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Analgesia and Sedation in Intensive Care Unit
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Summary: Sakata RK — Analgesia and Sedation in Intensive Care Unit.

Background and objectives: Many Intensive Care Unit (ICU) patients present pain. The administration of analgesics and sedatives is crucial
for patient comfort and to reduce stress, as well as to prevent delay in recovery and ventilator weaning. The objective of the present study was to
conduct a review on analgesia and sedation in the ICU.

Content: The present study reviewed the causes of pain, the methods used to evaluate the intensity of pain and sedation and the conducts
employed in pain treatment and sedation. Drug selection is important in order to prevent excessive sedation, by performing analgesia before the
sedation.

Conclusions: The most commonly employed drugs are morphine, fentanyl, midazolam and propofol. Other medications are less frequently used.
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INTRODUCTION

Most patients at the Intensive Care Unit (ICU) experience pain,
fear and anxiety 2. The administration of analgesics and se-
datives is crucial for patient comfort and to reduce stress, as
well as to prevent delay in recovery and ventilator weaning'.

One study showed that less than 50% of the patients have
adequate pain control at the ICU 3. The barriers were: the
physician’s conduct, use of protocols without evidence, the
professionals’ resistance in changing the conduct, inadequate
method of assessment and insufficient training of the profes-
sionals regarding pain assessment and treatment.

Pain relief is essential for the patient’s adequate recovery
1245 The benefit is more evident in the patient that presents
alterations in several organs when the pain causes more se-
vere alterations.

Recovery is significantly influenced by the choice of anal-
gesic and sedative agents, deficient or excessive sedation
and the insufficient control of pain 2.

In spite of published guidelines and studies, the use of
strategies that have been approved at the routine can occur
slowly 2. Analgesia and sedation at the ICU are complex
due to several comorbidities, drug interactions and organ
dysfunctions 6.
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Critically-ill patients

Critically-ill patients present important alterations in the phar-
macology of analgesics. Very often it is not possible to admi-
nister drugs orally. The absorption of medication administered
orally is unpredictable in a patient with gastrointestinal func-
tion alterations and decreased splanchnic blood flow.

There is a decrease in the hepatic blood flow and drug cle-
arance in arterial hypotension, in trauma, in sepsis, in hipoxe-
mia and when some drugs are being administered.

Organ dysfunction causes alteration in the clearance of drugs
and metabolites 7-1°. In kidney failure there is accumulation of
analgesics, sedatives and active metabolites normally eliminated
by the kidneys. In shock, drug clearance is slower %10,

In the patient with hypoproteinemia, more free drugs are asso-
ciated with a higher possibility of toxicity. Acidemia also causes
increase in the active drug levels. Alterations in the hematoence-
phalic barrier also facilitate the passage of some drugs.

What causes pain?

Many ICU patients experience pain. The causes are 71112

e Tracheal aspiration

* Change of decubitus

* Dressing wounds

e Tracheal tube

e Trauma

e Surgical lesion

e Burns

* Nasogastric tube

e Central catheter

e Arterial Catheter

* Drains

e Pressure ulcers

e Venous or arterial puncture
e Bandages for limb restraining
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Pain and sedation assessment

Less than 50% of the professionals evaluate the pain 7. Pain
and sedation assessment is particularly complex in an ICU,
as the patients are very often incapable or unable to verbally
communicate with the professionals 411.13-15, The patient can-
not establish communication with the professionals due to
several reasons: tracheal intubation, alteration of conscious-
ness, sedation, and effect of medications 1.

The patient undergoing mechanical ventilation must be as-
sessed regarding pain and sedation to have the drug dose
optimized. That reduces the need for ventilation and ICU stay
duration ©.

Scales help to detect pain 7. A patient that can communicate
verbally can be evaluated through the numerical verbal scale
(0 to 10)', which requires a higher degree of comprehension
than the 4-point verbal rating scale (VRS-4), in which the pain
can be absent =1, mild = 2, moderate = 3 or severe =4 8. The
correspondence of the descriptive scale with the numerical
one would be: absent pain = 0; mild = 1-3; moderate = 4-6 and
severe = 7-10". Scores > 3 in the numerical scale or 2 at the
verbal scale are unacceptable 4.

