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We revised and expanded the “2010 Guideline for the Use of Sedatives and Analgesics in the Adult
Intensive Care Unit (ICU).” We revised the 2010 Guideline based mainly on the 2018 “Clinical Practice Guidelines for the Prevention and Management of Pain, Agitation/Sedation, Delirium, Immobility, and Sleep Disruption (PADIS) in Adult Patients in the ICU,” which was an updated 2013 pain,
agitation, and delirium guideline with the inclusion of two additional topics (rehabilitation/mobility and sleep). Since it was not possible to hold face-to-face meetings of panels due to the coronavirus disease 2019 (COVID-19) pandemic, all discussions took place via virtual conference platforms and e-mail with the participation of all panelists. All authors drafted the recommendations,
and all panelists discussed and revised the recommendations several times. The quality of evidence
for each recommendation was classified as high (level A), moderate (level B), or low/very low (level
C), and all panelists voted on the quality level of each recommendation. The participating panelists
had no conflicts of interest on related topics. The development of this guideline was independent
of any industry funding. The Pain, Agitation/Sedation, Delirium, Immobility (rehabilitation/mobilization), and Sleep Disturbance panels issued 42 recommendations (level A, 6; level B, 18; and level
C, 18). The 2021 clinical practice guideline provides up-to-date information on how to prevent and
manage pain, agitation/sedation, delirium, immobility, and sleep disturbance in adult ICU patients.
We believe that these guidelines can provide an integrated method for clinicians to manage PADIS
in adult ICU patients.
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INTRODUCTION
Critically ill adult patients treated in an intensive care unit (ICU) are exposed to an unpleasant environment, with uncontrolled light and noise. They experience moderate to severe
pain at rest, as well as during general care procedures (such as mechanical ventilation and
invasive procedures, nursing care, and trauma or comorbidity-induced pain). Severe pain
can induce various stress responses in critically ill patients and lead to agitation, sleep disturbance, and delirium. A deep level of sedation and delirium is related to detrimental clinical
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outcomes such as longer ICU length of stay (LOS), a longer
duration of mechanical ventilation, and increased mortality.
Therefore, a multidisciplinary strategy, including optimizing
pain management, maintaining light sedation, performing
routine monitoring and treatment for delirium, providing active rehabilitation in the ICU, and treating sleep disturbance
using a sleep-promoting protocol, needs to be implemented
to improve clinical outcomes of critically ill ICU patients. Furthermore, the appropriate administration of medications for
pain, sedation, and delirium has varied among clinicians. Improper pharmacologic interventions might be associated with
negative outcomes in critically ill adult patients.
The Standardization Committee in the Korean Society
of Critical Care Medicine (KSCCM) developed the “2010
Guideline for the Use of Sedatives and Analgesics in the Adult
Intensive Care Unit” to assist clinicians with the provision of
adequate treatment for pain and sedation in the ICU. Since
the 2010 guideline was published, there have been significant
advances in the therapeutic approach and management for
pain, agitation, and delirium (PAD) in critically ill ICU patients.
In addition, as our knowledge has expanded, we have come to
understand that rehabilitation/mobilization may be beneficial
for delirium treatment, and that sleep is a modifiable risk factor influencing the recovery of critically ill patients.
Herein, we report recommendations regarding how to prevent and manage pain, agitation/sedation, delirium, rehabilitation/mobilization, and sleep disturbance in critically ill ICU
patients by updating the “2010 Guideline for the Use of Sedatives and Analgesics in the Adult Intensive Care Unit.”

MATERIALS AND METHODS
Selection of Panel Members
Board members of the KSCCM appointed an editor for the
revision and update of the “2010 Guideline for the Use of Sedatives and Analgesics in the Adult Intensive Care Unit.” The
panel members of the Guideline Committee were recruited
from the members of the KSCCM. The KSCCM approved all
panelists. The panelists included two surgeons, a neurosurgeon, and an anesthesiologist, and all panelists were intensivists. None of the panelists had any conflicts of interest with the
related topic.

Guideline Development
The 2010 guidelines were not published in a specific journal,
but were released as a booklet during the 30th KSCCM Annual
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KEY MESSAGES
■ A multidisciplinary strategy, including optimizing pain
management, maintaining light sedation, performing
routine monitoring and treatment for delirium, providing active rehabilitation in the intensive care unit (ICU),
and treating sleep disturbance using a sleep-promoting
protocol, needs to be implemented to improve the clinical outcomes of critically ill ICU patients.
■ The 2021 clinical practice guideline provides up-to-date
information on how to prevent and manage pain, agitation/sedation, delirium, immobility, and sleep disturbance (PADIS) in critically ill ICU patients.
■ It also provides information about pharmacologic and
nonpharmacologic therapeutic interventions to prevent
and manage PADIS.

Congress and posted on the KSCCM homepage. We revised
the “2010 Guideline for the Use of Sedatives and Analgesics
in the Adult Intensive Care Unit” based mainly on the 2018
“Clinical Practice Guidelines for the Prevention and Management of Pain, Agitation/Sedation, Delirium, Immobility, and
Sleep Disruption (PADIS) in Adult Patients in the ICU,” which
was an updated 2013 PAD guideline with the inclusion of two
additional topics (rehabilitation/mobility and sleep). Because
it was not possible to hold face-to-face meetings of the panels
due to the coronavirus disease 2019 (COVID-19) pandemic,
all discussions took place via virtual conference platforms
and e-mail with the participation of all panelists. All authors
drafted the recommendations, and all panelists discussed
and revised the recommendations several times. All panelists
voted on the quality level of each recommendation, and each
recommendation was required to have at least 75% agreement
with a 100% response rate of the entire panel to be included
in the final guideline. The development of this guideline was
independent of any industry funding.

Assessing Quality of Evidence
The quality of evidence for each recommendation was ranked
as high (level A), moderate (level B), or low/very low (level C)
based on both study design and specific study characteristics
that could prompt a reviewer to either downgrade or upgrade
the quality of the evidence. The levels were defined as follows.
Level A: Scientific evidence provided by well-designed, well
conducted, controlled trials (randomized or nonrandomized)
with statistically significant results that consistently support
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the recommendation of the guideline; Level B: Scientific evidence provided by observational studies or by controlled trials
with less consistent results to support the recommendation of
the guideline; Level C: Although expert opinion supports the
recommendation of the guideline, scientific evidence provides
inconsistent results, or such evidence is lacking.

Peer Review
External reviewers who were not involved in the development
of the guideline reviewed it before it was published. The final
manuscript was reviewed and approved by the Board of the
KSCCM.

RESULTS
Pain
According to the definition of the International Association
for the Study of Pain, pain is an unpleasant sensory and/or
emotional experience related to real or potential tissue injury
[1]. Pain management is complicated because pain is highly
individual. It can arise from diverse origins, including neuropathic, visceral, and somatic causes. Each patient has subjective perceptions of pain with a different degree of endurance.
Critically ill patients in the ICU experience moderate to severe
pain not only from standard care procedures, but also at rest.
Severe pain can induce stress responses such as tachycardia,
increased oxygen consumption in the myocardium, hypercoagulation, respiratory compromise, immunosuppression, and
increased catabolism, leading to tissue perfusion disorders and
reduced tissue oxygen partial pressure. Thus, appropriate pain
control in ICU patients is indispensable. The implementation
of assessment-driven and standardized pain management is
vital due to the characteristics of critically ill patients, such as
communication disorders, altered mental status, mechanical
ventilation, invasive procedure and devices, and immobility.
Compared to conventional treatment, protocol-based pain
control and sedation may reduce nosocomial infections, hypotension, bradycardia, the use of sedatives without increased
narcotic analgesics, the duration of mechanical ventilation,
ICU LOS, and severity of pain [2,3]. Thus, it is recommended
to regularly conduct a protocol-driven pain assessment using
validated tools and provide a definite guideline for medication
selection and dosage. In addition, step-by-step pain management that prioritizes pain control prior to the administration of
sedatives is recommended.
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Risk factors
KSCCM Recommendation
■ All adult ICU patients have the right to receive adequate
analgesia and pain management. (grade A)
ICU patients commonly complain of moderate to severe
pain and physical discomfort even at rest due to various factors, such as one or more comorbidities, regular nursing care,
invasive procedures, and various injuries [4]. Psychological
factors, such as anxiety and depression, and demographic and
clinical factors such as young age, various comorbidities, and
operation history can influence pain at rest [5]. In particular,
procedures frequently performed in critically ill adults, including insertion of an arterial catheter, removal of the chest tube
and wound drain, position change and turning, and endotracheal suction, are associated with the greatest increases in
pain intensity. Pain severity before treatment, the procedure
type, diagnosed traumatic and surgical injuries, and demographic characteristics, including young age, female sex, and
non-Caucasian race, influence the intensity of pain during a
procedure. Inadequate pain treatment causes sleep deprivation, exhaustion, and disorientation, as well as agitation, which
is often observed in ICU patients [6].

Assessment
KSCCM Recommendation
■ We recommend that clinicians should perform routine
and reproducible pain assessments and evaluate responses to pain treatment using the patient’s self-report
or Behavioral Pain Scales (BPS). (Grade B) [Update]
■ A patient’s self-report of pain intensity is a reference
standard for evaluation and treatment of pain. The 0–10
Numeric Rating Scale (NRS) is recommended for pain
assessment. (Grade B)
■ The most reliable tools for pain assessment in adult
ICU patients who cannot self-report are the BPS and the
Critical-Care Pain Observation Tool (CPOT). (Grade B)
[Update]
For patients who can communicate, the most reliable and
appropriate method of pain assessment is self-reporting. The
assessment of pain should consider the characteristics of pain
such as site, feature, aggravating or alleviating factors, and
intensity. The 0–10 NRS is a scale in which the patient selects
the intensity of pain from 0 to 10 corresponding to their pain,
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with a score of 3 or less indicating adequate pain control and a
score of 10 indicating the worst pain. The 0–10 NRS (in verbal
or visual format) for adult ICU patients who can self-report is
an effective and feasible method [7].
The Verbal Descriptor Scale (VDS) is a descriptive pain assessment scale using a series of descriptive phrases referring to
different levels of pain intensity, with a horizontal line of 10 cm
indicating “no pain,” “very severe pain,” or “extremely severe
pain” at each end. It may be applied in ICU patients who cannot use a numeric assessment scale such as the 0–10 NRS. In
one study, ICU patients undergoing cardiac surgery stated that
the 0–10 NRS or VDS was superior to the visual analog scale in
identifying pain intensity and preferred to use the VDS for pain
assessment [8]. The 0–10 Faces Pain Scale, which was validated in 105 postoperative cardiac surgery ICU patients, is easy to
use and useful for identifying pain intensity and shows a good
correlation with the VDS (Figure 1) [9].
Critically ill ICU patients often become unable to express
pain intensity while receiving sedatives, anesthetics, neuromuscular blockers, and mechanical ventilation. In critically
ill adults who cannot self-report pain with observable behaviors, the BPS and CPOT demonstrate the greatest validity and
reliability for monitoring pain (Tables 1 and 2) [10,11]. When
a patient cannot self-report, the family can participate in the
patient’s pain assessment, and family-reported pain has been
shown to be closer to the patient’s self-report than the reports
of attending nurses and physicians [12]. However, the degree

0
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2

3

of agreement between the family and the patient for pain
intensity is moderate. Compared with seriously ill patients’
self-reports, surrogates tended to overestimate pain intensity.
Thus, family participation in pain assessment cannot replace
the role of attending nurses and physicians [13]. Vital signs including heart rate, blood pressure, respiratory rate, oxygen saturation, and end-tidal CO2 are not reliable parameters for pain
monitoring and assessment in adult ICU patients. They can
be considered as a signal to begin a further evaluation using
reliable and adequate tools, including a patient’s self-report or
behavioral scale (BPS and CPOT) [14].
Table 1. Description of the Behavior Pain Scale [10]
Item
Facial expression

Description
Score
Relaxed
1
Partially tightened (e.g., brow lowering)
2
Fully tightened (e.g., eyelid closing)
3
Grimacing
4
Upper limbs movement No movement
1
Partially bent
2
Fully bent with finger flexion
3
Permanently retracted
4
Compliance with
Tolerating movement
1
ventilation
Coughing, but tolerating ventilator for
2
the most of time
Fighting ventilator
3
Unable to control ventilation
4

4

5

6

7

8

9

10

NRS

No pain

VDS

None

Moderate pain

Mild

Moderate

Worst
possible pain

Severe

FPS

Figure 1. Various pain assessment scales: Numeric Rating Scale (NRS), Verbal Descriptor Scale (VDS), and Faces Pain Scale (FPS).
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Table 2. Description of the Critical-Care Pain Observation Tool [11]
Indicator
Facial expression

