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RESUMO

Neste artigo sdo revistos aspectos clinicos
relevantes relacionados com a sedagdo,
analgesia e relaxamento neuromuscular em
cuidados intensivos cardiacos, incluindo
métodos de monitorizagdo e opgdes
terapéuticas disponiveis. Sdo ainda abordadas
as implicagdes fisiopatolégicas da dor,
agitacdo, ansiedade e delirio no doente
ventilado.

Apesar de terem sido publicadas
recentemente normas de orientagfio para
sedacdo, analgesia e relaxamento
neuromuscular em Cuidados Intensivos,
existe grande heterogeneidade na pratica
clinica. A complexidade do meio e das
patologias envolvidas dificulta a
implementacéo de regimes terapéuticos
universais. O dominio dos mecanismos
farmacolégicos constitui pois um instrumento
fundamental para o desenvolvimento de
protocolos dindmicos, adaptados as
realidades especificas de cada unidade.
Estratégias implementadas, que integrem
também a utilizacdo de técnicas de
monitorizagio, sdo imprescindiveis para a
optimizacdo da sedacdo, analgesia e
relaxamento neuromuscular em CI.
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ABSTRACT

Analgesia, Sedation and Neuromuscular
Blockade in Mechanically Ventilated
Cardiac Intensive Care Unit Patients.
Part II - Sedation

This article reviews relevant clinical issues
regarding sedation, analgesia and
neuromuscular blockade in the cardiac
intensive care unit, including monitoring
tools and available therapeutic options. The
pathophysiologic implications of pain,
agitation, anxiety and delirium in the
ventilated patient are also discussed.
Although guidelines for sedation, analgesia
and neuromuscular blocking drugs in critical
care have recently been published, there is
great variability in clinical practice. The
complexity of the environment and associated
pathologies makes it difficult to implement
universally applicable therapeutic regimens.
Knowledge of pharmacologic mechanisms is
an important tool in the development of
dynamic protocols adapted to each unit.
Strategies that include monitoring resources
are essential for the optimization of sedation,
analgesia and neuromuscular blockade.
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Analgesia; Sedation; Neuromuscular blockade;
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Otermo sedacdo corresponde ao alivio da
agitacdo ou da ansiedade (sensacio de
apreensdo, medo ou nervosismo) e indu¢do de
um estado de tranquilidade e calma; pode
envolver ou nfo hipnose (estado de actividade
motora minima semelhante ao sono)®.

A sedacdo de doentes em UCI deve ser ini-
ciada apenas depois de tratadas as causas
reversiveis de agitagio e ansiedade. Pelo menos
71 % daqueles individuos apresentam algum
grau de agita¢do durante o internamento®. Em
caso de suspeita de dor, uma das causas
principais de agitagdo em CI, devem ser
utilizados f4rmacos com propriedades
analgésicas. Ndo obstante e apesar dos opidides
provocarem algum grau de sedacfo, eles ndo
produzem amnésia, nem diminuem a percepg¢ao
para episédios de stress, pelo que a sua
administragdo deve ser criteriosa.

Estados de confusdo, depressdo, delirio,
alucinagdes, ansiedade ou agitacio, podem ser
secunddrios a situacdes passiveis de reversdo,
nomeadamente dor, factores ambientais (ruido,
luz, temperatura), reposicionamentos,
incapacidade de comunicagdo, desorientagdo,
imobili-za¢do, privagdo de sono, desconforto,
infec¢do, hipotensdo arterial, hipoxia,
hipercapnia, insuficiéncia renal, insuficiéncia
hepdtica, alteragdes hidroelectroliticas,
alteracdes do equilibrio 4cido-base, alteracgoes
metabélicas (hipoglicemia, porfiria), alteracoes
endéerinas (disfungio tiroideia, paratiroideia ou
suprarenal), altera¢des do sistema nervoso
central (acidente vascular cerebral, tumor,
hematoma), dlcool, drogas e fdrmacos
(anticolinérgicos, antipsicéticos, sedativos,
hipnéticos, opiéides, antiarritmicos,
betabloqueantes, antagonistas dos canais de
cédlcio, antiparkinsonianos, antiepiléticos,
corticosterdides, digitélicos, ISRS, ADT, agentes
quimioterapia, antagonistas Hi e H:) ®*%. Deste
modo, facilmente se reconhece a importancia
da corre¢éio de todos os distirbios subjacentes.

Um destaque em particular relativamente a
privagdo do sono como causa importante de
agitacdo, ansiedade e delirio em CI. Os
distirbios do sono constituem um factor
acrescido de stress e uma causa importante de
internamento prolongado. O sono em UCI
caracteriza-se por poucos ciclos completos,
vérios despertares e perfodos de REM (rotative
eye movement) pouco frequentes ®. O método
mais eficaz para aferi¢do da qualidade do sono

Sedation is defined as relief from agitation or
anxiety (feelings of apprehension, fear or
nervousness) and induction of a state of
tranquility and calm. It may or may not involve
hypnosis (a state of minimum motor activity
similar to sleep)®.

Sedation of patients in the intensive care
unit (ICU) should be initiated only after
reversible causes of agitation or anxiety have
been treated. At least 71 % of these patients
present some degree of agitation during their ICU
stay @. In cases of suspected pain, one of the
main causes of agitation in intensive care (IC),
drugs with analgesic properties should be used.
Although opioids provide a certain degree of
sedation, they do not produce amnesia or
reduce the perception of stress, and so should
be used with caution.

Confusion, depression, delirium,
hallucinations, anxiety or agitation may be
secondary to a variety of reversible conditions,
particularly pain, environmental factors (noise,
light, or temperature), repositioning, inability to
communicate, disorientation, immobilization,
sleep deprivation, discomfort, infection,
hypotension, hypoxia, hypercapnea, kidney or
liver failure, electrolyte imbalance, acid-base
imbalance, metabolic changes (such as
hypoglycemia or porphyria), endocrine
alterations (including thyroid, parathyroid or
suprarenal dysfunction), central nervous system
disorders (stroke, tumor or hematoma), alcohol
or drugs (anticholinergics, antipsychotics,
sedatives, hypnotics, opioids, antiarrhythmics,
beta-blockers, calcium channel blockers,
antiparkinsonians, antiepileptics,
corticosteroids, digoxin, selective serotonin
reuptake inhibitors, tricyclic antidepressants,
chemotherapy, or Hi and H. antagonists) ®%. The
importance of treating any underlying dis-order
first is thus clear.

