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Abstract

Pain is an unpleasant experience for all patients including intensive care patients; if it is not
treated properly, it has deleterious effects on patients” acute and chronic well-beings. In
ICU patients, it causes sympathetic stimulation leading to adverse hemodynamic effects
and after discharge, these patients are at the higher risk for developing chronic pain and
post-traumatic stress disorders. Apart from racial and regional factors, sleep deprivation,
anxiety, and delirium increase the pain perceptions. Pain assessment is a prerequisite for
adequate pain management. The ICU patients are sedated and ventilated, and assessment
scales differ depending on whether the patient is able to communicate. There are different
pain assessment scales for both groups of patients. The preferred mode of delivery of
analgesic medication is intravenous route as intramuscular and subcutaneous route are
not reliable for drug delivery in these patients. Patient and nurse controlled analgesia
gives better sense of pain control. In the treatment of pain, opioids are the commonly used
medications, but paracetamol, dexmedetomidine, and gabapentin are increasingly used.
Newer trends are multimodal analgesia, where the combinations of analgesic medica-
tions with different mechanism of action are used. Another trend is increasing use of
analgosedation; they not only control the pain but also relieve anxiety.

Keywords: pain, intensive care, pain scale, analgosedation, multimodal analgesia,
opioid, paracetamol, gabapentin

1. Introduction

Pain is an unpleasant sensory and emotional experience associated with actual or poten-
tial tissue damage, or described in terms of such damage [1]. Although relieving pain is a
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fundamental right, still majority of the intensive care patients will experience pain sometime
during their ICU stay particularly during dressing, the change of position and even at rest,
and it is a great source of stress. The majority of intensive care patients may be unable to self-
report their pain both verbally or with other signs because of an altered level of consciousness,
the use of mechanical ventilation, or high doses of sedative agents or muscle relaxant. The
incidence of significant pain is still 50% or higher in both medical and surgical ICU patients
[2]. In addition to experiencing pain at rest, pain related to surgery, trauma, burns, and cancer,
these patients experience procedural pain. It is ubiquitous, and inadequate treatment of pro-
cedural pain remains a significant problem for ICU patients. Nursing care procedures such as
bathing, massage of back and pressure points, sheets change and repositioning are the most
common painful procedures in ICU patients [2]. Vazquez et al. [3] analyzed pain intensity dur-
ing 330 turnings in 96 medical surgical patients and reported significantly increased pain score
between rest and turning. The bolus of analgesic was used in less than 15% of the turnings.

The adverse psychological and physiologic effects of inadequate pain control in critically ill
patients are long lasting and significant. The critically ill patients have identified pain as a
traumatic experience and discomforting. Recently, it is realized that more than 80% of the
ICU-discharged hospitalized patients had painful memories and discomfort associated
with the endotracheal tube, and 38% patients remembers pain as their worst intensive care
memory even 6 months later. Granja and colleagues [4] found that 17% of patients recollect
experiencing severe pain 6 months after discharge and 18% were at the risk for developing
posttraumatic stress disorder (PTSD). Schelling and colleagues [5] in their follow-up study
found that the patients with acute respiratory distress syndrome compared the non-ARDS
patients who experience pain and other traumatic situations when they are in the intensive
care unit and had a higher occurrence of chronic pain and posttraumatic stress disorders and
inferior quality of life.

The stress response due to pain has serious adverse effects in intensive care patients. It
increases the circulating catecholamine levels and causes arteriolar vasoconstriction, impair
tissue perfusion, and reduce tissue-oxygen partial pressure [6]. Other responses triggered by
pain include catabolic hypermetabolism resulting in hyperglycemia, lipolysis and breakdown
of muscle to provide protein substrate [7]. These changes will impair wound healing and
increase the risk of wound infection. Pain also suppresses natural killer cell activity [8, 9]
and results in a decrease in the number of cytotoxic T cells, leading to a reduced neutrophil
phagocytic activity [10]. Acute pain in ICU patients is a greatest risk factor for developing
debilitating chronic, persistent, and neuropathic pain [11].

1.1. Pain causing organ dysfunction in the ICU patients

In the ICU, patients are in need of pain medicine for various reasons, including weaning off
ventilatory support, pulmonary dysfunction and cardiac dysfunction.

