a s s u m p t io n s :

1. T h e q u e u e in g n e tw o r k c o n s is t s o f m n o d e s , e a c h o f w h ic h p r o vid e s a n in d e p e n d e n t

e xp o n e n t ia l s e rvic e .

2. It e m s a r r ivin g fr o m o u t s id e t h e s y s t e m t o a n y o n e o f t h e n o d e s , a r r ive w it h P o is s o n

r a t e .

3. O n c e s e rve d a t a n o d e , a n it e m s g o e s im m e d ia t e ly t o o n e o f t h e o t h e r n o d e s w it h

fi xe d p r o b a b ility .

If t h e s e c o n d it io n s is s a t is fi e d , e a c h n o d e is a n in d e p e n d e n t q u e u e in g s y s t e m .
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4 TH E W A ITING L INE S IN TH E H E A L TH S E CTOR

T h e w a it in g lin e s in t h e B r a z ilia n h e a lt h s y s t e m is a r e c u r r e n t a n d ve r y s e r io u s p r o b le m .

4 .1 Th e H e a lt h Wa it in g Lin e s — Lit e r a t u r e R e v ie w

T h e t im e s p e n t in t h e w a it in g lin e s d e p r e c ia t e s t h e p r e s e n t va lu e o f t h e s e rvic e a n d

it w ill r a is e t h e p r ic e o f t h e t r e a t m e n t fo r t h e p a t ie n t in t h e e n d o f t h e lin e , b e c a u s e t h e

c o n d it io n o f t h e p a t ie n t d e t e r io r a t e s . E xp a n d in g t h e p h y s ic a l c a p a c ity r e d u c e s w a it in g

lin e s , b u t it d e m a n d s fi n a n c ia l r e s o u r c e s . A t s o m e p o in t , o n ly in c r e a s in g t h e c a p a c ity w ill

n o t s o lve t h e p r o b le m o f d e a d lin e s b e c a u s e o f t h e D im in is h in g R e t u r n s t o S c a le r e la t e d t o

t h e m a n a g e m e n t c a p a c ity . F o r t h e S U S , t h e q u e u e s c a u s e a lo s s in t h e s o c ia l r e p u t a t io n .

T h e p a t ie n t e xp e c t s a n a t t e n d a n c e a n d if h is c o n d it io n is t o o d a m a g e d a w a it in g lin e w ill

n o t r e a c h h is e xp e c t a t io n s , s o p o p u la t io n w ill n o t lo o k fo r a p u b lic h e a lt h c a r e a n y m o r e

b e c a u s e n o o n e w a n t s t o t a k e r is k s w h e n d e a lin g w it h t h e h e a lt h .

In g e n e r a l, in t h e h e a lt h s y s t e m t h e q u e u e is n o t o n ly t h e w a it in g lis t in w h ic h t h e

a t t e n d a n c e c a n b e w a it e d o u t o f t h e lin e . A q u e u e d e m a n d s t h e p h y s ic a l p r e s e n c e o f t h e

p a t ie n t , fr e q u e n t ly in b a d c o n d it io n s — im p r o vis e d b e d s (M a r in h o , 2009). It is w o r s e

fo r e ld e r p a t ie n t s o r p a t ie n t s in s e r io u s s it u a t io n , w h o d e m a n d s c o m p a n io n s . In o r d e r t o

im p r o ve p e r fo r m a n c e in a n e n vir o n m e n t a s c o m p le x a s a h o s p it a l s y s t e m , t h e d y n a m ic

a t w o r k n e e d t o b e u n d e r s t o o d . T o o b t a in s u c h a n u n d e r s t a n d in g , q u e u e in g t h e o r y a n d

s im u la t io n p r o vid e a n id e a l s e t o f t o o ls (C r e e m e r s ˙ L a m b r e c h t , 2007).

T h e in t e n s ive c a r e u n it (IC U ) o f a h o s p it a l is a n e s s e n t ia lly c o s t ly r e s o u r c e (G r iffi t h s

et al., 2005). T h is is w h y J ia n g ˙ G ia c h e t t i (2007) a n a ly s e s t h e p a t ie n t c y c le t im e t o

m o d e l t h e u r g e n t c a r e c e n t e r t r o u g h m u lt i-c la s s o p e n q u e u e in g n e tw o r k m o d e l (M O Q N ).

G r iffi t h s et al. (2005) u t iliz e d s im u la t io n in t h e ir a n a ly s is w it h t h e a r g u m e n t t o b e b e t t e r

t o t h e h o s p it a l m a n a g e r s t o c o m p r e h e n d a n o n -m a t h e m a t ic a l la n g u a g e . J ia n g ˙ G ia c h e t t i

(2007) u t iliz e d in e a c h n o d e o f t h e q u e u e in g n e tw o r k a G I1/ G / 1 o r G I/ G / m q u e u e in s t e a d

o f a M / M / 1 o r M / M / m , b e t t e r r e p r e s e n t in g s e rvic e t im e d is t r ib u t io n s fo u n d in h e a lt h

c a r e . T h e q u e u e in g n e tw o r k m o d e l is g o o d w h e n a n a ly s t s ju s t n e e d a c r it ic a l in fo r m a t io n

1General Independent distribution.
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o f t h e s y s t e m in s t e a d o f ve r y d e t a ile d in fo r m a t io n t h a t a s im u la t io n m o d e l c a n p r o vid e .

B a r r o s ˙ O live lla (2005) a n a ly s e t h e n o n -u r g e n t t r e a t m e n t s fo r a c e r t a in s p e c ia lty

w it h s o m e d e g r e e o f p r io r it iz a t io n , b u t m ild . E xa m p le s o f n o n -u r g e n t t r e a t m e n t s w it h

lo n g w a it in g lis t s a n d m ild p r io r it iz a t io n r e g im e s a r e t h e s u r g e r y o f c a t a r a c t s , h e r n ia

a n d e le c t ive h e a r t s u r g e r y . T h e a u t h o r s d e ve lo p e d a p o s it ive m o d e l o f w a it in g lis t s fo r

p u b lic h o s p it a ls w h e n p h y s ic ia n s d e live r b o t h p r iva t e a n d p u b lic t r e a t m e n t . A n d s h o w

t h a t p h y s ic ia n s d o n o t n e c e s s a r ily s e le c t t h e m ild e s t c a s e s (e a s ie s t t r e a t m e n t ) fr o m t h e

w a it in g lis t — w h e n t h e s e le c t io n is m a d e b y t h e m . B e s le y et al. (1999) a ls o a n a ly s e s

t h e a s s o c ia t io n b e tw e e n t h e p r iva t e s y s t e m a n d t h e p u b lic w a it in g lin e s . It is im p o r t a n t

t o n o t ic e t h a t e a c h t r e a t m e n t in t h e p r iva t e s y s t e m r e d u c e s t h e w a it in g lis t in t h e p u b lic

s y s t e m , b u t s in c e t h e p r iva t e s y s t e m h a s a fi n a n c ia l c o s t d e s p it e it s q u ic k n e s s , d e p e n d in g

o n t h e c a s e , t h e p a t ie n t w ill d e c id e t o h a ve t h e q u e u e in g c o s t .

G o n ç a lve s et al. (2007) u t iliz e d t h e D a t a E n ve lo p m e n t A n a ly s is (D E A ) fo r t h e p e r -

fo r m a n c e e va lu a t io n o f t h e m e d ic a l p u b lic h o s p it a l a d m is s io n . T h e a u t h o r s u s e d t h e

C o n s t a n t R e t u r n s t o S c a le M o d e l t o g e n e r a t e t h e s c o r e s t o e va lu a t e t h e e ffi c ie n c y o f t h e

u n it ie s . F r e it a s (2002) u t iliz e d t h e s a m e m e t h o d o lo g y t o s t u d y t h e e ffi c ie n c y o f t h e R e c ife

M e d ic a l C e n t e r . T h e h o s p it a ls fa c e a p a r a d o x b e tw e e n a h ig h o c c u p a n c y r a t e a n d fi n a n -

c ia l in s t a b ility s o it is d e m a n d e d a m a n a g e m e n t s y s t e m . F r e it a s s t a t e s t h a t t h e m a in ly

p r o b le m o f t h e in s u r a n c e c o m p a n ie s is t o c a lc u la t e a s a vin g a c c o u n t t o s u p p o r t t h e s y s -

t e m u t iliz a t io n . T h e p u b lic h e a lt h s y s t e m u t iliz a t io n ve r s u s p r iva t e in s u r a n c e s a n d h o w

it a ff e c t s t h e w a it in g t im e s c a n b e fo u n d in Ive r s e n ˙ K o p p e r u d (2005).

T o r e d u c e w a it in g lis t s , t h e S w e d is h G o ve r n m e n t a n d t h e F e d e r a t io n o f C o u n ty C o u n -

c ils a g r e e d o n a n in it ia t ive t o o ff e r a m a xim u m w a it in g -t im e g u a r a n t e e fo r 12 d iff e r e n t

p r o c e d u r e s d u r in g 1992 (H a n n in g , 1996). T h e a u t h o r c o m p a r e d t h e m a xim u m w a it in g -

t im e g u a r a n t e e d w it h o t h e r s e ff e c t ive a p p r o a c h e s t o w a r d m in im is in g q u e u e s in h e a lt h c a r e .

G e r c h a k et al. (1996) p r o vid e s a s t o c h a s t ic d y n a m ic p r o g r a m m in g m o d e l fo r t h e a llo c a t io n

o f r e s o u r c e s in h o s p it a l’s g e n e r a l s u r g e r y o p e r a t in g r o o m . Ive r s e n ˙ L u r s (2008) u t iliz e

a m a t h e m a t ic a l o p t im iz a t io n t o a n a ly s e w h ic h va r ia b le s c a n in fl u e n c e t h e p r o b a b ility o f

p a t ie n t s w it c h in g in t h e N o r w e g ia n p a t ie n t lis t s y s t e m . N o r w a y h a s a n a t io n a l h e a lt h

s e rvic e fi n a n c e d b y g e n e r a l t a xa t io n .
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P la n n in g a n d m a n a g e m e n t o f b e d c a p a c it ie s m u s t b e e va lu a t e d w it h in a n e n vir o n -

m e n t o f u n c e r t a in ty , va r ia b ility a n d lim it e d r e s o u r c e s (H a r p e r ˙ S h a h a n i, 2002). T h a t

is t h e r e a s o n fo r G o r u n e s c u et al. (2002) h a d a s s u m e d a M / P H / c (P H is t h e P h a s e ty p e

d is t r ib u t io n , a s t o c h a s t ic p r o c e s s ) q u e u e in s t e a d y s t a t e t o o p t im iz e t h e n u m b e r o f b e d s

in t h e g e r ia t r ic h o s p it a l d e p a r t m e n t in o r d e r t o m a in t a in a n a c c e p t a b le d e la y p r o b a b il-

ity . M d e n o t e s P o is s o n (M a r k o v) a r r iva ls , t h e s e rvic e d is t r ib u t io n is p h a s e -ty p e , a n d c is

t h e n u m b e r o f s e rve r s (b e d s ). K o iz u m i (2002) id e n t ifi e d a p r o b le m a b o u t t h e o ve r -u s a g e

o f t h e m e n t a l h e a lt h fa c ilit ie s : m a n y p a t ie n t s a r e s p e n d in g u n n e c e s s a r ily e xt r a d a y s in

p s y c h ia t r ic h o s p it a ls a n d c o m m u n ity -ty p e a c c o m m o d a t io n s , le a d in g t o c o n g e s t io n . T h e

a u t h o r u t iliz e d fo r t h is a n a ly s e s a o p e n q u e u e in g n e tw o r k m o d e l w it h b lo c k in g . B y e xp lic -

it ly m o d e llin g t h e b lo c k in g p h a s e , t h e m o d e l y ie ld s a d e s c r ip t io n o f t h e c o n g e s t io n e ff e c t s

(O s o r io ˙ B ie r la ir e , 2007).

T h e r e is a n in d ivid u a l c o s t r e la t e d w it h t h e w a it in g t im e . B u t in t h e c a s e o f H o s p it a ls ,

t h is in d ivid u a l c o s t b e c o m e s a s t a ffi n g le ve l c o s t a n d a h u g e lo s s o f fi n a n c ia l r e s o u r c e s

fo r t h e H o s p it a l: w a it in g t im e is n o n -w o r k in g t im e . It is a lo s s o f p a t ie n c e a n d m o o d fo r

t h e w o r k e r s , w h a t c a n in t e r fe r e in t h e t r e a t m e n t o f t h e p a t ie n t s . O n ly fo r t h e h o s p it a l

a d m is s io n it w a s e s t im a t e d a lo s s o f 0,03% in t h e G r o s s D o m e s t ic P r o d u c t (G D P ) in

B r a z il a t 2004 (M a r in h o , 2009). It is im p o r t a n t t o c o n s id e r t h e c r it e r ia t o p r io r it iz e t h e

p a t ie n t s in a q u e u e . B e c a u s e o f t h e t im e a n d r e s o u r c e s r e s t r ic t io n s , it is fr e q u e n t fo r t h e

p h y s ic ia n s t o h a ve t o d e c id e t h e p a t ie n t w ill h a ve t h e s u r g e r y , c o n s id e r in g t h e p r o b a b ility

o f s u c c e s s in t h e t r e a t m e n t o r e ve n t h e c h a n c e o f s u rviva l o f a p a t ie n t . B r a ils fo r d et al.

(2004) in t e rvie w e d t h ir ty k e y in d ivid u a ls a c r o s s h e a lt h a n d s o c ia l c a r e , e s t a b lis h in g a

’c o n c e p t u a l m a p ’ o f t h e s y s t e m , w h ic h s h o w s p o t e n t ia l p a t ie n t p a t h w a y s t h r o u g h t h e

s y s t e m . T h is w a s u s e d t o c o n s t r u c t a s t o c k -fl o w m o d e l, p o p u la t e d w it h c u r r e n t a c t ivity

d a t a , in o r d e r t o s im u la t e p a t ie n t fl o w s a n d t o id e n t ify s y s t e m b o t t le -n e c k s in N o t t in g h a m ,

E n g la n d .

In B r a z il, a s ig n ifi c a n t p e r c e n t a g e o f t h e c a n d id a t e s fo r t r a n s p la n t s d ie b e fo r e a n a t t e n -

d a n c e : 54,5% fo r live r t r a n s p la n t s in 2004, w h ile t h e U n it e d S t a t e s r e p o r t e d a m o r t a lity

r a t e o f 6% . M a r in h o (2006) a n a ly s e d t h e w a it in g lin e s fo r s o lid o r g a n t r a n s p la n t s in

B r a z il’s U n ifi e d N a t io n a l H e a lt h S y s t e m u t iliz in g a m o d e l M / M / 1. T h e w a it in g lin e s
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B r a z ilia n s t u d ie s in t h e h e a lt h s y s t e m h a s m u c h y e t t o d e ve lo p .

4 .2 A Ma n a g e m e n t To o l: Th e Q u a liSU S

T
he m o s t c o m m o n c o m p la in t s o f t h e S U S u s e r s a r e r e la t e d t o t h e lo n g q u e u e s

w it h o u t a p p r o p r ia t e r e c e p t io n a n d w it h n o r is k c la s s ifi c a t io n , t h e lo w r e s o lu b ility

o f t h e P r im a r y H e a lt h -c a r e a n d t h e s e rvic e in t h e e m e r g e n c y u n it s . T h e Q u a lifi c a t io n

P o lic y fo r t h e H e a lt h C a r e (Q U A L IS U S ) w a s la u n c h e d in 2003 t o im p r o ve t h e q u a lity o f

t h e s e rvic e fo r t h e p o p u la t io n . T h e r e a r e fo u r m a in ly p r o je c t s o f t h e Q u a liS U S p r o g r a m :

1. Q u a lifi c a t io n o f t h e s e rvic e in t h e u r g e n c y a n d e m e r g e n c y u n it s

2. Q u a lifi c a t io n o f t h e B a s ic A t t e n t io n

3. Q u a lifi c a t io n a n d A c c e s s t o t h e a m b u la t o r y a s s is t a n c e a n d m e d iu m c o m p le xity h o s -

p it a ls

4. H u m a n iz a t io n P o lic y o f t h e S U S a t t e n t io n a n d m a n a g e m e n t

T h e Q u a liS U S p r io r it iz e s t h e im p r o ve m e n t o f t h e u r g e n c y s y s t e m s . A n d t h a t is w h y

t h e p r o g r a m is in c o n s o n a n c e w it h t h e N a t io n a l U r g e n c y A t t e n t io n P o lic y (P N A U ) w h ic h

h a s t h e p r o p o s e o f o r g a n is in g a n d q u a lify in g n o t o n ly t h e u r g e n c y h o s p it a ls b u t t h e S A M U ,

t h e ‘d o m ic ile ’ a t t e n t io n , t h e h o s p it a l b e d s a n d t h e e m e r g e n c y u n it s . T h e Q u a liS U S a ls o

d e fe n d s t h e h u m a n iz a t io n o f t h e s e rvic e s t o r e a c h t h e q u a lity in t h e h e a lt h -c a r e . T h is is s u e

is r e p r e s e n t e d in t h e N a t io n a l H u m a n iz a t io n P o lic y (P N H , H u m a n iz a S U S ). T h is p o lic y

h a s b e e n p u r s u in g t h e r e d u c t io n o f q u e u e s a n d w a it in g t im e s , t h e s h e lt e r in g r e c e p t io n

a c c o r d in g t o t h e r is k c la s s ifi c a t io n , t h e e n la r g e m e n t o f t h e t e r r it o r ia l a n d s o c ia l a c c e s s ,

t h e p a r t ic ip a t io n in t h e h o s p it a l m a n a g e m e n t , t h e g u a r a n t e e o f in fo r m a t io n a c c e s s t o t h e

u s e r s a n d t h e c o m p a n io n s o f h is / h e r s o c ia l n e tw o r k 2. D e s p it e t h e h o s p it a ls d o n o t p r e s e n t

in fr a s t r u c t u r e t o r e c e ive t h e c o m p a n io n s t h e S U S a im s t o g u a r a n t e e t h e ir p r e s e n c e in t h e

h o s p it a l, b e c a u s e t h e y c r e a t e a n e n vir o n m e n t w it h a m in im u m o f c o m fo r t fo r t h e p a t ie n t ,

w h ic h fa c ilit a t e s h e r / h is r e c o ve r y .