Pain causes sympathetic stimulation accompanied by ta-
chycardia and increased blood pressure, symptoms that can
help to detect pain. However, these alterations have little spe-
cificity at the ICU and can be caused by vasopressors, beta-
adrenergic blockers, anti-arrhythmic drugs, sedatives and pa-
thological conditions (sepsis, shock, hypoxemia and fear) .

When the patient is unable to communicate, other methods
must be used 7'4. The Behavioral Pain Scale (BPS) can be
used, with scores from 3 to 12, through the observation of
the facial expression, body movements, muscle tension and
synchrony with the ventilator '-2.

The BPS, which is easy to interpret, is used to assess the
pain in sedated patients or those submitted to mechanical
ventilation (Chart ). If the score is > 6, it is considered unac-
ceptable 14,

The facial expression is the item that contributes the most
to pain assessment, followed by limb movement and accep-
tance of ventilation ''. The following are pain behaviors: gri-

Chart | — The Behavioral Pain Scale Analyzes:

Facial expression
Relaxed: 1
Partially tense: 2
Totally tense: 3
Grimace: 4
Movements of upper limbs
Relaxed: 1
Partially flexed: 2
Totally flexed: 3
Totally contracted: 4
Mechanical ventilation
Tolerating movements: 1
Coughing, but tolerating during most of the time: 2
Fighting the ventilator: 3
Impossible to control the ventilator: 4
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macing, frowning, rigidity, tightly closed eyelids, wrinkling the
nose, elevated upper lip, verbalization, and closed fists ''. The
acceptance of the mechanical ventilation can be affected by
hypoxemia, bronchospasm and secretion .

The scale of sedation was described by Ramsay (Chart
II) 1114, When the scale is used there is a lower incidence of
excessive sedation’. Approximately 70% of the professionals
use scales for sedation 1.

Chart Il - Ramsay Score

1 — anxious, agitated

2 — cooperative, oriented and serene

3 — sleeping, drowsy and responding easily to commands
4 — sleeping and responding to stimuli on glabella

5 — sleeping and responding slowly to pressure on glabella
6 — sleeping without response to pressure on glabella

The desirable characteristics of a scale are:

e Easy to apply

e Easy to interpret

* Possibility to evaluate small alterations
e Evaluation of sedation for drug titration
» Evaluation of agitation

Treatment of pain and sedation

The methods of analgesia can act on different points of the
pain pathways, reducing the activation of nociceptors or the
passage of the stimulus, activating the inhibitory pathways
and altering pain perception.

To alleviate pain and anxiety, analgesic and sedative
agents are administered 2. A study disclosed the different
protocols adopted for analgesia and sedation in the ICU .
There is a discrepancy between the need for sedation and the
way it is carried out 6. Opioids, benzodiazepines and propofol
are the basic medications used to give the patient comfort and
facilitate mechanical ventilation. Most professionals use opio-
ids associated with GABA agonists .

No medication has all the characteristics of the ideal anal-
gesic or sedative. To optimize pain treatment, the physician
must know the pharmacokinetic and pharmacodynamic diffe-
rences that can affect the safety and effectiveness of anal-
gesics and sedatives '7.Modifications in the pharmacokinetics
and pharmacodynamics with long-term administration, altera-
tions in the protein binding and volemia and organ dysfunction
cause variable results '. Pain treatment requires knowledge
of the action mechanisms, pharmacokinetics, latency and
the duration of the analgesia and the side effects. The cor-
rect analgesic agents must be administered at the adequate
dose to a certain patient at the right moment . It is important
to know what clinical alterations the patient presents and the
medications he or she uses, as it is possible that there will be
an interaction with the analgesics.

The sedation procedures for ICU patients have evolved and
depend on the patient and the available drug 7. The ideal level
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of sedation is controversial. In the past, deep sedation was
preferred; however, the recovery is influenced by the choice
of the agent, by insufficient or excessive sedation and by the
inadequate control of pain 2.