Body movement

Muscle tension: evaluating by passive
flexion and extension of upper
extremities
Compliance with the ventilator
(intubated patients) or vocalization
(extubated patients)

Description
No muscular tension observed
Presence of frowning, brow lowering, orbit tightening and levator
contraction
All of the above facial movements plus eyelid tightly closed
Does not move at all (does not necessarily mean absence of pain)
Slow, cautious movements, touching or rubbing the pain site,
seeking attention through movements
Pulling tube, attempting to sit up, moving limbs/thrashing, not
following commands, striking at staff, trying to climb out of bed
No resistance to passive movements
Resistance to passive movements
Strong resistance to passive movement, inability to complete
them
Alarms not activated, easy ventilation
Alarms stop spontaneously
Asynchrony: blocking ventilation, alarms frequently activated
Talking in normal tone or no sound
Sighing, moaning
Crying out, sobbing

Score
Relaxed, neutral
Tense

0
1

Grimacing
Absence of movements
Protection

2
0
1

Restlessness

2

Relaxed
Tense, rigid
Very tense or rigid

0
1
2

Tolerating ventilator or movement
Coughing but tolerating
Fighting ventilator
Talking in normal tone or no sound
Sighing, moaning
Crying out, sobbing

0
1
2
0
1
2

Choice of analgesia
The selection of appropriate analgesia should be preceded by
nonpharmacologic therapy that can maintain patients’ comfort through a proper body posture, fixation of fractures, and
removal of other physical stimuli. Nonpharmacologic therapy
can reduce the unnecessary use of analgesia and maximize
the effect of analgesia. Other nonpharmacologic interventions
to reduce pain include massage, cold therapy, and relaxation
therapy. However, their level of evidence supporting their recommendation is low.
Various pain-modulating medications such as opioids,
non-steroidal anti-inflammatory drugs (NSAIDs), acetaminophen, and anticonvulsants can be used to manage pain in
adult ICU patients (Figure 2). To select an optimal analgesic
and its dosage suitable for individual patients, the drug’s
pharmacologic properties and adverse effects should be considered. Local analgesia, volatile anesthetics, NSAID gels, and
non-opioid drugs or NSAIDs, whether intravenous (IV) or
orally administered, are not recommended for use before an
ICU procedure to avoid pain originating from the procedure.
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Pain/agitation

First line drug: opioida
No
At risk of opioid sideeffects?b
Yes

Nociceptive pain

Multi-modal analgesia:
acetaminophen, nefopam,
low-dose ketamine, ketorolacc,
neuropathic agentsd

Neuropathic pain

d

Neuropathic agents

Figure 2. Flowchart of pain management for critically ill patients in
the intensive care unit. aOpioids: morphine, hydromorphone, fentanyl,
and remifentanil; bSide effects: respiratory depression, coma, lower
gastrointestinal tract paralysis/ileus, hyperalgesia, and immunosuppression;
c
Ketorolac: recommended for use within 5 days; dNeuropathic agents:
gabapentin, pregabalin, and carbamazepine.
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Table 3. Pharmacologic actions of opioid analgesics
Equianalgesic
dose
10 mg

5–10 min

Elimination
half-life
3–4 hr

Hydromorphone (IV)

1.5 mg

5–15 min

2–3 hr

Fentanyl (IV)

100 μg

1–2 min

2–4 hr

1–3 min

3–10 min

Opioids (route)
Morphine (IV)

Remifentanil (IV)

Onset

Intermittent dosing

IV infusion rate

2–4 mg q1-2 hr

2–30 mg/hr

Side effect and other information

Accumulation in patients with
liver dysfunction
0.2–0.6 mg q1-2 hr
0.5–3 mg/hr
Accumulation in patients with
kidney and liver dysfunction
0.35–0.5 μg q 0.5-1 hr
0.7–10 μg/kg/hr
Accumulation in patients with
kidney and liver dysfunction,
release of histamine
Loading dose: 1.5 μg/kg Available regardless of liver and
kidney dysfunction
Maintenance dose:
0.5–15 μg/kg/hr

IV: intravenous.

Opioids

(Grade C) [Update]

KSCCM Recommendation
■ We recommend that the treatment plan and the goal
of optimal pain management should be determined
individually or personalized and that all participating
clinicians should share this information for consistent
analgesic therapy. (Grade C)
■ If continuous IV administration of opioids is required,
fentanyl, hydromorphone, and remifentanil are recommended. (Grade C) [Update]
IV opioids are the most important treatment for non-neuropathic pain in adult ICU patients. Opioids act on several central and peripheral opium receptors to mediate the analgesic
effect. Among those receptors, μ and κ receptors are the most
important. The activities of these two receptors and other receptors are related to side effects. The prerequisite conditions
for ideal opioid therapy include rapid onset of action, easy
dose titration, no accumulation of the drug or its metabolites
in the body, and low cost. Commonly used opioids in adult
ICU patients include fentanyl, morphine, hydromorphone,
and remifentanil [15]. In particular, remifentanil has the advantages of rapid onset/offset action and safety regardless of
liver and kidney dysfunction. Thus, remifentanil can be applied through continuous IV administration in patients requiring frequent awakening (Table 3) [16].

Non-opioid analgesics
KSCCM Recommendation
■ A “multi-modal analgesia” strategy is likely to reduce
opioid consumption with improved pain-modulating
effects, pain control, and patient-centered outcomes.

6
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■ NSAIDs, acetaminophen, and nefopam can be used as
adjunctive opioid analgesics in critically ill adults. (Grade
C) [Update]
■ Gabapentin, carbamazepine, and pregabalin can be
used with an opioid for neuropathic pain management.
(Grade A) [Update]
■ Low-dose ketamine can be used as an adjunct to an opioid for pain management. (Grade C) [Update]
IV opioids are the mainstay of pain treatment in most ICUs.
However, their adverse effects, including sedation, delirium,
respiratory depression, and ileus, might prolong the ICU LOS
and aggravate post-ICU patient results. A “multi-modal analgesia” strategy is needed to reduce opioid use and increase
the pain-modulating effects, improving pain control and patient-centered outcomes [17]. Non-opioid analgesics are able
used as adjunctive painkillers to decrease the dosing of opioids. Their use should be adjusted according to each patient’s
conditions and symptoms to reduce the risk (Table 4).
Few NSAIDs have analgesic effects similar to those of opioids. Ketorolac (a non-COX-1-specific NSAID) is currently the
only NSAID approved for IV use as an alternative to opioids
for pain management. The analgesic effect of ketorolac after
intramuscular (IM) injection begins to appear at 1 hour, reaching its maximum effect at 2 hours. It lasts 5 to 6 hours. A single
30-mg dose of IM ketorolac shows an equivalent effect to a
single 4-mg dose of IV morphine. Although ketorolac can be
used as a single agent, its administration together with opioids
can reduce the opioid dose by 25%–50%. Acetaminophen and
nefopam can be used as adjunctive analgesics in critically ill
patients to reduce opioid use and improve analgesic effectiveness [18]. Nefopam exerts an analgesic effect by inhibiting
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Table 4. Pharmacologic actions of non-opioid analgesics
Non-opioids (route)
Acetaminophen (IV)
Ketamine (IV)
Ketorolac (IM/IV)

Ibuprofen (IV)
Gabapentin (PO)
Carbamazepine (PO)

Elimination half-life
Metabolic pathway
Intermittent dosing
Side effect
2 hr
Glucuronidation, sulfonation 650 mg IV every 4 hr–1,000 mg IV every 6 hr; Contraindication in hepatic
max dose ≤4 g/day
dysfunction
2–3 hr
N-demethylation
Loading dose: 0.1–0.5 mg/kg IV followed by Hallucinations, other
0.05-0.4 mg/kg/hr
psychological disturbances
2.4–8.6 hr
Hydroxylation, conjugation/ 30 mg IM/IV, then 15–30 mg IM/IV every 6 Renal toxicity, GI bleeding
renal excretion
hr up to 5 day; max dose: 120 mg/day ×5
days
2.2–2.4 hr
5–7 hr
Initial: 25–65 hr

Oxidation
Renal excretion
Oxidation

400–800 mg IV every 6 hr infused over >30 Renal toxicity, GI bleeding
min; max dose: 3.2 g/day
Starting dose: 100 mg PO three times daily; Sedation, confusion, dizziness,
maintenance dose: 900–3,600 mg/day in
ataxia; adjust dosing in renal
three divided doses
failure patients
Starting dose: 50–100 mg PO bid;
Nystagmus, diplopia, dizziness,
maintenance dose: 100–200 mg every 4–6 lethargy, lightheadedness
hr; max dose: 1,200 mg/day

Then: 12–17 hr
IV, intravenous; IM, intramuscular; PO, per os; GI, gastrointestinal.

dopamine, noradrenaline, and serotonin reuptake. A 20-mg
dose shows an equivalent effect to a 6-mg dose of IV morphine
[19]. Ketamine can improve pain relief and reduce opioid requirements by reducing hyperalgesia at doses lower than an
anesthetic dose. An adjunctive dose of ketamine is common at
a 0.1–0.5 mg/kg IV bolus followed by a 1–2 μg/kg/min continuous IV infusion. For neuropathic pain management in critically ill patients, neuropathic analgesics such as gabapentin,
carbamazepine, and pregabalin should be used with an opioid
[20]. Lidocaine and COX-1-selective NSAIDs should not be
used routinely as adjuncts to opioids for pain management in
adult ICU patients.

Methods of dosing analgesics
KSCCM Recommendation
■ Continuous IV infusion or an intermittent scheduled-administration strategy of analgesics is more useful
for retaining consistent analgesic action than administration upon patient demand. (Grade B)
■ A patient-controlled analgesia (PCA) device helps administer opioids to patients who can understand and
handle the device. (Grade B)
■ Fentanyl or remifentanil for rapid pain management is
useful for patients with acute conditions. (Grade C) [Update]
■ Fentanyl, hydromorphone, or remifentanil is useful for
patients with hemodynamic instability or renal failure.
(Grade C) [Update]
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■ It is recommended to use morphine and hydromorphone with longer durations of action if a patient inevitably needs intermittent boluses. (Grade C)

In principle, analgesics should be administered as a continuous IV infusion unless there is a particular reason not to do
so. A continuous IV infusion can maintain a constant blood
concentration and avoid drug toxicity since a lower dose is administered at one time than in a single bolus administration.
In addition, IV administration has the advantage of making
it possible to adjust the blood concentration according to the
infusion rate. As an alternative option, PCA, which refers to a
system when an analgesic is administered upon the patient’s
need, has the disadvantage of administering a smaller dose
than the prescribed dose, which can cause a severe delay in
pain management [21]. Daily awakening of patients from analgesics and sedation can effectively manage pain intensity,
reduce total opioid consumption, and shorten the ICU LOS
and the duration of mechanical ventilation [22]. PCA used
in non-critical patients shows a stable drug concentration,
high-quality analgesia, less sedation, reduced opioid consumption, and low incidence of respiratory complications
compared to other opioid administration strategies. When
considering PCA, clinicians should pay attention to the patient’s consciousness, hemodynamic reservoir, and history of
opioid abuse [23]. A transdermal fentanyl patch is useful for
long-term analgesia in hemodynamically stable patients, as it
can release the drug uniformly, although the degree of absorp-
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tion varies according to permeability, body temperature, tissue
perfusion, and skin thickness. The maximal blood concentration differs significantly between patients. Since a fentanyl
patch takes 12 to 24 hours to reach maximal effectiveness, it
is not recommended for rapid pain control. Moreover, it takes
a similar amount of time for the drug effect to disappear after
removing the patch.

Adverse effects of analgesics
KSCCM Recommendation
■ Opioids should be used cautiously due to respiratory
depression, opioid-induced hypotension, and reduced
bowel motility. (Grade C)
■ Ketorolac administration should be used for up to 5
days. Clinicians should carefully monitor for possible
renal failure and gastrointestinal bleeding. (Grade C)
■ IV acetaminophen should be used cautiously due to IV
acetaminophen-associated hypotension, which can occur in up to 50% of patients. (Grade C) [Update]

ventilation impairment [25]. Non-depolarizing muscle relaxants can reduce the severity of muscle rigidity. Thiopental and
low-dose diazepam or midazolam can decrease and prevent
muscle rigidity [26].

