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Sedation with Continuous Infusion of Midazolam
for Ventilated Patient in Intensive Care Unit

Shin Ok Koh, M.D., Sang Beom Nam, M.D. and Eun Chi Bang, M.D.

Department of Anesthesiology, Yonsei University College of Medicine, Seoul, Korea

Background: Midazolam is distinguished from other benzodiazepines by its water solubility, rapid
onset, short duration, and lack of accumulation of active metabolites. These pharmacokinetic char-
acteristics support its use by continuous infusion. We evaluated the continuous infusion dose of
midazolam for adequate sedation of ventilated patients with hemodynamic and respiratory monitoring.

Methods: We started continuous infusion of midazolam at a rate of 0.5~ 1.0 ug/kg/minute after bolus
injection of 3.0 to 5.0 mg and adjusted infusion dose monitoring sedation scale in the 15 patients. Blood
pressure, heart rate and central venous pressure were monitored before and 30 minute, 1, 2, 3 and 6
hours after midazolam infusion. Arterial blood gases were measured and peak inspiratory pressure was
monitored. We evaluated liver and kidney function before start of infusion and after discontinuation of
midazolam infusion.

Results: The mean loading dose, infusion rate and total dose of midazolam were 4.1 £0.9 mg, 1.2+0.4
pgfkg/minute and 251.9 +84.0 mg. The mean duration of infusion was 59.0+37.0 hours. After infusion,
systolic and diastolic blood pressure and heart rate and central venous pressure remained stable when
compared with those of the preinfusion state. Arterial blood gas and peak inspiratory pressure remained
unchanged. The function of liver and kidney did not deteriorate after infusion.

Conclusions: Continuous infusion of midazolam at a rate of 1.2+0.4 ug/kg/minute after 4.1+0.9 mg
intravenous bolus injection was a safe and effective method for sedation of ventilated patients in intensive
care unit without hemodynamic disturbance. (Korean J Anesthesiol 1996; 30: 561~ 565)
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Midazolam(Dormicum®, Hoffman-LaRoche, Mijdrecht,
the Netherlands)-& benzodiazepineAld 2 2§ €& 4]
Zro] 3, F8Aeln &4 dAEZ] glJ]
o &oll diazepam] chaleko 2 QoA Feol A-§
3 e’

B AzES FIAAA AR E2E e
FAHATERAZHANA ddE W SFVA
Als}tell midazolam A|&F FQloz HAY AN
g g F YE £33 Lol o] AFE A
Hslgl et

at I W

19944 99 BE] 1995w 2Y7A 671U Al
3tz ot & Auzsady Sl 14
sted AR RZE B FAIFNAZ #AE
daez ok AR BzE £3 F718 #7]
7]19] Puritan Bennett 7200(Puritan Bennett International
Inc, USA)E ol&sle] MF kg 12 mlo] 43| &
71zt EEFSF 123/, FYALEEE 052 A%
gt 71A8 7| 2% Fo| g Al midazolame}o] ot
£ AR} AZAE LG AFE Ak mi-
dazolam¥H-g Foidt AQgate 159 olgict. Mida-
zolam & Foiet7] Aol i} BEA A AF#H3
g Adan 98 Fadch dAvt 109, JA7
sdolgli HF ol 49.3+20.040]ct. HFol
U s2Ee] SFELAZF 87t 47, Au @3AA
o 488 2¥9] 327l 49, HPFQA A5t 3
golglch

Midazolam 3.0~5.0 mg$ 4413 YA HFg F
Terumo infusion pump(model STC 503, Japan)& A+
stod HE 05~10 pgkgmin o FEZ AHFFYLE
A&t $k=)e] A 4de= 5 point activity scale
(Table )& Agsie] 2~3422 fABAR, 44
o]4o] 5™ midazolam FYLEE F7helglel. Mi-
dazoalm e $7|Rz AFAl Rz A4 T
g4y ZAgFgellA Foislzl Aztsin A
o] A4 $AS R #7| Rzl olge] 715
otk oll3d o Fo & TR

Midazolam o] #A, FoiF 30%, 1 Az, 2 4]

