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Neurocritical patients who can self-report pain use the 0-10 numerical rating scale (NRS,
verbal or visual form). However, critically ill patients whose nervous systems cannot express
pain use the behavioral pain scale (BPS) and the critical care pain observation tool (CPOT)
behavioral pain assessment tools. These tools reveal pain-related changes in movement,
facial expression, posture, and physiological indicators such as heart rate, blood pressure,
and respiratory rate. In pain control, it is first essential to reduce unnecessary painkillers
through non-drug therapy and maximize the effect of the administered analgesics. For non-
neuropathic pain, narcotic analgesics such as fentanyl, hydromorphone, morphine, and
remifentanil are administered intravenously. Gabapentin, pregabalin, and carbamazepine are
recommended along with narcotic analgesics for neuropathic pain control. In addition, non-
narcotic analgesics for multi-modal analgesia are used to reduce the use of narcotic analgesics
or the side effects of narcotic analgesics. In the intensive care unit (ICU), the sedation-
agitation scale (SAS) and the Richmond agitation-sedation scale (RASS) are used to determine
the depth of sedation to be maintained during shallow or deep sedation, considering the
condition of the critically ill patient. When selecting sedatives for critically ill patients,
preferentially consider nonbenzodiazepines such as propofol or dexmedetomidine rather
than benzodiazepines such as midazolam or lorazepam. In addition, patients use painkillers or
sedatives for over a week, and neurological changes or physiological dependence may occur.
Therefore, clinicians should evaluate the critically ill patient’s condition, and sedatives and
painkillers should be reduced or discontinued.
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Figure 1. Pain assessment tool. NRS; numeric rating scale, VDS; verbal descriptor scale, FPS; faces pain scale.
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Table 1. Behavior pain scale (BPS)
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Characteristic Description Scale
Facial expression Relaxed 1
Partially tightened 2
Fully tightened 3
Grimacing 4
Upper limbs No movement 1
Partially bent 2
Fully bent, fingers flexed 3
Permanently retracted 4
Compliance with ventilation Tolerating ventilator 1
Coughing, but tolerating ventilator 2
Fighting ventilator 3
Unable to control ventilation 4
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Table 2. Pharmacological action of narcotic analgesics
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(nonsteroidal anti-inflammatory drug), °PHEotu] =3

H|AB| 20| =EAHA|
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yD, sl=2 22X (hydromorphone), = Z2H(morphine)
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tin), g

5 22 a%E

2 ZolAu BAES g

OfHl, 22 3588 A8 L ARKE) 27| A YF Y A& 85 8Y
Fentanyl, IV 100 pg 1-2 2-4 hours  2-4 mg/day 1-2 hr 0.7-10 pg/kg/hr
Hydromorphone, IV 15mg 5-15 2-3 hours  0.2-0.6 mg/day 1-2 hr 0.5-3 mg/hr

Morphine, IV 10mg 5-10 3-4 hours  2-4mg/ day 1-2 hr 2-30 mg/hr

Remifentanil, IV 1-3 mg 1-3 3-10 minutes Loading dose 1.5 pg/hr

Maintenance dose 0.5-15 pg/kg/hr

IV; intravenous.

Table 3. Pharmacological action of non-narcotic analgesics

kM|, 22 HEZEZ|(AIZD) CHAL H= e M 8 228

Ketamine, IV 2-3 N-demethylation Loading dose 0.1-0.5 mg/kg 22, 7|BHEAEO
Additional dose 0.05-0.4 mg/kg/hr

Acetaminophen, IV 2 Glucuronidation, sulfonation 650 mg, g 4 hr=1,000 mg, q 6 hr P ISE 27|

Ketorolac, IM/IV 2.4-8.6 A B

T

Ibuprofen, IV 22-24 Lt}

Gabapentin, PO 5-7 LY HE

Carbamazepine, PO Z|Z25-65 M3t
0% 2-17

(maximum dose <4 g/day)
30 mg IM/IV, A, AHHEE
then 15-30 mg IM/IV g 6 hr up to 5 day
(maximum dose 120 mg/day, 5 days)
400-800 mg IV, g 6 hr AR, YRHES
infused over >30 min
(maximum dose 3.2 g/day)
Initial dose 100 mg PO, three times aday TIH, &5, 17|
Maintenance dose 900-3,600 mg/day (AEH E
(three divided doses)
Initial dose 50-100 mg PO, twice aday ~ OFXl, =A|, §17|5, 7|H
Maintenance dose 100-200 mg, q 4-6 hr
(maximum dose 1,200 mg/day)

IV, intravenous; IM, intramuscular; PO, per os.
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Figure 2. A stepwise approach of pain management.
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Table 4. Richmond agitation sedation scale
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Score Characteristic Description