Sleep disturbances are a major cause of
agitation, anxiety and delirium; they add to
stress and can prolong ICU stay. Sleep in IC
typically has few complete cycles and
infrequent REM (rapid eye movement) periods,
with frequent awakenings ®. The best way to
assess sleep quality is from the patient’s own
description; observation of REM periods is a
valid alternative ®. Sleep disturbances can have
many causes: use of benzodiazepines, opioids
or barbiturates, pain, anxiety, fever, ambient
noise, or diagnostic, therapeutic or monitoring
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é a prépria descri¢do do doente; em alternativa,
a observacdo desses periodos constitui um
instrumento vdlido de monitorizac¢do ®. Existem
muitas causas responséveis pelos distirbios do
sono: benzodiazepinas, opidides, barbitidricos,
dor, ansiedade, febre, ruido ambiente e ainda
procedimentos diagndsticos, terapéuticos ou de
monitoriza¢do. A promocdo do sono implica
optimizacdo do ambiente, utiliza¢do de métodos
ndo farmacolégicos para promoc¢do de
relaxamento (técnicas de relaxamento,
massagens dorsais, terapia musical) e, na maio-
ria dos doentes, recurso a hipnéticos e/ou
analgésicos adjuvantes ®.

Os niveis de ruido recomendados sdo de 45
dB durante o dia e de 35dB a noite.
Normalmente, a media nas UCI é de 50dB,
muitas vezes com picos superiores a 30dB,
mesmo no periodo nocturno. A implementagdo
de protocolos pode melhorar a qualidade do
sono, devendo incluir, no periodo da noite,
auséncia de luz directa, reducéo do volume dos
instrumentos de monitorizacdo, coordenagio
das actividades de enfermagem, conversacéo
em voz baixa e ndo utilizacdo de telefones,
televisdo ou rddio no mesmo periodo ®.

Nio obstante o referido relativamente as
causas possivels de agitacdo e ansiedade, a
verdade é que, na pratica clinica, nem sempre é
possivel ou necessdrio aguardar o diagnéstico
etiolégico para resolver essas situagdes, sendo
imperativo actuar e evitar desse modo a
contencdo fisica desnecessdria e as
c o n s e g u & n c 1 a s
adversas associadas. A agitacio tem efeitos
deletérios, contribuindo para a
dessincronizacfo ventilatéria, instabilidade
hemodinamica, aumento do consumo de O: e
ainda para a remogdo inadvertida de catéteres e
outros aparelhos. Uma atitude expectante nesse
contexto pode ser contraproducente, pelos
riscos que acarreta .

O nivel ideal de sedagfo corresponde entdo
a um estado de depressdo ligeira da
Os

objectivos da sedac¢do em CI incluem o

consciéncia, facilmente revertivel.
tratamento de estados de agita¢do ou ansiedade,
indu¢do de amnésia, cooperagdo do doente,
optimizacdo da ventilagdo mecéanica e execugdo
mais f4cil de procedimentos invasivos. Apesar
de muitos dos doentes em CI recordarem o pe-
rfodo de internamento de forma desagradavel e
traumética, existe alguma controvérsia
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procedures. Sleep promotion can involve
optimization of the environment, non-
pharmacological relaxation methods such as
back massage, music therapy or other
techniques, and in most patients, use of
hypnotics and/or analgesics ®.

Maximum recommended noise levels are 45
dB during the day and 35 dB during the night.
The average noise level in ICUs is usually 50
dB and peaks of over 80 dB are common, even
at night. Protocols to improve sleep quality
should ensure that at night that there is no
direct lighting, the volume of monitoring
instruments is reduced, and nursing activities
are well coordinated, with voices kept low and
no use of telephones, TV or radio®.

Notwithstanding the desirability of treating
possible causes of agitation and anxiety, as
pointed out above, it is in fact not always
possible in clinical practice or even desirable to
wait for a firm diagnosis before dealing with the
p r 0 b -
lem; it is imperative to act in order to avoid
unnecessary suffering and its adverse
consequences. The harmful effects of agitation
include ventilator desynchronization,
hemodynamic instability, increased O:
consumption and inadvertent removal of
catheters and other devices. The risks of a wait-
and-see attitude mean that such a strategy can
be counterproductive ©.

The ideal level of sedation is thus a state of
mild and easily reversible depression of
consciousness. The goals of sedation in IC
include alleviation of agitation or anxiety,
induction of amnesia, improved cooperation on
the part of the patient, optimization of
mechanical ventilation, and easier performance
of invasive procedures. Although many IC pa-
tients recall their stay as unpleasant and
traumatic, there is some disagreement
concerning the need for systematic sedation to
produce amnesia, reduce mental stress and thus
minimize any psychological sequelae. The side
effects of sedation can also be harmful to the
critical patient. Although inadequate sedation
can cause discomfort, delirium, agitation,
anxiety, accidental extubation, inadequate
hypertension, tachycardia,
arrhythmias, bronchospasm, and dislodgement