Inadequate sedation results in pain, anxiety, agitation,
auto-extubation, catheter removal, myocardial ischemia and
hypoxemia'. Excessive or prolonged sedation causes com-
pression ulcers, nerve compression, delirium and prolonged
mechanical ventilation .

Protocols, algorithms and guidelines

The guidelines, protocols and algorithms can promote con-
duct based on evidence, decreasing the variation in clinical
practice and the possibility of excessive or prolonged se-
dation '. The first guideline for sedation in ICU dates from
1995 7.

Approximately 50% of the professionals adopt protocols
for analgesic and sedative agent administration 6. The
choice varies according to the place and type of ICU 2. The
protocols promote a more adequate sedation, less pain,
decrease in the variation between patients and the amount
of drugs, as well as time of mechanical ventilation and ICU
stay duration 7.

Analgesia and sedation must be carried out with incre-
ase or decrease and the change in the medication, accor-
ding to the specific target. A daily interruption in the seda-
tive and opioid infusion can also be carried out '. Drug and
metabolite accumulation must be avoided, as it can delay
recovery 1.

The algorithms must have specific objectives and targets,
with the adoption of effective and applicable protocols, in or-
der to evaluate analgesia, agitation and sedation, as well as
incorporate the selection of medication .

Techniques of analgesia and sedation

Sedation techniques have evolved considerably with the
emergence of new medications and treatments based on evi-
dence’. Drug titration through the use of scales represented
an improvement, with the maintenance of mild sedation. Ex-
cessive sedation results in a prolonged recovery, but pain and
anxiety relief must be adequate .

The important characteristics of analgesic drugs and tech-
niques are 2111217

e Evidence of effectiveness

* Rapid action and recovery

e Predictability between dose and response
* Absence of accumulation and toxicity

e Absence of interaction

* Indication for critical patients

e Easy titration and monitoring

e Tolerable adverse effects

e Low cost

650

Analgesia technique before sedation

Measures to improve recovery at the ICU include analgesia
before sedation and recognition of the adverse effects asso-
ciated with sedative medications 8.

In the technique called “analgesia first” or “A1”, the dru-
gs used for sedation are administered only after the use of
analgesics 7. The patients that received “A1” obtain comfort
and less than 50% of them need sedation”. Analgesia before
sedation can reduce the need for sedatives and the time of
mechanical ventilation duration 7.

Administration in bolus and infusion

The administration in bolus is associated with the variation in
the plasma concentration with peaks and valleys, excessive
sedation and anxiety. The infusion maintains a more stable
concentration, but can prolong the time until the patient wakes
up, due to the accumulation of the drug 2.

Daily Interruption of sedation (DIS)

Individualized sedation, with the adoption of specific protocols
and questionnaires and the daily interruption can improve the
outcome 2. Daily Interruption of Sedation (DIS) has been in-
corporated by around 30% of the ICUs 7.

The concept of daily interruption of the infusion appeared
to avoid excessive sedation, in order to evaluate the need for
sedatives and decrease the accumulation, time of mechanical
ventilation and ICU stay duration 2.

Approximately 10 years ago protocols started to be used,
which included the temporary interruption of analgesic and se-
dative agents until the patient could give 3-4 simple answers
or present agitation . That decreases the time of mechanical
ventilation and ICU stay duration, as well as the need for com-
plementary examinations '2. After the patient wakes up, the
infusion is re-established in a titrated form with the previous
dose or half the previous dose '-'2.