Non-opioid analgesics
Non-opioid analgesics occasionally cause gastrointestinal
bleeding or surgical wound bleeding and suppress renal function by interfering with prostaglandin synthesis in the kidneys.
NSAID-associated renal injuries frequently occur in patients
with hypovolemic status, renal hypoperfusion due to old age,
and renal dysfunction. In addition, ketorolac use for over 5 days
more than doubles the risk of renal toxicity and bleeding. When
acetaminophen is administered through the IV route, hypotension (a reduction in mean arterial pressure >15 mm Hg) may
occur in up to 50% of patients [27]. Nefopam should be used
selectively due to its association with tachycardia, glaucoma, seizure, and delirium. The side effects of ketamine include nausea,
delirium, hallucination, hypoventilation, pruritus, and sedation, and have an incidence similar to that of opioid side effects.

Opioids

Agitation/Sedation

The side effects of opioid analgesics are respiratory depression,
effects on the cardiovascular system, and changes in bowel
motility. Opioids can cause a dose-dependent decrease in the
respiratory rate and tidal volume. They can also reduce blood
pressure and the heart rate by inhibiting the sympathetic
nervous system and enhancing the parasympathetic nervous
system. However, opioid-induced hypotension responds well
to fluid therapy or vasopressors in most cases. Naloxone at 4 to
8 mg can antagonize the decreased bowel motility caused by
opioids without antagonizing the analgesic effect. A small dose
of naloxone (0.25 to 1 μg/kg/hr) can control opioid-induced
pruritis that does not respond to an antihistamine without
antagonizing the analgesic effect. Opioids can stimulate chemical receptors in the vomiting center of the brainstem, thus
inducing vomiting. All opioids have the same degree of emetogenic effect. However, if one drug causes vomiting, switching
to another drug can sometimes improve symptoms. Serotonin
antagonists and low-dose opioid antagonists can also help relieve symptoms. Opioids can increase muscle tone and evoke
muscle rigidity in severe cases. Regarding the mechanism,
opioids act on the spinal cord or supraspinal level of the central nervous system, not directly on the muscle [24]. Severe
muscle rigidity can induce a decrease in lung elasticity and a
decline of functional residual capacity of the lung, leading to

In critically ill patients, sedatives are frequently administered
to relieve anxiety, reduce the stress of dependence on mechanical ventilation, and control agitation [28]. Agitation can
cause difficulties with mechanical ventilation, hypoxia due to
increased oxygen consumption, barotrauma, hypotension, accidental removal of instruments or catheters, and in-hospital
infections. However, sedatives can increase patients’ morbidity. Thus, specific reasons are required to use them. Patients’
sedation status must be frequently reassessed using valid and
reliable scales while using sedatives [29,30].

8
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Goals for the sedation level
KSCCM Recommendation
■ Clinicians should establish a sedation level and time to
discontinue sedatives in each patient and regularly adjust those targets. (Grade C)
■ The sedative dose can be titrated to maintain a light
rather than a deep level of sedation in critically ill patients on mechanical ventilation unless clinically necessary. (Grade B) [Update]
■ A light level of sedation can be achieved and maintained
using daily sedation interruption (DSI) and a nurse-protocolized targeted sedation protocol. (Grade C) [Update]
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An appropriate sedation level depends on the patient’s disease
course and treatment regimen. Since the prognosis is poor when
deep sedation occurs in the ICU, other than in exceptional cases,
a light sedation state wherein the patient can be easily awakened
while maintaining a normal sleep-wake cycle is desired rather
than deep sedation. Although there is no consensus on the definition of the depth of sedation (light, moderate, or deep), light
sedation usually ranges from –1 to –2 on the Richmond Agitation-Sedation Scale (RASS) [22]. However, a RASS score in the
–2 to +1 range has also been considered light sedation in a few
studies [30]. Maintaining light sedation shortens the weaning
time, reduces the frequency of tracheostomy, and shortens the
ICU LOS. Contrary to the 2013 guidelines, however, the maintenance of light sedation does not reduce 90-day mortality, delirium, post-traumatic stress disorder, or depression or increase
unplanned self-extubation [31,32]. In critically ill intubated adult
patients, a light level of sedation can be achieved and maintained
using DSI and nurse-protocolized targeted sedation protocol
(NP-targeted sedation). DSI attempts to help patients arouse and
be weaned from mechanical ventilation. NP-targeted sedation is
a sedation protocol applied by nurses who adjust drug concentration at the bedside to achieve target sedation scores [33,34].
Sedatives can relieve patients’ stress and help facilitate general procedures in the ICU. They are essential for the treatment
process of critically ill patients, as they can dramatically help
maintain patients’ safety and comfort. However, to prevent side
effects caused by excessive use, patients’ sedation levels should
be assessed. After an assessment, continuous dosing is recommended whenever possible to achieve an appropriate level of
sedation. If necessary, intermittent dosing may be used. The target sedation level should be determined at the start of treatment
depending on the patient’s condition. It should be evaluated
and adjusted again from time to time. Consideration should
be given to writing sedative prescriptions in such a way that
the daily sedative requirement may be adjusted up and down.

There are various sedation assessment tools, including the
RASS, Ramsay scale, Riker SAS, Motor Activity Assessment
Scale (MAAS), and Observer Assessment of Alertness/Sedation (OAA/S) scale (Table 5) [35]. Among them, the RASS and
SAS are widely used to assess the degree and depth of sedation
in ICU patients. The SAS was the first sedation level assessment method with confirmed reliability. It consists of seven
items describing patient behavior [36]. The RASS is a tool that
evaluates arousal state, cognitive function, and response sustainability based on a score of –5 to +4. It is the most effective
and stable sedation assessment tool, along with the SAS [37].
The MAAS is a modified version of the SAS. It consists of seven
categories of patient behavior. Its reliability has been verified
as a method of evaluating the sedation level of critically ill patients [38]. The OAA/S scale indicates the degree of response
to pinching or calling a name on a scale of 0 to 5. It is known to
have significant sensitivity to the degree of sedation [22].
Objective sedation monitoring is useful when a patient’s behavior cannot be observed due to deep sedation or therapeutic muscle relaxants. Methods for objectively measuring brain
function include auditory evoked potentials, the BIS, the patient state index, and state entropy. These methods are not recommended for critically ill patients who are not unconscious
or paralyzed. However, recent studies have shown that using
BIS may have a potential effect on patients with light sedation,
such as reducing the need for tracheostomy, treatment-related
side effects, total sedative and fentanyl doses, and shortening
the ICU stay [39,40]. Vital signs are not specific or sensitive for
assessing the sedation level.

Assessment of the sedation level

Benzodiazepines

KSCCM Recommendation
■ We recommend using the RASS and Sedation-Agitation
Scale (SAS) to assess the degree and level of sedation.
(Grade B) [Update]
■ Sedation monitoring based on the bispectral index (BIS)
rather than a subjective scale may facilitate titration of
sedation when a sedation assessment scale cannot be
used due to deep sleep or muscle relaxants. (Grade C)
[Update]
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Sedatives
The medications used for sedation include benzodiazepines,
propofol, central α2-agonists, and other agents (Table 6). Indications, goals, clinical pharmacology, and cost of sedatives are
important determinants when selecting sedatives.

Benzodiazepines can cause anterograde amnesia, which interferes with the memory of unpleasant experiences that occur
after drug use. They do not cause retrograde amnesia. They
have an anticonvulsant effect without an analgesic action.
Nonetheless, they can lower the expected pain response. Thus,
the analgesic dose can be reduced when benzodiazepines are
used together with analgesics [41]. Their main indications are
sedative treatment and short-term use for anxiety, panic disorder, alcohol withdrawal, preoperative anxiety, initial treatment
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Table 5. Scales used to measure sedation and agitation [35]
Score

Term

4
3
2
1
0
–1
–2
–3
–4
–5

Combative
Very agitated
Agitated
Restless
Alert & calm
Drowsy
Light sedation
Moderate sedation
Deep sedation
Unrousable

7
6
5
4
3
2
1

Dangerous agitation
Very agitated
Agitated
Calm and cooperative
Sedated
Very sedated
Unarousable

Description
Richmond Agitation-Sedation Scale
Violent, immediate danger to staff
Pulls at or removes tubes, aggressive
Frequent non-purposeful movements, fights ventilator
Anxious, apprehensive but movements not aggressive or vigorous
Not fully alert, sustained awakening to voice (eye opening & contact >10 sec)
Briefly awakens to voice (eye opening & contact <10 sec)
Movement or eye-opening to voice (no eye contact)
No response to voice, but movement or eye opening to physical stimulation
No response to voice or physical stimulation
Riker Sedation-Agitation Scale
Pulling at endotracheal tube, trying to remove catheters, climbing over bedrail, striking at staff, trashing side-to-side
Does not calm despite frequent verbal reminding of limits, requires physical restraints, biting endotracheal tube
Anxious or mildly agitated, attempting to sit up, calms down to verbal instructions
Calm, awakens easily follows commands
Difficult to arouse, awakens to verbal stimuli or gentle shaking but drifts off again, follows simple commands
Arouses to physical stimuli but does not communicate or follow commands, may move spontaneously
Minimal or no response to noxious stimuli, does or communicate or follow

Table 6. Pharmacologic actions of sedative medications
Sedative
Midazolam
Lorazepam
Diazepam
Propofol
Dexmedetomidine

Onset
2–5 min

Elimination half-life
3–11 hr

Active metabolite
Intermittent dosing
IV infusion rate
Yes (prolonged sedation,
0.01–0.05 mg/kg over several
0.02–0.1 mg/kg/hr
especially with renal failure) minutes
10–40 min
8–15 hr
None
0.02–0.04 mg/kg (≤2 mg) 0.02–0.06 mg/kg q 2–6 hr prn
or 0.01–0.1 mg/kg/hr (≤10
mg/hr)
2–5 min
20–120 hr
Yes (prolonged sedation)
5–10 mg
0.03–0.1 mg/kg q0.5–6 hr prn
1–2 min
Short-term use: 3–12 hr
None
5 μg/kg/min over 5 minutes
5–50 μg/kg/min
Long-term use: 50±18.6 hr
5–10 min
1.8–3.1 hr
None
1 μg/kg/min over 10 minutes
0.2–0.7 μg/kg/hr

IV: intravenous; prn: pro re nata.

of convulsions, muscle spasms, and insomnia. Benzodiazepine
drugs have many differences in efficacy, onset, duration of
action, metabolism, and the presence of active intermediates.
The intensity and duration of effects may vary depending on
age, underlying diseases, past alcohol abuse history, medication history, and other factors. Thus, the appropriate dose may
vary. In elderly patients, the clearance of benzodiazepines (and
their intermediate metabolites) is slow, or benzodiazepines
have a larger volume of distribution. Thus, the drug clearance
time may be significantly longer in elderly patients than in
younger patients [42]. Liver failure or renal insufficiency can
also slow drug clearance [43]. In case of a benzodiazepine
overdose, flumazenil can be used as an antagonist to reverse
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its excessive sedative and hypnotic effects. A dose of 0.3−2.0
mg should be administered in divided IV injections [44].
However, its use is not recommended because it may increase
withdrawal symptoms and myocardial oxygen consumption.
When testing for continuous sedation, it is recommended to
use a single shot at a low dose.
Benzodiazepines include midazolam, lorazepam, and diazepam. Midazolam is effective for acute excitatory patients
because of its rapid onset time. However, it has been reported
that its sedative effect continues to appear in critically ill patients with obesity, low serum albumin, or renal failure [45,46].
Its long-term sedative effects can also occur due to the accumulation of active metabolites such as α-hydroxymidazolam,
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especially in patients with renal failure [46]. The metabolism
of midazolam is significantly inhibited by propofol, diltiazem,
macrolide antibiotics, and other cytochromes P450 isoenzyme
3A4 antagonists, prolonging the duration of its drug action
[43]. Midazolam has high level of fat solubility. It can act very
quickly and produce a sedative effect within 2–5 minutes of
an IV bolus injection. However, it is not possible to induce a
normal sleep pattern. Continuous IV administration of midazolam can cause excessive sedation due to its accumulation in
tissues. Thus, it is recommended to limit the administration of
midazolam to within 48 hours. With daily awakening, drug interruption, and dose re-optimization according to the RASS, it
is possible to reduce the drug demand and shorten the length
of ventilation and ICU stay [47]. Lorazepam has a slow onset
of action, making it difficult to use in patients with acute anxiety. It has a long half-life of 12–15 hours, making it difficult to
quickly optimize the dose during continuous infusion. Nonetheless, it has few interactions with other drugs and sedation
can be maintained by intermittent administration or continuous infusion. The initial loading dose should be administered through an IV push of a set dose. It should be diluted to
a concentration of 1 mg/ml or less. Precipitation may occur
despite these precautions. When lorazepam is administered
at a high dose, polyethylene glycol and propylene glycol (PG)
as solvents are known to cause acute reversible renal tubular
necrosis, lactic acidosis, and a hyperosmolar state. PG toxicity
refers to significant accumulation of PG when the difference in
osmotic pressure before and after lorazepam administration
is 10–12 mOsm/L or more. Diazepam provides a rapid onset
of sedation and rapid awakening when it is administered as a
single dose. Since its metabolite has a long-term effect, the sedation state can be sustained during repeated administration.
Thus, diazepam can be used for long-term sedative treatment.