ventilation,

of catheters or other monitoring instruments,
sedation that is too profound and/or prolonged
can lead to pressure ulcers, compression-
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relativamente a necessidade de sedacdo
sistemética, com o objectivo de produzir
amnésia, reduzir o stress psiquico e dessa
forma atenuar eventuais sequelas psicolégicas.
Os efeitos colaterais da sedagdo podem ser
igualmente prejudiciais para o estado do doente
critico. Se por um lado uma sedacdo
insuficiente pode provocar desconforto, delirio,
agitagio, ansiedade, extubac¢do acidental,
ventilagdo inadequada, hipertensdo arterial,
taquicardia, disrritmias, broncoespasmo,
deslocamento de catéteres e outros
instrumentos de monitorizacdo, inversamente,
se demasiado profunda e prolongada, pode ser
responsdvel pelo aparecimento de escaras de
decitbito, lesdes nervosas por compressio,
catabolismo proteico aumentado, depressio
respiratoria, hipotenséo arterial, bradicardia,
fleus, imunosupressio, trombose venosa
profunda, regurgitacdo gdstrica, aspiragéo
pulmonar, pneumonia nosocomial e tempos de
internamento e de ventilagcdo mecanica
prolongados . A probabilidade de ocorréncia
deste género de complica¢des pode ser
minimizada através de instrumentos de
monitorizacdo. Na avaliacdo da sedacdo em CI,
estd recomendada a utilizacdo de escalas
validadas, nomeadamente a Escala de Sedacéo-
Agitagdio de Riker, a Escala de Avaliag¢do da
Actividade Motora e a Escala de Calma e
Interac¢do de Vancouver®. Qutras escalas
consideradas vélidas para utilizagdo em UCI sdo
a Escala de Ramsay, a Escala de Harris e a
Escala de Sheffield ™. A Escala de Sedacéo-
Agitacdo de Riker foi a primeira a ser
considerada vdlida em CI. Baseia-se na
pontuagdo do nivel de consciéncia e agitago, a
partir da avaliacdo do comportamento do
doente. Outra das mais utilizadas é a Escala de
Ramsay, tendo sido a primeira a ser usada para
avaliacdo da sedacdo em CI.

A avaliagdo objectiva do doente critico é
obviamente importante, sobretudo durante
estados de sedagdo profunda ou bloqueio neu-
romuscular, que impossibilitam o recurso as
escalas descritas. A utilidade da resposta
autonémica, como indicador farmacodinamico
em sedag¢do, é afectada pelas repercussoes
clinicas da doenca grave. Os sinais vitais néo
sdo considerados marcadores especificos ou
sensiveis do nivel de sedacdo, em doentes de CI

®),

A maioria dos meios objectivos utilizados

related nerve damage, increased protein
catabolism,  respiratory  depression,
hypotension, bradycardia, ileus,
immunosuppression, deep vein thrombosis,
gastric reflux, pulmonary aspiration,
nosocomial pneumonia, and prolongation of ICU
stay and mechanical ventilation @. The
likelihood of these complications can be
reduced by careful monitoring. Various scales
are recommended for assessment of sedation in
IC, particularly the Riker Sedation-Agitation
Scale, the Motor Activity Assessment Scale and
the Vancouver Calmness and Interaction Scale
®. Other scales that have been validated for use
in the ICU include the Ramsay, Harris and
Sheffield scales @. The Riker Sedation-
Agitation Scale, the first to be validated for use
in IC, evaluates the level of consciousness and
agitation on the basis of the patient’s behavior.
Another commonly used scale is the Ramsay
scale, which was the first to be used to assess
sedation in IC.

Objective examination of the critical patient
is obviously important, particularly during
profound sedation or neuromuscular blockade,
when descriptive scales cannot be used. The
usefulness of autonomic response as a
pharmacodynamic indicator during sedation is
affected by the clinical repercussions of severe
illness, while vital signs are not considered
specific or sensitive markers of the level of
sedation of IC patients .

Most of the objective methods used to assess
sedation are based on the electroencephalogram
(EEG). The bispectral index (BIS) uses a scale
from O (isoelectric) to 100 (awake); although it
has potential, particularly in cases of profound
coma or neuromuscular blockade, there are lim-
itations to its use in the ICU, including varia-
tions between individuals for the same level of
sedation and interference from muscular
activity in non-relaxed patients. There are no
studies available comparing BIS with subjective
scales for quantifying sedation levels, and
hence its usefulness in the ICU remains to be
proved &9,

2.1. DELIRIUM

Inadequate sedation or analgesia can trigger
delirium (acutely changing or fluctuating
mental status, characterized by inattention,
altered level of consciousness, and disorganized
think-ing and speech). Other risk factors
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baseiam-se no electroencefalograma (EEG). O
indice ou anédlise biespectral (BIS) usa uma
escala numerada de O (isoeléctrico) a 100
(acordado) e, apesar de promissor, sobretudo
e m
situagdes de coma profundo ou bloqueio neuro-
-muscular, apresenta limita¢des em UCI
(variabilidade interindividual para o mesmo
nivel de seda¢do e interferéncias da actividade
muscular em doentes ndo relaxados). Nao
existem ainda estudos que comparem o BIS com
as escalas subjectivas no que respeita a
quantificagdo da sedagdo, estando por provar a
sua utilidade em UCI®-5?,

2.1. DELIRIO

Regimes desadequados de sedac¢ido ou
analgesia podem desencadear quadros de
delirio (alteragéio ou flutuagdo aguda do estado
mental, caracterizada por desatencdo, alteragéo
do nivel de consciéncia e pensamento e
discurso desorganizados). Outros factores de
risco incluem idade superior a 70 anos,
altera¢des hidroelectroliticas, metabélicas ou
hormonais e antecedentes de deméncia, AVC ou
epilepsia "?. Pode afectar até 83 % dos doentes
em ventilagdo mecénica internados em UCI
médicas e corondrias, razdo pela qual estd
indicada a avaliagdo de rotina, para pesquisa
de sintomas associados 'V, Quadros de delirio
passam despercebidos em cerca de 2/3 dos
casos, sfo responsdveis por aumento do tempo
de internamento e sdo frequentemente
confundidos com deméncia™. O melhor método
para o diagnéstico do delirio baseia-se na
histéria clinica e no exame objectivo, de acordo
com parametros definidos pelo DSM-IV
(Diagnostic and Statistical Manual of mental
Disorders, 4th edition) ". Devido a
impossibilidade de comunicac¢éo por parte de
muitos dos doentes ventilados, foi desenvolvido
o Confusion Assessment Method for the ICU
(CAM-ICU), um método diagnéstico baseado em
pardmetros clinicos diagnésticos, definidos pelo
DSM-IV (alterag¢do aguda ou flutuante do estado
mental, desatenc¢fo, pensamento desorganizado

e alteracdo do estado de consciéncia) "'V,

O haloperidol (0.03-0.15 mg/kg q 0.5-6h
IV/IM) é o farmaco indicado para o tratamento
do delirio em doentes internados em CI
(isoladamente ou em associagdo com
benzodiazepinas) ®. Os agentes neurolépticos
actuam através dum efeito estabilizador da