The main reasons not to perform DIS are: fear of respira-
tory impairment, lack of acceptance by the nursing staff, fear
of catheter removal and cardiovascular, respiratory or neu-
rologic instability 2'2. Some professionals prefer not to inter-
rupt sedation, fearing the increase in the intracranial pressure
and the generation of ventilatory difficulties and hemodyna-
mic instability '2. DIS is associated with a faster resolution of
respiratory failure due to several factors. There is a decrease
in the accumulation of sedatives and metabolites with faster
recovery of the mental state for effective ventilation '. There
is also an additional opportunity for the physician to recognize
that the patient is capable of breathing '. A decrease in the
dose of GABA agonist and opioids is also observed . There
is a decrease in the rate of complications due to the shorter
time of mechanical ventilation '. There is evidence that DIS is
safe to prevent excessive sedation and facilitate the recovery
of respiratory failure .
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The problems associated with DIS are: increase in auto-ex-
tubation, removal of monitoring apparatus, anxiety, intracranial
pressure worsening, abstinence manifestations 16. It is neces-
sary to observe the patient carefully in order to prevent auto-
extubation and other consequences of agitation when DIS is
used '. There is an increase in heart rate (HR) and systemic
blood pressure and catecholamine levels . Further studies are
necessary to evaluate its effect on a patient with hypertensive
emergency and myocardial infarction 1. The sudden awakening
might be associated with psychological stress '. The repeated
withdrawal can result in episodes of drug and alcohol abstinen-
ce manifestations in high-risk patients . These manifestations
occur 6 hours after the withdrawal of ultra-short acting drugs,
such as sufentanyl, midazolam and propofol. For drug and
alcohol-dependent individuals, the withdrawal is potentially de-
leterious and an alternative must be used .

DIS must not be used in some situations, such as *:

* The patient is receiving sedatives for control of seizures or
alcohol abstinence

¢ When the sedative dose for the control of agitation is being
increased

* The patient is receiving neuromuscular blockers

e There is evidence of previous myocardial infarction (24
hours before)

¢ There is evidence of intracranial pressure increase

Medications and techniques for analgesia and sedation

Anti-inflammatory agents, Paracetamol and Dipyrone

The anti-inflammatory agents present a significant protein-
binding capacity, with increase of side effects in patients with
hypoalbuminemia. They are rarely indicated in the ICU, as
they can precipitate kidney failure 1921, The predisposing fac-
tors are: previous renal alteration, hypovolemia, arterial hypo-
tension, arterial hypertension, older age, ascites, congestive
heart failure, liver cirrhosis and concomitant use of medica-
tions that lead to kidney injury 101922, The gastrointestinal
effects are also more frequent in the ICU. The gastrointestinal
risk factors are: concomitant use of multiple anti-inflammatory
agents, history of ulcer or digestive complaint, previous his-
tory of upper digestive tract bleeding, presence of cardiovas-
cular diseases, concomitant use of corticosteroids or anticoa-
gulants and older age. Paracetamol can be used at a dose of
1g.6h- 14, Dipyrone can be used at a dose of 1g.4h-".

Opioids

The most commonly used analgesic agents are morphine
and fentanyl and the preference for one of them varies from
country to country 212, Other opioids used are remifentanil,
Sufentanil and codeine '418. There are no data to support the
preference of analgesic over the other. There development
of fast opioid tolerance can occur fast and then there is the
need to increase the dose, which facilitates the occurrence of
opioid-induced hyperalgesia 8.
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Morphine can be administered subcutaneously at a dose of
5-10 mg.4-6h-! or as intravenous infusion at a dose of 30-50
mg.d-! 418, For procedure, a bolus of 5-10 mg de morphine
can be added 4. This opioid forms an active metabolite and
presents unpredictable kinetics in patients with organ dysfunc-
tion 1. In liver failure, there is a decrease in the metabolism of
morphine, whereas in kidney failure there is an accumulation
of the metabolite (Morphine-6-glucuronide-M6G) 8°. For pa-
tients in shock, the elimination is slower 2¢. The risk of respira-
tory depression is higher in newborns, in patients with cogni-
tive alteration, those who are hemodynamically unstable, with
history of apnea and respiratory disease. Morphine can cause
arterial hypotension 1.

Fentanyl is administered via IV route at a dose of 300-700
pg.h-' 8. lts metabolite is inactive and excreted by urine and
bile. Fentanyl does not cause hemodynamic alteration and it
is indicated for patients with cardiovascular impairment. In pa-
tients with kidney failure, it is more indicated than morphine .