Propofol
Propofol is administered through IV injections for general
anesthesia and sedation. It has sedative, sleep-inducing,
anti-anxiety, memory loss, antiemetic, and anticonvulsant
effects. However, it has no analgesic effect. It can reduce cerebral blood flow and brain metabolism. It can also lower
intracranial pressure more effectively than fentanyl in cases of
severe brain injury. It is used as a sedative in patients with elevated intracranial pressure. No pharmacokinetic changes have
been reported in patients with renal or hepatic failure. Due
to its high fat solubility, propofol can quickly cross the bloodbrain barrier, leading to rapid sedation. Its sedative effect is
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lost quickly after short-term use due to its rapid redistribution
and high liver and extrahepatic clearance. Because its sedative
effect dissipates quickly, temporary discontinuation during
infusion allows a neurological evaluation, which is advantageous when frequent waking for neurological examinations is
required or when performing a daily waking protocol. However, there are reports showing that awakening is delayed after 12
hours of infusion [48]. Thus, caution is needed. Propofol can
induce injection site pain, bradycardia, respiratory depression,
and dose-dependent hypotension due to systemic vasodilation, which occurs more frequently when it is administered
with other sedatives and analgesics or when it is used in patients with preexisting respiratory failure and cardiovascular
instability. Since long-chain triglycerides have a caloric value
of 1.1 kcal/ml, long-chain triglycerides used as a drug carrier
should be included in the total calories provided to the patient
at an amount corresponding to the administered drug. Longterm or high-dose use may cause hypertriglyceridemia [49]. It
should be noted that when propofol is administered, propofol
infusion syndrome (PRIS) can occur with an incidence of 1%,
resulting in the exacerbation of metabolic acidosis, hypertriglyceridemia, hypotension, arrhythmias, acute renal failure,
hyperkalemia, rhabdomyolysis, and hepatic dysfunction. In
adults, PRIS is related to high-dose administration of more
than 70 μg/kg/min. It can also occur with a low-dose continuous IV infusion. The mortality rate of PRIS is as high as 33%. It
may not improve even if continuous dosing is stopped [50]. To
prevent PRIS, it is recommended to substitute propofol with
other sedatives for 24 hours every 5 days. Propofol does not
mix well with other drugs, and it can be a source of infection.
Thus, a dedicated catheter should be used for continuous infusion. Among the existing propofol formulations, Diprivan
(AstraZeneca) contains edetic acid. If an IV infusion is continued for more than a week, a drug holiday is recommended to
prevent abnormalities in trace elements. For other long-chain
triglyceride propofol formulations, it is recommended that one
injection period does not exceed 12 hours and that the mixed
solution should be used within 6 hours after preparation.

Dexmedetomidine
A central α2-agonist, clonidine has been used to enhance the
efficacy of opioid analgesics and general anesthetics, as well
as to treat drug withdrawal syndrome. Dexmedetomidine is
a more selective α2-agonist and has sedative, analgesic, and
sympathetic suppression effects. However, it has no anticonvulsant effect. Dexmedetomidine causes less respiratory de-
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pression than other sedatives. On electroencephalography, the
sleep pattern induced by dexmedetomidine is similar to that
of normal physiological sleep. Dexmedetomidine can induce
cooperative sedation from which it is easy to awaken patients
even during drug injection. It enables communication and
command obedience. The onset of action is within 15 minutes
of continuous infusion. The strongest sedative effect is induced
within 1 hour. Administration of a loading dose may shorten
the onset of action, but may lead to hemodynamic instability
in severely ill patients. Dexmedetomidine does not have a
significant effect on respiratory depression. Thus, it can be
used in patients who have not been intubated. It can be given
through the IV route after extubation. However, it is necessary
to continuously monitor the respiratory system for hypoventilation and hypoxic partial pressure because dexmedetomidine
can cause airway obstruction in patients who are not intubated through loss of muscle tone in the oropharynx.

Choice of sedatives
KSCCM Recommendation
■ Propofol is useful in patients requiring rapid and frequent awakening for neurologic evaluations or extubation. (Grade B)
■ Midazolam use is recommended for shorter time periods because when it is used for more than 48 to 72 hours,
it becomes difficult to predict the recovery time or time
for extubation. (Grade A)
■ It is recommended to use propofol rather than benzodiazepines as a sedative in post-cardiac surgery adults on
mechanical ventilation. (Grade C) [Update]
■ Propofol and dexmedetomidine are recommended as
sedatives rather than benzodiazepines in mechanically
ventilated medical and surgical patients not undergoing
cardiac surgery. (Grade C) However, benzodiazepines
are recommended for alcohol withdrawal syndrome.
[Update]
■ Systematically applied reduction or adjustment of the
sedative dose to reach the daily goal of sedation level is
recommended to avoid unnecessary long-term sedation. (Grade A)
■ Serum triglyceride concentrations should be monitored
starting two days after propofol administration, and the
fat calories in the emulsion should be included in the
total calories. (Grade B)
■ It is recommended to make and use an appropriate sedative administration guideline and treatment flow chart
or protocol for the ICU. (Grade B)
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Because elective cardiac surgery patients are often hospitalized urgently, the duration of stay in the ICU and mechanical
ventilation are different from those of internal medicine or
other surgical intensive care patients. Therefore, this guideline divides patients requiring mechanical ventilation into
cardiac surgery and medical/surgical critical patients. The
2013 PAD guidelines stated that propofol or dexmedetomidine were favored over benzodiazepine sedatives such as
midazolam and lorazepam because of more favorable shortterm prognostic outcomes, such as the length of ICU stay and
ventilation, as well the improvement of delirium symptoms
[28]. In this guideline, the short-term prognosis (time to
weaning from mechanical ventilation, time to light sedation),
delirium, and the long-term prognosis (90-day mortality,
cognitive and physical function, and psychological dysfunction) were evaluated.
It is recommended to use propofol rather than benzodiazepines as a sedative in adults who are mechanically ventilated
after cardiac surgery. In comparison to benzodiazepines,
propofol can shorten the average light sedation induction
time by 52 minutes and the time to extubation of the endotracheal tube by 100 minutes on average [51-53].
We compared (1) propofol versus benzodiazepines, (2) dexmedetomidine versus benzodiazepines, and (3) propofol versus dexmedetomidine in medical and surgical patients who
did not undergo cardiac surgery. In comparison to benzodiazepines, propofol shortened the induction time of shallow
sedation by an average of 7.2 hours and the time to extubation
of the endotracheal tube by an average of 11.6 hours [54,55].
However, the delirium incidence showed no difference between the two sedatives [56]. In randomized controlled trials
(RCTs) comparing benzodiazepines and dexmedetomidine,
dexmedetomidine reduced the time to extubation of the endotracheal tube by an average of 1.9 days, shortened the duration of mechanical ventilation, and significantly reduced the
incidence of delirium [57,58]. However, dexmedetomidine
and benzodiazepines did not show any significant differences
in the duration of endotracheal extubation, LOS in the ICU,
or the risk of delirium in an integrated analysis. Although the
dexmedetomidine group showed frequent bradycardia, no
intervention was needed in most cases [58].
There were no significant differences of the time to endotracheal extubation, bradycardia, or hypotension between
propofol and dexmedetomidine. However, when dexmedetomidine was used, the occurrence of delirium was reduced
and patients were able to communicate more easily [58].
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Since neither propofol nor dexmedetomidine is superior, one
of these two drugs is recommended as a sedative for critically
ill adults. However, dexmedetomidine should not be used if
a deep level of sedation with or without a muscle relaxant is
needed. Figure 3 shows a pharmacologic treatment flowchart
of agitation in mechanically ventilated patients. Benzodiazepines are recommended for alcohol withdrawal syndrome
[59]. However, since the role of nonpharmacologic treatment
for the reduction of anxiety, agitation, and psychologic distress is uncertain, sedatives are not recommended for alcohol withdrawal syndrome.

Discontinuation of sedatives
KSCCM Recommendation
■ Benzodiazepine and propofol withdrawal symptoms
are more likely to occur during high-dose treatment and
if the patient has been infused for more than a week.
These drugs should be systematically reduced to prevent
withdrawal symptoms. (Grade B)

Patients taking analgesics or sedatives for more than a week
may develop neurological changes or physiological dependence. Withdrawal symptoms may occur if analgesics or sedatives are abruptly discontinued. Benzodiazepine withdrawal
symptoms and signs are myalgia, tremor, headache, nausea,
diaphoresis, fatigue, anxiety, excitation, perceptual dysfunction, elevated sensitivity to light and sound, muscle spasms,
myoclonus, sleep disturbances, delirium, and convulsions.
Propofol withdrawal symptoms are similar to benzodiazepine
withdrawal symptoms. High-risk patients for the development
of withdrawal symptoms are those who have been admitted
to the ICU for more than 7 days or have received lorazepam at
doses higher than 35 mg/day [60,61]. In case of intermittent
administration, switching to a long-acting drug is helpful in
preventing withdrawal symptoms. After lowering the sustained
infusion rate by 20%–40% for the first time, an additional 10%
reduction every 12–24 hours depending on the patient’s response is also allowed to help reduce symptoms [61].

Agitation

Correct reversible cause

Nonpharmacologic treatment

Analgesics

Unstable

Hemodynamics

Sedatives

Stable

Fentanyl
25–100 µg IV
Remifentanil
0.5–15 µg/kg/hr
Ketamine
0.5–1.0 mg/kg IV

Control of delirium

Morphine
2–5 mg IV

Midazolam
2–5 mg IV

Propofol
5 µg/kg/hr

Dexmedetomidine
0.2–0.7 µg/kg/hr

Dexmedetomidine
0.2–0.7 µg/kg/hr

Haloperidol
2–10 mg IV

Figure 3. Pharmacologic treatment flowchart for agitation in mechanically ventilated patients. IV: intravenous.
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Physical restraints
KSCCM Recommendation
■ Although physical restraints have various advantages,
such as protecting staff from combative patients and
preventing self-extubation, self-removal of medical devices, and falling accidents, a careful consideration of
the advantages and disadvantages of physical restraints
is recommended before initiation/maintenance of physical restraints. (Grade C) [Update]

Medical staff can consider using physical restraints to improve
patient safety, protect staff from combative patients, prevent
self-extubation, prevent self-removal of medical devices, prevent falling accidents, regulate patient behavior, and maintain
patient posture/position [62,63]. Restraints usually fix the ankles, wrists, and upper body in place. However, in a few studies,
the use of physical restraints was associated with a prolonged
ICU stay, increased agitation, increased demand for opioids
and sedatives, and risk of delirium or disorientation [64,65].
Risk factors that increase the use of physical restraints in critically ill adults include old age; non-comatose consciousness
level; neurologic and psychologic status including delirium;
sedative type, administration method, and dosing; mechanical
ventilation; use of invasive devices; the nurse-to-patient ratio
and perceived workload; and specific times of the day. Some
patients who received physical restraints during their ICU
stay have shown strong affective reactions even after transfer
from the ICU to general ward [32]. Given the frequency of use
of physical restraints, unintended consequences, and patient
perceptions, health care providers should carefully consider
the risks and effects before initiating/maintaining the use of
restraints in an adult ICU.

Delirium
Delirium is defined as acute cerebral dysfunction accompanied by a change of level of consciousness, disorientation,
and cognitive dysfunction during a short duration (hours to
days). Delirium is classified into three subtypes: hyperactive
(agitated), hypoactive (calm or lethargic), and mixed (fluctuation between the two subtypes). Among these three types, the
mixed subtype occurs the most, and the hypoactive subtype
has a worse prognosis. Approximately 20% to 80% of critically
ill adult patients have experienced delirium during their ICU
stay. Delirium is associated with increased ICU mortality, longer LOS in hospital, higher healthcare costs, and more long-
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term cognitive dysfunction, such as dementia. Thus, early
recognition and treatment for delirium are essential [66,67].
Patients in whom delirium is detected early, followed by
prompt treatment, show the same prognosis as patients who
do not develop delirium.