HUGO VILELA, et al
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include age over 70 years, electrolyte,
metabolic or hormone imbalance, and history of
stroke, or epilepsy 9. Delirium affects up to
83 % of mechanically ventilated patients in
medical or coronary ICUs, and so assessments
should be carried out on a routine basis to look
for associated symptoms ®'". Delirium, which is
unrecognized in two-thirds of cases, can be
responsible for prolonging ICU stay and is
frequently confused with dementia ™. It is best
diagnosed on the basis of clinical history and
physical examination, following the Diagnostic
and Statistical Manual of Mental Disorders, 4th
edition (DSM-1V) "2, Given the difficulty of
communicating with many ventilated patients, a
diagnostic meth-
od known as the Confusion Assessment Method
for the ICU (CAM-ICU) has been developed
based on clinical diagnostic parameters as defin-
ed by the DSM-IV (acutely changing or
fluctuating mental status, inattention,
disorganized thinking and altered level of
consciousness) 1" 11),

Haloperidol (0.03-0.15 mg/kg q0.5-6 h
iv/im), associated or note with benzodiazepines, is
the main drug indicated for the treatment of
delirium in IC ®. Neuroleptic agents like
haloperidol have a stabilizing effect on brain
function through antagonism of dopamine-
dependent neurotransmission in the cerebral
synapses and basal ganglia. Haloperidol has
sedative properties, but it can be associated
with extrapyramidal symptoms, malignant
neuroleptic syndrome (probable dysautonomia
induced by dopamine antagonism), and
prolonged QT interval. The latter effect is dose-
dependent and is a risk factor for ventricular
tachycardia, particularly torsades de pointes,
mainly in patients with heart disease "*'%. For
this reason, electrocardiographic monitoring is
recommended during haloperidol therapy. One
regimen that has been proposed consists of
initial administration of 2 to 5 mg iv/im every
20 to 30 minutes until agitation is brought
under control, then intermittent iv
administration (25 % of the loading dose q6 h
iv/im) for several days followed by progressive
reduction ®.

2.2. DRUGS USED IN SEDATION

Lorazepam is a first-line drug in IC,
although the formulation for intravenous
administration is not available in Portugal ®.
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funcdo cerebral, por antagonismo da
neurotransmissio dependente da dopamina nas
sinapses cerebrais e ginglios basais. O
haloperidol possui propriedades sedativas e
estd associado a sintomas extrapiramidais, a
sindrome neuroléptica maligna (provd-vel
disautonomia induzida por antagonismo da
dopamina) e a prolongamento do intervalo QT.
Este tdltimo efeito é dose dependente e constitui
um factor de risco para taquicardia ventricular,
sobretudo Torsades de Pointes, principalmente
em doentes com patologia cardfaca ®*'¥. Por
este motivo estd recomendada a monitorizacio
electrocardiografica durante a terapéutica com
haloperidol. Um regime proposto consiste na
administracdo inicial de 2 a 5 mg IV/IM, cada
20 a 30 minutos, até controlo da agita¢do, apés
o que se procede a administra¢do endovenosa
intermitente (25% da dose de carga cada 6 h
IV/IM) ou continua (0.04-0.15 mg/kg/h 1V),
durante alguns dias, com descontinuagio
progressiva posteriormente ®.

2.2. FARMACOS~ UTILIZADOS
EM SEDACAO

O lorazepam é um farmaco de primeira linha
em CI, contudo a formulag¢do para
administracdo endovenosa ndo existe em
Portugal ©.

O midazolam e o diazepam sfo os farmacos
mais indicados para situagdes de agitagdo
aguda, em que se pretende um inicio rdpido de
ac¢io ®. Com estes fdrmacos, os tempos de
recuperacdo e extubag¢do tornam-se
imprevisiveis apés infusdes superiores a 48-72
h, devido a fenémenos de acumulacdo. Na
sedacdo de curta dura¢do ndo existe diferenca
clinica ou estatistica para os tempos de
recuperacdo entre o midazolam e propofol,
contudo, apés sedagdo
prolongada, superior a 72 h, o propofol estd
associado a maior previsibilidade de
comportamento, com tempos de extubago que
variam entre 0.25 e 2.5 h (2.8 e 30 h, no caso
do midazolam) "*?». O propofol é ainda o
fdrmaco mais indicado quando se torna
importante um despertar rdpido apés infusio
continua, como por exemplo em caso de
necessidade de avaliagfio neurolégica periédica
@

Numa anédlise farmacoeconémica, deverdo
ser considerados os custos relacionados com a
incidéncia de efeitos adversos, preparagdo e

Midazolam and diazepam are the best drugs
for acute agitation, when rapid onset of action is
called for®. However, recovery and extubation
times are unpredictable after infusions of these
drugs lasting longer than 48-72 hours, due to
accumulation. For short-term sedation there is
no clinical or statistical difference between
recovery times for midazolam and propofol, but
after prolonged sedation of more than 72 hours,
propofol is associated with more predictable
behavior; extubation times vary between 0.25
and 2.5 h (2.8 to 30 h for midazolam) *>%?,
Propofol is also more indicated when rapid
awakening after continuous infusion is
required, such as for periodic neurological
assessment®.

In a pharmacoeconomic analysis, the costs
of side effects, preparation and administration
of the drugs, and duration of ICU stay and
mechanical ventilation should be taken into
account. There are currently insufficient data to
develop pharmacoeconomic models for
comparing costs between different sedation
regimens in IC. The cost difference between
propofol and benzodiazepines is likely to fall,
given the increased time of mechanical
ventilation and ICU stay associated with the

latter®.

2.2.1. Benzodiazepines

The benzodiazepines act centrally, by inhib-
iting gamma-aminobutyric acid (GABA) at the
synapse level. They induce anterograde amnesia
and have anticonvulsant and muscle relaxant
properties. Although lacking in analgesic effect,
they do enable opioid doses to be reduced @* .