Remifentanil is a fast-acting drug and presents an equally
fast recovery 23. lts metabolism does not depend on the liver.
It can be used in patients that need frequent neurological as-
sessment 7. The dose used is 6-60 ug.kg'.h1 24,

Codeine is a weak opioid that acts after being transformed
into morphine. Methadone has a long half-life and accumula-
tion can occur with continuing administration. Meperidine must
not be used as it is metabolized and forms Normeperidine,
which causes seizures. In liver and kidney dysfunction, there
is an increase in the time of drug elimination ®'°. Meperidine
has a negative inotropic effect, presents anticholinergic activ-
ity and can cause tachycardia.

Tramadol

Tramadol is the synthetic analog of codeine, of which anal-
gesic effect occurs through its action on mu receptors and
inhibition of serotonin and noradrenalin reuptake.

Patient-controlled analgesia (PCA)

PCA is a technique adopted to reduce the interval between
the complaint of pain and its relief. It can be used in patients
that are capable of handling the apparatus that releases the
opioid. The medication used is usually morphine via intrave-
nous route and fentanyl via epidural route 2.

GABA (gamma-aminobutyric acid) agonists

GABA agonists used are the benzodiazepines (midazolam, lora-
zepam and flunitrazepam) and propofol . Midazolam, lorazepam
and propofol are the medications more frequently used for seda-
tion in the ICU 71214, The choice of one of these drugs varies
from country to country 2. Sedation with midazolam and propofol
was an innovation to prevent prolonged sedation 7.

Midazolam is more titratable 2. Its action is fast and the dura-
tion is short, with one dose. It is medically indicated for short-term
sedation 2. Prolonged administration results in accumulation of
the drug and the active metabolite (alpha-hydroxymidazolam),
especially in obese patients, those presenting low concentrations
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of albumin or kidney failure 7118, Some medications that use the
same enzyme for metabolism (fentanyl and propofol) increase
the duration 7. When used at a dose of 25 mg.h"' 25 midazolam
can cause arterial hypotension 1.

Lorazepam is seldom used in Europe and very often used
in the United States 2 and presents an advantage in relation to
long-term diazepam 7. This medication more frequently results
in excessive sedation than midazolam 2. It is indicated for long-
term sedation (> 24h) 2. When administered by parenteral route,
it can cause toxicity by propylene glycol, mainly with very large
doses (15-25 mg.h') 2718, The use of small doses (1 mg.kg'.d"")
can cause adverse effects, such as acute kidney injury and me-
tabolic acidosis '8. The development of tolerance occurs fast with
the use of benzodiazepines by intravenous route 8. Benzodiaze-
pines can cause delirium 26718,

Propofol presents fast action and clearance 7 and it is in-
dicated for short-term sedation 2. Propofol can cause arterial
hypotension, respiratory depression, hypertriglyceridemia,
pancreatitis and propofol infusion syndrome 2718, The latter is
the most severe event and the possible mechanisms include:
mitochondrial enzyme inhibition, prevention of fatty-acid oxi-
dation and metabolic alteration of carbohydrates in fatty subs-
trates. There is an increase in triglyceride levels, hypotension,
arrhythmia, kidney failure, hyperkalemia, rhabdomyolysis and
liver dysfunction 7. Although associated with the prolonged
use of large doses (> 70 pg.kg'.min"), many reports have
mentioned the effect after lower and shorter-term doses 7.

Alpha-2 adrenergic agonists

Alpha-2 adrenergic agonists (clonidine and dexmedetomidine)
are alternatives for benzodiazepines 7. Dexmedetomidine pro-
motes the decrease in motor activity, mental stability, allowing
better care by the physician, nurse and physical therapist 8. Its
metabolites are inactive and the clearance is urinary and fecal 8.
Analgesia and sedation are related to the binding to central no-
radrenergic receptors 7-'8, It can modulate the descending inhibi-
tion from the locus coeruleus with noradrenaline release 8. Dex-
medetomidine reduces the incidence of delirium and the duration
of mechanical ventilation 7-18, It causes little respiratory depres-
sion and it is administered at a dose of 1 pg.kg™, followed by
an infusion of 0.1-0.7 pg.kg'.h"" for analgesia and sedation, with
the dose being titrated 8. The side effects are hypertension and
bradycardia with the initial dose due to alpha-2B receptor stimu-
lation. With the infusion, hypotension occurs due to the central
sympatholytic effect and noradrenaline decrease 7-'8. The sym-
patholytic effect can be beneficial, as it reduces tachycardia and
arterial hypertension, or undesirable, as they cause hypotension
and bradycardia 7. Other complications include: cardiac block,
sinus arrest, atrial fibrillation 25. A hypertensive effect can occur
after the end of the central alpha-2 agonist action 25. Clonidine
can be used for short and long-term sedation 2.