Risk factors
Delirium occurrence, duration, and severity in adult ICU patients are strongly related to various risk factors (Table 7) [68].
Modifiable factors risk include benzodiazepine use and blood
transfusion. Sex, opioid sedatives, mechanical ventilation, past
history of pulmonary disease, hospital admission, nicotine
use, dialysis, or continuous venovenous hemofiltration, and a
lower Glasgow Coma Scale have been identified as having no
relationship with an increased incidence of delirium.
The PREdiction of DELIRium in ICu patients (PRE-DELIRIC)
model and early (E)-PRE-DELIRIC model can predict delirium
in critically ill adult patients. The PRE-DELIRIC model consists
of 10 predictors (age, Acute Physiology and Chronic Health
Evaluation [APACHE] II score, admission group, emergent admission, infection, coma, sedation, morphine use, urea level,
and metabolic acidosis). It can predict ICU delirium within 24
hours after ICU admission [69,70]. The E-PRE-DELIRIC model
includes nine predictors (age, history of cognitive dysfunction,
history of alcohol abuse, blood urea nitrogen, admission class,
emergent admission, mean arterial blood pressure, use of steroids, and respiratory failure). It can predict ICU delirium at
ICU admission [71].

Assessment and outcomes
KSCCM Recommendation
■ Delirium in critically ill ICU patients should be monitored using the Confusion Assessment Method for the
ICU (CAM-ICU) and intensive care delirium screening
checklist (ICDSC) as valid tools. (Grade A)

Table 7. Risk factors of delirium [68]
Use of benzodiazepines
Transfusion
Increasing aging
Prior dementia
Pre-ICU emergency operation
Increasing APACHE and ASA scores

History of hypertension
Admission because of a neurologic
disease
Trauma
Use of psychoactive medication
Prior coma

ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health
Evaluation; ASA: American Society of Anesthesiologists.
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The early diagnosis of delirium can lead to rapid identification and correction of the cause or causes, relief of symptoms,
pharmacologic or nonpharmacologic therapeutic interventions, and evaluation of treatment effectiveness. Thus, adult
ICU patients should be routinely evaluated for delirium using
a valid tool. The CAM-ICU and ICDSC are recommended as
the most verified and reliable tools for delirium assessment
in critically ill adult patients (Table 8) [72-74]. The level of
consciousness of patients is checked using the RASS or SAS.
Patients with a RASS score >–4 or SAS score >2 are eligible for
delirium evaluation using the CAM-ICU (Figure 4). Ideally,
clinicians should perform the CAM-ICU at least twice a day
(day and night) to assess delirium. The CAM-ICU can even
be used for delirium assessment in patients with speech impairment, endotracheal intubation, dementia, and severe depressive disorder. When evaluating delirium using the ICDSD,
eight items derived from the Diagnostic and Statistical Manual of Mental Disorders criteria are identified over a 24-hour
period. Four or more points on the ICDSC corresponds to a
diagnosis of delirium.
A patient’s level of arousal may affect the assessment of delirium using verified screening tools. The diagnosis rate of delirium is significantly higher when patients have a RASS score
of –2 compared to a RASS of –1 to 0. However, the effect of the
level of arousal from sedatives on the evaluation of delirium
needs further studies. Delirium is related to poor outcomes,
even when accompanied by decreased arousal levels. Thus,
clinicians should not underestimate the possibility and importance of delirium even in patients with decreased arousal
levels. The occurrence of delirium in critically ill patients is
closely related to cognitive dysfunction at 3 and 12 months after discharge from the ICU, and may be related to a prolonged
hospital stay. It has been consistently shown that delirium
in critically ill adult patients is not related to post-traumatic
stress disorder or post-ICU distress. However, the outcomes of
patients with rapidly reversible delirium are similar to those of
patients who never experience delirium [75].

lirium treatment. However, treatment of delirium using
these drugs can be considered if the symptoms of delirium may be harmful to patients. (Grade B) [Update]

Currently, the pharmacologic agents for delirium treatment
include a typical antipsychotic (haloperidol), atypical antipsychotics (risperidone, olanzapine, quetiapine), and dexmedetomidine (Table 9).

Pharmacologic treatment
Routine use of haloperidol, atypical antipsychotics, 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors
(statins), or dexmedetomidine is not recommended for delirium treatment. In six RCTs, these drugs were not found to
reduce delirium duration, shorten the ICU LOS, or diminish
mortality [76-81]. However, short-duration use of haloperidol
or an atypical antipsychotic may be helpful for patients who
experience meaningful distress secondary to delirium symptoms, including agitation, panic, hallucination, and delusion,
or who may be physically harmful to themselves or others due
to anxiety. Atypical antipsychotics are preferred as they have
a lower risk of extrapyramidal symptoms than haloperidol.
However, atypical antipsychotics are not recommended for
use in patients at risk of torsades de pointes (e.g., those with a
prolonged QT interval on electrocardiography, administration
of drugs that prolong the QT interval, or a history of arrhythmias). Dexmedetomidine use may be considered in patients
with delirium on mechanical ventilation in whom agitation
delays withdrawal/extubation of mechanical ventilation .
Although benzodiazepines can induce delirium, they can be
used in patients with secondary delirium related to alcohol
or benzodiazepine withdrawal. The use of haloperidol or an
atypical antipsychotic in critically ill patients with subsyndromal delirium is not associated with a reduced incidence of
delirium or an improved prognosis [82].

Pharmacologic prevention
Pharmacologic prevention and treatment
KSCCM Recommendation
■ Pharmacologic treatment for preventing delirium in
critically ill patients is not recommended. (Grade B)
[Update]
■ Routine use of haloperidol, an atypical antipsychotic, a
statin, or dexmedetomidine is not recommended for de-
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The use of haloperidol, atypical antipsychotics, statins, dexmedetomidine, and ketamine for delirium treatment is not
recommended to prevent delirium in any adult ICU patients.
Although a few studies reported that these drugs significantly
reduced delirium incidence, their use is not associated with a
reduced duration of mechanical ventilation, ICU LOS, or mortality. However, they can increase the risk of side effects. Thus,
a nonpharmacologic prevention strategy is needed to decrease
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Table 8. CAM-ICU worksheet [72]
CAM-ICU worksheet
Feature 1: acute onset or fluctuation course
Positive if you answer “yes” to either 1A or 1B
1A: Is the patient different than his/her baseline mental status?
Or
1B: Has the patient had any fluctuation in mental status in the past 24 hours as evidenced by fluctuation on
a sedation scale (e.g., RASS), GCS, or previous delirium assessment?
Feature 2: Inattention
Positive if either score for 2A or 2B is less than 8
Attempt the ASE letters first. If patient is able to perform this test and the score is clear, record this score and
move to Feature 3. If patient is unable to perform this test or the score is unclear, then perform the ASE
Pictures. If you perform both tests, use the ASE Pictures’ results to score the Feature.
2A: ASE Letters: record score (enter NT for not tested)
Directions: Say to the patient. “I am going to read you a series of 10 letters. Whenever you hear the letter ‘A,’
indicated by squeezing my hand.” Read letters from the following letter list in a normal tone.
SAVEHART
Scoring: Errors are counted when patient fails to squeeze on the letter “A” and when the patient squeezes on
any letter other than “A”
2B: ASE Pictures: record score (enter NT for not tested)
Directions are included on the picture packets.
Feature 3: Disorganized thinking
Positive if the combined score is less than 4
3A: yes/no questions
(Use either Set A or Set B, alternate on consecutive days if necessary):
Set A
Set B
1. Will a stone float on water?
1. Will a leaf float on water?
2. Are there fish in the sea?
2. Are there elephants in the sea?
3. Does one pound weigh more than two pound? 3. Do two pounds weigh more than on pound?
4. Can you use a hammer to pound a nail?
4. Can you use a hammer to cut wood?
Score (Patient earns 1 point for each correct answer out of 4)
3B: Command
Say to patient: “Hold up this many fingers” (examiner holds two fingers in front of patient) “Now do the
same thing with the other hand” (not repeating the number of fingers). If patient is unable to move
both arms, for the second part of the command ask patient “Add one more finger)
Score (Patient earns 1 point if able to successfully complete the entire command)
Feature 4: Altered level of consciousness
Positive if the Actual RASS score is anything other than “0” (zero)
Overall CAM-ICU (Features 1 and 2 and either Feature 3 or 4):

Positive

Negative

Yes

No

Positive

Negative

Score (out of 10):

Score (out of 10):
Positive

Negative

Combined score (3A+3B): (out of 5)

Positive

Negative

Positive

Negative

CAM: Confusion Assessment Method; ICU: intensive care unit; RASS: Richmond Agitation-Sedation Scale; GCS: Glasgow Coma Scale; ASE: Attention Screening
Examination.

the incidence of delirium [83,84].

Nonpharmacologic prevention and treatment
KSCCM Recommendation
■ We recommend a multicomponent (ABCDEF bundle)
nonpharmacologic intervention strategy for the prevention and treatment of delirium. (Grade B) [Update]
A multicomponent, nonpharmacologic intervention that is
focused on reducing modifiable risk factors for delirium, enhancing cognitive capability, and optimizing sleep, rehabilita-

16

https://www.accjournal.org

tion/mobilization, hearing, and vision in critically ill patients
is significantly associated with a lower incidence of delirium,
a reduced duration of delirium, a decreased duration of mechanical ventilation, a shortened ICU LOS, and a lower risk
of mortality [85-89]. Thus, clinicians should perform multicomponent interventions to decrease or shortened the incidence and duration of delirium by performing reorientation,
stimulating cognitive capability, using clocks, improving sleep
quality by minimizing light and noise, minimizing sedation,
reducing immobility through early rehabilitation and exercise,
and decreasing hearing and/or visual impairment by using
available devices including hearing aids or eyeglasses.
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1. Acute change of fluctuating course of mental status
· Is there an acute change from mental status baseline? Or
· Has the patient's mental status fluctuated during the past 24 hours?

No

CAM-ICU negative
No delirium

Yes
2. Inattention
· "Squeeze my hand when I say the letter 'A'."
Read the following sequences of letters: SAVEAHAART
Errors: No squeeze with 'A' & Squeeze on letter other than 'A'
· If unable to complete letters → Pictures

0–2
Errors

> 2 Errors

RASS other
than zero

3. Altered level of consciousness
· Current RASS level

CAM-ICU negative
No delirium

CAM-ICU negative
No delirium

RASS=0
>1 Errors

4. Disorganized thinking
1) Will a stone float on water?
2) Are there fish in the sea?
3) Dose one pound weight more than two?
4) Can you use a hammer to pound a nail?

0–1
Errors
CAM-ICU negative
No delirium

Command: "Hold up this many fingers" (Hold up 2 fingers)
"Now do the same thing with the other hand" (Do not demonstrate)
Or "Add on more finger" (If patient unable to move both arms)

Figure 4. Delirium assessment tool: the Confusion Assessment Method for the intensive care unit (CAM-ICU) flowchart. RASS: Richmond
Agitation-Sedation Scale.
Table 9. Pharmacologic actions of delirium medications
Drug (route)
Haloperidol (IV)

Elimination half-life
18 hr

Metabolizing enzyme
CYP3A4

Risperidone (PO)
Olanzapine (PO)
Quetiapine (PO)

3 hr
30 hr
6 hr

CYP2D6
CYP1A2
CYP3A4

1.8–3.1 hr

Glucuronidation, CYP2A6

Dexmedetomidine (IV)

Dosing
0.5–10 mg IV, depending on degree of agitation; if inadequate
response, may repeat bolus dose every 15–30 minutes
0.5–1 mg PO every 12 hr
5 mg/day PO
12.5–50 mg PO every 12–24 hr
max dose: 400 mg/day
0.2–0.7 μg/kg/hr

IV: intravenous; PO: per os.

The bundle of awakening and breathing coordination, delirium monitoring/management, and early exercise/mobilization (ABCDE) meaningfully reduces the incidence of delirium.
The increase in compliance with the ABCDEF bundle, which
includes family participation (“F”), is significantly related to
decreased mortality and prolongation of the period without
coma or delirium in the ICU [90]. No studies have reported
adverse effects from the application of multicomponent, nonpharmacologic intervention strategies.
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Immobility (Rehabilitation/Mobilization)
KSCCM Recommendation
■ As a vital component of critical care, the rehabilitation
of critically ill patients is related to long-term outcomes.
(Grade C) [Update]
In the past, the treatment of critically ill patients was focused
on treating underlying internal/surgical problems by sedating
patients and having them rest in bed. However, survivors of
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intensive care treatment suffer from complications such as
ICU-acquired muscle weakness, which leads to problems such
as a decreased long-term survival rate, reduced physical function, and diminished quality of life [91-93]. Since the 2000s, active rehabilitation treatment and walking have been attempted
in the ICU. Evidence for their safety and effectiveness has been
reported. The 2013 PAD guidelines recommended that “rehabilitation/mobilization be useful as part of a delirium treatment
strategy [28].” In the 2018 PADIS guidelines, the rehabilitation/
mobilization section was separately selected as a single topic
and active rehabilitation treatment was recommended [94].