1.1.1. Pulmonary complications and prolonged mechanical ventilation

Intensive care patients should be liberated from mechanical ventilation as early as possible
to prevent the occurrence of ventilator-associated events. Mechanical ventilation is indirectly
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responsible for other medical complications such as pressure ulcers, gastric ulcers, muscular
weakness and renal failure. The inadequate pain management will inhibit weaning from ven-
tilatory support [12].

Pulmonary dysfunction is a common complication of improper pain control in postoperative
upper abdominal and thoracic surgery as well as patients with abdominal pathology such
as pancreatitis and bowel ischemia, and so on, it causes abdominal muscle contractions and
results in a decrease in lung volumes and functional capacity The cough reflex is compro-
mised with the abovementioned pulmonary changes and leads to retained pulmonary secre-
tions, which complicates in the occurrence of pneumonia. Pain may induce vasoconstriction,
when it is coupled with venous stasis from immobility and can lead to thrombus formation
and fatal pulmonary embolism [13].

1.1.2. Cardiovascular dysfunction

Analgesia in patients with myocardial infarction or acute coronary syndrome is essentially
important. Hence, morphine or other opioid analgesics are one of the components of initial
therapy in these patients. Morphine reduces oxygen consumption by decreasing sympathetic
activity and increases blood delivery through its vasodilatory affects [14]. Hence, it is neces-
sary to treat the underlying cause of chest pain, but at the same time, the use of proper and
adequate analgesics is recommended.

1.2. Factors modulating the pain response

Apart from racial and regional factors, anxiety, delirium, sleep deprivation and psychosocial
history make ICU patients more susceptible to pain, even with the smallest stimuli. It is essen-
tial to address and minimize the following cofounding factor for pain modulation.

1.2.1. Anxiety

It is a double-edged sword, a factor causing pain and a result of pain. The intubated patients
in the intensive care atmosphere have a higher anxiety and stress as they are unable to com-
municate and express the pain. Heightened anxiety can lead to agitation and associated with
uncontrolled pain in the ICU patients. In combination with all, it can lead to patient ventilator
asynchrony and difficulty in wean from the ventilator [15].

1.2.2. Delirium

It is common finding in the ICU patients, caused by environment, metabolic, intracranial,
endocrine, organ failure, medication-related and respiratory conditions [15]. The ICU envi-
ronment is one of the important etiologies for delirium due to the high noon level of stimula-
tion, continuous sleep deprivation and ever-changing medical and paramedical staff. It can
be challenging to appropriately assess and treat pain for patients with delirium. Few physi-
cal changes in intensive therapy environmental may decrease the occurrence of delirium. It
includes having more windows, readable calendars, recognizable clocks in the ICU and to
provide continuity of care. It is equally important to have a repeated and clear communication
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with the patient about treatments and invasive procedure plans even when patients are not
able to verbally respond [15].

1.2.3. Sleep deprivation

It is an important contributing factor for increased pain response in ICU patients. In burns
patients, it is a well-realized fact that if these patients do not have proper night sleep, the intensity
of pain during the day time is higher [16]. Sleep deprivation in the ICU patients can result from
psychological states, bright lighting, noise from ventilators and monitors, and disrupted circa-
dian rhythms [14]. ICU patients” sleep will be improved by reducing exposure to bright light,
reducing ambient noise, respecting circadian rhythms and using appropriate sedative hypnotics.

2. Pain assessment in ICU patients

It is of vital importance that the pain be assessed properly so as to manage it well. As the
International Association for the Study of Pain also states, “the inability to communicate ver-
bally does not negate the possibility that an individual is experiencing pain and is in need of
appropriate pain-relieving treatment” [17]. Hence, the ICU physicians must learn to reliably
detect pain, using assessment methods adapted to a patient’s diminished communication
capabilities. The pain assessment tools are mainly divided depending on the patient’s ability
to communicate or not. In later circumstances, clinicians should consider patients” behav-
ioral reactions as surrogate measures of pain, as long as their motor function is intact [18].
Detection, quantification, and management of pain in critically ill adults are the priorities and
have been the subject of research for the last two decades [19].