2More information about Q ualiSU S can be found in the Health Ministry w ebsite http://portal.

saude.gov.br
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T h e lo w r e s o lu b ility o f t h e p r im a r y h e a lt h -c a r e is o n e o f t h e r e a s o n s fo r o ve r c r o w d e d

h o s p it a ls . O t h e r r e a s o n s a r e t h e g e o g r a p h ic c o ve r a g e o f t h e h o s p it a l a n d t h e m a n a g e m e n t

fa ilu r e . In g e n e r a l, t h e h o s p it a l d o e s n o t h a ve s t r a t e g ie s t o a d m in is t r a t e t h e o ve r c r o w d e d .

T h e s t a ff g e t s t r e s s e d a n d t h e ir r e m u n e r a t io n d e p r e c ia t e s b e c a u s e o f t h e h ig h e r r e s p o n s i-

b ility a n d e ff o r t d e m a n d e d . T h e e m e r g e n c y u n it s h a s b e e n h a vin g t r o u b le s t o d e a l w it h

t h e n o n -s e ve r e in c o m in g p a t ie n t s . T h e r e a r e p le n ty o f c a u s e s fo r p e o p le u s e t h e e m e r g e n c y

s e rvic e in a p p r o p r ia t e ly : e a s y a c c e s s ib ility , 24h s e rvic e , q u e u e s fo r s c h e d u le a p p o in t m e n t s ,

a b s e n c e o f p r o fe s s io n a ls in t h e h e a lt h c lin ic s , e t c . M o s t a t t e n d e d p a t ie n t s c o u ld b e s e rve d

b y a m b u la t o r ie s a n d a p a r t o f t h e m w ill n o t p r o c e e d w it h t h e t r e a t m e n t o f t h e s y m p t o m

t h a t m o t iva t e d t h e s e a r c h fo r e m e r g e n c y s e rvic e , o n c e t h e p r o b le m is a p p a r e n t ly s o lve d .

W it h o u t a b r o a d r e vie w o f t h e h e a lt h s y s t e m , t h e e m e r g e n c y w ill c o n t in u e t o b e in a p p r o -

p r ia t e ly u s e d b y t h e p a t ie n t s a s a n o p t io n fo r t h e p r im a r y h e a lt h -c a r e (O ’D w y e r et al.,

2009).

A c c o r d in g t o t h e H e a lt h M in is t r y , t o im p r o ve t h e q u a lit y o f t h e s e r vic e in t h e

u r g e n c y h o s p it a ls it is d e m a n d e d t o r e s p e c t p e o p le r ig h t s t o c o m fo r t , in fo r m a t io n ,

s h e lt e r in g r e c e p t io n (A s p e c t I); t o g u a r a n t e e t h e d ia g n o s t ic a n d t h e r a p e u t ic s o lu t io n s

w it h c o m p e t e n t p r o fe s s io n a ls a n d s u it a b le in fr a s t r u c t u r e (A s p e c t I I); t o d e m o c r a t iz e a n d

im p r o ve t h e m a n a g e m e n t o f t h e h o s p it a ls ; a n d t o in t e g r a t e t h e u r g e n c y s y s t e m . To

e n h a n c e t h e e ffi c a c y o f t h e p r im a r y h e a lt h - c a r e t h e p r o fe s s io n a ls n e e d t o b e t r a in e d

fo r im m e d ia t e s o lu t io n s : t h e im p le m e n t a t io n o f t h e H e a lt h A t t e n t io n F a m ily C e n t e r s , t h e

g u a r a n t e e o f t h e p r e s c r ib e d m e d ic in e s a n d t h e g u a r a n t e e o f t h e r e fe r e n c e t o t h e s p e c ia liz e d

s e rvic e .

B e s id e s t h e U rgenc y and Emergenc y a n d t h e P rimary H ealthcare S y stem, t h e Q u a l-

iS U S h a s tw o o t h e r s m a in is s u e s : t h e Ce g o n h a project – special care to the mothers

and their children – and the Psycho-social attention – the fight against drugs. All

of them contributes to reduce the poorness in Brazil. To reach better results they will

require investments in technology, innovation, productivity gains and improvement of the

e¸ciency, regulation and monitoring.

According to Gusmão-filho et al. (2010) Pernambuco is the second highest public hospi-

tal system of SUS. Three hospitals were inserted in the QualiSUS: Hospital da Restauração
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(H R ), Hospital O táv io de F reitas (H GO F ) and Hospital G etúlio V arg as (H GV ). All classi-

fied as R eference H ospital level I I I – medium and high complex ity. The authors analysed

the adequacy of the hospitals to the QualiSUS requirements according to the infras-

tructure and the work ing process. N one of these hospitals researched implemented the

“ N ormalization of the M edical C onducts”.

4.3 A λ: The Walk-in Clinics (UPA’s) and The Risk Clas-

sification

According to the O rdinance 2048 of the H ealth M inistry, the R eception and R isk

C lassification (AC C R ) has to be done by a health professional with higher education,

specifically trained about the protocols and patient treatment. There is no need to sched-

ule an appointment (a walk -in clinic), the units work to reduce the congestion of the

health system. The R eception with R isk C lassification is a tool for the humanization

policy. The UPA 24h has a high level of resolubility and it is a part of a H umanization of

H ealth C are Program, prioritizing the time to reduce unnecessary pain, avoidable deaths,

seq uelae and hospital admissions. It constructs a system of attendance considering the

whole health service network .

The UPAs are the attempt of the government to regulate the demand of the urgent

services in the hospitals, it is a complement of the medium complex ity emergency in SUS.

Since it is not a device to diagnoses diseases, d oes not replace the B asic H ealth U nits

for am b u latory treatm ents. If a person has a seizure, he can go to an UPA to receive

the medication. After the crisis the health professionals will send him home despite the

patient may have a brain tumor or epilepsy. The UPA will not treat the disease, but the

symptoms.

The UPA work s 24 hours per day in the seven days of the week and can solve problems

related to high blood pressure and high fever, fractures, incisions, heart attack and strok e.

The UPAs innovate o´ ering a simple structure with X R ay, electrocardiography, pediatric,

laboratory and beds. After the attendance and controlling of the problem with a diagnosis,

the professional team analyses if it is necessary to send the patient to a hospital or k eep him

45



Chapter 4 THE WAITING LINES IN THE HEALTH SECTOR

in observation. In the classification criteria for the attendance the vital signs of patient are

ex amined considering the individual characteristics (age, gender, pre-ex isting diseases),

the pain scale, the Glasgow C oma Scale and communication di¸cult (drugs, alcohol,

mental disability). The classification end up with a bracelet with the color indicating the

gravity of the patient.

R ed priority – E m erg ency : Immediately directed to the resuscitation room and notify

the ER sta¸. The buzzer is activated. People do not waste time with classification, the

attendance is immediate in a maximum of 15 minutes. Imminent death cases as poly-

trauma, heart attack, cardiopulmonary arrest, severe burn, spinal cord injury, etc.

Yellow priority – Major urgency : Immediately directed to a consultation. Maximum

waiting of 30 minutes, because the patient has a high risk of death. Traumatic Brain

Injury (TBI) without loss of consciousness, minor burns, any severe pain whatsoever,

mild to moderate dyspnea, abdominal pain, seizures, intense headaches, symptomatic

elderly people and pregnant women, etc.

Green priority – Minor urgency : It is a minor urgency, as di¸use abdominal pain, cranial

injury, minor headaches, migraine, psychiatric illness, diarrhea, asymptomatic pregnant

and elderly people, etc. The patient can wait for at maximum one hour because there is

no risk of death. After referral for speciality. He will be reassessed by the physician until

the ‘hospital discharge’.

Blue priority – Ambulatory : Until 120 minutes of waiting, depending on the demand.

chronic complaints, bandages, flu, etc. These are cases that must be treated in the Basic

Health Units (Health Centres).

It seems the population is not well informed about the usage of the UPAs yet. People

go with chronic symptoms and do not want to wait for the attendance, maybe because

they do not understand the prioritization system. The physicians spend attention and

energy with the non-emergent cases and sometimes when a real emergency happens, the

medical sta´ is physically and/ or mentally tired. It happens mostly because there are not

enough investments in the basic assistance treatment and it is absolutely common to not

have physicians in the health centres. To cover this situation, the government of R ecife
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is investing in twenty new health units to o´ er outpatient care and emergency for less

severe cases. These units (UPinhas) will operate 24 hours and each one will have three

doctors, three dental o¸ces, three teams of the F amily H ealth Program and observation

rooms, nebulization and suture. In addition, there will be space for sample collection and

application of medications.

The S.O .S. emergency and the Better at H ome (M elhor em C asa) Programs are other

government adjustments to stimulate the λ in the health system. The S.O .S. emergency

plans to improve the management and to qualify the service in the emergency rooms. E ach

hospital will receive Rı 3 .6 million of the H ealth M inistry to the acquisition of material and

equipment, to hire sta´ , to investment in more beds or any spent related to the program.

The Better at H ome is a way of empty beds in the hospital to other urgency cases. The

SUS patients who do not need hospital admission can be treated at home with public

physicians and public equipments. The patient receives a bed and medical equipments to

use at home. The H ealth M inister, Alex andre Padilha, a¸rms that if these equipments

need electric energy, the residence will have total ex emption in the electricity tax needed

to the equipments work . This program reduces the hospital queues and humanizes the

treatment.

4.4 A µ: The F am ily H ealth Prog ram (PS F )

In C hina there was a movement in 19 7 8 inspiring the primary health care: the C hina’s

barefoot doctors. These health work ers lived in the community they served, focused

on prevention rather than cures while combining western and traditional medicines to

educate people and provide basic treatment (W eiyuan, 2008 ). They were trained agents

to orientate, tak e care and treat the common diseases in the population they attended,

usually in countryside. Brazil adopted the PSF model (F amily H ealth Program) in 19 9 4,

which started with the PAC S (H ealth C ommunity Agents Program) in 19 9 1 in the C ear#a.

The PAC S consolidated the importance of the home care and outpatient for the SUS and

has a target to reorg aniz e the local health serv ices and to integrate the actions of

various health professionals, so community and health units can have an e´ ective liaison .

Both models are centred in the family, in the community, not in the hospital. Prior-
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itizes the prevention and not the cure, avoiding people to get sick . F or years the basic

health care was not a priority for the Brazilian government and now this lack of invest-

ment creates huge ex penses to treat diseases that have spread over because of the absence

of investments in prevention, creating a vicious circle. The low e´ ectiveness of the Basic

C are Units, most of the time there is no physicians, mak es the population go to hospi-

tals – the hospital-centrism. The goal of the PSF implementation was to create a health

care model closer to the family and consequently improve the Brazilians life quality. The

program is financed by the variable part of the Primary C are Budget (PAB) with federal,

state and local resources transference.

The PSF must be connected to the service network to guarantee a full attention to

the family and community with equality, so it can be trusted as a bridge to the higher

complex ity health services – the reference and cross-reference actions. If the F amily

H ealth Unity (USF ) is not articulated with other health treatment levels in the system,

the program will not succeed – a reference action. The same way, after care the patients,

the reference hospitals must follow up the PSF sta´ to enhance the quality of the care when

the patient is back to the basic care – this cross-reference action needs to be improved.

Although is important the ex istence of ambulances to this stage of the process, they are

not available in most USF s. In theory, the program should be a reorientation of the

health care m od el, reducing the demand to the hospitals, but in practice what happens

nowadays is that the agents are finding diseases that were unk nown for the community

and since there is no pattern between di´ erent USF s, the success about the treatment is

not as high as ex pected.

There is a multi-professional team in each one of the basic units responsible for the

attendance of a pre-defined number of families in the community. O ne USF can have more

than one professional team, depending on the number of families connected to the team.

The home visit is one form of monitoring the family’s health situation – can identify

the housing conditions, environmental conditions in which the family is inserted and

the morbidity probability based on these aspects. The home care does not replaces the

hospitalization, but aims to humanize the treatment and guarantee more comfort for the

patient. The PSF has three main guidelines: the h ealth prom otion action s, the prev en tion

48



Chapter 4 THE WAITING LINES IN THE HEALTH SECTOR

action s and the h ealin g action s. In the (1) prom otion actions, it can be discussed on

personal hygiene habits, water quality, garbage and sewer issues – everything related to

the citizen concept. In the (2) prev ention, it is track ed the diabetes and hypertension

cases; the immunization and the prenatal care are done. And in the (3 ) healing actions,

there are clinical treatments in medicine and nursery with basic procedures as bandages,

nebulisation and injection procedures.

C opque ffi Trad (2005 ) compared two municipalities of Bahia through three parame-

ters: management, practices and coverage. It seems that there is failure in sta´ training,

mismanagement and a high spontaneous demand are the main factors for di´ erent PSF

outputs. There were di´ erences about the management, amount of investment and even

the recruitment of the professionals in the two USF s analysed. W hile in the program A,

the professionals were identified through public tender process, with all work er’s rights ac-

cording to the C onsolidation of L abor L aws (C L T); in the program B the sta´ were hired

by the municipal government and only the nurses had the contract according to the C L T

– could be perceived the atmosphere of insecurity and dissatisfaction. The municipality

A develops more prevention actions as educational activities group about prevention care

and the promotion of the teeth brushing and fl uorine application in the community.

Still according to C opque ffi Trad (2005 ) it is common the scarcity of medicines and

medical material (condom, colposcopy and bacilloscopy material), which is an obstacle in

the development of educational and preventive activities. It was worse in the municipality

B. The authors concluded that the B scenario was closer to the actual PSF situation, in

which for the community, the program is only ‘one more’, far away from its real objec-

tive. And they highlight that, when it comes to covering, in order to be a strategy for

transforming the health practices, the program must reach the entire population and not

only the poor people.

In a research comparing the Basic C are – Traditional Basic H ealth Units and the

F amily H ealth Program Units – of some municipalities from the Brazilian South and

N orth-east, F acchini et al. (2006 ) noticed more professionals in the Traditional Basic

H ealth Units (UBS) than in the F amily H ealth Program (PSF ) and more professionals in

the South municipalities than in the N orth-east municipalities. Around 40ff of the sta´
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were hired through public tender process in both regions. And almost all UBS have a

reception room, although in only 13 ff they have infrastructure. The authors state that

the PSF is properly functioning in the local health system and represented a successful

e´ ort to promote equity, since its presence is higher in the poorest regions.

It is a challenge to change an established concept of health care. The F amily H ealth

Program is succeeding about the equality objective, according to research, but it is far

away from two other program objectives: to guarantee the access of the basic care to

all citizens and to reorganize the health care practice. To assure the proper investment

of the resources is a beginning. Investments in computers to support the completion of

paperwork , in the professional team for them to have incentive to work ; in the medical

folders, so the community can be better educated; investment in the establishment of

infrastructure so people can be assisted with dignity. But the guarantee of investments

applied is not enough. It must ex ist a pattern in the actions based on the ‘good cases’

about hiring the professionals, filling the bureaucracy and the process of assisting the

population.

The C ity Academy is a program created in 2011 by the O rdinance 7 19 , originated

in R ecife years before, to implement infrastructure poles with equipments and qualified

professionals to guide the local population in physical activities and health diary habits.

In most of them, there are lectures and meetings related to social and health issues, gym

classes and physical and nutritional evaluation by specialized professionals. As a result, it

was noticed a reduction in the number of chronic diseases. In the end, its objective is the

same as in PSF : to invest in the education and to promote the health in the community.
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4.5 M anag em ent Actions to S olv e the Q u eu eing Issu e

There are many ways to tack le the queueing problems, as can be seen in the references.

4.5.1 Procedure Suspensions and Surgical Pathway

There are many sources of variation along the elective treatment pathway and these

can a´ ect the whole health system. There are natural and artificial variations. It is not

possible to control the natural variation because in a hospital there are di´ erent patients,

di´ erent times the patient arrives and di´ erent sta´ sk ills and motivation. The artificial

variation is created by the way the system is managed: since the way the services and

sta´ s are planned until how the clinics deal with priority or urgent cases.

N on-managed artificial variations in surgeries can increase the waiting time for a

surgery, which can determine the patient’s survival. According to the W orld H ealth

O rganization (W H O ), a “ Safe Surgery Save L ives”. In its campaign, W H O standardizes

a surgical check -list to be implemented around the world. The surgical pathway has

the objective of reducing in-hospital mortality and surgical complications. It appoints

responsibilities and specific check s, standardizing the operative process of all procedures.

N atural variation can be studied to link the identifiable patient characteristics with

the di´ erent procedures required. This segmentation can increase the quality and quick -

ness of the service. But the ‘human factor’ causes variation unintentionally, so most of

the variation in health-care is caused by how the sta´ mak e decisions and work in the sys-

tem. M ap techniques, compare journey, the capacity-demand analysis and its variability

can provide the necessary information to redesign the pathway procedures. To manage

variation is a essential approach to reducing delays in patient care.

The operating theater is one of the most ex pensive sector of the hospital. A better

usage of the available resources in the operating room has direct implications in the

hospital e¸ciency. The operating theater is organized with all the material requested to

perform a surgery. There is a scrubbing room and there are appropriate and disposable

gloves, mask s, surgical caps and clothes. After each surgery, a protocol of cleaning and

disinfecting is performed. R ecovery rooms are located for each patient after the surgical
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procedure. L ights, air conditioner, nursery team, anesthetist, surgeons and a aux iliary

team are also inputs in this model. If there is a brok en equipment, for ex ample, after

all these resources and professionals allocated for a patient at the same time during the

day, the hospital waste time of the professionals, money (because of the resources) and

maybe the opportunity to perform the surgery of another patient. The queue in the health

system is growing up.