Administered in isolation, benzodiazepines
cause minimal respiratory depression and their
cardiovascular effects are insignificant. How-
ever, these effects are strengthened when
associated with opioids or other sedatives, and
in cases of hypovolemia, the sympathetic
depression they cause can precipitate
hypotension. Central depression of respiration
and of airway protective reflexes can trigger or
aggravate respiratory failure in non-intubated
patients, particularly in the elderly or those
with underlying pulmonary disease; this
characteristic can, paradoxically, be an
advantage, since it enables mechanical
ventilation while
taining consciousness.

Continuous infusion with benzodiazepines

main-
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administracdo de farmacos e tempos de
internamento ou de ventilacdo mecanica. Néo
existem, presentemente, dados suficientes que
permitam desenvolver modelos
farmacoeconémicos para comparacdo de custos
entre diferentes regimes de sedagfio em CI. E
provdvel que a diferenca entre o custo do
propofol e das benzodiazepinas possa diminuir,
atendendo ao prolongamento do tempo de
ventilagdo mecanica e de internamento asso-
ciado as benzodiazepinas ®.

2.2.1. Benzodiazepinas

As benzodiazepinas actuam a nivel central,
promovendo a actividade inibitéria do 4cido
gama-aminobutirico (GABA) ao nivel da
transmissdo sindptica. Produzem amnésia
anterégrada e apresentam propriedades
anticonvulsivantes e de relaxamento muscular.
Apesar de desprovidas de efeito analgésico,
possibilitam a reducfio das doses eficazes de

opidides 2.
ministradas isoladamente as
Ad trad lad te,
benzodiazepinas provocam depressdo

respiratéria minima e apresentam repercussdes
cardiovasculares pouco significativas. Esses
efeitos sdo potenciados pela associacdo com
opiéides ou outros sedativos. Também, em
situagdes de hipovolémia, a actividade
depressora simpética das benzodiazepinas pode
precipitar hipotensdo arterial. A depresséo
respiratéria central e dos reflexos protectores
das vias aéreas pode desencadear ou agravar
insuficiéncia respiratéria em doentes ndo
intubados, sobretudo em idosos ou doentes com
patologia
caracterfstica constitui, paradoxalmente, uma
vantagem, ao possibilitar a ventila¢gdo mecanica
com preservagdo da consciéncia.

pulmonar subjacente; essa

Em situa¢des de infusdo continua com
benzodiazepinas pode haver acumula¢do do
farmaco ou dos seus metabolitos activos, com
risco de sobresedagdo e imprevisibilidade na
recuperacdo. Outro problema frequente é o
desenvolvimento de tolerancia, em horas ou
dias de terapéutica continuada®.

Apés doses elevadas de benzodiazepinas ou
propofol, por periodos superiores a uma
semana, risco aumentado de
dependéncia fisiolégica, pelo que a redugio
didria da po-
sologia deve ser gradual (entre 10 a 25 %),

existe
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can lead to accumulation of the drug or its
active metabolites, with a risk of oversedation
and unpredictable awakening. Another common
problem is the development of tolerance within
hours or days of continuous therapy ®.

After high doses of benzodiazepines or
propofol for over a week, there is an increased
risk of physiological dependence, and so daily
reductions in dosage should be gradual (10-
25 %) to avoid withdrawal syndrome. When
sedation is for less than 5-7 days, the dosage
can be reduced more rapidly (10-15% every 6
to 8 hours) ®. The use of antagonists can also
trigger withdrawal symptoms, even after as little
a s
0.5 mg iv of flumazenil. When used to test for
prolonged sedation after several days of
benzodiazepine therapy, flumazenil should be
administered in a single low dose of 0.15 mg iv.
Benzodiazepine withdrawal syndrome can
include dysphoria, tremor, headache, nausea,
sweating, fatigue, anxiety, agitation,
photophobia, paresthesia, cramps, myoclonus,
sleep disturbances, delirium, and convulsions.
It is diagnosed by exclusion, and so other
causes of agitation should be excluded. Alpha-2
adrenergic antagonists are important for
treating associated symptoms.

Benzodiazepines can occasionally cause
paradoxical reactions with agitation and
delirium, probably resulting from iatrogenic
amnesia and disorientation. This occurs mainly
in elderly patients, those with central nervous
system pathology or psychiatric disorders, and
drug addicts.

Associating with
benzodiazepines has advantages in terms of

haloperidol

reduced dosages and a lower incidence of side
effects (extrapyramidal symptoms linked with
haloperidol and paradoxical reactions from
benzodiazepines). The association of propofol
and midazolam also leads to greater
hemodynamic stability, reduction of overall
dosage and earlier extubation ®°-

2.2.1.1. Diazepam
(bolus: 0.03-0.1 mg/kg q0.5-6 h iv)

Of rapid onset of action (2-5 min), diazepam
is metabolized in the liver and eliminated by
the kidneys. Repeated doses lead to increased
duration of action due to accumulation of active
metabolites, which limits its usefulness in IC. It
is indicated for short-term sedation, initial
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para preven¢do do Sindrome de Abstinéncia.
Quando o tempo de sedagéo é inferior a cinco a
sete dias, a infusdo pode ser diminuida com
relativa rapidez (10-15 % cada seis a oito horas)®.
Também a utilizacdo de antagonistas pode
desencadear sintomas de abstinéncia, mesmo
ap6s administracdo de apenas 0,5 mg de
Flumazenil 1V. Se utilizado para o diagnéstico
de sedacdo prolongada, apés varios dias de
terapéutica com benzodiazepinas, o flumazenil
estd recomendado numa dose tnica baixa (0,15
mg V) ®,
benzodiazepinico pode cursar com disforia,
tremor, ce-faleias, nduseas, sudorese, fadiga,
ansiedade, agitacdo, fotofobia, parestesias,
caimbras, mioclonias, distdrbios do sono,

A sindrome de abstinéncia

delirio, convulsdes. E um diagnéstico de
exclusdo, motivo pelo qual devem ser excluidas
outras causas de agitacdo. Os agentes alfa-2-
adrenérgicos sdo importantes para o tratamento
dos sintomas associados.