+4 Combative Overtly combative, violent, immediate danger to staff

+3 Very agitated Pulls on or removes tube(s) or catheter(s) or has aggressive behavior toward staff
+2 Agitated Frequent nonpurposeful movement or patient-ventilator dyssynchrony

+1 Restless Anxious or apprehensive but movements not aggressive or vigorous

0 Alert and calm Spontaneously pays attention to caregiver

= Drowsy Not fully alert, but has sustained (more than 10 seconds) awakening, with eye contact, to voice
-2 Light sedation Briefly (less than 10 seconds) awakens with eye contact to voice

-3 Moderate sedation Any movement (but no eye contact) to voice

-4 Deep sedation No response to voice, but any movement to physical stimulation

5 Unarousable No response to voice or physical stimulation
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Figure 4. Daily sedative interruption. RASS, Richmond agitation-sedation scale.

4402 AFAY JHAE Fojots F9 X459 oF
E& Agst= Ao] 2 Z4F dio] Tgo] "t A4A<
FE FUES 20-40%7HA] W

P A opiod patch2 43, AAAAETIEE
F7WHe 2w =80 9 5 Aot

% ABAE et vl EAL TR E Al AL
oAU} R Al) R8-S FAA)7] Slol A8
| FPAAHE SASSH RASSE o 85tel ZgAe] A
Bfsto] @2 14 B 22 4 F 9AFLA Bhe 2

% Zlolo] 3l AT FBANN AHAE A A9
ol S A8 AL nlcETolt ZepE 5
Zrfolopirhs X2 xEol} BlamyEnd 5o uH
402 Mg, ASAY AHAE o
% ol A8 Al4A Meht el olEAo] ek
whste] 1A% AEAS UF

omur F92 AEstolo gt

oo
i

et
lil

N

_4

)
%0
=
ofy
rlot
>,
e}
ox,
Hul
i
o



REFERENCES

. Seo Y, Lee HJ, Ha EJ, Ha TS. 2021 KSCCM clinical practice guidelines

for pain, agitation, delirium, immobility, and sleep disturbance in
the intensive care unit. Acute Crit Care 2022;37:1-25.

. KimYS, Lee HJ, Jeon SB. Management of pain and agitation for pa-

tients in the intensive care unit. J Neurocrit Care 2015;8:53-65.

. Helbok R, Kurtz P Schmidt MJ, Stuart MR, Fernandez L, Connolly

SE, et al. Effects of the neurological wake-up test on clinical exam-
ination, intracranial pressure, brain metabolism and brain tissue ox-
ygenation in severely brain-injured patients. Crit Care 2012;16:R226.

. Merskey H. Pain terms: a list with definitions and notes on usage.

Recommended by the IASP Subcommittee on Taxonomy. Pain
1979;6:249.

. Friese RS. Sleep and recovery from critical illness and injury: a re-

view of theory, current practice, and future directions. Crit Care
Med 2008;36:697-705.

. Ahlers SJ, van Gulik L, van der Veen AM, van Dongen HP, Bruins P,

Belitser SV, et al. Comparison of different pain scoring systems in
critically ill patients in a general ICU. Crit Care 2008;12:R15.

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

The measurement of pain in intensive care unit: comparison of 5
self-report intensity scales. Pain 2010;151:711-721.

. Payen JF, Bru O, Bosson JL, Lagrasta A, Novel E, Deschaux |, et al.

Assessing pain in critically ill sedated patients by using a behavioral
pain scale. Crit Care Med 2001;29:2258-2263.

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

critical-care pain observation tool in adult patients. Am J Crit Care
2006;15:420-427.

Barr J, Fraser GL, Puntillo K, Ely EW, Gélinas C, Dasta JF, et al. Clini-
cal practice guidelines for the management of pain, agitation, and
delirium in adult patients in the intensive care unit. Crit Care Med
2013;41:263-306.

Erstad BL, Puntillo K, Gilbert HC, Grap MJ, Li D, Medina J, et al. Pain
management principles in the critically ill. Chest 2009;135:1075-
1086.

Rhoney DH, Parker D Jr. Use of sedative and analgesic agents in
neurotrauma patients: effects on cerebral physiology. Neurol Res
2001,23:237-259.

. Lane RJ, Routledge PA. Drug-induced neurological disorders. Drugs

1983,26:124-147.

Carson SS, Kress JP, Rodgers JE, Vinayak A, Campbell-Bright S,
Levitt J, et al. A randomized trial of intermittent lorazepam versus
propofol with daily interruption in mechanically ventilated patients.
Crit Care Med 2006;34:1326-1332.

. Devlin JW, Roberts RJ. Pharmacology of commonly used analgesics

and sedatives in the ICU: benzodiazepines, propofol, and opioids.
Crit Care Clin 2009;25:431-449.

Seder DB, Riker RR, Jagoda A, Smith WS, Weingart SD. Emergency
neurological life support: airway, ventilation, and sedation. Neuro-
crit Care 2012;17 Suppl 1:54-S20.