In the other hand, the patient will pass through a psychologic pressure situation to pre-

pare for the surgery again: the fasting, the medications and the anx iety. A pre-operative

visit can reduce the anx iety of the patient in answering his/ her doubts about the proce-

dure and post-surgery. A check -list to ensure the patient conditions are quite enough to

perform the surgery and to guarantee the equipment and material conditions are ready to

usage could save some ex panses. F rom the back stage, there is a high complex ity quantity

of processes to support the surgery action: since the diagnosis by image until the logistics

of blood bank , materials and medicines, the reservation of the operating room and the

post-anaesthesia room. M aybe all that costs are not so significant if the hospital has one

surgery suspended, but in scale these costs are disturbing. The pressure for productivity

without infrastructure is reducing the usage of the check lists in the public hospitals. The

government must understand how the tradeo´ between quality and quantity a´ ects the

behavior of the professional team and the costs for the hospitals before implementing

politics to reduce the waiting lines in the public health sector.

A surgical suspension is only a postponement of a necessary service for the patient

recovery. The surgery will have to occur later, unless the patient dies before it. In

many hospitals, however, the surgery cancellation is considered part of the routine and

inherent to the functional structure of the institution. It harms the hospital, which does

not diminish its queues and it harms the patient who had psychological and physical

preparation and he will have to do it all over again. It can happens for various reasons:

the absence or delay of the surgical team, failure in the communication between these

professionals, lack of surgical center or inpatient unit, lack of materials, pre-operative

failure, lack of ex ams, among other reasons.

According to W yllie et al. (19 8 8 ) an e¸cient surgical service should have high through-

5 2



Chapter 4 THE WAITING LINES IN THE HEALTH SECTOR

put of patients and a low rate of cancellation. H e considers that the main question to be

answered is “ what could be done to shorten stays without endangering patients? ”. The

patient cannot be admitted in the same day of the operation because if he did not fasted

for the required time, the anaesthesia can be risk y. In the other hand, longer stays can

increase the probability of hospital infections and deep venous thrombosis; it can also

reduce the productivity of the hospital because less people may be attended. It is hard

to find an optimum at this balance. O ntario’s hospital already k nows the overcrowding

will not increase the hospital productivity and may even reduce it. O ntario has the high-

est hospital occupancy rates of industrialized countries and because of this, the Bristish

M edical J ournal published a research made with 22 million patients over five years pe-

riod that found the risk of death and hospital readmission increased with the degree of

overcrowding (C oalition, 2011).

To avoid cancellation, the surgical center have to be constantly updated by the inpa-

tient units through a system of communication. It can allow the continuity of the care

provided. The notes in the medical chart is not always clear, complete or comprehensible.

Technology may help the fl ow of information in this case. The medical sta´ can use a

surgical check list3 to reduce adverse events before the surgery. F or a good management of

the surgical center, there should be a clear, standardized and well structured information

to help the decision mak ing. D uarte ffi F erreira (2006 ) a¸rm that these information can

be presented in a Balanced Scorecard (BSC ), which are financial indicators to show the

results reached and tak es into consideration all areas of the process including the customer

relationship. The BSC can also consider the mortality rates of the hospital and the time

of permanence into the hospital, two important index es for the hospital productivity. All

indicators must have simplicity, wide applications and measurability.

The control of the scheduled surgeries can reduce the patient ex posure, can diminish

the inpatients time, the risk of hospital infection and can reduce the costs of the treatment.

F or sure the institution will have higher financial revenue, productivity and quality in the

health-care for the patients.

3A checklist model can be found in www.surpass-checklist.nl
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4.5.2 Staffi ng R eq uirem ents, T echnological Inv estm ents and D is-

cipline in the Q ueues

There are di´ erent levels for queueing management:

1. Basic — E stablishment of a transparent and democratic order in the queue. The

technology used can be the number on your admission pass. C an be used also an

electric panel.

2. Intermediate — A database is k ept with the queueing statistics information. It is

possible to control more than two queues and generate reports.

3 . “ Pre-management” — It is possible to control di´ erent queues and compare statistics

data diary, monthly and periodically.

4. M anagement — The manager can have access to the database through W eb and

multi-platforms. It is possible to monitor the queue indicators in real time what

permits faster decision mak ing.

W hat is the tolerable limit of time people could wait to be serviced at any time? H ow

large sta´ is required to give adequate service for these people to not wait more than

a given number of minutes? The manpower will be calculated based on these decisions

the manager must provide. Unnecessary risk s can be faced if there is not enough sta´

in a higher work load period. But adding an ex tra person is not always e´ ective as a

solution. Sta¸ng requirement can reduce the patients’ sojourn time and save millions for

the hospital per year. The monitoring in real time allows the reallocation of the employees

or changes in the priority queues. It is also possible to simulate times and movements

with di´ erent numbers of sta´ .

It is easy to estimate the man-hours required to provide the routine services, but it is

not a simple task to estimate man-hours to be allocated to non-routine activities: calls

arrive at random and the required time to complete the service is also random, depending

on the k ind of request. O n the other hand, significant under-sta¸ng of the unit would

result in bad costumer service. The administrator must decide which one of several criteria
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is the most relevant as the basis for choosing the sta¸ng level (Gupta et al., 19 7 1). F or

emergency units, although, it is always necessary a higher level of sta´ .

To control µ, the manager can capacitate the employees or identify other gaps. The

queue management allows the decision mak er to create productivity targets for the sta´ .

O nce is stated the sta¸ng requirements, the manager can invest in technologies to manage

the queues demand. O f course the monitoring brings the advantage of homogenize the

demand – in observing the less crowded hours, the manager can incentive the clients

to use the service at this time and adequate the sta´ as well, it is a queueing discipline

management. The use of electric panels, television set and video monitors, opinion meters,

biometry and R adio-frequency ID entification (R F ID ) are more interesting and appropriate

in the technology contex t of queueing management.

There are restaurants in which you can put your name on a list, tak e the beep and go

out of the establishment to solve other problems or walk around in the mall. People are

in queue but not su´ ering with the physical and phycological issues about the waiting.

Some hospitals use beep and pagers to communicate with patients in the transplant

queue. N ew technologies allows one to buy the tick ets and check the menu in a restaurant

through internet. M aybe the health sector could use these mechanisms to facilitate the

management of the diverse queues in the system. The internet has an important job in

the queueing optimizations. In F lorian#opolis emerged a di´ erent solution for this same

problem: the W eb-page (www.guardafila.com) allows people to emit the number of the

admission pass after register the cellphone number, so the person can receive a message

when his number is close to be called in the queue.

In the airport queues, there is a clear division between the queues for people who did

the check -in earlier (in the internet, mostly) and who did not. All the information is clear

in the television set and video monitors (fl ight times, company queue, type of queue and

information about the airplane) and the motivation for people to do check -in earlier is

also clear: shorter queues, faster service. The self-service in a separate space reduce the

time in the queues to deposit the baggage, it is a pre-service. The hospital could use

the same transparency in the receptions, it reduces the anx iety of those who wait and an

appropriate pre-service can facilitate queueing discipline in the procedures.
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In the supermark ets, we can see the bar code in every product, a mechanism that

facilitates the dynamics in the cash register reducing the waiting time of clients. N owadays

there is the R adio-F requency Identification, a method of automatic identification of radio

signal. It is possible to recover information and store data remotely through this device.

This technology permits the data interchange between labels and chips or transponders

which transmits the information by an induction field. In a supermark et, for ex ample,

would be possible to pass with the shopping cart full of products and k now at the same

time the amount of money should be paid for all products. In H ospitals, the R F ID has

been used to real-time patient management. The Albert E instein H ospital in São Paulo,

installed the first phase implementation of the R F ID — the monitoring of temperatures

in refrigeration units and the track ing of the assets.

Biometry is a common-place in many establishments. H ospitals use it to track ing

the entrance of the employees to work . It allows the controlling of authorizations in

di´ erent rooms and of the work ing schedules compliance. The biometry can be based on

di´ erent parts of the human body: fingerprints, the palm of the hand, iris or retina of

the eye, among others less e¸cient solutions. E ach one has its costs and advantages. The

restaurant in the H ospital da R estaura%cão uses the fingerprints to control the number of

meals served per hospital department. O ther technologies could be used to reduce the

restaurant queue. The manager only have to decide the amount of money he is willing to

pay.
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5 A CASE STUDY: THE HOSPITAL DA

RESTAURAÇÃO IN RECIFE

The H ospital da R estaura%cão is a very important hospital in the R ecife M etropolitan

area.

5 .1 The Hospital da Restauração

T
he Hospital da Restauração is a reference unit in general surgery, trauma and or-

thopaedics, vascular surgery, neurosurgery, neurology and max illa facial surgery.

W ith forty years of ex istence, since 2002 all the treatments in the H ospital is made by the

Unique H ealth System (SUS). The H ospital treats severe traumas and multiple traumas

as tra¸c accident, fractures, aggressions by weapons and firearms, severe burning cases,

patients from other hospitals and unconscious patients with risk of death.

The Hospital da Restauração has 6 9 9 beds registered in the H ealth M inistry, but

including the ex tra beds, it is a total of 7 23 beds to meets its demand. Since J une

of 2010, the old General E mergency is divided into three emergencies with independent

entrances and infrastructure: Pediatric E mergency, Traumatology E mergency and C linical

E mergency.

The Burn Treatment C enter at the H ospital da R estaura%cão is a hospital within a

major trauma hospital. It has a specialized team of 14 physicians (plastic surgeons,

general surgeons, clinicians and pediatricians), physiotherapists, occupational therapists,

psychologists and all nursing sta´ : nurses, nursing technicians and stretcher bearer. The

sector also has, daily, two anesthetists for surgical procedures such as debridement and

dressing, and for the repair surgeries at own sector of operating rooms.

The hospital has been innovating about administration of the system. In 2008 , it

created the M anagement of W aste Sector and had an economy of R ı 3 8 ,3 9 7 .46 with the

cremation of infected residues. C oncerning the rehabilitation of the patients, the H ospi-

tal implemented a respiratory physiotherapy in the E mergency C linic, Trauma Unit and

Anaesthesia R ecovery room, which has been reducing the mortality of the patients and
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decreases the time spent in these sectors. M onthly, the hospital receives 2.2 thousands of

hospital admissions, 8 00 surgeries, 10 thousands of emergency attendance and 13 thou-

sands ambulatory attendance. All information about the H ospital can be found in the

H R website or in the website of the State Secretariat of H ealth.

5 .2 The Q u eu es in the E lev ators, Parking L ot and Restau -

rant

W ith more than 3 ,5 00 employees and 400 companions distributed between four shifts

and nine fl oors, the hospital has a limited infrastructure for park ing lot, elevators and the

restaurant. W ith an arrival rate higher than the service rate, it is inevitable the ex istence

of queues.

There is a tra¸c of more than 3 ,000 people in the hospital everyday and it is only

15 0 vacancies in the park ing lot in front of the hospital in which 9 0 are reserved. So it

is normal to spend more than 20 minutes waiting on the queue in the entrance of the

car park . Since there is no way to increase the capacity of the park ing lot in a short-run

without disturbance, the hospital’s director ‘rents’ a space nex t to the hospital to hold

the demand for the hospital park ing lot, mostly the employees.

The fl ow of the employees within the hospital can su´ er a little bit if they try to use

the elevator at the lunch time which is even worse if the restaurant queue is large. There

are three staircases in the hospital: the north one, for garbage and food; the south one,

for emergency and the social stairs. But the staircases are under-utilized. There are 6

elevators of which two are for employees and visitants, two are for beds transportation

and the other two are for the transport of the food for the patients, the hospital garbage

and the companions tra¸c. And at least on the first two (in the entrance of the hospital)

there is always queue.

W hereas the hospital is a non-stop service, the contract with the restaurant – specially

to serve the patients – attends the hospital employees and also the companions, with

no prejudice to the patients recommended nutrition, a priority. It mak es the hospital

employees save time and considerable reduce the waste caused by the displacement to
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have the meal. The restaurant has 23 2 seats and there are eighty employees work ing in

the k itchen to prepare 1,5 00 meals. There is space for eight trays in each ramp, where

stays the food. The queue at the restaurant can harms the image of the hospital and

this should not happen because while there were many people waiting outside of the

restaurant, there was an average of 40ff of the restaurant seats empty. F igure (5 .1) shows

the layout of the restaurant where it is possible to see how the queues a´ ect the activity

in the ground fl oor of the hospital.

F igure 5 .1 : Restaurant L ayout

5.2 .1 T he R esearch

To have a previous k nowledge about the situation of these queues in the H ospital, a

survey was applied with the users of the restaurants, essentially employees and the patients

companions. Students of the Probabilistic System D iscipline went to the H ospital to apply

the survey in 14 of N ovember of 2011. To verify the information provided by the hospital’s

employees, the students measured the time spent in the restaurant queue in the 16 th and

the 17 th days of the same month.

The first survey (Survey I) was done with the employees of the H ospital about the

queues in the park ing lot, the restaurant and the elevator. And the second ‘survey’
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(Survey I I) was the timing of the queue of the R estaurant. F or the first survey, the pilot

questionnaires were made by the employees but it had few problems related to the opened

questions. So interviewers were needed to reduce the error problems. The survey I was

applied again after the few months to k now if the H ospital employees noticed any change

in the restaurant queue dynamic (Survey I I I).

The data collection about the timing in the R estaurant queue was done between

10.3 0am and 3 pm - the busiest part of the day - during two days. The time was noted

as each client entered on the queue, requested the service, passed in the turnstile, and

also when the client departed from the restaurant. The di´ erence between the latter two

steps was defined as the service time.

I nstru ctions to the interv iew ers

The instructions followed by the “ interviewers” when measuring the time were:

1. To synchronize their clock s;

2. In general, the first client arrives at the queue at 10.3 0am. It is necessary more than

one person to tak e note of the time because the arrival rate is high;

3 . The time the client begins to pass at the turnstile should be noted. It is when the

client is authorized to put the finger at the sensor or to pass the card at the turnstile.

In most part, the client stays waiting for the ramp to be empty. The person to tak e

note of this time has to be inside of the restaurant;

4. The time of arrival at the ramp it is when the client tak es the first apparatus,

typically the tray;

5 . At least two people are needed at the end of the queue;

6 . In the ex it must also have at least two people. O nce registered the time the client

went out, after the devolution of the tray and cutlery, the form goes to the urn for

the lottery be realized;

7 . Activities should go on until 3 pm.
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5.2 .2 A Status quo of the restaurant q ueues at a fi rst glance

The scenario observed at first in the queue – before any research or intervention – is

listed below.

• The average time to wait in the restaurant queue on lunch time was 40 minutes

• The average time to pass in the turnstile was one minute

• The average time to go from where the person tak es the tray and plate to the end

of the ’meal in the tray’ it was at minimum 4 minutes

• The total time spent just before people start to eat it would be around 45 minutes.

W hich demands a lot of patience

• 40ff of the vacancies inside of the refectory are idle

N egative comments about the waiting are frequents. Theoretically, more people should

be able to eat at the hospital restaurant. It is almost 1,200 employees and 400 companions

who could tak e advantage of this benefit. There is no bottleneck on the k itchen about

the amount of meals could be prepared. The problem is the speed.

A little early before the employee’s lunch – around 11am – arises considerably the fl ux

at the elevators, because the employees are going to the restaurant queues. It arises the

length of the elevator queues in all fl oors. The formation of the line of the companions

starts long before the restaurant opening – at 1.15 pm there are companions on the queue,

but the restaurant opens for them at 2pm. The queue of the employees ends at 2pm,

and the ex it of these ends at 2.45 pm approx imately. The elevators queues grow, because

people go back to their work place while the companions is going down to the restaurant.

The companions have positive e´ ect on the recovery of the patients and it is important

for them to have what to eat in the restaurant hospital because many of them live at the

countryside.

Plenty solutions could be considered, but the system has to be thought as unique.

E verything is connected: turnstile, to put the meal on the tray, table occupancy, k itchen,

elevators.
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5.2 .3 T he Surv ey — G eneral C onsiderations

M ost people ask why to begin the study with a restaurant queue. W hat about the

medical queues? The answer is simple: everybody should understand the importance of

the study of the queues, not only the administrator of the system, but also the employees

and any other stak eholder related to the queue. After they see the e´ ect of the queue

studies, it is easier to apply any change in the other queues of the system. And more,

there are costs related to the restaurant queue that a lot of people do not see.

After more than twenty minutes waiting for the service, the employee gets fatigued,

restless and maybe he will spend more time eating than the usual to feel the justice about

the waiting time, to worth it. F or sure he will be back to the o¸ce less productive and it

will a´ ect his service to the final client of the system – the patient.

The hospital is paying for this time the employee spends on the queues. So, the more

time they wait, higher is the prejudice of the hospital. To have an idea, if a person work s

eight hours per day, he spends 3 3 ff of these 8 hours of his work -time in the queue, which

means he has 4.125 ff of his day idle. If it is considered a medium salary of Rı 8 00 there

is a monthly lost of Rı 3 3 per employee per month. It seems not much, but since 8 5 0

employees at minimum have lunch on the restaurant, it is a damage of Rı 28 , 05 0 per

month, and R ı 3 3 6 ,6 00 in a year. This money could be invested in hospital equipments

or in a career planning to improve the motivation of the people who work at the hospital.

The queues mak e people change the habits to avoid the waiting line. In the hospital,

people started to bring foods – lunch-box – to eat in the lunch time because of the long

waiting on the restaurant queue. Then, as long as more people acquired this habit, they

started to buy electric machines to conserve the food and to heat the food. N ow, it is

not hard to find electric equipments for personal use in the hospital o¸ces lik e sandwich

toaster, liquefier, small fridge, microwaves and an electric water heater. These overload

the electric system and creates a contaminated environment for the H ospital. To eat inside

of the hospital in a non-proper place, as the restaurant, can increase the probability of

hospital infection and for sure causes the proliferation of germs, cock roach, ants and

maybe rats. A better operation of the restaurant can eliminate this bad habit.
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5.2 .4 A nalysis and C onclusions

Some considerations about the restaurant queue in the hospital da R estaura%cão (esti-

mated values).