Pain assessments should include location, characteristics, severity, onset, progression, dura-
tion, quality, radiation, alleviating and exacerbating factors, and effects of previous therapies.
Pain should be assessed by self-reporting scales in patients able to communicate, or by behav-
ioral pain scores in patients unable to communicate. There are many self-report pain scales and
behavioral pain scales developed for use in intensive care unit adult patients, which unfortu-
nately are not always routinely used in the ICU. This self-reporting of their pain is the gold
standard of pain assessment and provides the valid measurement of pain [20]. The commonly
used pain intensity scales are the Numeric Rating Scale (NRS) and Visual Analogue Scale (VAS)
while Behavioral Pain Scale (BPS) is considered to be an alternative tool for assessing pain in
sedated and mechanically ventilated patients. The BPS assesses pain through the evaluation of
facial expression, upper limb movements and compliance with mechanical ventilation. Another
behavioral scale called the Critical-Care Pain Observation Tool (CPOT) may also be used.

There has been reluctance to use surrogates or individuals who make medical decisions
when patients cannot do, to report patients” pain, due to their emotional attachment to these
patients. They have a potential for overestimating pain. In SUPPORT study, it is concluded
that surrogates can identify the patient’s pain 73% of the time and accurately estimate its
severity of pain 53% of the times [21].

The following pain scales will be useful in awake and cooperative patients:
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2.1. Visual analogue scale (VAS)

In this, the patient can see and describe the severity of pain on a scale of 0-10. Zero for no pain
and 10 for maximum pain (Figure 1).

2.2. Numerical rating scale (NRS)

Patients rate pain by writing on a 10-point scale (Figure 2) (0, no pain; and 10, most severe pain).

2.3. Verbal rating scale (VRS)

In this scale, the patient can verbalize the pain in four grades. Grade 1 indicates the absence of
pain, whereas severe pain is indicated by grade 4.

Pain scales and tools are used for patients unable to communicate.

2.4. Behavioral pain scale (BPS)

It is a clinical observational score depending upon the patient’s facial expressions, upper
limbs posturing, and tolerance of the controlled mechanical ventilation (Table 1). This score
ranges from 3 to 12, and a score of >6 require pain management [22].
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Figure 1. Visual analogue scale with its component.
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Figure 2. Numerical rating scale and its description of pain.
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Facial expressions Relaxed 1
Partially tightened 2
Fully tight 3
Grimacing 4
Upper limbs No movements 1
Partially bent 2
Fully bent with fingers flexion 3
Permanently retracted 4
Compliance with mechanical ventilation Tolerating movements 1
Coughing but tolerating ventilation most of the time 2
Fighting with ventilator 3
Unable to control the ventilation 4

Table 1. Behavioral pain scale and its components.

2.5. Critical care pain observation tool (CPOT)

This pain assessment tool has four clinical components, facial expressions, body movements
and muscle tension and compliance with the invasive mechanical ventilation. CPOT score
ranges from 2 to 8. A score of more than 2 requires pain management.

3. Mode of analgesia administration in ICU patients

The mode of analgesic medication administration is an important factor for the pharmaco-
logic management of pain in the ICU. Intravenous (IV) administration is more commonly
the route of choice in critically ill patients because of altered GI tract function that could
lead to unpredictable absorption of medication. Intravenous route is generally preferred
over subcutaneous or intramuscular routes given potentially inadequate absorption due to
regional hypoperfusion due to shock, subcutaneous oedema. The Fentanyl patch can be used
for chronic pain relief in stable patients but not in ICUs or for acute pain relief because of the
12-24 h delay in peak serum levels.

The choice of intermittent versus continuous infusion administration depends on factors such
as the frequency and severity of pain and the pharmacokinetics of the analgesic medication.
The administration in bolus is associated with the variation in the peak plasma concentra-
tion, since the infusion maintains a more stable concentration but can lead to accumulation of
medication in patients with renal or liver failure.

3.1. Patient-controlled analgesia (PCA)

It is an effective method for administering analgesic medication and gives patients a sense
of control over their pain. Patients have autonomy on when and how much medication
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they receive. However, this technique requires awake and orientated patients which make
use of PCA limited in ICU patients. In combination with intravenous paracetamol and pro-
paracetamol, the opioid consumption is significantly less [23].