2, 3 Al 6 Aol 7tzh "k, Auta, AR
shg FF83ck F9Y stARAS ¥ FIke
midazolam o] A3} $47F WF At SAH ¥
ol HHslelch $oi A FAFol 54T 9
8]l serum glucose oxaloacetic and pyelopyruvic trans-
aminase(SGOT and SGPT), albumin®} bilirubin &,
A715 A E 213l blood urea nitrogen(BUN)3} crea-
tinine 5 FA3ct

RE Z2Ax¥E mean+SDoZ EA3 ). Mida-
zolam A &3q] A, Foll A7l =2 ek, =yt
44 ske] #3}l= one-way ANOVAE, ¥ 7}
2843 g Fride] "3 2 s, Avlsd
Fold, Fo| wslolle paired t-test & H-&&}Act.
RE ZA3 ulz2E p gho) 005 ol o 2j2ir}
e Aoz BFeA.

| 4
Lol ¥od3 HF midazolamP-E 4.1109 mg,

B FY A7 59.0+37.0 A|7kells, HEF FY
&5E 12104 pgkgmin olglem E Foje

Table 1. Five-point Activity Scale for Sedation”

Score Level of activity

1 Comatose; does not respond to stimulation
2 Asleep; awakens with stimulation

3 Calm; catheters not at risk

4 Fussy; catheters at risk

5 Wild; no control; thrashing

Originated from Rosen DA and Rosen KR

Table 2. Midazolam Infusion Data

Variables Values

Loading dose (mg) 4.1+09
Infusion rate (ug/kg/min) 1.2+04
Infusion duration (hour) 59.0+37.0
Total dose (mg) 251.9+84.0

All values are expressed as mean=+SD.
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Table 3. Hemodynamic Data

Before 30 min. 1 hr. 2 hr. 3 hr. 6 hr.
Systolic BP (mmHg) 120+ 15 115+14 116+ 16 117415 121+15 119+18
Diastolic BP (mmHg) 7013 71+11 69113 7114 68+ 15 72416
Heart rate(beats/min) 101+11 10112 100+11 99+ 13 103+ 14 98+13
CVP (mmHg) 8+3 75 6+5 8+£5 7+6 6+5

All values are expressed as mean+SD. BP; blood pressure, min; minute, hr; hour, CVP; central venous pressure

Table 4. Arterial Blood Gases and Peak Inspiratory Pres-

sure
Before infusion After infusion
pH 7.35+04 7.36£0.5
PaO,(mmHg) 102.6 £55.6 105.6 £57.2
PaCO,(mmHg) 41.2+5.6 409+6.5
PIP(cmH-0) 358+19.5 352+19.6

All values are ‘expressed as mean*SD. PIP; peak
inspiratory pressure. FiO; was maintanined at 0.5.

251.9:+84.0 mgo] ¢l th(Table 2). A< F}ol| wte} 4
%71 9 o|gt7] d"skzt Anb 9 FAAW] F
7} e Aot FAgH ez Quiglys HIt
T U rH(Table 3). FYALALEE 05004 Az &
W7t EAellA FuE AAEsh, ol4ibdter4 R4
pHE 2 Z7}= midazolam F¢ HFol Qu]dE ¥
3= flgich(Table 4). Midazolam %oid 7+7]5-3H A4
oll4l SGOT, SGPTE: 69.2+14.2, 55.2+35.2 IU/LS] A
eloll4] 2| <43Rq)Fe) 633+15.2, 502+12.8 TULE
Fasd ot FAH geoje glddtl BUN, creati-
nine-® FYAol 152+12, 1.5+05 mg/dl ol F
o] 13.8+1.3, 1.3+05 mg/dlE HA] gu|Y=
H3t e ¢lglok(Table 5).

| &

B AT Z3el 4.1+09 mge] midazolam
AFea 1 Fol @2e] AFAI Wty §
& F7sl] HF 121204 pgkg/ming] FEZ A
L33k ol ol 5~10 mgE YAl HF

oft o

Table 5. Liver and Renal Function Data

Before infusion After infusion
SGOT (IU/L) 69.2+14.2 6531152
SGPT (IU/L) 55.2+35.2 502+12.8
Albumin (g/dL) 33106 3.3+0.7
Bilirubin (mg/dL) 0.8+0.2 0.7+0.3
BUN (mg/dL) 15.2 + 1.2 13.8+1.3
Creatinine (mg/dL) 1.5+0.5 1.3+0.5