T he E m ployees Q u eu e

• arrival time: λ = 4 clients per minute before the survey

• service time: µ = 0.28 5 7 clients per minute in each ramp

• average number of meals: 7 5 0 before the survey, more than 8 00 after the survey

• average time to wait in the queue: 40 minutes before survey, 20 after

• numbers of seats in the restaurant: 23 2

• numbers of idle seats while had 8 0 people waiting on the queue: 9 3 idle seats

C om panions Q u eu e

• arrival time: λ = 5 .1 clients per minute before the survey

• service time: µ = 0.28 5 7 clients per minute in each ramp

• average number of meals: 25 0

• average time to wait in the queue: 40 minutes

• numbers of seats in the restaurant: 23 2

• numbers of idle seats while had 102 people waiting on the queue: 9 3 idle seats

W ith λ > µ it is impossible to manage the queue. L ots of losses. H ere are presented

some results of restaurant queue analysis for the first two surveys.

The graphs and analyses show that the database is robust, meaning that the number

of interviews collected is large enough to present the profile of the sample and to report

the employees behaviour with respect to the hospital queues. The database follow the the

beta distribution (V encelaus et al., 2011).
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A descriptive analysis was performed to ex pose the results achieved. The variables

measured are presented through charts or graphs including also the use of some descriptive

measures such as minimum, max imum, mean and standard deviation. F or the correlation

analysis it is used the Spearman correlation coe¸cient, because it allows the work of

ordinal variables in the study setting. To check if two independent groups come from

the same population, it is used the M ann-W hitney test, which is a nonparametric test

(when there is no assumption of normality) alternative to Student’s t test to compare the

means of two independent samples. And for the variance analysis is used the K rusk all-

W allis test, the non-parametric version for the F -test. All conclusions were based on a

significance level of 5 ff .

The H ospital da R estaura%cão has nine fl oors:

G rou nd fl oor: L aundry; L aboratories of Clinical and Pathology Analysis; Restaurant;

Blood transfusion and collection.

1 st fl oor: Adult and Pediatric Emergency.

2 nd fl oor: Burn Treatment Center; Adult and Pediatric ICU; Pharmacy and W arehouse.

3 rd fl oor: S urgical Block (11 operating theatres).

4 th fl oor: Pediatric W ard.

5 th fl oor: N eurosurgery W ard.

6 th fl oor: O ral-maxillofacial, orthopedics wards; Plastic surgery and N eurology ICU.

7 th fl oor: V ascular N ursing and Clinical O verview.

8 th fl oor: N euro N ursing and Clinical Medicine.

9 th fl oor: D irectors, Managers, L ibrary, Home, S erver and S ystem Information.

The surv ey I ex plores the perception of the employees about the queues they used to

face everyday, the situation nowadays is a little better. It is analysed here few character-

istics of the survey questionnaire applied.
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W ith the question 12 of the surv ey I (below) is possible to distribute the employees

acrosss di´ erent time intervals.

12) In which fl oor do you work ?

Ground fl oor(0)�; 1o �; 2o �; 3 o �; 4o �; 5 o �; 6 o �; 7 o �; 8 o �; 9 o �

The first survey was applied in di´ erent fl oors of the hospital under the guidance of

the hospital engineering. 3 23 surveys were applied in one day. The figure 5 .2 shows the

di¸cult of applying the surv ey I at the 3 r d fl oor, because of the surgical dynamic. In

the second survey, the students were spread along the restaurant queue to distribute the

form among the employees to be filled with the timing information. A number of 105 8

questionnaires were filled in these two days. The figure 5 .2 also shows the distribution

of the employees per fl oor during the time measured (surv ey II ). D i´ erent from surv ey I,

the ground fl oor is significantly represented (histogram on the right).

F igure 5 .2 : D istribution of the employees per floor – S urveys I and II.

The variable H C H F IL AL M O C O C AT is the range of the arrival times categorized.

The classification follows:

1rst class: Before 10h30 until 11h

2nd class: Between 11h and 11h30

3rd class: Between 11h30 and 12h

4 th class: Between 12h and 12h30

5th class: Between 12h30 and 13h

6 th class: Between 13h and 13h30
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7 th class: Between 13h30 and 14 h

The figure (5 .3 ) presents a Box ffi W hisk ers Plot, a graph that represents the inter-

action between variables and a categorical variable. The graph creates a box around the

means to show a chosen range, there is a line crossing the box (whisk ers) that is a mea-

sure of variability and represents the range of the variable. The figure (5 .3 ) presents the

time people wait in the restaurant queue based on the time they arrive at the queue. The

K rusk all-W allis Test (p < 0.01) is significant and, therefore, there is statical evidence that

the employees who arrive earlier (between 10h and 11h3 0) in the restaurant queue, wait

more.

F igure 5 .3 : W aiting time in the lunch q ueue per arrival time.

The di´ erence in the distribution of the two surveys in the figure (5 .4) indicates that

the perception of the employees about the time interval they arrive in the restaurant

queue is di´ erent from the time they actually arrive. And from the figure (5 .5 ), there is

di´ erence statistically significant (K rusk all-W allis Test, p < 0.01) between the two groups.

People arrive earlier than the time they stated.

The figure (5 .6 ) shows the probability distribution of the hospital employees during

the two days of time measurement (surv ey II ). The v alid N for the first day of time

measurement was 5 6 3 . The employees arrival is well distributed between 11h and 13 h3 0.

The v alid N for the first day of time measurement was 49 5 . The arrival in the queue is
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F igure 5 .4 : D istribution of the employees per arrival time – Su r v e y s I a n d II.

F igure 5 .5 : Arrival time Su r v e y I vs Arrival time Su r v e y II.

spread out along the lunch time with a peak between 12h and 12h3 0. A larger sample

would be necessary to describe the queue behaviour and to analyse the seasonality.

C omparing the two days of data collection, the figure (5 .7 ) presents the di´ erence

between the arrival time means, the C hi-square test is significant (p < 0.01) and indicates

that the variables are associated and that the frequencies vary across the days. People

arrived earlier in the restaurant queue on the first day of sample.

The table (5 .1) shows the descriptive analysis of the waiting time on the restaurant

queue categorized per arrival time. There is an outlier (M ax imum value of the variable =

8 6 ) between 11h and 11h3 0. F or some reason, a person who arrived this time waited for

one hour and 26 minutes, increasing the variance of the time classification. The higher
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F igure 5 .6 : D istribution of the arrival times – S urvey II, D ays 1 and 2.

F igure 5 .7 : Arrival times D ay 1 vs Arrival times D ay 2 – S urvey II.

average waiting time is for the people who arrive between 10h3 0 and 11h3 0 (p < 0.01 for

the K rusk all-W allis test).

The table (5 .2) shows the descriptive analysis of the time spent in the ramp. It is

possible to observe that people can spend until 26 minutes to serve the meal in tray. It is

a long time considering that there are people who spend less than a minute. Indecision

about which meal to ask , the ramp to tak e (there are two) or just the need to spend more

time choosing what to eat to feel the justice about the time wasted waiting in the line are

possible ex planations for this phenomenon.

O n the second day, the interviewers heard the employees commenting about the speed

along the ramp, considering the day before. To verify if there is di´ erence among the
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T able 5 .1 : Time spent on the q ueue classified per arrival time.

Arrival Time V alid N Mean Minimum Maximum S td D ev
10h30 < x ≤ 11h 126 .00 22.12 4 .00 39 .00 5.9 9
11h < x ≤ 11h30 16 0.00 22.9 5 1.00 8 6 .00 7 .7 4
11h30 < x ≤ 12h 18 5.00 13.4 1 2.00 28 .00 3.36
12h < x ≤ 12h30 205.00 19 .7 6 0.00 34 .00 4 .38
12h30 < x ≤ 13h 138 .00 16 .6 1 8 .00 25.00 3.19
13h < x ≤ 13h30 122.00 19 .57 3.00 53.00 5.4 0
13h30 < x ≤ 14 h 7 3.00 5.8 8 0.00 25.00 3.8 1

T able 5 .2 : D escriptive analysis of the time spent in the ramp classified per arrival time.

Arrival Time V alid N Mean Minimum Maximum S td D ev
11h < x ≤ 11h30 14 9 3.30 1.00 26 .00 3.06
11h30 < x ≤ 12h 18 3 2.4 1 0.00 6 .00 1.22
12h < x ≤ 12h30 154 2.4 0 0.00 6 .00 1.26
12h30 < x ≤ 13h 17 1 2.9 8 0.00 14 .00 1.7 1
13h < x ≤ 13h30 116 3.6 4 1.00 8 .00 1.24
13h30 < x ≤ 14 h 14 0 2.52 0.00 7 .00 1.4 5
TO TAL 9 19 2.8 5 0.00 26 .00 1.8 6

average time spent in the ramp between the two days of data sampling, the M ann-W hitney

test was done. Also k nown as the W ilcox on-M ann-W hitney test, it is a non-parametric

test where the variables can have any distribution, and the assumption is that the variables

are ordinal or numerical. The test evaluates if the samples are statistically di´ erent. The

test confirmed that in the second day the time spent in the ramp was lower (z = −20.7 5 2,

p < 0.01).

About the total time spent in lunch per arrival time in the queue, it is possible to

notice in the figure (5 .8 ) the huge range for the ones who arrived earlier (first class, before

11h). O n the average, people spend between 3 0 and 5 0 minutes (waiting, serving and

eating).

The figure (5 .9 ) shows the positive correlation between the arrival time and the ex it

time, since the pattern of dots slopes from lower left to upper right. It is just to confirm

the consistency of collected data.

The figures 5 .10 and 5 .11 show the di´ erence between the waiting times stated (S urv ey

I ) and measured (S urv ey II ). The question 18 and 19 allows one to identify the employees

perception about the time spent in the queue and the time spent eating, respectively.
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F igure 5 .8 : Total time spent having lunch vs Arrival time.

F igure 5 .9 : Arrival Time vs O utgoing Time.

18 ) H ow much time do you wait in line at the H R restaurant at lunch?

19 ) H ow much time do you spend having lunch (eating) at the H R restaurant?

The figure (5 .10) shows that in the waiting line the time seems to pass slower than it

really is.

The measured time is much lower than the perceived time. W hereas the used time

seems to pass faster (figure 5 .11). It confirms the M aister’s theory, that the anx iety mak es
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F igure 5 .1 0 : Comparison between Su r v e y I and Su r v e y II for the waiting time.

waits seems longer. W hen waiting to enter at the restaurant, peck ish, people perceive the

waiting time slower and, after served, the time is more pleasant and people do not realize

how much time they spend at lunch.

F igure 5 .1 1 : Comparison between Su r v e y I and Su r v e y II for the time spent at lunch.

E levator queue, park ing queue studies, other analysis and results can be found in

(C ampello de Souza, 2011) and (V encelaus et al., 2011). The research made in N ovember

of 2011, had some results for the hospital. The actions suggested were implemented and

has been presenting results for the hospital. The hospital installed another turnstile on the

entrance of the restaurant and managed the demand. To reduce the queues it is required

to increase the productivity in the ramps (µ) and now with five and four restaurant
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sta´ work ing in each ramp to serve the restaurant clients all the time, the queue visibly

decreased.

To improve even more the e¸ciency of the queues in hospital restaurant, the managers

should supervise the restaurant operation with cameras and an automatic information

system, so the productivity can be measured.
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5 .3 S u r g ical Cancellations

Surgical cancellation causes financial losses for the hospital, delay in surgical planning

and also injury to other patients, who wait for the operation. It reduces the hospital service

rate (µ), increasing the waiting line in hospitals. This section analyses the H ospital da

R estaura%cão surgical cancellations, or suspensions, of the elective surgeries.

The H ospital da R estaura%cão provided a sample of the surgical cancellations database

from September of 2011 until September of 2012. At first, it can be observed that there is

no pattern in the input of the data, which can harm future work s to reduce the incidence

of surgical suspensions. H istorical database in hospitals is a general problem around the

world and it happens because the professionals involved in the data entry and in the filling

of the protocols do not understand the importance of these information to improve their

work .

The regular work ing scheduling of the operating theatre is from 7 .3 0am until the end

of the night. There are 11 O perating R ooms (O R ). Three of them for urgency cases and

eight O R ’s for the elective surgeries, these last separated by specialties and scheduled by

a surgical chart. All rooms are prepared with the same surgical equipments. At the end

of each surgery, cleaning and sterilizing protocols must be followed by the M aterial and

Sterilization C enter. These procedures tak e about fifteen minutes for a regular surgery

and at max imum thirteen minutes for heavily soiled surgeries. There are one fl oating

aux iliary sta´ , one nurse on duty and one diarist nurse per shift for all operating theatres.

The aux iliary sta´ is a scarce resource to the surgical management.

In the period analysed, the H ospital performed a total of 14, 8 6 2 surgeries. M ost of

them were Burning surgeries: 6 , 246 ; 43 .24ff of the total. The secondly most performed

surgeries was the N eurology sector, 16 .3 2ff of the surgeries performed in the H ospital.

The N eurosurgery is also the first place in surgeries cancelled. Traumatology comes nex t,

13 .13 ff of the total and secondly in the surgeries cancelled (26 .3 4ff ). It was cancelled

2, 6 45 of the 14, 8 6 2 surgeries scheduled in this period, a cancellation rate of 17 .7 9 ff .

There are nine surgical specialties in the H ospital da R estaura%cão. The table (5 .3 )

presents the percentage of surgeries performed and surgeries cancelled of each one of the

medical specialties in the period of September of 2011 until September of 2012. The
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statistics presented here is a description of the database hospital scenario. Since the

database is not organised to facilitate the analysis, it does not correspond to the reality of

the hospital. To max imize the numbers of patients attended, the hospital allocates three

patients for one surgery. If, somehow, the patient does not have clinical conditions or the

equipment for that specific surgery it is not available, other patient can do the surgery.

The numbers presented in table, then, does not reassemble the hospital reality but the

hospital database situation.

T able 5 .3 : S urgical S pecialties in Hospital da Restaurac̃âo.

S pecialty S urgeries performed (% ) S urgeries cancelled (% )
Burn Treatment Center (BTC) 4 3.24 0.00
N eurosurgery 16 .32 38 .11
Traumatology 13.13 20.9 8
G eneral 9 .7 6 14 .52
Pediatrics (PedS ur) 8 .4 1 1.25
V ascular 5.55 16 .9 4
O ral and Maxillo-F acial (O MF ) 2.7 9 4 .8 4
Plastics 0.7 1 3.36
O phthalmologist 0.09 0.00
TO TAL 100.00 17 .8 0

F rom the 2, 6 45 cancelled surgeries in the period of September 2011 until September

2012, it is analysed here a sample of 1, 6 48 provided by the hospital from its database.

The figure (5 .12) presents the percentage of each clinical specialty in the sample. And the

figure (5 .13 ) presents position and distribution of the data. N eurology and Traumatology

are the specialties with more cases of surgical cancellation.

F igure 5 .1 2 : S urgical Cancellations of the HR by Medical S pecialties.
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F igure 5 .1 3 : Box Plot of the S urgical Cancellations by Medical S pecialties.

F rom the total database, most part of the suspended surgeries happened on M onday

(figure 5 .14). To demonstrate the statistical di´ erence of M onday, ahead of other week -

days, the figure (5 .15 ) presents the di´ erence among M onday, Tuesday and W ednesday,

and Thursday and F riday. The variables were created from the figure (5 .14), clustered.

Since M onday is a single variable, not a combination of two days as the others, it needed

to be duplicated to maintain the homogeneity (first red box -whisk ers). O ne of the possible

ex planation for the high number of cancellations on M onday is the ex tension of week ends

emergency surgeries.

F igure 5 .1 4 : S urgical Cancellations of the HR by D ay.

It is ex pected for the major reason for surgical cancellation to be the unavailability
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F igure 5 .1 5 : S urgical Cancellation D ays Clusters.

of anesthetist for all medical specialties, because it is a structural situation in the Per-

nambuco’s H ealth System. W ith 3 7 .02ff of the cancellations, it is a really significant

problem. Then it is important to observe the incidence of other reasons in the rank ing.

Through interviews could be analysed the hospital sta´ ’s perception. According to them,

the major reason of cancellation, after the unavailability of anaesthetists, is the priority

to an urg en t surg ery . The figure (5 .16 ) shows that this reason for surgical cancellation

is not the second, but the 9 th reason. And the figure (5 .17 ) demonstrates the possible

division of the cancellation reason, according to the distribution. The unavailability of

anaesthetists was not considered to better verify the distribution of the other variables;

it belongs to the first group. To analyse the reason per medical specialty, the first two

groups were considered because of their higher frequencies.

L ack of surgical material/ equipment is the second largest reason of surgical cancella-

tions in this period. To deeply understand the information presented in this database,

it is demanded more information and only the hospital can ex plain most of them. This

work only intend to point what numbers say, not ex plain them. The reason “ suspended by

the surgical team” does not elucidate why the surgery was cancelled, it is a classification

empty of information. Problems in the data entry can also be observed in the number of

missing data (10.2ff of the total). The hospital max imizes the O R s usage by allocating

three patients for the same surgery schedule. It considers that if for some reason the first

patient cannot be operated, one of the two others can be operated. The blood is only
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F igure 5 .1 6 : S urgical Cancellations of the HR by Reason.