Etomidate

Etomidate was administered by infusion, until it was ackno-
wledged that this drug is not a safe one 7. Currently, it is not
used for sedation.
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Neuromuscular blockers

In the past, they were often used for deep sedation 7. Subse-
quently, there were reports of neuromuscular dysfunction after
the prolonged administration of neuromuscular blockers’. Cur-
rently, the indications for the use of neuromuscular blockers
are: patient intubation, asynchrony with ventilator, hyper-
capnia, non-conventional ventilation, increase in intracranial
pressure and procedure performance '2. The most frequently
used drugs are: pancuronium, rocuronium, vecuronium and
cisatracurium. The factors for drug choice are: the physician’s
experience, action duration, half-life, clearance mechanisms
and the patient’s individual factors 2.

Other drugs

Other drugs are used as adjuvant analgesic therapy in the
ICU: antidepressant and anticonvulsant agents, neuroleptics,
neuromuscular blockers are less frequently used in ICU pa-
tients.

Regional analgesia

Opioids, local anesthetics and clonidine are more frequen-
tly used for regional analgesia 2. Opioids are the ones most
often used by spinal route. As the medication is injected
into the action site, there is no need for it to pass through
barriers and small doses of opioids are enough to provide
the analgesic effect, particularly with a hydrophilic opioid
such as morphine. The effect occurs mainly on C fibers and
at a smaller extent on A-delta fibers with no alterations on
autonomic, motor from tact to proprioception. In general,
opioids are associated with local anesthetics in order to at-
tain a better analgesia, with a decrease in side effects 25.
As they have different action mechanisms, the association
of small doses of the medications has a synergistic effect.
Opioids administered by the spinal route are indicated for
post-operative analgesia, trauma (costal arch fractures and
lower-limb bones), burns and lower-limb ischemia pain.
This technique can be used in patients with alterations in
several organs. This method provides intense analgesia,
with less sedation in comparison to the systemic opioid.
The following are frequent side effects when used for acute
pain: pruritus, nausea, vomiting and urinary retention.
Principles for analgesia and sedation *:

» Establish targets

* Re-evaluate frequently

e Measure the intensity of pain and of sedation with validated
scales

* Select medications based on important characteristics and
evidence

* Select safe drugs for the at-risk population

* Avoid excessive sedation

* Control pain and agitation

e Multidisciplinary treatment

e Choose easy-to-use techniques

e Use protocols, algorithms and guidelines
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Resumen: Sakata RK — Analgesia y Sedacién en Unidad de Cuida-
dos Intensivos.

Justificativa y objetivos: Una gran parte de los pacientes de UCI pre-
senta dolor. La administracion de analgésico y sedante es fundamen-
tal para la comodidad del paciente, la reduccién del estrés, y para
evitar el retraso en la recuperacion y la liberacion de la ventilacion
mecanica. El objetivo de este estudio fue realizar una revision sobre
analgesia y sedacién en UCI.

Contenido: Se realizé una revision de las causas del dolor, de los mé-
todos para evaluar la intensidad del dolor y de la sedacion, y también
de las conductas usadas para el tratamiento del dolor y la sedacion.
Es importante la seleccion de medicamentos, para evitar la sedacién
excesiva, con la realizacion de la analgesia antes de la sedacion.

Conclusiones: Los farmacos mas utilizados son la morfina, el fentanil,
el midazolam y el propofol. Otros medicamentos se usan con menor
frecuencia.
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