Efficacy and benefits of rehabilitation

[98]. Based on this, it can be said that continuous rehabilitation treatment for critically ill patients can help improve their
long-term survival rate.

Safety and risks of rehabilitation
KSCCM Recommendation
■ Rehabilitation is an intervention that can be safely applied in the ICU. (Grade B) [Update]
■ A rehabilitation program should consist of a rehabilitation protocol, safety and effectiveness index, and indications for stopping via a multidisciplinary approach
according to the environment of each ICU. (Grade B)
[Update]

KSCCM Recommendation
■ Rehabilitation in critically ill patients is related to a
shortened duration of delirium, mechanical ventilation,
and ICU LOS. (Grade C) [Update]
■ Although rehabilitation interventions have no effect on
mortality, continuous rehabilitation for critically ill patients can improve long-term survival. (Grade B)

Several RCTs have reported that intensive care rehabilitation treatment can strengthen limb and respiratory muscle
strength, improve physical function and quality of life, shorten the duration of delirium and mechanical ventilation, and
shorten the ICU LOS.
In a controlled study in which 60 patients were randomly
assigned to a rehabilitation group and a control group, the duration of ventilation and the LOS in the ICU were shortened
by 1.7 days and 2.5 days, respectively, in the rehabilitation
group [95]. In a randomized controlled study of 90 patients,
the rehabilitation group showed better results in the 6-minute
walking distance test, quadriceps muscle strength test, and
quality of life analysis (Physical Functioning Scale of the Short
Form 36-item questionnaire) upon discharge from the hospital [96]. A meta-analysis of 43 RCTs also reported that rehabilitation decreased the duration of ventilation by 1.7 days and
the ICU LOS by 1.2 days. However, it did not reduce the mortality rate. Many studies have similarly reported that intensive
care rehabilitation does not reduce mortality [97].
The reason why rehabilitation treatment alone does not
significantly affect mortality might be that many factors affect
mortality. However, it has been reported that the proportion
of 10-year survival was improved in patients who received
rehabilitation treatment from the ICU even after discharge
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Although the usefulness of rehabilitation for critically ill patients is recognized, the biggest stumbling block to its practical application is medical staff’s anxiety about patient safety.
Critically ill patients have a variety of instruments such as
a ventilator, central venous line, and arterial line, making it
challenging to apply rehabilitation easily due to the risk of disconnection or accidental instrument removal and anxiety that
a patient’s condition may worsen during rehabilitation associated with hemodynamic instability in critically ill patients.
However, many studies have reported that serious harm
does not occur in intensive care rehabilitation. It has been reported that rehabilitation can be safely applied to those who
are on ventilators and patients receiving continuous renal replacement therapy or extracorporeal membrane oxygenation
[99,100].
In a prospective observational study with 1,100 patients
and a total of 5,267 rehabilitation sessions, 34 (0.6%) adverse
reactions occurred. The most common adverse reactions
were arrhythmias (10 cases, 0.2%) and an increase in mean
arterial pressure to 140 mm Hg or more (8 cases, 0.2%), which
resulted in an increased LOS in the ICU. However, no serious
adverse reactions were reported [101]. In a meta-analysis of
48 studies, only 78 cases (0.6%) out of a total of 14,398 rehabilitation sessions had adverse reactions. Very few adverse reactions may cause harm, such as falls and endotracheal tube
dislocation [102].
It is important to set criteria for the implementation and
discontinuation of rehabilitation treatment appropriate for
the characteristics of each ICU and then implement the rehabilitation treatment accordingly (Table 10) [103]. Collaboration of various medical staff is essential for achieving this goal.
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Table 10. Safety criteria for stopping physical rehabilitation
Criteria
Dyspnea (respiration rate >35 breaths/min, use of accessary muscles)
Cyanosis
Decreased oxygen saturation (oxygen saturation <90%)
Dizziness
Tachycardia (increase of more than 30 beats/min in basal pulse rate)
Patient maladjustment (sweating, tremor, etc.)
Patient rejection
Judgment by medical staff (physical therapist, nurse, etc.)
Fall
Medical device disconnection

It is important that the ICU doctor, nurse, rehabilitation medicine doctor, and physical therapist form a team to develop a
rehabilitation program tailored to the characteristics of each
ICU. It is also necessary to develop a rehabilitation treatment
program suitable for each hospital’s situation by discussing
the patients who will receive intensive care rehabilitation,
evaluation indicators for safety and effectiveness, the rehabilitation protocol, and criteria for stopping treatment.

Sleep Disturbance
Causes
Sleep disturbance is one of the most common complaints of
critically ill patients. Sleep disturbance in the ICU includes
sleep segmentation, increased light sleep (N1+N2 stage), and
decreased rapid eye movement (REM) sleep [104]. Sleep disturbance can cause delirium, prolong mechanical ventilation,
and decrease immune function. Since sleep disturbance is a
controllable risk factor for the development of delirium, the
incidence of delirium can be lowered by correcting factors that
may cause sleep disturbance.
Potential causes of sleep disturbance include the environment of the ICU, such as continuously bright lights and alarm
sounds, the patient treatment process, pain, and ventilation.
Sleep disturbance can also be caused by systemic inflammatory conditions and drugs used [105]. The mode of the
ventilator also plays an important role. According to the 2018
PADIS guidelines, using the assist-control mode at night may
help improve sleep quality in comparison to using the pressure-support mode [94,106].
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Table 11. Description of a sleep-promoting protocol
Description
Noise

Light

Patient
care

Close all doors
Reduction of call and machine alarm sounds (24:00–06:00)
Medical staff talk quietly
Use of earplugs
Turn off central lighting in the intensive care unit (24:00–06:00)
Application of eyeshades
Use of dim bedside lighting for patient care
Prohibition of unnecessary tests and blood collection (24:00–
06:00)
Maintaining adequate sedation
Assessment of pain and use of appropriate analgesics
Use of the assist-control ventilation mode during the night
(24:00–06:00)

Treatment
KSCCM Recommendation
■ Sleep disturbance is a common risk factor for delirium
in the ICU. Appropriate control of sleep disturbance can
prevent delirium. (Grade B) [Update]
■ A sleep-promoting protocol (offering earplugs and eyeshades, avoiding unnecessary examinations) should be
used to improve the sleep of critically ill patients. (Grade
A) [Update]

Nonpharmacologic therapy
The main factors that interfere with sleep in the ICU are often
aspects of the environment, such as bright lighting, machine
alarms, and ventilator alarms. Therefore, minimizing unnecessary nursing treatment or examinations at night, using
earplugs and eyeshades, and similar steps can produce a
significant effect on sleep disturbance at a low cost. One RCT
comparing patients who used earplugs at night (n=69) with
a control group that did not (n=67) reported that the use of
earplugs improved the sleep quality and lowered the risk of
delirium [107]. In addition, in a study that performed quality
improvement activities by bundling various environmental
interventions such as the use of earplugs and sleeping masks,
reduction of nursing activities, and avoidance of unnecessary
blood draws and examinations, the incidence of delirium
was reduced (33% vs. 14%). The duration of delirium was also
reduced (3.4 days vs. 1.2 days) [108]. As such, nonpharmaceutical treatment alone can improve sleep disorders, and appropriate nonpharmacologic strategies play a significant role in
the treatment of critically ill patients (Table 11).
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Pharmacologic treatment
Various studies have been conducted on sleep-inducing drugs
(melatonin, dexmedetomidine, and propofol) in treating critically ill patients. However, no drugs have shown effects. As
a sedative, dexmedetomidine, which has recently been used
extensively in ICUs, has been used in small studies to induce
sleep only at night. It has been reported that dexmedetomidine
can increase stage 2 sleep and preserve the day-night sleep
cycle [109,110]. However, an RCT of 100 subjects reported that
low-dose dexmedetomidine had no significant effects on sleep
[84]. Considering the high cost of this drug and its hemodynamic side effects, it is not recommended for inducing sleep.
Since there are few large-scale studies on drugs administered
at night to promote sleep in adult ICU patients, further studies
should be conducted.

DISCUSSION
Compared to the 2010 guidelines, we aimed to provide recent
updates on the information that clinicians need to advance
treatment for critically ill ICU patients. The 2021 KSCCM
clinical guideline was developed based on the 2018 PADIS
guideline, which was an update of the 2013 PAD guideline
with the addition of rehabilitation/mobility and sleep. Routine
monitoring and assessment for pain, sedation, and delirium
using the most valid and reliable tools can improve outcomes
associated with nonpharmacologic and pharmacologic therapeutic interventions. After initial nonpharmacologic therapy,
the optimal medication choice and dose can be considered
for pharmacologic treatment to treat PAD. A multi-modal analgesia strategy is needed to reduce opioid use and increase
pain-modulating effects, thereby improving pain control and
patient-centered outcomes. The strategy of enhancing patient
comfort while maintaining a light level of sedation improves
clinical outcomes. The 2021 KSCCM guideline particularly emphasizes active rehabilitation and sleep as factors influencing
the recovery of critically ill ICU patients. In summary, a multidisciplinary strategy, including administering adequate pain
treatment, maintaining a light level of sedation, performing
routine monitoring and treatment for delirium, providing active rehabilitation in the ICU, and offering treatment for sleep
disturbance, is needed to improve the clinical outcomes of
critically ill ICU patients. Although these guidelines cannot offer definitive answers on all topics that are important to critical
care clinicians, we believe that they can serve as a cornerstone
for a comprehensive discussion on clinical issues relevant to
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patient management.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was reported.

ORCID
Yijun Seo
Hak-Jae Lee
Eun Jin Ha
Tae Sun Ha

https://orcid.org/0000-0003-3845-0907
https://orcid.org/0000-0002-7016-5076
https://orcid.org/0000-0003-3278-0550
https://orcid.org/0000-0003-3683-6929

AUTHOR CONTRIBUTIONS
Conceptualization: TSH. Data curation: HJL, EJH. Methodology: HJL, EJH. Writing–original draft: YS. Writing–review &
editing: TSH.

REFERENCES
1. Cohen M, Quintner J, van Rysewyk S. Reconsidering the International Association for the Study of Pain definition of pain.
Pain Rep 2018;3:e634.
2. Skrobik Y, Ahern S, Leblanc M, Marquis F, Awissi DK, Kavanagh
BP. Protocolized intensive care unit management of analgesia,
sedation, and delirium improves analgesia and subsyndromal
delirium rates. Anesth Analg 2010;111:451-63.
3. Kim T, Kim JS, Choi EY, Chang Y, Choi WI, Hwang JJ, et al. Utilization of pain and sedation therapy on noninvasive mechanical ventilation in Korean intensive care units: a multi-center
prospective observational study. Acute Crit Care 2020;35:25562.
4. Balas MC, Weinhouse GL, Denehy L, Chanques G, Rochwerg B,
Misak CJ, et al. Interpreting and implementing the 2018 pain,
agitation/sedation, delirium, immobility, and sleep disruption
clinical practice guideline. Crit Care Med 2018;46:1464-70.
5. Desbiens NA, Wu AW, Broste SK, Wenger NS, Connors AF Jr,
Lynn J, et al. Pain and satisfaction with pain control in seriously
ill hospitalized adults: findings from the SUPPORT research
investigations. For the SUPPORT investigators. Study to Understand Prognoses and Preferences for Outcomes and Risks of
Treatmentm. Crit Care Med 1996;24:1953-61.
6. Chanques G, Jaber S, Barbotte E, Violet S, Sebbane M, Perrigault PF, et al. Impact of systematic evaluation of pain and agi-

Acute and Critical Care 2022 February 37(1):1-25

Seo Y, et al. 2021 KSCCM PADIS guidelines in adult ICU

tation in an intensive care unit. Crit Care Med 2006;34:1691-9.