F igure 5 .1 7 : S urgical Cancellation Reasons Clusters.

book ed for the first patient, a reason to why the number of surgeries canceled by lack of

blood is high. Surgical materials are ordered as it is necessary because of bureaucratic

and storage reasons. A percentage of the cancellations (19 .3 ff ) could be avoided with a

visit before the operation procedure: patient with no clinical condition (13 1 cases in a

year) and patient fed (26 cases in a year). An ex tra nurse to do the pre-ex ams and track

the patient schedule should be hired.
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A highlight must be done for the cases in which the surgery was cancelled because

of an error in the scheduling (IM PR O PSC H E D ). It happens because the hospital does

not have an E nterprise R esource Planning (E R P) or a Balance Score C ard (BSC ) as

recommended by D uarte ffi F erreira (2006 ) to integrate all required information about

the patient at the same platform. So the surgeries were cancelled because the patient was

transferred or discharged (5 cases in the period analysed), dead patient (3 cases), surgery

already performed (5 7 cases) and patient without surgery recommendation (20 cases) are

all victims of the lack of simultaneous information and internal control.

The lack of anesthetists is a systemic problem in the Pernambuco’s H ealth System.

But a considerable number of the surgical suspensions is due to the surgical team in the

hospital (8 9 cases in a year; 5 .41ff ). F urther analysis must be done to a¸rm if these

cancellations could be avoided. The “ lack of blood” seems to be a planning problem of

the surgical team: physicians ask to the blood bank smaller quantity than the amount

will be necessary in the surgery. The hospital is aware about this situation and it will

tak e the appropriate actions to solve the case. It is a planning issue.

Analysing the reasons of cancellations in the N eurosurgeries figures (5 .18 ) and (5 .19 ),

it can be noticed that the second most common reason in the period was the lack of

surgical equipments/ materials. The surgical cancelled to prioritize more urgent surgery

was only 5 ff of the total (23 cases in a year). The graphs are equivalents.

In traumatology surgical suspensions (figures 5 .20 and 5 .21) only 2ff (6 cases in a year)

was cancelled because of a more severe case. H ighlights for lack of blood (15 ff ), lack of

surgical materials/ equipments (14ff ) and unavailability of surgeons (12ff ), the three main

causes of surgical suspension in this specialty after the unavailability of anaesthetists.

The perception of a higher number of surgeries cancelled because of an urgent surgery

is truth for the vascular surgeries (figures 5 .22 and 5 .23 ).

An interesting observation is that 20ff of the general surgeries (figures 5 .24 and 5 .25 )

was suspended because the patient did not show up.

The number of reasons of the surgical cancellation vs the medical specialty can been

seen in the table (A.1). It is possible to notice that the unavailability of the Post-

Anesthetist R ecovery R oom (SR PA, 18 vacancies), The N eurosurgical C ritical C are Unit
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F igure 5 .1 8 : N euro-S urgeries Cancelled by Reason.

F igure 5 .1 9 : Box Plot N euro-S urgeries Cancelled by Reason.

(USAN , 10 vacancies) and the IC U (40 vacancies) are reasons for surgical cancellations

and therefore are limiting factors for the dynamic of the hospital.

If an anesthetist or a surgeon delays to get to the hospital in an average day, it can

a´ ects the agenda of all the surgeries in that day. Suppose that an anesthetist is not at

the hospital at the time the surgery should start. W hile he does not arrive, the surgeon

waits – it means an ex pensive idle time. M eanwhile, the operating room is ready to use

with ar-conditioning running, disposable or sterilized materials, etc. If it is a busy day,

the last patient will have his surgery cancelled because there will not have time enough
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F igure 5 .2 0 : Traumatology S urgeries Cancelled by Reason.

F igure 5 .2 1 : Box Plot Traumato-S urgeries Cancelled by Reason.

in the end of the day to perform all surgeries. After a night without sleeping and a day

of waiting, anx ious about his surgery, and few hours of fasting, the patient will return to

his bed because of a personal problem of one doctor in the beginning of the day. The

family of the patient is also a´ ected and sometimes patients consider situations lik e this

as a “ divine sign” , refusing to do the surgery in the future. O f course this is a totally

hypothetical situation, but the point is: are the physicians aware about the consequences

of their actions for all agents involved in a surgical procedure?

The figure (5 .26 ) shows the di´ erence between the λ and µ in the period of 13 months
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F igure 5 .2 2 : V ascular S urgeries Cancelled by Reason.

F igure 5 .2 3 : Box Plot V ascular S urgeries Cancelled by Reason.

for all surgical specialties in the hospital as an average of the customers per day. The

tra¸c intensity measures how busy the system is and it is defined as the ratio of mean

service time to mean interarrival time. If the tra¸c intensity is greater than one then

the queue will grow without bound, which it is the case here. There is a significant gap

between the λ and the µ, λ > µ, and the relationship ρ = λ
µ
is higher than one. If ρ < 1,

get the following stationary distributions with probability mass function. The behaviour

of λ
µ
confirms that the hospital cannot meet the demand and the figure (5 .27 ) shows the

e´ ort to change the situation. There is no softness in the control of the surgical center
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F igure 5 .2 4 : G eneral S urgeries Cancelled by Reason.

F igure 5 .2 5 : Box Plot G eneral S urgeries Cancelled by Reason.

queues. The graph presents an oscillation over time (limity-cicle), a saturation of the

system: when the relationship λ
µ
is too high, the hospital management does a task force

to reduce the gap. It is not sustainable, and after a while the rate goes back to a critical

situation. There are peak s and valleys, representing a structural problem.

The figure 5 .28 emphasizes this a¸rmation and shows the di´ erence between the

rate of the arrival rate and the service rate in the surgical specialties of the H ospital da

R estaura%cão. The relationship in this graph is the number of patients per day.

W hen a surgery is cancelled, the health sector queue is growing up. Surgery suspen-
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F igure 5 .2 6 : S urgical Cancellations of the HR by S pecialty.

F igure 5 .2 7 : Utilization Rate of the S ystem
(

λ
µ

)

.

sions reduce the productivity of a hospital, harms the image of the hospital and increases

the queue in the hall. Programs are being implemented in H ospital da R estaura%cão around

this issue.
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F igure 5 .2 8 : S ervice Rate and Arrival Rate in the HR S urgical Center.

5.3 .1 Suggestions to reduce the Surgical C ancellations at the H os-

pital da R estauração

1. To hire an ex tra-nurse to perform the pre-ex ams and to track the patient schedule.

It will reduce the numbers of surgeries cancelled because the “ patient was fed” (2ff );

and the “ patients with no clinical condition” (8 ff ). The patient will be well informed

about the surgery and the special care before the surgery.

2. To standardize the data entry. There are simple and e¸cient tools for it.

3 . To indicate the main patient and the patients on the waiting list for the surgery

scheduled.

4. To conduct training among the employees involved in the surgical procedures, mainly

nurses and physicians. The training must have the goal of ex plaining the impor-

tance of an appropriate and standardized data entry, and to present the possible

advantages for the hospital management, and consequently the hospital sta´ .

5 . To monitor the cancellation reasons, what will be easier with the database standard-

ized. The constant analysis of the surgeries cancelled will allow better management

of the surgery output.
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6 . To integrate all required information about the patient on the same platform. Inte-

gration with other hospitals would be better.
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6 AN OPTIM AL CONTROL M ODEL

“ Th e p u r p o s e o f a m o d e l is n o t b e r e a lis tic . Afte r a ll, w e a lr e a d y p o s s e s s a

m o d e l th a t is c o m p le te ly r e a lis tic — th e w o r ld its e lf.” (Romer, 19 9 6 )

L ik ewise in the maintenance engineering, in the H ealth System it is necessary to

constantly measure the processes and check the people related to them. The Availability

of the health system needs to be considered to calculate the economic productivity. The

economic system can be producing or in a failure state. The probability of a system be

ready to usage depends on the R eliab ility and the M aintainab ility of the system. The

availability is a function of reliability and maintainability, and one wants to max imize this

function subject to its cost. The total cost can be at least the same of the income of this

system. M athematically, the problem may be placed as follows

Ma xA
R,M

= A(R, M)

subject to

CRR $ CMM ≤ I

F rom where A is the availability, R is the reliability, M maintainability and I income.

The reliability is the failure rate — or the 1
λ
of a health system — and the maintainability

is the time demanded to have a person recovered once he got sick and entered in the

health system, the µ. According to C ampello de Souza (2007 ) in an economic argument,

the reliability is the capital (K) and the maintainability is the labour force (L). The

availability is the income in the productive process.

The rate in which people in the community become sick is the arrival rate of the

patients in the health system. The λ is the fraction of the population who is illness. Any

time an economically active person become ill, the productivity of the system falls. If a

person dies and the community does not have a population growth rate, the productivity

of the system will decrease in a given rate. F reitas (2009 ) considers the morbidity rate an

ex traction factor of the manpower in the productive system. It is ex pected a minimum

number of patients in a community the same way that it is minimized the number of
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brok en equipments in a factory.

The health system allows the labor force to be recovered for the prod u ctiv e sys-

tem . The labour force in the health system is the service attendance rate (µ). The

professionals in the health system are responsible to k eep the economical system work ing.

They are the recovery system, a maintainability mechanism. To describe the health dy-

namic, it is not considered the cases when the patient does not enter in the system, lik e

the situations in which the patient dies before attendance by the ambulance or hospital.

After a patient gets into the system and receive the service, he/ she can get out of this

system in four conditions:

F igure 6 .1 : D iagram with the possible outputs of a person in the health system.

The concept of this diagram was introduced in F reitas (2009 ). The output of the

health queue model is the availability of the production system. The higher is the avail-

ability, higher is the economic growth. The probability of each one of the outputs will

depend on the hospital management.

1. T he patient g oes ou t of the health system in b etter cond itions than

b efore the treatm ent: It is the case of patients who do transplants. It raises the pro-

ductivity of the person and consequently in the productive system.

2. S am e cond ition than b efore the treatm ent: The system totally recovers the

patient health. The work er is as productive as before.
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3 . W orse cond ition than b efore the treatm ent: It is the case of severe car/ motorcycle

accidents, for ex ample, in which some individuals go out of the health service without a

leg or with severe brain damage; with less health. The person will be back to the economic

system with lower productivity and it is worse for the economy because sometimes the

government has to spend in the anticipated retirement of those people.

4. D eath: The patient will not return to the productive system. The death can

be caused by ex tern variables as an unex pected accident, because the bad habits of the

person — liv e seden tary , eat m uch sug ar/ salt/ fatn ess food or does n ot g o to th e doctor

for prev en tiv e treatm en ts – or even because of an error in the treatment — m alpractice

or delay in th e serv ice

There is also a situation in which a person does not go out of the system. It is when

he/ she has a chronic disease (SID A, diabetes, etc) and he/ she will depend on the system

to k eep him/ her updated in the medicine treatments, the drugs supply.

The sick people is the raw material for the curative health system but not necessarily

for the preventive health system. The prev entiv e health aims to educate healthy people

to not get sick . The investments in the preventive health can increase the µ of the health

system and consequently reduce the queue in this sector. These programs guarantee that

a person will not go to the hospital because a dehydration, for ex ample, releasing the

health system to treat the important cases. It also increases the λ because identifies

diseases before it become more severe. In a long run, better educated population can

reduce the health queues.

The health and education sectors can be thought as a set with low and high limits

(figure 6 .2).

E ach point of this set is a person in the society. There is a minimum of health and ed-

ucation a person needs to have to be productive to the economy. C onsidering the Q uetelet

man, there is a point in which the person can have even more health but he will not have

considerable contribution for the economical production in the average. The person in the

8 8



Chapter 6 AN OP TIM AL CONTROL M OD EL

F igure 6 .2 : S et of Health vs Education in the Economy Productivity.

point (S, E) is a person who work s with his (manual) work force predominantly. The left

lower limit (S, E) is the case of a person who has a minimum of health, but he had a lot

of investment in education and because of this can contribute for economy with k nowl-

edge – Stephen H awk ing case. People with genetic or congenital problems, the smok ers

and the people with the diseases generated by stress and sedentary lifestyle (diabetes and

cardiovascular diseases, for ex ample) can be at any point nex t to the lower limit of health

(shaded area of the figure 6 .2).

Since there is no limit for education, more education can increase the production of

the economy which is the case of the R ffi D sector – in health sector particularly, with the

stem cell research, for ex ample. It indicates the health sector has an increasing returns

to scale. In the model developed, although, it is assumed constant returns to scale by

simplification.

The social back ground could strongly determine the incidence of a disease. People can

have no health because they are poor and do not have money to tak e care of their own

health. And people can be poor because their health is impaired and they will not be

able to work to have money. H ealth is a propulsive tool for the development. An increase

in the production raises the economic growth of a country. The lower is the sick people

rate or the faster is the return of recovered people to the productive system it raises the

productivity of the economy trough work force and it raises the economic growth trough

consumption. The growth economy rate directly depends on the probability of people

getting sick . This probability is non-uniformly distributed among people. Poor people

are more vulnerable to contract diseases. Because people get sick and die, it is necessary
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the study of an economic growth model to understand the dynamics of the labor force,

the population, in the economic system.

6 .1 The D y nam ical S y stem s

D ynamical systems are characterized by states that change with time. They are used

to modeling and forecasting. It is important to understand how the sub-systems interact

with each other, the basic structure, so the system can be seen as a whole. The model

developed here is a deterministic, an autonomous and a linear system.

In mathematical terms, the problem of the Control Problem is that of choosing

time paths for certain variables, called con trol v ariab les, from a given class of

time paths, called the con trol set. The choice of time paths for the control vari-

ables implies via a set of differential equations, called the eq uation s of m otion ,

time paths for certain variables describing the system, called th e state v ariab les

and the time paths of the control variables are chosen so as to maximize a given

functional depending on the time paths for the control and the state variables,

called the ob jectiv e fun ction al. (Chiang, 1992)

The solution of this problem can be found by three methods: C alculus of V ariations,

D ynamic Programming and O ptimal C ontrol Theory.

The brachistochrone problem originated the calcu lu s of v ariations in 16 9 6 . The

solution of the calculus of variation is dependent on the fist order condition – the E uler–

L agrange E quation – and it is necessary to assure that the objective functional is being

max imized or minimized through the second order conditions. H owever, it cannot be

solved directly when the control variables are restricted to a given control set, a weak ness

overcame by the newer approaches of dynamic programming and the max imum principle

(C hiang, 19 9 2).

According to Bellman (19 5 4) the basic idea of the theory of d ynam ic prog ram m ing

is that of viewing an optimal policy as one determining the decision required at each time

in terms of the current state of the system. It was created to treat mathematically the

multi-stage decision problems. The solution of a dynamic optimization problem would
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thus tak e the form of an optimal time path for every choice variable, detailing the best

value of the variable today, tomorrow, and so forth, till the end of the planning period

(C hiang, 19 9 2). The dynamic programming problem is more general than the classical

calculus of variations problem (Intriligator, 2002) but when the dimension of the system

is very large for numerical solution of Bellman’s equation, it is required vastly computer

processing time – th e curse of dim en sion ality .

The optim al control theory1 is a modern approach to the dynamic optimization

without being constrained to interior solutions, nonetheless it still relies on di´ erentia-

bility. W hile the calculus of variations has the goal of finding the optimal time path

for a state variable, the optimal control theory has as its foremost aim the determina-

tion of the optimal time path for a control variable (C hiang, 19 9 2). O nce the optimal

path of the control variables {u(t)} is found, the solution to the state variables {x(t)}

are derived. The fundamental elements for the optimal control problem formulation are

the fu nctional ob jectiv e to be max imized, the d iff erential eq u ations to represent

the equilibrium conditions and the b ou nd ary cond itions to detail the initial and final

states in the economy.

The functional objective refl ects the main objective of the agent. M athematically

represents a e¸cacy measure of a policy to be implemented. Its argument can be a

composed or a vectorial functions. According to R iesz’s representation theorem under

certain weak conditions, a functional can be represented by an integral. To evaluate

the instantaneous satisfaction, it is inserted in the equation an adjustment factor to

incorporate the impatience of the population, bringing to the same moment all future

evaluations – the social or monetary discount rate.

The control path and state path does not have to be continuous to become admissible.

C ontrol path needs to be piecewise continuous and state path needs to be piecewise

di´ erentiable (figure 6 .3 ).

The equation

d x

d t
= f(x, u, t)

1An economic explanation of the O ptimal Control Principle is described in (D orfman, 19 6 9 )
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F igure 6 .3 : S pecial F eatures of O ptimal Control (Chiang, 19 9 2).

is a restriction of the problem, called the equation of motion – transition equation, or

even state equation – and shows how, at any moment of time, the planner’s choice of

u will drive the state variable x over time2. The f satisfies a L ipschitz’s condition. In

mathematical notation, the problem can be described as

M ax
u

∫ t1

t0

I(x, u, t) dt

in where t is the time; t0 and t1 are the initial and final instants, respectively.

u : R −→ Rp

t →
−→u (t)

is the politics – control force or control variable. The direction of the control variable at

initial time is completely determined by a choice of u(t) |t= 0.

u : R −→ Rn

t →
−→x (t)

represents the status q uo in the t instant – the state variable. And

I(x, u, t) = e−δ tv(x, u, t)

2W hen the eq uation of motion takes the form ẏ = u(t) the problem reduces to a calculus variation
discussion.
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is the value function (v) weighted by impatience. I is L ebesgue integrable.

The first order condition in optimal control theory is the Pontryag in’s M ax im u m

Principle (19 6 2). The max imum principle involves two first-order equations: in the state

variable x and in the costate variable y. There is also a requirement that the H amiltonian

needs to be max imized with respect to the control variable u at every point of time.

The Pontryagin’s M ax imum Principle are the optimally necessary conditions to allow the

establishment of the optimal economic policies. The conditions of this model can be

described as:

M ax
u

H(x, u, y, t) ∀ t ∈ [0, T ]

E quation of M otion for x:

ẋ =
∂H

∂y

E quation M otion for y:

ẏ = −
∂H

∂x

Transversality C ondition:

y(T ) = 0

The both equations of motion are referred to as H amiltonian System and they are first

order di´ erential equations. There is no di´ erential equation for the control variable.