3.2. Nurse-controlled analgesia (NCA)

It is inferior to the PCA but still can be useful, as nurses can administer the analgesia quickly
when required or during the procedures.

3.3. Regional (nerve blocks) and neuraxial (spinal or epidural)

Analgesia techniques are used in ICU-selected trauma patients and surgical procedures.
Epidural analgesia is probably the most commonly used regional anesthetic technique in
the ICU. It is more useful in critically ill postoperative thoracic, abdominal, major vascular
surgery, orthopedic surgery and trauma patients. Positioning patients during catheter inser-
tion is a challenge for using regional anesthesia in ICUs. The main disadvantages of epidural
and regional analgesia are the rare but catastrophic complications such as infection, epidural
hematoma formation and nerve damage, which can occur in ICU patients who have a high
risk of developing these complications [24].

The combination of intravenous opioid PCA, paracetamol and regional anesthesia techniques
is multimodal analgesia which decreases the total opioid analgesia consumption and hence
decreasing the side effects and better patient comfort. The NCA proved to not be superior to
PCA and increases the rapid response team activation.

4. Analgesic medications used in ICU patients

Opioids are the main medications used for analgesia in ICU patients due to potency, con-
comitant mild sedative and anxiolytic effects. It can be administered by multiple routes. The
commonly use opioids include Fentanyl, Remifentanil, and Morphine. The choice of opioid
and the dosing should be individualized based on potency, pharmacokinetics and pharmaco-
dynamics, adverse effect, patient comorbidities and organ dysfunction [25].

4.1. Morphine

It is the most frequently used medication in cancer patients. It is the standard by which
other opioids are compared. Morphine is directly extracted from opium poppies; it stimu-
lates the release of histamine which produces allergic and vasodilation-induced cardiovas-
cular instability. Initial bolus intravenous (IV) morphine 2 mg dose administered slowly
over 4-5 min then can be titrated with 1-2 mg every 10-15 min till adequate analgesia
is achieved. Continuous IV morphine can be administered with an initial 2-5 mg bolus
dose followed by 1 mg/h. Morphine is primarily metabolized in the liver and it is excreted
through kidneys. It has active metabolites; morphine-3-glucuronide and morphine-6-glu-
conoride. Accumulation of these metabolites in renal insufficiency can produce opioid tox-
icity and adverse effects such as nausea, sedation, respiratory depression myoclonus and
seizures (Table 2) [25].
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Analgesic medications Dosage Half-life Main adverse effects

Morphine 2-5 mg bolus, 2-4h Purities, hypotension and metabolites accumulation

1-10 mg/h infusion in renal in impairment

Fentanyl 25-100 ug bolus 2-5h Muscle rigidity, accumulation in hepatic
25-200 pg/h impairment
Remifentanil 0.5-2 mg bolus 3-10 min Bradycardia and hypotension
0.5-15 pg/kg/h
Dexmedetomidine 02-1.4 pg/kg/h 6minto3h Cardiac asystole, bradycardia and hypotension
Paracetamol lgevery6h 2-3h Hypotension, liver and kidney injury

Table 2. Various opioids and non-opioid analgesic, their dosage, half-life and side effects.

4.1.1. Fentanyl

Fetany is a synthetic opioid that is 100 times more potent than morphine. It has far more lipid-
soluble property than morphine and is easily taken into the CNS. Compared to morphine, it
does not cause histamine release and hence no vasodilation and hypotension, making Fentanyl
the preferred choice for hemodynamically unstable patients. Its intravenous onset is immedi-
ate with a short duration of 30 min to 1 h, and it is extracted though liver. Fentanyl is given IV
in 25-100 pg boluses for 1-2 min and then is repeated every 10-15 min till pain is controlled.
Moderate—severe pain: a loading dose of 50-200 pg intravenously followed by 25-50 ug/hr. is
typically administered. Its administration for more than 5 days causes accumulation in fatty
tissue, which is mobilized after the drug is stopped and may cause prolonged sedation [25].