20. Pandey CK, Raza M, Tripathi M, Navkar DV, Kumar A, Singh

7. Chanques G, Viel E, Constantin JM, Jung B, de Lattre S, Carr J,

UK. The comparative evaluation of gabapentin and carba-

et al. The measurement of pain in intensive care unit: compari-

mazepine for pain management in Guillain-Barré syndrome

son of 5 self-report intensity scales. Pain 2010;151:711-21.

patients in the intensive care unit. Anesth Analg 2005;101:220-

8. Karahan A. Comparison of three rating scales for assessing
pain intensity in an intensive care unit. Turk J Thorac Cardiovasc Surg 2012;20:50-5.
9. Gélinas C. The Faces Pain Thermometer: a new tool for critically ill adults. Perspect Infirm 2007;4:12-20.
10. Payen JF, Bru O, Bosson JL, Lagrasta AR, Novel EP, Deschaux IR,
et al. Assessing pain in critically ill sedated patients by using a
behavioral pain scale. Crit Care Med 2001;29:2258-63.

5.
21. Dasta JF, Fuhrman TM, McCandles C. Patterns of prescribing
and administering drugs for agitation and pain in patients in a
surgical intensive care unit. Crit Care Med 1994;22:974-80.
22. Kress JP, Pohlman AS, O’Connor MF, Hall JB. Daily interruption
of sedative infusions in critically ill patients undergoing mechanical ventilation. N Engl J Med 2000;342:1471-7.
23. Boldt J, Thaler E, Lehmann A, Papsdorf M, Isgro F. Pain man-

11. Gélinas C, Fillion L, Puntillo KA, Viens C, Fortier M. Validation

agement in cardiac surgery patients: comparison between

of the critical-care pain observation tool in adult patients. Am J

standard therapy and patient-controlled analgesia regimen. J

Crit Care 2006;15:420-7.

Cardiothorac Vasc Anesth 1998;12:654-8.

12. Puntillo KA, Neuhaus J, Arai S, Paul SM, Gropper MA, Cohen

24. Blasco TA, Lee D, Amalric M, Swerdlow NR, Smith NT, Koob GF.

NH, et al. Challenge of assessing symptoms in seriously ill in-

The role of the nucleus raphe pontis and the caudate nucleus

tensive care unit patients: can proxy reporters help? Crit Care

in alfentanil rigidity in the rat. Brain Res 1986;386:280-6.

Med 2012;40:2760-7.
13. Desbiens NA, Mueller-Rizner N. How well do surrogates assess
the pain of seriously ill patients? Crit Care Med 2000;28:134752.
14. Kapoustina O, Echegaray-Benites C, Gélinas C. Fluctuations in

25. Pokela ML, Ryhänen PT, Koivisto ME, Olkkola KT, Saukkonen
AL. Alfentanil-induced rigidity in newborn infants. Anesth Analg 1992;75:252-7.
26. Bailey PL, Wilbrink J, Zwanikken P, Pace NL, Stanley TH. Anesthetic induction with fentanyl. Anesth Analg 1985;64:48-53.

vital signs and behavioural responses of brain surgery patients

27. Cantais A, Schnell D, Vincent F, Hammouda Z, Perinel S, Bali-

in the intensive care unit: are they valid indicators of pain? J

chard S, et al. Acetaminophen-induced changes in systemic

Adv Nurs 2014;70:2562-76.

blood pressure in critically ill patients: results of a multicenter

15. Payen JF, Chanques G, Mantz J, Hercule C, Auriant I, Leguillou

cohort study. Crit Care Med 2016;44:2192-8.

JL, et al. Current practices in sedation and analgesia for me-

28. Barr J, Fraser GL, Puntillo K, Ely EW, Gélinas C, Dasta JF, et al.

chanically ventilated critically ill patients: a prospective multi-

Clinical practice guidelines for the management of pain, agita-

center patient-based study. Anesthesiology 2007;106:687-95.

tion, and delirium in adult patients in the intensive care unit.

16. Wilhelm W, Kreuer S. The place for short-acting opioids: special
emphasis on remifentanil. Crit Care 2008;12(Suppl 3):S5.
17. White PF, Kehlet H, Neal JM, Schricker T, Carr DB, Carli F, et al.

Crit Care Med 2013;41:263-306.
29. Kollef MH, Levy NT, Ahrens TS, Schaiff R, Prentice D, Sherman
G. The use of continuous i.v. sedation is associated with pro-

The role of the anesthesiologist in fast-track surgery: from mul-

longation of mechanical ventilation. Chest 1998;114:541-8.

timodal analgesia to perioperative medical care. Anesth Analg

30. Brattebø G, Hofoss D, Flaatten H, Muri AK, Gjerde S, Plsek PE.

2007;104:1380-96.
18. Cattabriga I, Pacini D, Lamazza G, Talarico F, Di Bartolomeo
R, Grillone G, et al. Intravenous paracetamol as adjunctive

Effect of a scoring system and protocol for sedation on duration
of patients’ need for ventilator support in a surgical intensive
care unit. BMJ 2002;324:1386-9.

treatment for postoperative pain after cardiac surgery: a dou-

31. Shehabi Y, Bellomo R, Reade MC, Bailey M, Bass F, Howe B, et

ble blind randomized controlled trial. Eur J Cardiothorac Surg

al. Early goal-directed sedation versus standard sedation in

2007;32:527-31.

mechanically ventilated critically ill patients: a pilot study. Crit

19. Beloeil H, Delage N, Nègre I, Mazoit JX, Benhamou D. The me-

Care Med 2013;41:1983-91.

dian effective dose of nefopam and morphine administered

32. Bugedo G, Tobar E, Aguirre M, Gonzalez H, Godoy J, Lira MT, et

intravenously for postoperative pain after minor surgery: a pro-

al. The implementation of an analgesia-based sedation proto-

spective randomized double-blinded isobolographic study of

col reduced deep sedation and proved to be safe and feasible

their analgesic action. Anesth Analg 2004;98:395-400.

in patients on mechanical ventilation. Rev Bras Ter Intensiva

Acute and Critical Care 2022 February 37(1):1-25

https://www.accjournal.org

21

Seo Y, et al. 2021 KSCCM PADIS guidelines in adult ICU

2013;25:188-96.

46. Perren A, Domenighetti G, Mauri S, Genini F, Vizzardi N. Pro-

33. Carson SS, Kress JP, Rodgers JE, Vinayak A, Campbell-Bright S,

tocol-directed weaning from mechanical ventilation: clinical

Levitt J, et al. A randomized trial of intermittent lorazepam ver-

outcome in patients randomized for a 30-min or 120-min

sus propofol with daily interruption in mechanically ventilated

trial with pressure support ventilation. Intensive Care Med

patients. Crit Care Med 2006;34:1326-32.

2002;28:1058-63.

34. Mehta S, Burry L, Cook D, Fergusson D, Steinberg M, Granton

47. Ely EW, Shintani A, Truman B, Speroff T, Gordon SM, Harrell

J, et al. Daily sedation interruption in mechanically ventilated

FE Jr, et al. Delirium as a predictor of mortality in mechan-

critically ill patients cared for with a sedation protocol: a ran-

ically ventilated patients in the intensive care unit. JAMA

domized controlled trial. JAMA 2012;308:1985-92.

2004;291:1753-62.

35. Riker RR, Fraser GL. Monitoring sedation, agitation, analgesia,

48. Vallverdú I, Calaf N, Subirana M, Net A, Benito S, Mancebo

neuromuscular blockade, and delirium in adult ICU patients.

J. Clinical characteristics, respiratory functional parameters,

Semin Respir Crit Care Med 2001;22:189-98.

and outcome of a two-hour T-piece trial in patients wean-

36. MacIntyre N. Discontinuing mechanical ventilatory support.
Chest 2007;132:1049-56.

ing from mechanical ventilation. Am J Respir Crit Care Med
1998;158:1855-62.

37. Vinik HR, Kissin I. Rapid development of tolerance to anal-

49. Brochard L, Rauss A, Benito S, Conti G, Mancebo J, Rekik N, et

gesia during remifentanil infusion in humans. Anesth Analg

al. Comparison of three methods of gradual withdrawal from

1998;86:1307-11.

ventilatory support during weaning from mechanical ventila-

38. Boles JM, Bion J, Connors A, Herridge M, Marsh B, Melot
C, et al. Weaning from mechanical ventilation. Eur Respir J
2007;29:1033-56.
39. Olson DM, Thoyre SM, Peterson ED, Graffagnino C. A randomized evaluation of bispectral index-augmented sedation assess-

tion. Am J Respir Crit Care Med 1994;150:896-903.
50. Koh WY, Lew TW, Chin NM, Wong MF. Tracheostomy in a
neuro-intensive care setting: indications and timing. Anaesth
Intensive Care 1997;25:365-8.
51. Snellen F, Lauwers P, Demeyere R, Byttebier G, Van Aken H.

ment in neurological patients. Neurocrit Care 2009;11:20-7.

The use of midazolam versus propofol for short-term sedation

40. Yang KS, Habib AS, Lu M, Branch MS, Muir H, Manberg P, et

following coronary artery bypass grafting. Intensive Care Med

al. A prospective evaluation of the incidence of adverse events
in nurse-administered moderate sedation guided by sedation
scores or Bispectral Index. Anesth Analg 2014;119:43-8.
41. Matić I, Majerić-Kogler V. Comparison of pressure support and
T-tube weaning from mechanical ventilation: randomized prospective study. Croat Med J 2004;45:162-6.

1990;16:312-6.
52. Roekaerts PM, Huygen FJ, de Lange S. Infusion of propofol
versus midazolam for sedation in the intensive care unit following coronary artery surgery. J Cardiothorac Vasc Anesth
1993;7:142-7.
53. Huey-Ling L, Chun-Che S, Jen-Jen T, Shau-Ting L, Hsing-I C.

42. Farias JA, Retta A, Alía I, Olazarri F, Esteban A, Golubicki A, et

Comparison of the effect of protocol-directed sedation with

al. A comparison of two methods to perform a breathing trial

propofol vs. midazolam by nurses in intensive care: efficacy,

before extubation in pediatric intensive care patients. Intensive

haemodynamic stability and patient satisfaction. J Clin Nurs

Care Med 2001;27:1649-54.

2008;17:1510-7.

43. Jones DP, Byrne P, Morgan C, Fraser I, Hyland R. Positive

54. Zhou Y, Jin X, Kang Y, Liang G, Liu T, Deng N. Midazolam and

end-expiratory pressure vs T-piece: extubation after mechani-

propofol used alone or sequentially for long-term sedation in

cal ventilation. Chest 1991;100:1655-9.

critically ill, mechanically ventilated patients: a prospective,

44. Haberthür C, Mols G, Elsasser S, Bingisser R, Stocker R, Guttmann J. Extubation after breathing trials with automatic tube

55. Sandiumenge Camps A, Sanchez-Izquierdo Riera JA, Toral

compensation, T-tube, or pressure support ventilation. Acta

Vazquez D, Sa Borges M, Peinado Rodriguez J, Alted Lopez E.

Anaesthesiol Scand 2002;46:973-9.

Midazolam and 2% propofol in long-term sedation of trauma-

45. Esteban A, Alía I, Tobin MJ, Gil A, Gordo F, Vallverdú I, et al.
Effect of spontaneous breathing trial duration on outcome

22

randomized study. Crit Care 2014;18:R122.

tized critically ill patients: efficacy and safety comparison. Crit
Care Med 2000;28:3612-9.

of attempts to discontinue mechanical ventilation. Spanish

56. Mesnil M, Capdevila X, Bringuier S, Trine PO, Falquet Y, Charbit

Lung Failure Collaborative Group. Am J Respir Crit Care Med

J, et al. Long-term sedation in intensive care unit: a random-

1999;159:512-8.

ized comparison between inhaled sevoflurane and intravenous

https://www.accjournal.org

Acute and Critical Care 2022 February 37(1):1-25

Seo Y, et al. 2021 KSCCM PADIS guidelines in adult ICU

propofol or midazolam. Intensive Care Med 2011;37:933-41.