The hamiltonian can be represented by

H(x, u, y, t) = I(x, u, t) $ yT f(x, u, t) (6 .1.1)

in which y is the costate variable also k nown as the Pontryagin’s multiplier (much lik e the

L agrange’s multiplier in the static optimization) which has a shadow price connotation of

a unit of terminal capital stock . The second component of the H amiltonian represents the

rate of change of capital value corresponding to policy u. If a particular policy decision

u is favorable to the current profit, then it will normally involve a sacrifice in the future

profit (C hiang, 19 9 2).
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The hamiltonian is max imized by choosing u. If there is an interior solution for this

problem and I is di´ erentiable with respect to u, the solution will be obtained from the

max imization of ∂ H
∂ u
= 0 at each point of the optimal trajectory. But if there is no interior

solution, it is necessary to consider the restrictions in the control variables and apply the

K arush-K uhn-Tuck er conditions. After solved the problem, it will have u∗ = u∗(x, y, t).

D uring the optimal path the hamiltonian is constant.

It is necessary to replace the value of u in the 2n di´ erential equations:

∂x

∂t
=

∂H

∂y

∂y

∂t
= −

∂H

∂x

O nce solved these equations, the value must replace the optimal value u ex pressions

and the optimal problem is solved.

6 .2 Assu m p tions of the M odel

The basic approach adopted in this model is to consider the utilitarian structure,

assuming both an ex ponential growth of the labor force and ex ponential depreciation of

the capital.

In this model, the work force is the population, it means there is no unemployment

and it is not considered the N ot E conomically Active Population (N E AP). C onsumption

distribution among the labor force is not modeled – it is used an individual average.

It is assumed that people are indi´ erent between save the money for the future gen-

eration and spend the money in consumption, as long as they have an interest rate of

discount to compensate the action.

A possible limitation of the model is its deterministic characteristic which does not

considers possible random aspects in the economic growth. It is also not considered the

technological progress in the models.

The utility function u is continuous and strictly concave in R
+. It is homogenous of

first degree and it is also a class C2 in R
+.
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6 .2 .1 N otation

J = intertemporal welfare function

δ = social rate of discount

L = total labor force

u = per capita instantaneous utility function

c = per capita consumption of non-energy goods

t = time

α = per capita consumption of energy goods

β = labor force growth rate

F = production function of the economy

S = the fraction of healthy people

E = the fraction of people who have years of formal study

The subscripts used in the remaining variables have the following meanings:

a. 0 refers to the economy. So,

K0 = capital for the production of the economy

L0 = labor allocated to the production of the economy

I0 = investment for the accumulation and restoration of capital K0

γ0 = depreciation rate of capital K0

b. S is the fraction of healthy people and it refers to the dynamics in the health system

and E refers to the education system. So,

FS = production function for the health system

KS = capital for the production of the health system

LS = labor allocated to the production of the health system

IS = investment for the accumulation and restoration of capital KS

γS = depreciation rate of capital KS

9 5
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FE =production function for the education system

KE =capital for the production of the education system

LE =labor allocated to the production of the education system

IE =investment for the accumulation and restoration of capital KE

γE =depreciation rate of capital KE

6 .3 The M odel for the H ealth S y stem

The model has the objective of max imize an inter-temporal social welfare function

subject to the constraints defined by income and investment identities, production tech-

nologies, the dynamic of the growth of labor force and education and health rates. It was

based in Stamford da Silva ffi C ampello de Souza (2008 ) model for energy. M ax imization

is achieved by a choice of investments for each sector.

6 .3 .1 T he Incom e Identitiy

The model analysed characterizes economics in a aggregative way. The sector to be

analysed can be ex plicit in the income identity function.

Y = F (K0, L0, S) = I0 $ IS $ L · c (6 .3 .1)

The income identity admits the mark et in equilibrium. It is a basic identity to the

neoclassical growth model representing the products of the economy in the aggregated

form.

6 .3 .2 T he Inv estm ent Identities

The investment identity presents the instantaneous and absolute variation of Ki which

is the depreciation of the capital plus the investment.

d K0

d t
= −γ0K0 $ I0 (6 .3 .2)
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d KS

d t
= −γSKS $ IS (6 .3 .3 )

6 .3 .3 Production T echnologies

If one needs to establish optimal politics to determined sector, the production function

can have more ex plicit arguments. In this case, the health sector: F (K0, L0, S). It is

assumed that the health system is in equilibrium. It is considered to be concave, twice

di´ erentiable and homogeneous in some degree for all positive factor inputs (Intriligator,

2002)

∂F

∂K0

(K0, L0, S) > 0;
∂2F

∂K2
0

(K0, L0, S) < 0 (6 .3 .4)

∂F

∂L0

(K0, L0, S) > 0;
∂2F

∂L2
0

(K0, L0, S) < 0 (6 .3 .5 )

The production technology for the health system is ex pressed by:

S = FS(KS, LS) (6 .3 .6 )

in where

KS =
1

λ

and LS = µ. S is defined by the fraction between the number of healthy people and the

total labor force and 0 ≤ S ≤ 1. KS is the capital invested in the health system to cure

the population. And LS is the labor force in the health system: nurses, physicians, etc.

6 .3 .4 L ab or F orce E v olution D ynam ics

The total labor force is the population

L = L0 $ LS (6 .3 .7 )

and its growth is described for the following di´ erential equation

9 7
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d L

d t
= βL (6 .3 .8 )

If d L
d t
= 0 there is a perfect equilibrium between births and deaths. The β is considered

here to be positive (β > 0). If in an hypothetical situation, the recovery system is

ine¸cient and the population growth rate is not positive, the economic productivity will

fall down.

6 .3 .5 T he O b jectiv e F unction

The objective function in the form of an inter-temporal utility is given by:

J =
∫

∞

0
e−δ tL · u(c, β) dt (6 .3 .9 )

u is the inter-temporal utility as a function of the consumption per work er c and

the population growth rate β. The utility function u(.) is, so, a nonnegative concave

increasing function of per capita consumption of family members. The discount rate, δ,

is constant.

It is assumed that the central planner has a utility function that gives utility as function

of consumption per work er, c, and population growth rate, β.

6 .3 .6 State and C ontrol V ariab les

The state variables are K0, KS and L. And the control forces are I0a nd IS. The β is

not considered a control force in this case because (1) the focus of the model is on short

and medium term; and (2) Brazil does not focus in controlling population growth.

6 .3 .7 Prob lem Synthesis

M ax
I0,IS

∫

∞

0
e−δ tL · u(c, β) dt (6 .3 .10)

subject to

9 8
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F (K0, L0, S) = I0 $ IS $ L · c (6 .3 .11)

d K0

d t
= −γ0K0 $ I0 (6 .3 .12)

d KS

d t
= −γSKS $ IS (6 .3 .13 )

S = FS(KS, LS) (6 .3 .14)

d L

d t
= βL (6 .3 .15 )

6 .3 .8 T he H am iltonian

The Hamiltonian is given by:

H = e−δt[Lu(c, β) $ q0(−γ0K0 $ I0) $ qS(−γSKS $ γS $ IS) $ qLβL] (6.3.16)

where e−δtq0, e−δtqS and e−δtqL are the costate variables. It means that in the balance,

for the variables with q0 and qS, the additional utility is caused by the raise in the capital

of a sector. In the case of qL, the additional utility is caused by the increase of the labor

force.

c =
1

L
[F (K0, L0, S) − I0 − IS] (6.3.17 )

and

∂c

∂F
=

1

L

∂c

∂I0

=
∂c

∂IS

= −
1

L

6.3.9 Preliminary Results

F rom the application of the P ontryagin M ax imum P rinciple, the optimality conditions

can be found:

qi =
∂u

∂c
(6.3.18 )
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for i = 0, S. That is, in the optimal path, the marginal value of capital (Ki) must be

eq ual to the marginal utility regarding the consumption per work er. It specifi es the value

of adding more capital to the system.

qL = −
∂u

∂β
(6.3.19 )

E stablishes the value in the optimum path to increase one work er in the economic system,

qL, which is ex actly the disutility caused by the population growth. In other words, the

shadow price of labor force in the economy must be eq ual to the negative marginal utility

regarding the labor force growth rate.

A n important result from the fi rst model is the eq uality of the shadow-prices.

q̧0

q0

=
q̧S

qS

, (6.3.20)

In most optimal economic growth models the rate (growing rate)
q̧i

qi

is constant. Typ-

ically it depends upon parameters lik e the discount rate, the depreciation, and the capital

marginal productivity. C all this constant a. Then one will have:

qi(t) = qi(0)ea t.

O ne should k eep in mind that qi is a co-state variable, and so represents a shadow price;

an opportunity cost for capital (Ki) accumulation. In the instant we start measuring it,

this initial value is noted by qi(0). O n the model at hand

a = δ $ γi −
∂F

∂Ki

.

If a > 0, this means that as time goes by this shadow price will increase, and the

respective constrained capital accumulation will lower the economic growth of the economy

as a whole. A nd this dynamics will get worse and worse.

If a < 0, on the contrary, the shadow price will decrease as time passes, and eventually

(mathematically, when t → ∞ ) will reach 0, whatever the initial condition qi(0). In other
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words,

qi(t) → 0, as t → ∞ .

The slack of capital accumulation will gradually disappear. In the long run it will

disappear. B ut the transients are always there.

If a = 0, this means that qi(t) = constant, ∀ t. The important point is to k eep the

rate negative because the shadow price will decrease until reaches z ero (t → ∞ ).

A n important result is the (B .6.13) result which demonstrates that the health sector

and the non-health sector are eq uivalents and depend upon the marginal utility elasticity.

F rom (6.3.9 ) one can a˜ rm that,

γ0 −
∂F

∂K0

= γS −
∂F

∂KS

(6.3.21)

which means the higher the marginal productivity for the health, the better for the

economy as a whole.

A nd from

∂qL

∂t
= (δ − β)qL $ qi

{

∂u

∂c

[

c −

(

∂F

∂L

)]}

− u(c, β), i = 0, S. (6.3.22)

one can notice the growth of the marginal value of the labor force. Ceteris paribus,

with everything else constant, the larger the discount rate value, the lower the population

growth rate, the larger the marginal value of the good (q0), the larger the consumption per

work er, the larger the capital accumulation for the health sector, the lower the utility per

work er and the larger the shadow price of the marginal value of the labor force derivative.

6.4 The Model for Health and Education Sectors

There is a strong interaction between health and education. In terms of the economy,

there is a clear tradeo´ between both investments and they are basics for the economic

development. F rom the individual point of view, after investing in health (nutrition) the

person ‘loses’ health to educate himself and then utiliz es his education to care better of
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his health. Here it is developed the same model for health but with the addition of an

education variable to measure the tradeo´ between the capital invested in health and

education sectors.

6.4 .1 T h e Inc o me Id entity

F (K0, L0, E, S) = I0 $ IE $ IS $ L · c

E ducation and Health infl uences the whole system and it is analysed in this model to

understand their trade-o´ .

6.4 .2 T h e Inv estment Id entities

The eq uation for the investment is the same of the health model (eq uation 6.3.2). B ut

here it is considered a linear relationship between health and education. E x pressed by

the eq uations:

dKS

dt
= −γSKS $ IS (6.4.1)

and

dKE

dt
= −γEKE $ IE (6.4.2)

6.4 .3 Pro d uc tio n T ec h no lo g ies

W ith F (K0, L0, S, E). It is assumed that the education and the health systems are

each one in eq uilibrium. The production technology for the health system is ex pressed by

the eq uation (6.3.6). The same considerations of the education model are made:

∂F

∂K0

(K0, L0, S, E) > 0;
∂2F

∂K2
0

(K0, L0, S, E) < 0 (6.4.3)
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∂F

∂L0

(K0, L0, S, E) > 0;
∂2F

∂L2
0

(K0, L0, S, E) < 0 (6.4.4)

A nalogously, the production function for the education system is:

E = FE(KE, LE) (6.4.5 )

A n investment in education can reduce the most common and chronic diseases. To

have a lower λ it is necessary to invest in the preventive health through education. A nd

all the functions Fi(Ki, Li) are assumed to be twice di´ erentiable.

6.4 .4 L ab o r F o rc e E v o lutio n D ynamic s

The total labor force is the population

L = L0 $ LS $ LE (6.4.6)

and its growth is described for the same di´ erential eq uation (6.3.8 ).

6.4 .5 T h e O b jec tiv e F unc tio n

J =

∫

∞

0
e−δtL · u(c, β) dt (6.4.7 )

6.4 .6 S tate and C o ntro l V ariab les

The state variables are K0, KS, KE and L. A nd the control forces are I0, ISan dIE.

6.4 .7 Pro b lem S ynth esis

M ax
I0,IS ,IE

∫

∞

0
e−δtL · u(c, β) dt (6.4.8 )

subject to
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F (K0, L0, E, S) = I0 $ IE $ IS $ L · c (6.4.9 )

dK0

dt
= −γ0K0 $ I0 (6.4.10)

dKS

dt
= −γSKS $ IS (6.4.11)

dKE

dt
= −γEKE $ IE (6.4.12)

S = FS(KS, LS) (6.4.13)

E = FE(KE, LE) (6.4.14)

dL

dt
= βL (6.4.15 )

L = L0 $ LS $ LE (6.4.16)

6.4 .8 T h e H amilto nian

The Hamiltonian is given by:

H = e−δt[Lu(c, β)$q0(−γ0K0$I0)$qS(−γSKS $IS)$qE(−γEKE $IE)$qLβL] (6.4.17 )

where e−δtq0, e−δtqS, e−δtqE and e−δtqL are the costate variables.

c =
1

L
[F (K0, L0, E, S) − I0 − IE − IS] (6.4.18 )

and

∂c
∂F

= 1
L

; ∂c
∂I 0

= ∂c
∂I S

= ∂c
∂I E

= −
1
L

6.4 .9 Preliminary Results

The capital gains (Ki) must rise according the interest rate δ plus depreciation rate γi

minus the marginal productivity of the capital, that reduces the impact of the depreciation
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in the interest rate.

q̧0

q0

=
q̧S

qS

=
q̧E

qE

= δ $ γi −
∂F

∂Ki

, i = 0, S, E. (6.4.19 )

A nd then, analysing this eq uality

γ0 −
∂F

∂K0

= γS −
∂F

∂KS

= γE −
∂F

∂KE

(6.4.20)

∂F

∂KS

↗ ⇒

(

γ0 −
∂F

∂K0

)

↘ (6.4.21)

∂F

∂KE

↗ ⇒

(

γ0 −
∂F

∂K0

)

↘ (6.4.22)

it is possible to notice that the higher the marginal productivities for the health and

education sectors are, the better for the economy as a whole. S ee eq uation (C .6.4).

A n eq uivalent result as found in the fi rst model is valid here:

q̧i

qi

= −
σ(c)

c

dc

dt
, i = 0, S, E (6.4.23)

the shadow price for the health sector, education sector and non-health-non-education

sector are eq uivalents and depends upon the marginal utility elasticity.

A nother important result is the eq uation that represents the value of adding labor

force in the system:

∂qL

∂t
= (δ − β)qL $

{

∂u

∂c

[

c −

(

∂F

∂L

)]}

− u(c, β) (6.4.24)

In the neoclassical growth model, it is possible to a˜ rm that marginal productivity of

the labor force is the wage
(

∂ F
∂ L

= wage
)

. The neoclassical theory is based on the S ay’s

L aw, whereby the supply creates its own demand. The validity of the S ay’s L aw implies

that: (I) increasing investments req uires a drop in the consumption; (II) the interest rate

eq ualiz es the investment and the savings. In the model of health and education, it is

supposed that the government is increasing investments. A nd from this fi rst corollary,
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one can a˜ rm that the consumption will drop in this model.

B eing c the marginal propensity to consume, if c is dropping, c eteris paribus, there

is a decrease in ∂ u
∂ c

and, so, there is an increase in the shadow-price of labor force. A nd

if the marginal productivity of ∂ F
∂ L

is decreasing, c eteris paribus, there is a raise in the

return of the work er to the production (q̧L). In other words, the less e˜ cient employees

are being eliminated of the economy, the ones with the wage disproportionately higher

than the service provided; and, therefore, the economical e˜ ciency is increasing.

6.5 A Second Model for Health and Education Sectors

The last model did not proportionate enough tools to analyse the tradeo´ between

health and education. M uurinen (19 8 2) and V an D oorslaer (19 8 7 ) a˜ rm that an increase

in education lowers the rate of depreciation on the stock of health rather than raising

productivity in the gross investment production function. A nd according to G rossman

(19 9 9 ), the more educated people may be more e˜ cient in mak ing investments that lower

the rate of time preference for the present. In other work , G rossman (19 7 6) studied the

correlation between schooling and health but the results were not conclusive. There is no

ex plicit and clear relationship between education and health and how one infl uences the

other in the literature. The last model could be adapted to

M ax
I0,IS ,IE

∫

∞

0
e−δtL · u(c, β) dt (6.5 .1)

subject to

F (K0, L0, S, E) = I0 $ IE $ IS $ L · c (6.5 .2)

dK0

dt
= −γ0K0 $ I0 (6.5 .3)

dKS

dt
= −γSKS $ γESKE $ IS (6.5 .4)

dKE

dt
= −γEKE $ γSEKS $ IE (6.5 .5 )

S = FS(KS, LS) (6.5 .6)
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E = FE(KE, LE) (6.5 .7 )

dL

dt
= βL (6.5 .8 )

L = L0 $ LS $ LE (6.5 .9 )

It is included two new variables in this model:

γSE = represents how large an investment in health modifi es the capital variation in

education

γES = represents how large an investment in education modifi es the capital variation

in health

W ith a previous analysis one can conclude that the model is stable and it has solution.