4.1.2. Remifentanil

It is a fast-acting and an equally fast recovery drug. It is 200 times more potent than morphine.
Its metabolism does not depend on the liver. Analgesia-based sedation with remifentanil is
a useful option for mechanically ventilated patients, and it can be used in patients that need
frequent neurological assessment. Hence, it is a drug of choice in analgosedation in ICU. It
has shown a shorter duration of mechanical ventilation and quicker ICU discharge with
Remifentanil compared with other opioids. It offers precise control of analgesia for painful
procedures in ICU patients and has a highly predictable onset and offset, with a stable con-
text sensitive half-time (3-10 min). Initial dose adjustment is not required for patients with
impaired renal and hepatic functions. Remifentanil can be administrated in higher doses than
are normally used with other opioids without concerns about accumulation and the possibil-
ity of unpredictable and/or delayed recovery. Frequently, ICU patients are managed without
bolus doses, and it is recommended that remifentanil infusions should be started at 6-9 pg/kg/h
and then titrated in the range dose of 0.5-15 pg/kg/h. The major adverse effects are hypoten-
sion and bradycardia (Table 2) [24].

4.1.3. Tramadol

It is a centrally acting opioid-like medication, acts by binding to the p opiate receptor; it is
a pure agonist and inhibits adrenaline and serotonin reuptake. The most common adverse
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effect includes nausea, vomiting, dizziness drowsiness, dry mouth and headache. Tramadol
causes less respiratory and cardiovascular depression, euphoria and constipation. Initial
bolus dosage is 100 mg. After 90 min following the initial bolus, further doses of 50 mg may
be given every 30 min up to a total dose of 250 mg. Subsequent doses should be 50 or 100 mg
for 4-6 h up to a total daily dose of 400 mg [24].

4.2. Non-opioid analgesic agent or adjuvants used in ICU patient

Non-opioid analgesics are use in the management of mild to moderate pain and moderate
to severe pain with adjunctive opioid analgesics. The potential advantages of multimodal
analgesia, which involves a combination of analgesics with different mechanisms of action,
include improved analgesia with a lower opioid dose required and a decreased risk of opioid-
related adverse effects [24].

4.2.1. Nonsteroidal anti-inflammatory drugs (NSAIDs)

NSAIDs have opioid-sparing effect but they are not sufficiently investigated in ICU patients.
Their use in ICU patients is still controversial. The most worrying adverse effect includes
gastrointestinal bleeding, renal dysfunction and inhibition of platelet function.

4.2.2. Paracetamol

It is commonly administered for the short-term treatment of mild to moderate pain and febrile
critically ill patients with infection. It differs from the available opioids and NSAIDs, since
paracetamol does not increase the incidence of nausea, vomiting and respiratory depression that
can occur with opioids, or the platelet dysfunction, gastritis and renal toxicity that are associated
with NSAIDs. It has a relatively good safety profile but there is limited information regarding IV
use in critically ill patients. The study to date has described that paracetamol can cause transient
abnormalities of liver function and may cause hypotension in critically ill patients. Acute liver
failure is the most serious potential complication of the use of paracetamol. The key criteria for
assessing potential hepatotoxicity with conventional doses of paracetamol may include hypoxic
injury, altered pharmacokinetics, relative over-dosage, muscle glutathione depletion, malnutri-
tion, dehydration, older age and alcoholism which are often seen in critically ill patients [24].

4.2.3. Prop-paracetamol

It is a prodrug form of paracetamol which is formed from the esterification of paracetamol
and the carboxylic acid diethyl glycine. It has the advantage of making it more water-soluble.
It is used in postoperative care and is delivered by intravenous route [23].

4.2.4. a2-agonists

The Clonidine and Dexmedetomidine are a2-adrenoceptor agonists, which provide both anal-
gesia and sedation. Hence, they are also termed as analgosedation agents. Dexmedetomidine
has eight times more affinity for a2-receptors compared with clonidine.

Dexmedetomidine infusion has been shown to reduce the prevalence and duration of confu-
sion and delirium when compared with the use of morphine and midazolam [25].
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a2-Agonists are used to improve the quality of analgesia and aid opioid rotation in opioid-
tolerant individuals. The side-effect profile of both a2-agonists includes bradycardia, cardiac
asystole and hypotension. Although rare, it can cause rebound hypertension and can cause
withdrawal syndrome.