As benzodiazepinas sdo responsdveis por
reac¢des paradoxais ocasionails, com agitagdo e
delirio associados, resultado provdvel de
desorientacio
iatrogenicamente. Estes quadros ocorrem
sobretudo em idosos ou em doentes com
patologia do SNC, com hébitos toxofilicos ou
com patologia psiquiétrica associada.

A associagdo de haloperidol e benzodiaze-

amnésia e induzidas

pinas apresenta vantagens em termos de
reducdo das doses e da menor incidéncia de
(de
extrapiramidais relacionados com o haloperidol
e de reacc¢des paradoxais associadas as
benzodiazepinas). Também a associac¢io de
propofol e midazolam proporciona maior

efeitos secundarios fenémenos

estabilidade hemodinamica, reducéo total das
doses e tempos mais rdpidos de extubagdo @°.

2.2.1.1. Diazepam
(Bélus: 0.03-0.1 mg/kg q 0.5-6h IV)

O seu infcio de ac¢do é rapido (2-5 min). E
metabolizado por via hepdtica e eliminado por
via renal. Apés doses repetidas ocorre aumento
da duracgéio de acg¢do, devido a acumulagdo de
metabolitos activos, o que constitui uma
limitacdo em CI. Tem indicacfo no contexto de
sedag¢do de curta durag¢do, no controle inicial de
convulsdes associadas ao estado de mal
epiléptico e na transi¢do da sedagdo com
benzodiazepinas de curta dura¢io (importante

control of convulsions resulting from epileptic
seizures, and to prevent withdrawal symptoms
in the transition from sedation with short-
duration benzodiazepines (26).

2.2.1.2. Lorazepam

A benzodiazepine 5 to 6 times more potent
than diazepam. It is metabolized in the liver
through glucuronidation, and therefore interacts
less with other drugs @?.

Compared to other benzodiazepines, it is
less fat-soluble and crosses the blood-brain
barrier more slowly, and so has a slower onset
and longer duration of action®. The fact that it
has no active metabolites means that it does not
accumulate and recovery is predictable and
relatively rapid after prolonged continuous or
intermittent therapy. A formulation for
intravenous administration is not available in
Portugal.

2.2.1.3. Midazolam
(bolus: 0.02-0.08 mg/kg iv q0.5-2 h; infusion:
0.04-0.2 mg/kg/h iv)

Three or four times as powerful as diazepam;
it is metabolized in the liver, producing active
metabolites. Due to its rapid onset of action (2-
5 min) it is indicated for acute agitation (2 to 15
mg iv g5-15 min until agitation is controlled,
followed by intermittent doses or continuous
infusion). Prolonged sedation can occur in
obese patients or those with hypoalbuminemia
or renal failure ®.

2.2.1.4. Flumazenil

(bolus: 0.1-0.2 mg iv up to a maximum of 3 mg)

Flumazenil acts by competitive inhibition of
benzodiazepines on GABA receptors and is
metabolized in the liver. Its duration of action is
considerably than that of
benzodiazepines (around 30 min).

It is used to reverse the effects of
benzodiazepines and in differential diagnosis of

shorter

depression of consciousness, and is also very
useful for distinguishing between paradoxical
r e a c -
tions to benzodiazepines and other causes of
confusion or agitation, thereby reducing the
need for other diagnostic methods. It is
contraindicated in cases of dependence or
with  tricyelic
antidepressants, when it can trigger withdrawal

overdose combined
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em termos da prevencdo da sindrome de
abstinéncia, que pode ocorrer nessas
circunstincias) .

2.2.1.2. Lorazepam

Benzodiazepina cinco a seis vezes mais
potente que o diazepam. Sofre metaboliza¢do
hepdtica via glucoronidacio, de que resulta
menor interac¢do com outros farmacos .

Relativamente a outras benzodiazepinas,
apresenta menor lipossobulidade e atravessa
mais lentamente a barreira hematoencefélica,
razdo pela qual o infcio de ac¢do é mais lento e
a duracdo de ac¢do mais prolongada ®. A
auséncia de metabolitos activos evita
fenémenos de acumulag¢do e permite uma
recuperagdo previsivel e relativamente rédpida,
ap6s terapéutica prolongada continua ou
intermitente. Ndo existe em Portugal a
formula¢do para administragio endovenosa.
2.2.1.3. Midazolam

(Bélus: 0.02-0.08 mg/kg IV ¢ 0.5-2 h;
Infusdo: 0.04-0.2 mg/kg/h 1V)

Cerca de trés a quatro vezes mais potente
que o diazepam. A metabolizagdo ocorre a nivel
hepético, com produgdo de metabolitos activos.
Devido ao seu inicio de acgdo rapido (2-5 min),
estd indicado para situagdes de agitacdo aguda
(2 al5 mg IV q 5-15 min até controle da
agitagfio, ap6s o que se procede a administragdo
de doses intermitentes ou infusdo continua).
Situagdes de sedagdo prolongada podem ocorrer
em doentes obesos, hipoalbuminémia e
insuficiéncia renal ®.

2.2.1.4. Flumazenil
(Bélus: 0.1-0.2 mg IV até maximo de 3mg)

Actua por inibi¢do competitiva das benzo-
diazepinas ao nivel dos receptores do GABA.
Sofre metabolizagdo hepética e a duragdo de
acg¢do é significativamente inferior & das benzo-
diazepinas (cerca de 30 min).

E utilizado na reversdo dos efeitos das
benzodiazepinas e no diagnéstico diferencial da
depressdo da consciéncia. E também
extremamente ttil na distin¢do entre reacc¢des
paradoxais as benzodiazepinas e outras causas
de confusdo ou agita¢ido, diminuindo dessa
forma o recurso a meios complementares de
diagnéstico. A sua utilizagdo estd
contraindicada em caso de dependéncia ou
overdose combinada com ADT, situa¢des em
que poderad

HUGO VILELA, et al
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symptoms and/or convul-

sions .