The system of di´ erential eq uations for education and health would be:







ĶE

ĶS





 =







−γE γSE

γES −γS













KE

KS





 $







IE

IS







It is assumed that the past health has no infl uence in the future health. O n the other

hand, the past education has total infl uence in the present/ future education. E ducation

is mark ovian. Health depreciates faster than education (γS > γE). W ith no infrastructure

(hospital, basic sanitation, etc) and tools/ materials, there is a minimum of health service.

P hysicians need medicines, vaccines, eq uipments and ex ams to diagnosis and cure.

B ut even with no infrastructure (schools, book s) education can be achieved. A nyway,

it is possible to enumerate several ex amples of this: wars that destroyed schools and

the case of the A lex andria’s library destruction in 27 3 A C . The only thing a teacher

needs is his k nowledge. A nd it does not need materials to ex ists. In the end, without

education, society does not have physicians. S o the depreciation rate of health is higher

than the depreciation rate of education. O n the other hand, the infl uence of education in

health is lower than the infl uence of health in education. S o γSE > γES. The system is

characteristic polynomial is:

∣

∣

∣

∣

∣

∣

∣

s $ γS −γES

−γSE s $ γE

∣

∣

∣

∣

∣

∣

∣

= (s $ γS)(s $ γE) − γSEγES
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s2 $ (γS $ γE)s − γSEγES = 0

s =
−(γS $ γE) ±

√

(γS $ γE)2 − 4γSEγES

2

and the eigenvalues will be the roots of the eq uation. S ince γSE > γES > γS > γE one

concludes that the system has real eigenvalues – it will not oscillate.

6.5 .1 T h e Inc o me Id entity

F (K0, L0, E, S) = I0 $ IE $ IS $ L · c

E ducation and Health infl uences the whole system and it is considered in this model

to analyse their trade-o´ .

6.5 .2 T h e Inv estment Id entities

The eq uation for the investment is the same of the health model (eq uation 6.3.2). B ut

here it is considered a linear relationship between health and education. E x pressed by

the eq uations:

dKE

dt
= −γSKS $ γESKE $ IS (6.5 .10)

and

dKE

dt
= −γEKE $ γSEKS $ IE (6.5 .11)

The higher is the health capital, higher will be the capital growth rate for education,

and vice-versa. The parameters γSE, γES > 0.
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6.5 .3 Pro d uc tio n T ec h no lo g ies

W ith F (K0, L0, S, E). It is assumed that the education and the health systems are

each one in eq uilibrium. The production technology for the health system is ex pressed by

the eq uation 6.3.6. The same considerations of the education model are made:

∂F

∂K0

(K0, L0, S, E) > 0;
∂2F

∂K2
0

(K0, L0, S, E) < 0 (6.5 .12)

∂F

∂L0

(K0, L0, S, E) > 0;
∂2F

∂L2
0

(K0, L0, S, E) < 0 (6.5 .13)

A nalogously, the production function for the education system is:

E = FE(KE, LE) (6.5 .14)

A n investment in education can reduce the most common and chronic diseases. To

have a lower λ it is necessary to invest in the preventive health through education. A nd

all the functions Fi(Ki, Li) are assumed to be twice di´ erentiable.

6.5 .4 L ab o r F o rc e E v o lutio n D ynamic s

The total labor force is the population

L = L0 $ LS $ LE (6.5 .15 )

and its growth is described for the same di´ erential eq uation 6.3.8 .

6.5 .5 T h e O b jec tiv e F unc tio n

J =

∫

∞

0
e−δtL · u(c, β) dt (6.5 .16)
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6.5 .6 S tate and C o ntro l V ariab les

The state variables are K0, KS, KE and L. A nd the control forces are I0, ISan dIE.

6.5 .7 Pro b lem S ynth esis

M ax
I0,IS ,IE

∫

∞

0
e−δtL · u(c, β) dt (6.5 .17 )

subject to

F (K0, L0, E, S) = I0 $ IE $ IS $ L · c (6.5 .18 )

dK0

dt
= −γ0K0 $ I0 (6.5 .19 )

dKS

dt
= −γSKS $ γESKE $ IS (6.5 .20)

dKE

dt
= −γEKE $ γSEKS $ IE (6.5 .21)

S = FS(KS, LS) (6.5 .22)

E = FE(KE, LE) (6.5 .23)

dL

dt
= βL (6.5 .24)

L = L0 $ LS $ LE (6.5 .25 )

6.5 .8 T h e H amilto nian

The Hamiltonian is given by:

H = e−δt[Lu(c, β)$q0(−γ0K0$I0)$qS(−γSKS$γESKE$IS)$qE(−γEKE$γSEKS$IE)$qLβL]

(6.5 .26)

where e−δtq0, e−δtqS, e−δtqE and e−δtqL are the costate variables.
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c =
1

L
[F (K0, L0, E, S) − I0 − IE − IS] (6.5 .27 )

and

∂c
∂F

= 1
L

; ∂c
∂I 0

= ∂c
∂I S

= ∂c
∂I E

= −
1
L

6.5 .9 Preliminary Results

The result (6.4.19 ) also arises in this third model and then it is possible to a˜ rm that

the higher the marginal productivities for the health and education sectors are, the better

for the economy as a whole. B ut it also arises another important interpretation because

of the crossed relationship between education and health (γSE and γES):

γ0 −
∂F

∂K0

= γS − γES −
∂F

∂KS

= γE − γSE −
∂F

∂KE

(6.5 .28 )

A nd

γES ↗ ⇒

(

γ0 −
∂F

∂K0

)

↘ (6.5 .29 )

γSE ↗ ⇒

(

γ0 −
∂F

∂K0

)

↘ (6.5 .30)

which means that the parameters γES and γSE have an e´ ect in the di´ erence between

the depreciation of the capital K0, and its marginal productivity ∂ F
∂ K 0

. S o, the more the

health and education sectors are intertwined, the better for the economy as a whole.

These institutional arrangements (γij ) creates a synergy among the investments and the

economic growth.
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6.6 C om m ents

The models presented here followed the social planner’s optic in which he can decide

to allocate the fraction of investments in capital or labor in the sector he desires, one of

them or both, always look ing for max imiz ing the social utility.

To reduce the health q ueue length (#L q) or the waiting time in the q ueue (#L q(t)) it is

req uired to increase the µ and to reduce the 1
λ
. Improving the number of servers trough

an enhancement in the number (and q uality) of physicians; the ex pansion in the numbers

of establishments; or even improving the e˜ ciency of the service are ways to increase the

µ. It is what the government has been done with the U P A installations, unburdening

the emergency services in reference hospitals. To increase the investments in the basic

sanitation and education reduce the 1
λ

of the community. It highlights the importance of

the investments in the P S F (Health F amily P rogram).

The KS in the health model is the 1
λ

and the LS is the µ of the system. The higher

the investments in the preventive health sector, lower will be the inter-arrival time of

patients in the health system. A nd the higher the number of labor force in the health

sector, higher will be the service rate of the health sector.
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7 C O N C L U SIO N S, C O MMEN TS A N D SU G G ESTIO N S

The study in previous chapters concerning the B raz ilian health system, focusing the

case of the state of P ernambuco, encompassing several aspects, but mainly q ueueing

network problems, as well as the results of an optimal economic growth model and a case

study involving the Hospital da R estauraıcffao indicate that some conclusions can be drawn

concerning the health system management.

C O N C L U SIO N S

1. The P S F and basic health units (health centres and polyclinics) have strategic im-

portance in the prevention and health protection. The role of those is to reduce the

incidence and prevalence of preventable diseases. A proper functioning of these ser-

vices, with health professionals, material and medicines, can enhance the sectorial

policies planning and unburdening the hospitals and emergencies.

2. The government should invest in an integrated health information system for all

public hospitals and U P A s. Implementing new tools is a challenge for a sector with

high work -load-dynamic, but the benefi ts in the long run tends to overcome the

e´ orts.

3. Q uality req uires continuous assessment, management and improvement of processes.

The hospitals should hire th in k tan k professionals to measure, analyse, suggests and

implement structural changes to improve the hospital performance indicators.

4. C heck -lists can assure the patient conditions are q uite enough to perform the surgery,

and to guarantee the eq uipment and material conditions are ready to usage can save

some ex panses.

5 . The control of the scheduled surgeries can reduce the patient ex posure, diminish

the inpatient time, the risk of hospital infection and can reduce the costs of the

treatment.
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6. The higher the investments in the preventive health sector, lower will be the inter-

arrival time of patients in the health system. A nd the higher the number of labor

force in the health sector, higher will be the service rate of the health sector.

7 . The higher the marginal productivities for the health and education sectors, the

better for the economy as a whole.

δ $ γ0 −
∂F

∂K0

= δ $ γS −
∂F

∂KS

= δ $ γE −
∂F

∂KE

(7 .0.1)

8 . The parameters γES and γSE have an e´ ect in the di´ erence between the depreciation

of the capital K0, and its marginal productivity ∂ F
∂ K 0

. S o, the more the health and

education sectors are intertwined, the better for the economy as a whole.

γ0 −
∂F

∂K0

= γS − γES −
∂F

∂KS

= γE − γSE −
∂F

∂KE

(7 .0.2)

9 . The eq uation

q̧L

qL

= (δ − β) $

(

c −
∂F

∂L

)

−
u(c, β)

qL

establishes the growth of the marginal value of the labor force. Ceteris paribus, the

higher the consumption per work er, the higher is the marginal productivity of the

labor force and the lower the population growth rate, the larger the shadow price

of the marginal value of the labor force derivative.

C O MMEN TS

W aiting lines is lik e a plague in the B raz ilian health system. O ne cannot wait longer

to approach this problem.

S ome comments are in order. F irst, one of the obstacles encountered in this disserta-

tion was the di˜ culty in obtaining the data on the Hospital da R estauraıcffao as a whole,

including the operation of its surgical center. The mentioned hospital does not have a

decision support system department or group, and it has a very heavy load. This poses

some problems as far as the organiz ation of information is concerned.
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The P ernambuco health system as a whole is being submitted to a growth process with

a certain unusual, one may say, high speed, which is in itself a good thing to happen. B ut

on the other hand this creates, naturally, the complications of such a growth process. The

Hospital da R estauraıcffao itself is investing in new medical eq uipment and new medical

sectors. B efore implement politics to reduce the waiting lines in the public health sector,

the government must understand how the tradeo´ q uality vs q uantity a´ ects the health

professional behavior. G rowth must come with q uality, not only numbers.

A s limitations of the study in this dissertation one can mention the lack of research in

the q ueueing health sector in B raz il and the di˜ culty to obtain updated information from

the health information system for municipalities and states. M oreover, to understand the

B raz ilian health system dynamic is not an easy task and since the research embraces

a wide range of subjects, an ex tensive research was demanded in other to connect the

relevant matters analysed in this dissertation.

SU G G ESTIO N S F O R F U TU R E STU D IES

The subject of health systems management poses a lot of challenges. A s suggestions

for further studies one may include:

1. To develop and implement a simulation model for the Hospital da R estauraıcffao

q ueueing network .

2. To develop and implement a simulation model for the P ernambuco health system

as a whole.

3. E laboration and implementation of sta˜ ng req uirements models in the P ernambuco

health system.

4. To study the possibilities of technological support to improve the health q ueueing

network s functioning.

5 . To simulate q ueues in the health system.
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Montenegro, Cláudio José. Co n tribuić ão ao E stud o d o R elac io n am en to en tre o s

P rin c ipais A to res I n terv en ien tes n o S eto r d e S au̧d e. D issertaıcffao de M estrado, U ni-

versidade F ederal de P ernambuco - P rograma de P ffios G raduaıcffao em E ngenharia de

P roduıcffao, 2006.

Muurinen, J. D emand for health: a generalised G rossman model. J o urn al o f H ealth

E c o n o m ic s, 19 8 2.

N orman, D onald A. T h e P sy c h o lo g y o f W aitin g L in es. http://jnd.org/dn.mss/

the_psychology_of_waiting_lines.html, A ugust, 2008 .

O’D wyer, G isele Oliveira; Oliveira, Sergio Pacheco de; Seta, Marismary

Horsth de. A valiaıcffao dos serviıcos hospitalares de emerg%encia do programa Q ualiS U S .

Ciên c ia & S au̧d e Co letiv a, 2009 .

120



Osorio, C.; Bierlaire, M. A n an aly tic fi n ite capac ity q ueuein g n etw o rk m o d el cap-

turin g blo c k in g , c o n g estio n an d spillbac k s. S wiss N ational S cience F oundation - E cole

P olytechniq ue F ederale de L ausanne„ 2007 . (R elatffiorio Tffiecnico).

Pernambuco, D iário de Pernambuco. S A M U rec ebe n o v e n o v as am bulân c ias. R e-

cife, 07 , D ecember, 2012.

Porter, Michael E.; Teisberg, Elizabeth Olmsted. How physicians can change

the future of health care. J o urn al o f th e A m erican M ed ic al A sso c iatio n , v. 29 7 , n. 10,

2007 .
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B A p p e n d ix - O b t a in in g A n a ly t ic a l R e s u lt s fo r t h e

H e a lt h M o d e l

B .1 O p tim al C ontrol P rob lem

The problem is given as:

M ax
I0,IS

J =

∫

∞

0
e−δtL · u(c, β) dt (B .1.1)

subject to

F (K0, L0, S) = I0 $ IS $ L · c (B .1.2)

dK0

dt
= −γ0K0 $ I0 (B .1.3)

dKS

dt
= −γSKS $ IS (B .1.4)

S = FS(KS, LS) (B .1.5 )

dL

dt
= βL (B .1.6)

L = L0 $ LS (B .1.7 )

B .2 The Ham iltonian

H = e−δt[L · u(c, β) $ q0(−γ0K0 $ I0) $ qS(−γSKS $ IS) $ qLβL] (B .2.1)

where e−δtq0, e−δtqS and e−δtqL are the costate variables.

S olving c in ex pression (B .1.2) one gets:

c =
1

L
[F (K0, L0, S) − I0 − IS] (B .2.2)

from which it follows that:
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∂c

∂F
=

1

L
(B .2.3)

∂c

∂I0

=
∂c

∂IS

= −
1

L
(B .2.4)

B .3 State and C ontrol V ariab les

The state variables are K0, KS and L. A nd the control forces are I0 and IS.

B .4 The Max im iz ation of the Ham iltonian

∂ H
∂ I0

= 0,

∂H

∂I0

= e−δt

[

L
∂u

∂c

∂c

∂I0

$ q0

]

= 0 ∴ q0 =
∂u

∂c
(B .4.1)

∂ H
∂ IS

= 0,

∂H

∂IS

= e−δt

[

L
∂u

∂c

∂c

∂IS

$ qS

]

= 0 ∴ qS =
∂u

∂c
(B .4.2)

Thus

q0 = qS (B .4.3)

B .5 The D y nam ics of the C ostate V ariab les

d(e−δ t q0)
dt

= −
∂ H
∂ K 0

e−δt

(

dq0

dt
− δq0

)

= −e−δt

[

L
∂u

∂c

∂c

∂F

∂F

∂K0

− γ0q0

]

(B .5 .1)

q̧0 = (δ $ γ0)q0 −

(

∂u

∂c

∂F

∂K0

)

(B .5 .2)

d(e−δ t qS)
dt

= −
∂ H

∂ K S

e−δt

(

dqS

dt
− δqS

)

= −e−δt

[

L
∂u

∂c

∂c

∂F

∂F

∂S

∂S

∂KS

− γSqS

]

(B .5 .3)
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q̧S = (δ $ γS)qS −

(

∂u

∂c

∂F

∂S

∂S

∂KS

)

(B .5 .4)

d(e−δ t qL)
dt

= −
∂ H
∂ L

−δe−δtqL $ e−δt
·

dqL

dt
= −

{

e−δt

[

∂L

∂L
u $ L

∂u

∂L
$ qLβ

]}

(B .5 .5 )

If,

L
∂u

∂L
= L

(

∂u

∂c

∂c

∂L
$

∂u

∂β

∂β

∂L

)

= L

[

∂u

∂c

(

ω
∂ 1

L

∂L
$

1

L

∂ω

∂L

)]

(B .5 .6)

ω = F (K0, L0, S) − I0 − IS (B .5 .7 )

and

∂ω

∂L
=

∂F

∂L
=

∂F

∂L0

∂L0

∂L
$

∂F

∂S

∂S

∂LS

∂LS

∂L
(B .5 .8 )

S o,

q̧L = δqL − u $ L

{

ω

[

−
1

L2
$

1

L

(

∂F

∂L0

$
∂F

∂S

∂S

∂LS

)]

$ qLβ

}

(B .5 .9 )

q̧L = (δ − β)qL − u(c, β) $
∂u

∂c

[

ω

L
−

(

∂F

∂L0

$
∂F

∂S

∂S

∂LS

)]

(B .5 .10)

q̧L = (δ − β)qL − u(c, β) $ qi

[

c −

(

∂F

∂L0

$
∂F

∂S

∂S

∂LS

)]

(B .5 .11)

q̧L = (δ − β)qL $ qi

[

c −

(

∂F

∂L

)]

− u(c, β) (B .5 .12)

B .6 The R esulting R elations

R eplacing (B .4.1) in (B .5 .2):

q̧0 = (δ $ γ0)
∂u

∂c
−

(

∂u

∂c

∂F

∂K0

)

(B .6.1)

q̧0 =
∂u

∂c

[

(δ $ γ0) −

(

∂F

∂K0

)]

(B .6.2)

q̧0

q0

= (δ $ γ0) −
∂F

∂K0

(B .6.3)
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R eplacing (B .4.2) in (B .5 .4):

q̧S = (δ $ γS)
∂u

∂c
−

(

∂u

∂c

∂F

∂S

∂S

∂KS

)

(B .6.4)

q̧S =
∂u

∂c

[

(δ $ γS −

(

∂F

∂S

∂S

∂KS

)]

(B .6.5 )

A nd thus,

q̧S

qS

= δ $ γS −
∂F

∂KS

(B .6.6)

F rom (B .4.3) it follows that

q̧0

q0

=
q̧S

qS

, (B .6.7 )

and then

(δ $ γ0) −
∂F

∂K0

= (δ $ γS) −
∂F

∂KS

, (B .6.8 )

that is

γ0 −
∂F

∂K0

= γS −
∂F

∂KS

(B .6.9 )

N ote that from eq uation (B .4.1), for i = 0, S, one has:

q̧i =
d

dt

(

∂u

∂c

)

=

[

d

dc

(

∂u

∂c

)]

dc

dt
=

∂2u

∂c2

dc

dt

dc

dt
=

dqi

dt
∂2u

∂c2

=

[

(δ $ γi) −
∂F

∂Ki

]

qi

∂2u

∂c2

=

[

(δ $ γi) −
∂F

∂Ki

]

∂u

∂c

∂2u

∂c2

N ow let

σ(c) = −c

∂2u

∂c2

∂u

∂c

(B .6.10)

which is called the marginal utility elasticity, a measure of the utility function curva-

ture. Thus

dc

dt
= −

c

σ(c)

[

(δ $ γi) −
∂F

∂Ki

]

(B .6.11)
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−
σ(c)

c

dc

dt
=

[

(δ $ γi) −
∂F

∂Ki

]

(B .6.12)

−
σ(c)

c

dc

dt
=

q̧i

qi

(B .6.13)
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C A p p e n d ix - O b t a in in g A n a ly t ic a l R e s u lt s fo r t h e

H e a lt h a n d E d u c a t io n M o d e l

C .1 O p tim al C ontrol P rob lem

The problem is given as:

M ax
I0,IS ,IE

J =

∫

∞

0
e−δtL · u(c, β) dt (C .1.1)

subject to

F (K0, L0, E, S) = I0 $ IE $ IS $ L · c (C .1.2)

dK0

dt
= −γ0K0 $ I0 (C .1.3)

dKS

dt
= −γSKS $ IS (C .1.4)

dKE

dt
= −γEKE $ IE (C .1.5 )

S = FS(KS, LS) (C .1.6)

E = FE(KE, LE) (C .1.7 )

dL

dt
= βL (C .1.8 )

L = L0 $ LS $ LE (C .1.9 )

C .2 State and C ontrol V ariab les

The state variables are K0, KS, KE and L. A nd the control forces are I0, IS and IE.
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C .3 The Ham iltonian

H = e−δt[L·u(c, β)$q0(−γ0K0$I0)$qS(−γSKS $IS)$qE(−γEKE $IE)$qLβL] (C .3.1)

where e−δtq0, e−δtqS, e−δtqE and e−δtqL are the costate variables.