PRE-DELIRIC (PREdiction of DELIRium in ICu patients) deliri-

57. Riker RR, Shehabi Y, Bokesch PM, Ceraso D, Wisemandle W,

um prediction model for intensive care patients: observational

Koura F, et al. Dexmedetomidine vs midazolam for sedation of
critically ill patients: a randomized trial. JAMA 2009;301:48999.
58. Jakob SM, Ruokonen E, Grounds RM, Sarapohja T, Garratt C,
Pocock SJ, et al. Dexmedetomidine vs midazolam or propofol
for sedation during prolonged mechanical ventilation: two
randomized controlled trials. JAMA 2012;307:1151-60.
59. Sachdeva A, Choudhary M, Chandra M. Alcohol withdrawal
syndrome: benzodiazepines and beyond. J Clin Diagn Res
2015;9:VE01-7.

multicentre study. BMJ 2012;344:e420.
70. van den Boogaard M, Schoonhoven L, Maseda E, Plowright C,
Jones C, Luetz A, et al. Recalibration of the delirium prediction
model for ICU patients (PRE-DELIRIC): a multinational observational study. Intensive Care Med 2014;40:361-9.
71. Wassenaar A, van den Boogaard M, van Achterberg T, Slooter
AJ, Kuiper MA, Hoogendoorn ME, et al. Multinational development and validation of an early prediction model for delirium
in ICU patients. Intensive Care Med 2015;41:1048-56.
72. Ely EW, Inouye SK, Bernard GR, Gordon S, Francis J, May L, et

60. Nutman J, Brooks LJ, Deakins KM, Baldesare KK, Witte MK,

al. Delirium in mechanically ventilated patients: validity and

Reed MD. Racemic versus l-epinephrine aerosol in the

reliability of the confusion assessment method for the intensive

treatment of postextubation laryngeal edema: results from a
prospective, randomized, double-blind study. Crit Care Med
1994;22:1591-4.
61. Vitacca M, Vianello A, Colombo D, Clini E, Porta R, Bianchi L,

care unit (CAM-ICU). JAMA 2001;286:2703-10.
73. Andrews L, Silva SG, Kaplan S, Zimbro K. Delirium monitoring
and patient outcomes in a general intensive care unit. Am J Crit
Care 2015;24:48-56.

et al. Comparison of two methods for weaning patients with

74. Bigatello LM, Amirfarzan H, Haghighi AK, Newhouse B, Del Rio

chronic obstructive pulmonary disease requiring mechanical

JM, Allen K, et al. Effects of routine monitoring of delirium in a

ventilation for more than 15 days. Am J Respir Crit Care Med

surgical/trauma intensive care unit. J Trauma Acute Care Surg

2001;164:225-30.

2013;74:876-83.

62. Benbenbishty J, Adam S, Endacott R. Physical restraint use in

75. Pandharipande PP, Girard TD, Jackson JC, Morandi A, Thomp-

intensive care units across Europe: the PRICE study. Intensive

son JL, Pun BT, et al. Long-term cognitive impairment after

Crit Care Nurs 2010;26:241-5.

critical illness. N Engl J Med 2013;369:1306-16.

63. Kandeel NA, Attia AK. Physical restraints practice in adult intensive care units in Egypt. Nurs Health Sci 2013;15:79-85.
64. Rose L, Burry L, Mallick R, Luk E, Cook D, Fergusson D, et al.

76. Girard TD, Pandharipande PP, Carson SS, Schmidt GA, Wright
PE, Canonico AE, et al. Feasibility, efficacy, and safety of antipsychotics for intensive care unit delirium: the MIND random-

Prevalence, risk factors, and outcomes associated with physi-

ized, placebo-controlled trial. Crit Care Med 2010;38:428-37.

cal restraint use in mechanically ventilated adults. J Crit Care

77. Page VJ, Ely EW, Gates S, Zhao XB, Alce T, Shintani A, et al.

2016;31:31-5.

Effect of intravenous haloperidol on the duration of delirium

65. Burry LD, Williamson DR, Perreault MM, Rose L, Cook DJ,

and coma in critically ill patients (Hope-ICU): a randomised,

Ferguson ND, et al. Analgesic, sedative, antipsychotic, and

double-blind, placebo-controlled trial. Lancet Respir Med

neuromuscular blocker use in Canadian intensive care units:

2013;1:515-23.

a prospective, multicentre, observational study. Can J Anaesth
2014;61:619-30.
66. Dubois MJ, Bergeron N, Dumont M, Dial S, Skrobik Y. Delirium
in an intensive care unit: a study of risk factors. Intensive Care
Med 2001;27:1297-304.
67. Salam A, Tilluckdharry L, Amoateng-Adjepong Y, Manthous
CA. Neurologic status, cough, secretions and extubation outcomes. Intensive Care Med 2004;30:1334-9.
68. Inouye SK. Delirium in older persons. N Engl J Med 2006;354:
1157-65.

78. Devlin JW, Roberts RJ, Fong JJ, Skrobik Y, Riker RR, Hill NS, et al.
Efficacy and safety of quetiapine in critically ill patients with delirium: a prospective, multicenter, randomized, double-blind,
placebo-controlled pilot study. Crit Care Med 2010;38:419-27.
79. Skrobik YK, Bergeron N, Dumont M, Gottfried SB. Olanzapine
vs haloperidol: treating delirium in a critical care setting. Intensive Care Med 2004;30:444-9.
80. Needham DM, Colantuoni E, Dinglas VD, Hough CL, Wozniak
AW, Jackson JC, et al. Rosuvastatin versus placebo for delirium in intensive care and subsequent cognitive impairment

69. van den Boogaard M, Pickkers P, Slooter AJ, Kuiper MA, Spronk

in patients with sepsis-associated acute respiratory distress

PE, van der Voort PH, et al. Development and validation of

syndrome: an ancillary study to a randomised controlled trial.

Acute and Critical Care 2022 February 37(1):1-25

https://www.accjournal.org

23

Seo Y, et al. 2021 KSCCM PADIS guidelines in adult ICU

Lancet Respir Med 2016;4:203-12.

Care Med 2014;42:849-59.

81. Reade MC, Eastwood GM, Bellomo R, Bailey M, Bersten A,

93. Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik

Cheung B, et al. Effect of dexmedetomidine added to standard

AJ, Esbrook CL, et al. Early physical and occupational therapy

care on ventilator-free time in patients with agitated delirium:

in mechanically ventilated, critically ill patients: a randomised

a randomized clinical trial. JAMA 2016;315:1460-8.

controlled trial. Lancet 2009;373:1874-82.

82. Al-Qadheeb NS, Skrobik Y, Schumaker G, Pacheco MN, Roberts

94. Devlin JW, Skrobik Y, Gélinas C, Needham DM, Slooter AJ,

RJ, Ruthazer RR, et al. Preventing ICU subsyndromal deliri-

Pandharipande PP, et al. Clinical practice guidelines for the

um conversion to delirium with low-dose IV haloperidol: a

prevention and management of pain, agitation/sedation, delir-

double-blind, placebo-controlled pilot study. Crit Care Med

ium, immobility, and sleep disruption in adult patients in the

2016;44:583-91.

ICU. Crit Care Med 2018;46:e825-73.

83. van den Boogaard M, Slooter AJ, Brüggemann RJ, Schoonhoven

95. Dong ZH, Yu BX, Sun YB, Fang W, Li L. Effects of early rehabili-

L, Beishuizen A, Vermeijden JW, et al. Effect of haloperidol on

tation therapy on patients with mechanical ventilation. World J

survival among critically ill adults with a high risk of delirium:
the REDUCE Randomized Clinical Trial. JAMA 2018;319:68090.

Emerg Med 2014;5:48-52.
96. Burtin C, Clerckx B, Robbeets C, Ferdinande P, Langer D,
Troosters T, et al. Early exercise in critically ill patients enhanc-

84. Skrobik Y, Duprey MS, Hill NS, Devlin JW. Low-dose nocturnal
dexmedetomidine prevents ICU delirium: a randomized, placebo-controlled trial. Am J Respir Crit Care Med 2018;197:114756.

es short-term functional recovery. Crit Care Med 2009;37:2499505.
97. Waldauf P, Jiroutková K, Krajčová A, Puthucheary Z, Duška F.
Effects of rehabilitation interventions on clinical outcomes in

85. Foster J, Kelly M. A pilot study to test the feasibility of a nonpharmacologic intervention for the prevention of delirium in

critically ill patients: systematic review and meta-analysis of
randomized controlled trials. Crit Care Med 2020;48:1055-65.

the medical intensive care unit. Clin Nurse Spec 2013;27:231-8.

98. Chao PW, Shih CJ, Lee YJ, Tseng CM, Kuo SC, Shih YN, et al.

86. Moon KJ, Lee SM. The effects of a tailored intensive care unit

Association of postdischarge rehabilitation with mortality in

delirium prevention protocol: a randomized controlled trial.

intensive care unit survivors of sepsis. Am J Respir Crit Care

Int J Nurs Stud 2015;52:1423-32.

Med 2014;190:1003-11.

87. Colombo R, Corona A, Praga F, Minari C, Giannotti C, Castelli A,

99. Abrams D, Javidfar J, Farrand E, Mongero LB, Agerstrand CL,

et al. A reorientation strategy for reducing delirium in the crit-

Ryan P, et al. Early mobilization of patients receiving extracor-

ically ill: results of an interventional study. Minerva Anestesiol

poreal membrane oxygenation: a retrospective cohort study.

2012;78:1026-33.

Crit Care 2014;18:R38.

88. Hanison J, Conway D. A multifaceted approach to preven-

100. Mayer KP, Joseph-Isang E, Robinson LE, Parry SM, Morris PE,

tion of delirium on intensive care. BMJ Qual Improv Rep

Neyra JA. Safety and feasibility of physical rehabilitation and

2015;4:u209656.w4000.

active mobilization in patients requiring continuous renal

89. Lee HJ, Bae E, Lee HY, Lee SM, Lee J. Association of natural
light exposure and delirium according to the presence or absence of windows in the intensive care unit. Acute Crit Care
2021;36:332-41.

replacement therapy: a systematic review. Crit Care Med
2020;48:e1112-20.
101. Sricharoenchai T, Parker AM, Zanni JM, Nelliot A, Dinglas VD,
Needham DM. Safety of physical therapy interventions in

90. Barnes-Daly MA, Phillips G, Ely EW. Improving hospital surviv-

critically ill patients: a single-center prospective evaluation of

al and reducing brain dysfunction at seven California commu-

1110 intensive care unit admissions. J Crit Care 2014;29:395-

nity hospitals: implementing PAD guidelines via the ABCDEF
bundle in 6,064 patients. Crit Care Med 2017;45:171-8.

400.
102. Nydahl P, Sricharoenchai T, Chandra S, Kundt FS, Huang M,

91. Denehy L, Lanphere J, Needham DM. Ten reasons why ICU

Fischill M, et al. Safety of patient mobilization and rehabili-

patients should be mobilized early. Intensive Care Med

tation in the intensive care unit: systematic review with me-

2017;43:86-90.
92. Fan E, Dowdy DW, Colantuoni E, Mendez-Tellez PA, Sevransky
JE, Shanholtz C, et al. Physical complications in acute lung injury survivors: a two-year longitudinal prospective study. Crit

24

https://www.accjournal.org

ta-analysis. Ann Am Thorac Soc 2017;14:766-77.
103. Kim W. Rehabilitation in intensive care unit. J Acute Care Surg
2018;8:2-6.
104. Cooper AB, Thornley KS, Young GB, Slutsky AS, Stewart TE,

Acute and Critical Care 2022 February 37(1):1-25

Seo Y, et al. 2021 KSCCM PADIS guidelines in adult ICU

Hanly PJ. Sleep in critically ill patients requiring mechanical
ventilation. Chest 2000;117:809-18.

trial in intensive care patients. Crit Care 2012;16:R73.
108. Patel J, Baldwin J, Bunting P, Laha S. The effect of a multicom-

105. Mundigler G, Delle-Karth G, Koreny M, Zehetgruber M,

ponent multidisciplinary bundle of interventions on sleep

Steindl-Munda P, Marktl W, et al. Impaired circadian rhythm

and delirium in medical and surgical intensive care patients.

of melatonin secretion in sedated critically ill patients with

Anaesthesia 2014;69:540-9.

severe sepsis. Crit Care Med 2002;30:536-40.

109. Alexopoulou C, Kondili E, Diamantaki E, Psarologakis C, Kok-

106. Cabello B, Thille AW, Drouot X, Galia F, Mancebo J, d’Ortho

kini S, Bolaki M, et al. Effects of dexmedetomidine on sleep

MP, et al. Sleep quality in mechanically ventilated patients:

quality in critically ill patients: a pilot study. Anesthesiology

comparison of three ventilatory modes. Crit Care Med

2014;121:801-7.

2008;36:1749-55.

110. Oto J, Yamamoto K, Koike S, Onodera M, Imanaka H,

107. Van Rompaey B, Elseviers MM, Van Drom W, Fromont V,

Nishimura M. Sleep quality of mechanically ventilated pa-

Jorens PG. The effect of earplugs during the night on the onset

tients sedated with dexmedetomidine. Intensive Care Med

of delirium and sleep perception: a randomized controlled

2012;38:1982-9.

Acute and Critical Care 2022 February 37(1):1-25

https://www.accjournal.org

25