2.2.2. Propofol
(sedation: initially 5-80 g/kg/min, titrated with
increasing doses every 5 min until the desired
effect is obtained)

An anesthetic agent with sedative and
amnesiac properties at lower doses, propofol
reduces intracranial and intraocular pressure; it
has antiemetic effects and gives greater
cardiovascular stability than barbiturates. It is
metabolized in the liver without production of
a ¢ t 1 v e
metabolites.

Its action is of rapid onset (1 to 2 min) and
short duration. Even after seven days of contin-
uous infusion, discontinuation of mechanical
ventilation and extubation are possible within
an hour, which makes it particularly useful in
IC ®. Propofol is available as a lipid emulsion,
and should be counted as a caloric source (1.1
kecal/ml) in cases of prolonged infusion or high
doses; in such situations triglyceride levels
should
hypertriglyceridemia®. A maximum of 12 hours
infusion is recommended, with the solutions
being changed after 6 hours, due to the danger
of contamination and bacterial proliferation (3).
Among associated side effects are respiratory

also be monitored to avoid

and cardiovascular depression, with
hypotension secondary to reduced peripheral
vascular resistance and myocardial

contractility; these effects are dose-dependent
and are strengthened by opioids and
benzodiazepines, and are particularly associ-
ated with bolus administration. Other side
effects include bradycardia and pain at the
injection site ®. If the patient needs escalating
inotropic or vasopressor support or shows signs
of heart failure, alternative sedatives should be
considered ¥. High doses of propofol (>5
mg/kg/h) for periods longer than 48 h have also
been associated with increased risk of propofol
infusion syndrome, a rare but potentially fatal
condition that necessitates the choice of
alternative agents “".

2.2.3. Central alpha 2-adrenergic antagonists
2.2.3.1. Clonidine

This has analgesic, anxiolytic and sedative
effects and strengthens the effects of general
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desencadear sindrome de abstinéncia e/ou
convulsdes ®.

2.2.2. Propofol
(Sedagao: 5-80 g/kg/min, inicialmente
com titulacdo crescente das doses cada 5min,
até efeito pretendido)

Farmaco anestésico indutor, com
propriedades sedativas e amnésicas em doses
mais baixas. Provoca diminui¢fio da pressdo
intracraniana, diminui¢do da pressdo
intraocular, possui efeito antiemético e
proporciona maior estabilidade cardiovascular
relativamente aos barbitidricos. Sofre
metabolizacdo hepdtica sem produgdo de
metabolitos activos.

E um farmaco com um répido inicio de
accdo (1 a 2 min) e curta duracéo de accéo.
Mesmo apés sete dias de infus@o continua é
possivel a descontinua¢io da ventilagéo
mecénica e subsequente extubagdo em cerca
de uma hora, facto com particular importancia
em CI®. O propofol encontra-se disponivel
como emulsdo lipidica e deve ser contabilizado
como fonte calérica (1.1 Kcal/ml) em caso de
infusdo prolongada ou apés altas doses; nessas
circunstincias devem também  ser
monitorizados os niveis de triglicéridos, pelo
risco de hipertrigliceridemia associado ®. Estd
indicada a utiliza¢do dos sistemas de infuséo
até um mdximo de 12 horas e a mudanca das
solugdes ao fim de 6 horas, devido ao perigo de
contaminag¢do e proliferacéo bacteriana ®. Entre
os efeitos secunddrios associados, referéncia a
depressdo respiratéria e cardiovascular, com
hipotenséo arterial (secunddria a diminuicéo da
resisténcia periférica e da
contractilidade miocédrdica); séo efeitos dose
dependentes, potenciados por opidides
benzodiazepinas e associados sobretudo
administragdo em bélus. Referéncia também
possibilidade de ocorréncia de bradicardia e
dor no local de injec¢do ®. Sempre que haja
necessidade crescente de suporte inotrépico e
vasopressor ou sinais de insuficiéncia cardfaca,
devem ser considerados outros farmacos

vascular

o D

sedativos em alternativa ®. Altas doses de
propofol (>5 mg/kg/h), durante periodos supe-
riores a 48 h, tém ainda sido associadas a risco
aumentado de sindrome de infusfo de propofol,
entidade rara e potencialmente fatal que nessas
circunstancias deve condicionar a escolha de
outros agentes em alternativa ©”.

anesthetics and opioids. It has been used to
treat withdrawal syndromes in the ICU©).

2.2.3.2. Dexmedetomidine

Dexmedetomidine has analgesic and
anxiolytic effects. It causes minimal respiratory
depression and has been approved for short-
term sedation (less than 24 h) in ventilated pa-
tients. It is associated with dose-dependent
hypotension and bradycardia secondary to
reduced plasma catecholamine levels, which
occur mainly in cases of elevated sympathetic
tonus or depletion of intravascular volume .
p a r a d 0 X -
ically, following rapid administration, it can
cause transitory rises in blood pressure through
stimulation of 0-2B receptors in vascular smooth
muscle and consequent increased peripheral
vascular resistance. Its role in the ICU remains
to be determined.

2.2.4. Etomidate
(anesthetic dose: 0.2-0.6 mg/kg iv)

This anesthetic agent can produce sedation,
stimulating GABA receptors at the central level.
It is metabolized in the liver without production
of active metabolites. Unlike barbiturates and
propofol, it causes minimal respiratory and
cardiovascular depression; spontaneous
respiration is preserved and its effects are
rapidly reversed. These properties are
particularly important for rapid, short-term
sedation, especially in cases of actual or
potential hemodynamic instability, candidates
for cardioversion, manipulation of the airways,
or minor procedures. It is
contraindicated for prolonged sedation in IC
because of adrenal suppression, leading to in-
creased morbidity and mortality ®. Other side
effects reported include nausea, vomiting,
myoclonus and convulsions.

invasive

2.2.5. Ketamine
sedation: 0.2-0.8 mg/kg iv or 2-4 mg/kg im
g/Kg g/Kkg

This anesthetic agent acts as an antagonist
to N-methyl-d aspartate (NMDA). It induces a
dissociative state and in subanesthetic doses
can provide sedation, analgesia, and amnesia
simultaneously. It stimulates the sympathetic
nervous system and associated bronchodilation,
and is contraindicated in patients with ischemic
heart disease or intracranial hypertension. It
may cause hallucinations (which can be
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Farmacos recomendados para sedagido no doente critico ventilado