S olving c in ex pression (C .1.2) one gets:

c =
1

L
[F (K0, L0, E, S) − I0 − IE − IS] (C .3.2)

from which it follows that:

∂c

∂F
=

1

L
(C .3.3)

∂c

∂I0

=
∂c

∂IS

=
∂c

∂IE

= −
1

L
(C .3.4)

C .4 The Max im iz ation of the Ham iltonian

∂ H
∂ I0

= 0,

∂H

∂I0

= e−δt

[

L
∂u

∂c

∂c

∂I0

$ q0

]

= 0 ∴ q0 =
∂u

∂c
(C .4.1)

∂ H
∂ IS

= 0,

∂H

∂IS

= e−δt

[

L
∂u

∂c

∂c

∂IS

$ qS

]

= 0 ∴ qS =
∂u

∂c
(C .4.2)

∂ H
∂ IE

= 0,

∂H

∂IE

= e−δt

[

L
∂u

∂c

∂c

∂IE

$ qE

]

= 0 ∴ qE =
∂u

∂c
(C .4.3)

Thus

q0 = qS = qE (C .4.4)
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C .5 The D y nam ics of the C ostate V ariab les

d(e−δ t q0)
dt

= −
∂ H
∂ K 0

e−δt

(

dq0

dt
− δq0

)

= −e−δt

[

L
∂u

∂c

∂c

∂F

∂F

∂K0

− γ0q0

]

(C .5 .1)

q̧0 = (δ $ γ0)q0 −
∂u

∂c

∂F

∂K0

(C .5 .2)

d(e−δ t qS)
dt

= −
∂ H

∂ K S

e−δt

(

dqS

dt
− δqS

)

= −e−δt

[

L
∂u

∂c

∂c

∂F

∂F

∂S

∂S

∂KS

− γSqS

]

(C .5 .3)

q̧S = (δ $ γS)qS −
∂u

∂c

∂F

∂S

∂S

∂KS

(C .5 .4)

d(e−δ t qE)
dt

= −
∂ H

∂ K E

e−δt

(

dqE

dt
− δqE

)

= −e−δt

[

L
∂u

∂c

∂c

∂F

∂F

∂E

∂E

∂KE

− γEqE

]

(C .5 .5 )

q̧E = (δ $ γE) qE −
∂u

∂c

∂F

∂E

∂E

∂KE

(C .5 .6)

d(e−δ t qL)
dt

= −
∂ H
∂ L

−δe−δtqL $ e−δt
·

dqL

dt
= −e−δt

[

∂L

∂L
u $ L

∂u

∂L
$ qLβ

]

(C .5 .7 )

If,

L
∂u

∂L
= L

(

∂u

∂c

∂c

∂L
$

∂u

∂β

∂β

∂L

)

= L

[

∂u

∂c

(

ω
∂ 1

L

∂L
$

1

L

∂ω

∂L

)]

(C .5 .8 )

ω = F (K0, L0, E, S) − I0 − IS − IE (C .5 .9 )

and

∂ω

∂L
=

∂F

∂L
=

∂F

∂L0

∂L0

∂L
$

∂F

∂S

∂S

∂LS

∂LS

∂L
$

∂F

∂E

∂E

∂LE

∂LE

∂L
(C .5 .10)

S o,
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q̧L = δqL − u $ L

{

ω

[

−
1

L2
$

1

L

(

∂F

∂L0

$
∂F

∂S

∂S

∂LS

$
∂F

∂E

∂E

∂LE

)

∂u

∂c

]

$ qLβ

}

(C .5 .11)

q̧L = (δ − β)qL − u(c, β) $
∂u

∂c

[

ω

L
−

(

∂F

∂L0

$
∂F

∂S

∂S

∂LS

$
∂F

∂E

∂E

∂LE

)]

(C .5 .12)

q̧L = (δ − β)qL − u(c, β) $ qi

[

c −

(

∂F

∂L0

$
∂F

∂S

∂S

∂LS

$
∂F

∂E

∂E

∂LE

)]

(C .5 .13)

C .6 The R esulting R elations

R eplacing (C .4.1) in (C .5 .2):

q̧0 = (δ $ γ0)
∂u

∂c
−

(

∂u

∂c

∂F

∂K0

)

(C .6.1)

q̧0 =
∂u

∂c

[

(δ $ γ0) −

(

∂F

∂K0

)]

(C .6.2)

q̧0

q0

= (δ $ γ0) −

(

∂F

∂K0

)

(C .6.3)

q̧0

q0

= δ $ γ0 −
∂F

∂K0

(C .6.4)

R eplacing (C .4.2) in (C .5 .4):

q̧S = (δ $ γS)
∂u

∂c
−

(

∂u

∂c

∂F

∂S

∂S

∂KS

)

(C .6.5 )

q̧S =
∂u

∂c

[

(δ $ γS −

(

∂F

∂S

∂S

∂KS

)]

(C .6.6)

q̧S

qS

= δ $ γS −

(

∂F

∂S

∂S

∂KS

)

(C .6.7 )

q̧S

qS

= δ $ γS −
∂F

∂KS

(C .6.8 )

R eplacing (C .4.3) in (C .5 .6):

q̧E = (δ $ γE)
∂u

∂c
−

(

∂u

∂c

∂F

∂E

∂E

∂KE

)

(C .6.9 )
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q̧E =
∂u

∂c

[

(δ $ γE) −

(

∂F

∂E

∂E

∂KE

)]

(C .6.10)

q̧E

qE

= (δ $ γE) −

(

∂F

∂E

∂E

∂KE

)

(C .6.11)

q̧E

qE

= δ $ γE −
∂F

∂KE

(C .6.12)

F rom (C .4.4) one gets:

q̧0

q0

=
q̧S

qS

=
q̧E

qE

, (C .6.13)

and thus

δ $ γ0 −
∂F

∂K0

= δ $ γS −
∂F

∂KS

= δ $ γE −
∂F

∂KE

(C .6.14)

or

γ0 −
∂F

∂K0

= γS −
∂F

∂KS

= γE −
∂F

∂KE

(C .6.15 )

A n eq uivalent result as in (B .6.13) is valid here:

−
σ(c)

c

dc

dt
= δ $ γ0 −

∂F

∂K0

(C .6.16)

−
σ(c)

c

dc

dt
=

q̧0

q0

(C .6.17 )

−
σ(c)

c

dc

dt
= δ $ γi −

∂F

∂Ki

, i = S, E (C .6.18 )

−
σ(c)

c

dc

dt
=

q̧i

qi

, i = S, E (C .6.19 )

F rom (C .5 .13):

q̧L

qL

= (δ − β) $

{[

c −

(

∂F

∂L0

$
∂F

∂LS

$
∂F

∂LE

)]}

−
u(c, β)

qL

, (C .6.20)
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D A p p e n d ix - O b t a in in g A n a ly t ic a l R e s u lt s fo r t h e

S e c o n d M o d e l fo r t h e H e a lt h a n d E d u c a t io n S e c t o r s

D .1 O p tim al C ontrol P rob lem

The problem is given as:

M ax
I0,IS ,IE

J =

∫

∞

0
e−δtL · u(c, β) dt (D .1.1)

subject to

F (K0, L0, E, S) = I0 $ IE $ IS $ L · c (D .1.2)

dK0

dt
= −γ0K0 $ I0 (D .1.3)

dKS

dt
= −γSKS $ γESKE $ IS (D .1.4)

dKE

dt
= −γEKE $ γSEKS $ IE (D .1.5 )

S = FS(KS, LS) (D .1.6)

E = FE(KE, LE) (D .1.7 )

dL

dt
= βL (D .1.8 )

L = L0 $ LS $ LE (D .1.9 )
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D .2 State and C ontrol V ariab les

The state variables are K0, KS, KE and L. A nd the control forces are I0, IS and IE.

D .3 The Ham iltonian

H = e−δt[L·u(c, β)$q0(−γ0K0$I0)$qS(−γSKS$γESKE$IS)$qE(−γEKE$γSEKS$IE)$qLβL]

(D .3.1)

where e−δtq0, e−δtqS, e−δtqE and e−δtqL are the costate variables.

S olving c in ex pression (D .1.2) one gets:

c =
1

L
[F (K0, L0, E, S) − I0 − IE − IS] (D .3.2)

from which it follows that:

∂c

∂F
=

1

L
(D .3.3)

∂c

∂I0

=
∂c

∂IS

=
∂c

∂IE

= −
1

L
(D .3.4)

D .4 The Max im iz ation of the Ham iltonian

∂ H
∂ I0

= 0

∂H

∂I0

= e−δt

[

L
∂u

∂c

∂c

∂I0

$ q0

]

= 0 ∴ q0 =
∂u

∂c
(D .4.1)

∂ H
∂ IS

= 0

∂H

∂IS

= e−δt

[

L
∂u

∂c

∂c

∂IS

$ qS

]

= 0 ∴ qS =
∂u

∂c
(D .4.2)

∂ H
∂ IE

= 0
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∂H

∂IE

= e−δt

[

L
∂u

∂c

∂c

∂IE

$ qE

]

= 0 ∴ qE =
∂u

∂c
(D .4.3)

Thus

q0 = qS = qE (D .4.4)

D .5 The D y nam ics of the C ostate V ariab les

d(e−δ t q0)
dt

= −
∂ H
∂ K 0

e−δt

(

dq0

dt
− δq0

)

= −e−δt

[

L
∂u

∂c

∂c

∂F

∂F

∂K0

− γ0q0

]

(D .5 .1)

q̧0 = (δ $ γ0)q0 −

(

∂u

∂c

∂F

∂K0

)

(D .5 .2)

d(e−δ t qS)
dt

= −
∂ H

∂ K S

e−δt

(

dqS

dt
− δqS

)

= −e−δt

[

L
∂u

∂c

∂c

∂F

∂F

∂S

∂S

∂KS

− γSqS $ γSEqE

]

(D .5 .3)

q̧S = (δ $ γS)qS −

(

∂u

∂c

∂F

∂S

∂S

∂KS

− γSEqE

)

(D .5 .4)

d(e−δ t qE)
dt

= −
∂ H

∂ K E

e−δt

(

dqE

dt
− δqE

)

= −e−δt

[

L
∂u

∂c

∂c

∂F

∂F

∂E

∂E

∂KE

− γEqE $ γESqS

]

(D .5 .5 )

q̧E = (δ $ γE) qE −

(

∂u

∂c

∂F

∂E

∂E

∂KE

− γESqS

)

(D .5 .6)

d(e−δ t qL)
dt

= −
∂ H
∂ L

−δe−δtqL $ e−δt
·

dqL

dt
= −e−δt

[

∂L

∂L
u $ L

∂u

∂L
$ qLβ

]

(D .5 .7 )

If,

L
∂u

∂L
= L

(

∂u

∂c

∂c

∂L
$

∂u

∂β

∂β

∂L

)

= L

[

∂u

∂c

(

ω
∂ 1

L

∂L
$

1

L

∂ω

∂L

)]

(D .5 .8 )
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ω = F (K0, L0, E, S) − I0 − IS − IE (D .5 .9 )

and

∂ω

∂L
=

∂F

∂L
=

∂F

∂L0

∂L0

∂L
$

∂F

∂S

∂S

∂LS

∂LS

∂L
$

∂F

∂E

∂E

∂LE

∂LE

∂L
(D .5 .10)

S o,

q̧L = δqL − u $ L

{

ω

[

−
1

L2
$

1

L

(

∂F

∂L0

$
∂F

∂S

∂S

∂LS

$
∂F

∂E

∂E

∂LE

)

∂u

∂c

]

$ qLβ

}

(D .5 .11)

q̧L = (δ − β)qL − u(c, β) $
∂u

∂c

[

ω

L
−

(

∂F

∂L0

$
∂F

∂S

∂S

∂LS

$
∂F

∂E

∂E

∂LE

)]

(D .5 .12)

q̧L = (δ − β)qL − u(c, β) $ qi

[

c −

(

∂F

∂L0

$
∂F

∂S

∂S

∂LS

$
∂F

∂E

∂E

∂LE

)]

(D .5 .13)

D .6 The R esulting R elations

R eplacing (D .4.1) in (D .5 .2):

q̧0 = (δ $ γ0)
∂u

∂c
−

(

∂u

∂c

∂F

∂K0

)

(D .6.1)

q̧0 =
∂u

∂c

[

(δ $ γ0) −

(

∂F

∂K0

)]

(D .6.2)

R eplacing (D .4.2) in (D .5 .4):

q̧S = (δ $ γS − γES)
∂u

∂c
−

(

∂u

∂c

∂F

∂S

∂S

∂KS

)

(D .6.3)

q̧S =
∂u

∂c

[

(δ $ γS − γES) −

(

∂F

∂S

∂S

∂KS

)]

(D .6.4)

q̧S

qS

= (δ $ γS − γES) −

(

∂F

∂S

∂S

∂KS

)

(D .6.5 )

∂F

∂KS

= δ $ γS −
γSEqE

qS

(D .6.6)

R eplacing (D .4.3) in (D .5 .6):
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q̧E = (δ $ γE − γSE)
∂u

∂c
−

(

∂u

∂c

∂F

∂E

∂E

∂KE

)

(D .6.7 )

q̧E =
∂u

∂c
(δ $ γE − γSE) −

(

∂F

∂E

∂E

∂KE

)

(D .6.8 )

q̧E

qE

= (δ $ γE − γSE) −

(

∂F

∂E

∂E

∂KE

)

(D .6.9 )

F rom (D .4.4) one gets:

q̧0

q0

=
q̧S

qS

=
q̧E

qE

, (D .6.10)

and thus

δ $ γ0 −
∂F

∂K0

= δ $ γS − γES −
∂F

∂KS

= δ $ γE − γSE −
∂F

∂KE

(D .6.11)

or

γ0 −
∂F

∂K0

= γS − γES −
∂F

∂KS

= γE − γSE −
∂F

∂KE

(D .6.12)

F rom result (D .6.12) one sees that:

γES ↗ ⇒

(

γ0 −
∂F

∂K0

)

↘ (D .6.13)

γSE ↗ ⇒

(

γ0 −
∂F

∂K0

)

↘ (D .6.14)

which means that the parameters γES and γSE have an e´ ect in the di´ erence between

the depreciation of the capital K0, and its marginal productivity ∂ F
∂ K 0

. S o, the more the

health and education sectors are intertwined, the better for the economy as a whole. S ee

eq uation (D .6.2).

A lso,

∂F

∂KS

↗ ⇒

(

γ0 −
∂F

∂K0

)

↘ (D .6.15 )

∂F

∂KE

↗ ⇒

(

γ0 −
∂F

∂K0

)

↘ (D .6.16)

which means that the higher the marginal productivities for the health and education

138



sectors are, the better for the economy as a whole. S ee eq uation (D .6.2).

A n eq uivalent result as in (B .6.13) is valid here:

−
σ(c)

c

dc

dt
= δ $ γ0 −

∂F

∂K0

(D .6.17 )

−
σ(c)

c

dc

dt
=

q̧0

q0

(D .6.18 )

−
σ(c)

c

dc

dt
= δ $ γi − γj i −

∂F

∂Ki

, i, j = S, E. (D .6.19 )

−
σ(c)

c

dc

dt
=

q̧i

qi

, i = S, E. (D .6.20)

F rom (D .5 .13):

q̧L

qL

= δ − β $ c −

(

∂F

∂L0

$
∂F

∂LS

$
∂F

∂LE

)

−
u(c, β)

qL

(D .6.21)
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