4.2.5. Ketamine

It is an N-methyl-aspartate antagonist, commonly used as analgosedative agent. Its use in
combination with the opioid PCA reduces the opioid consumption and side effects. In com-
bination with midazolam, ketamine provides effective analgesia in sickle cell crisis patients.
Ketamine has an opioid-sparing effect and commonly used in lower dosage in burns patients.
The main side effects of ketamine are tachycardia, hallucination, delirium ketotonia and
increase intracranial pressure [25].

4.2.6. Magnesium

It acts through the NMDA receptors and acts as adjunct by reducing analgesic requirements
without any major adverse effects, but there is no evidence that magnesium has any opioid-
sparing effects in the critically ill patients [25].

4.2.7. Gabapentinoids

The Gabapentin and Pregabalin work by binding to the a2d subunits of voltage-dependent
calcium ion channels. They reduce the development of hyperalgesia and central sensitization
and are useful adjuncts in the treatment of neuropathic pain.

Gabapentin compared with Carbamazepine or placebo reduces pain intensity in patients
with GBS (Gillian Barrie syndrome) without increasing side effects. Gabapentinoids are used
mainly in neuropathic and post-burn debridement pain. The extra advantage is that these
medications are available in the enteric form and get absorbed in the duodenum; hence, one
has to be careful when the patient is fed through a jeujenostomy tube. The major side effects
of these medications are confusion, dizziness, ataxia and convulsions [25].

5. Few final recommending points

5.1. Hospital pain team

Consider referring complex ICU patients to the hospital pain team. It helps the patients on
multimodal therapy but if still experiencing severe pain. Referral to the pain team can often
lead to an increased level of support that would benefit the suffering patients, and once
patients are discharged from the critical care unit, the pain team follows them to the ward [26].

5.2. Alternative therapy

The alternative medicine modalities of pain management like transcutaneous electrical nerve
stimulation (TENS), acupuncture and aromatherapy have a very weak evidence base pain man-
agement in intensive care, but should be considered as the adverse-effect profile is low [25].
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5.3. Reassessment

Patients must be evaluated hourly to ensure appropriate response to therapeutic inter-
ventions so that health-care providers can proactively act to relieve pain. If reassessment
reveals inadequate pain control despite the initiation of therapeutic interventions, we
should consider titration of medications, rotation of medications or changes in the route of
administration [26].

5.4. Guidelines and protocols

These guidelines should be developed that combine a scientific basis and expert opinion.
Wellness model from the World Health Organization’s treatment of pain after cardiac surgery,
we can see that guidelines and protocols lead to the effective management of post-cardiac
surgery pain. If we look at the complexity of ICU pain, we need to have organized protocols to
help us care for these patients. The examination of published literature reviews and evidence-
based guidelines can facilitate the development of institution-specific guidelines.

5.5. Clinical pathways

It provides a consistent and repeatable time line for planning individualized patient care.
The pathway details the precise course of the patient, including multidisciplinary elements. It
includes history, examination, diagnostics and treatment and incorporates pre-emptive treat-
ment for procedures as well as management of chronic pain issues [26].

5.6. Checklists

It is a way to verify that clinical pathways or tasks are completed and it is a good way to
ensure that pathways or tasks are followed. It helps in errors prevention [26].

5.7. Daily goals

Daily goals highlighting by white board, electronic reminders to all members of the multi-
disciplinary team can access the plan and ensure that the patient is being treated from all
perspectives [26].

6. Conclusions

Intensive care unit (ICU) patients are at the higher risk of pain and they are having pain even
while resting. If pain is not adequately treated, it leads to adverse effect and increases the
chances of chronic pain and posttraumatic stress disorders in these patients. In ICU patient,
anxiety, delirium and sleep deprivation increase the sensitivity to pain. The organ dysfunc-
tions in these patients will decrease the potency of analgesic medication and increase the
toxicity. Pain assessment is the basic essential factor in adequate management of pain. The dif-
ferent pain scales are used depending on their abilities to communicate. The commonly used
analgesic medication in ICU patients is opioids but there is an increased use of multimodal
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analgesia and analgosedation approach obvious reasons. In the management of pain in ICU
patients, the involvement of pain management teams, the use of clinical pathway, guidelines
and protocols may have better impacts.
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