Farmaco Bélus Infusio Farmacocinética Modo Administrac¢io
Propofol - 5-80 - Titulagfio crescente das doses q
Heg/kg/min ev 5 min, até efeito pretendido
Midazolam 0,02-0,08 mg/kg 0,04-0,2 Inicio (bélus):2-5° Agitagdo aguda: 2-15 mg ev q 5-15 min
evq0,5-2h mg/kg/h ev Duracao (Bélus): até controle da agitagdo, apds o que se procede
15-80° a administragdo de doses intermitentes ou
infusdo continua
Table 11
Drugs recommended for sedation in ventilated intensive care patients
Drug Bolus Infusion Pharmacokinetics Administration
Propofol - 5-80 - Titrated increases every 5 min.
Heg/kg/min iv until the desired effect is achieved
Midazolam 0.02-0.08 mg/kg 0.04-0.2 Onset (bolus): 2-5min  Acute agitation: 2-15 mg iv every
iv q0.5-2 h mg/kg/h iv Duration (bolus): 5-15 min until agitation is

15-80 min’

controlled, then intermittent doses
or continuous infusion

2.2.3. Agonistas Centrais 02-adrenérgicos

2.2.3.1. Clonidina

Agonista 02-adrenérgico central com efeitos
analgésicos, ansiolfticos e sedativos, capaz de
potenciar os efeitos dos anestésicos gerais e dos
opidides. Tem sido utilizada no tratamento das
sindromes de abstinéncia em UCI®.

2.2.3.2. Dexmedetomidina

Agonista 0.2-adrenérgico central com
propriedades analgésicas e ansioliticas.
Provoca depressdo respiratéria minima e foi ja
aprovada para sedacdo de curta duragdo em
doentes ventilados (inferior a 24 h). Estd
associada a hipotensdo arterial e bradicardia,
efeitos dose dependentes secunddrios a
diminui¢do dos niveis plasmdticos de
catecolaminas e que ocorrem sobretudo em
caso de ténus simpético elevado ou deplegio do
volume intravascular ®. Paradoxalmente, apés
administrac¢io rdpida, pode causar aumento
transitério da pressdo arterial, por estimulagio
de receptores 0-2B no misculo liso vascular e
consequente aumento da resisténcia vascular
periférica. O seu papel em UCI continua por
determinar.

2.2.4. Etomidato
(Indugdo Anestésica: 0.2-0.6 mg/kg IV)

Farmaco anestésico indutor capaz de

minimized by the concomitant administration of
benzodiazepines), sialorrhea (reduced by
association with atropine or glycopyrrolate),
elevated intracranial pressure and tonic-clonic
convulsions.

It has an important role in painful
procedures of short duration, such as in burn
intensive care units *.

2.2.6. Barbiturates

Barbiturates act on the GABA receptor
complex and produce sedation or anesthesia
depending on dosage. They cause respiratory
and cardiovascular depression. They are
metabolized in the liver and accumulation is
common.

They are indicated for induction of
barbiturate coma and in cases of refractory
intracranial hypertension or refractory epileptic
seizures. Nowadays their use is becoming less
common for sedation in the ICU®.

CONCLUSION

Ideal sedation is tailored to the individual
and is characterized by tranquility, preserved
consciousness, collaboration, adaptation to
respiratory equipment, maintenance of normal
sleep patterns, and cardiovascular and
respiratory stability. To achieve these goals, it
is essential to implement protocols of
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produzir sedacio e que actua através da
estimulacdo dos receptores do GABA, a nivel
central. E metabolizado no figado, sem
produgdo de metabolitos activos. Contraria-
mente aos barbitiricos e ao propofol, provoca
depressdo respiratéria e cardiovascular
minimas, com preservacdo da respiracéo
espontanea e rdpida reversdo dos efeitos. Estas
propriedades sdo particularmente importantes
para a sedacdo rdpida e de curta duracdo,
sobretudo nos casos de instabilidade
hemodinamica, real ou potencial, propostos
para cardioversdo, abordagem da via aérea ou
procedimentos Est4
contraindicado para sedagfio prolongada em CI
devido a fenémenos de supressdo da
suprarrenal, com aumento da mortalidade e
morbilidade ®. Outros efeitos secundérios

invasivos minor.

descritos incluem nduseas, vémitos, mioclonias
e convulsdes.

2.2.5. Cetamina
(Sedagdo: 0.2-0.8 mg/kg IV ou 2-4 mg/kg IM)

Farmaco anestésico indutor que actua por
antagonismo ao nivel dos receptores N-metil-D-
aspartato (NMDA). Origina um estado
dissociativo e em doses subanestésicas
consegue proporcionar, simultaneamente,
sedacdo, analgesia e amnésia. Provoca
estimulac¢do do sistema nervoso simpdtico e
broncodilatacdo  associada, estando
contraindicada em doentes com cardiopatia
isquémica ou hipertensdo intracraniana. Pode
provocar alucina¢des (minimizada pela
administracio concomitante de
benzodiazepinas), sialorreia (diminuida pela
associacdo de atropina ou glicopirrolato),
aumento da pressdo intracraniana e convulsdes
ténico-clénicas.

Tem um papel extremamente importante no
contexto de procedimentos dolorosos de curta
duracgdo, como os que ocorrem nas unidades de
queimados ®.

2.2.6. Barbitiricos

Actuam ao nivel do complexo receptor do
GABA e produzem sedagfo ou anestesia,
conforme as doses administradas. Provocam
depresséo respiratéria e cardiovascular. Sofrem

intravenous sedation, with daily interruption
and individualized titration of dosage in
accordance with predefined and regularly
updated objectives. Continuous intravenous
perfusion gives a more consistent level of
sedation and requires fewer resources, and
should be considered whenever intermittent
administration becomes excessively frequent.

Midazolam and propofol are considered the
best sedative agents, to be administered after

effective analgesia has been achieved.
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