Sessler CN, Varney K. Patient-focused sedation and analgesia in the
ICU. Chest 2008;133:552-565.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

LEA SENHLML & 22 H Y

=

Vinik HR, Kissin I. Rapid development of tolerance to analgesia
during remifentanil infusion in humans. Anesth Analg 1998;86:1307-
1311,

Bourgoin A, Albanése J, Wereszczynski N, Charbit M, Vialet R, Mar-
tin C. Safety of sedation with ketamine in severe head injury pa-
tients: comparison with sufentanil. Crit Care Med 2003;31:711-717.
Zeiler FA, Teitelbaum J, Gillman LM, West M. NMDA antagonists for
refractory seizures. Neurocrit Care 2014;20:502-513.

Strgm T, Martinussen T, Toft P. A protocol of no sedation for criti-
cally ill patients receiving mechanical ventilation: a randomised trial.
Lancet 2010;375:475-480.

Brook AD, Ahrens TS, Schaiff R, Prentice D, Sherman G, Shannon W,
et al. Effect of a nursing-implemented sedation protocol on the du-
ration of mechanical ventilation. Crit Care Med 1999;27:2609-2615.
Kass JE. To sleep in an intensive care unit, perchance to heal. Crit
Care Med 2008;36:988-989.

Riker RR, Picard JT, Fraser GL. Prospective evaluation of the seda-
tion-agitation scale for adult critically ill patients. Crit Care Med
1999;27:1325-1329.

Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O'Neal PV, Keane
KA, et al. The Richmond agitation-sedation scale: validity and re-
liability in adult intensive care unit patients. Am J Respir Crit Care
Med 2002;166:1338-1344.

Hughes MA, Glass PS, Jacobs JR. Context-sensitive half-time in
multicompartment pharmacokinetic models for intravenous anes-
thetic drugs. Anesthesiology 1992,76:334-341.

Egan TD, Lemmens HJ, Fiset B Hermann DJ, Muir KT, Stanski DR, et
al. The pharmacokinetics of the new short-acting opioid remifen-
tanil (GI87084B) in healthy adult male volunteers. Anesthesiology
1993;79:881-892.

Spina SP, Ensom MH. Clinical pharmacokinetic monitoring of mid-
azolam in critically ill patients. Pharmacotherapy 2007;27:389-398.
Bauer TM, Ritz R, Haberthiir C, Ha HR, Hunkeler W, Sleight AJ, et al.
Prolonged sedation due to accumulation of conjugated metabo-
lites of midazolam. Lancet 1995;346:145-147.

Pandharipande P, Shintani A, Peterson J, Pun BT, Wilkinson GR,
Dittus RS, et al. Lorazepam is an independent risk factor for tran-
sitioning to delirium in intensive care unit patients. Anesthesiology
2006;104:21-26.

Zhang H, Wang W, Gao W, Ge Y, Zhang J, Wu S, et al. Effect of
propofol on the levels of neurotransmitters in normal human
brain: a magnetic resonance spectroscopy study. Neurosci Lett
2009;467:247-251.

Wilson KC, Reardon C, Theodore AC, Farber HW. Propylene gly-
col toxicity: a severe iatrogenic illness in ICU patients receiving IV
benzodiazepines: a case series and prospective, observational pilot
study. Chest 2005;128:1674-1681.

Pandharipande PP, Pun BT, Herr DL, Maze M, Girard TD, Miller RR,
et al. Effect of sedation with dexmedetomidine vs. lorazepam on
acute brain dysfunction in mechanically ventilated patients: the
MENDS randomized controlled trial. JAMA 2007;298:2644-2653.
Riker RR, Shehabi Y, Bokesch PM, Ceraso D, Wisemandle W, Koura
F, et al. Dexmedetomidine vs midazolam for sedation of critically ill
patients: a randomized trial. JAMA 2009;301:489-499.

J Korean Neurol Assoc Volume 41 Issue 3, 2023 179



1=
4>
o
oN
=)
o
oN
2
™
=
oM
1x
k=]
M
o
oN
40
oy
OF>
Ofor
N

35. Esmaoglu A, Ulgey A, Akin A, Boyaci A. Comparison between dex-
medetomidine and midazolam for sedation of eclampsia patients
in the intensive care unit. J Crit Care 2009;24:551-555.

36. Honey BL, Benefield RJ, Miller JL, Johnson PN. Alpha2-receptor ag-
onists for treatment and prevention of iatrogenic opioid abstinence

180 CHgHMAMSEIE|X| H41H M3S, 2023

syndrome in critically ill patients. Ann Pharmacother 2009;43:1506-
1511.

37. Aitkenhead AR, Pepperman ML, Willatts SM, Coates PD, Park GR,
Bodenham AR, et al. Comparison of propofol and midazolam for
sedation in critically ill patients. Lancet 1989;2:704-709.