All values are expressed as meant SD. SGOT; serum
glucose oxaloacetic transaminase, SGPT; serum glucose
pyelopyruvic transaminase, BUN; blood urea nitrogen

3 ol 0.05-0.10 mgkghours] 52 $Hzte] o
A= e FYLEE zAslm AHo| ™
e 5~10 mgg wkE AFHTY Buel wlsalg]
t}. Driskend "2 7MY/ L2ER $YollH 3
¢ HAYG AR E SAste] AMF kgd 0.03~0.3 mg
o2 w3 FFF A 4~14 mgE AL AF
gt k. o]t o] midazolam® ct}E ben-
zodiazepine®} Zrol X & 4l kA o] Yol B o
TFollA gt o] xte] P Aol miet ALFYL
Mg 7 o, AgFdAe gEek 9 MY &
7} SAse AYAEA AUl Qleng, AR 4
HE 2~3Y02 {AHA $HrRzA] HzfE
73} 2 midazolamA] & & o] &t} ohE oF
A9 EzE} glol” ™Y NP AIA} Fgtm, FFo
€ FAS2 FAEA7AL Azt dsted= At
glAink ZakAlel flumazenil'® e AH£314 YIiE B2
€ A7 ZA4Ad EHa ZAl7 glglch Ben
zodiazepine- morphine2] glucuronidation-§ ®}-8ll3}=
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o'”, midazolam®A] Y& £2Fol|4] morphines] A%
ARE 7Asao)'®, e g9 opioid HA] mida-
zolam®] AAHAE ZARAZcky F3?. Fx4
A= AR ol ZFFe] Had ARl ul$-
gad 2 dFedAE EAE AL #g4E A
2|55k

Midazolam2 ®stat Alulgg "doex gkl
ux]E A8 cioksich AEAAl] g Aol
7132 E9slAE AT A" g 74, o
g, AL $59 gagos Basgdd™ A
dHFo s d"ghghiR]ddl g8 o3 ohibA(ba-
roreflex)?] ZA7)5o] #ASHIE slmg’, B
Aol A9} Zo| midazolamE Foislzl Holl FAA
Wlekg ZAgsle] € -FaF7tA(hypovolemia)7} 9] 415
AfolE vlg sHeeor wH T Halged
#EFsAL ALEFY £55 dGFolof et
E x50 FYAe) 719 o7 "gtol
120+ 15 mmHgs} 70+13 mmHgE w23 QA=
ZFA4 sl 8+3 mmHg]l delE AE5H F el
5 ofule #Ee

TE dE AH3le T wel s &
5T o] AVNEZE W¥e AN E Ttai
e ZRUEZ S8 Zlolth AlF kg@ 12 mlg]
371z Alol HaiF7|gte] 35 mmHg FEE FY
AFo Zol7} g FYALES 0504 A
g HYrt a4 FHE AL ELT o]ihstgh
AEU4E FUAFA Z w3l glo] Thaaskdel
ol 4 o]4el gisicth

Midazolam2 FF4173 A]2] benzodiazepine =&
of Aggo gy st vehhs, b Ao ol
tAts]o} Ao g sAd"g?. el AAE 2
HEe ZHAE 7lsoll wigeA g Yoo F
s FAFoIV HERIL A4E AHE, B2 A
& AAAY ol Aol FEFH o] Uo]
o Qe A &3kl 7k #FA A
H 739l ATt A AE a1 3 dzF(clearance)o] 7HA
H Ak, FAYH 2 midazolam thA7h ZAl Yol
dohs H3E Qleb? dubdos A7 Soi Aol
A4 zhellA Helx zhe] YR LaAlol FFHo|
A 9. B a7l 7 Hagtel FYAe <
7+ FrlElol Aoy, F£UE T Fdx F7t

mo

HA &3 FAH e YR 288 < 7
45 AE BHvh ARAZ H9olE kgt 0.2
mgAFAlell apHellA] ZHA A 7ko] 53 Foz |5
e AL RagAR?, zAxEe] A% AE=
creatinine?} BUN ZHAE Alfgion}t FdHoe|} F
AL FAG Fol 27 A4l dslzm, F4
FA 3o o] 5V 3 Eel dig AL HrleiA
Xylernz ARHdoz Qg EAG gt A&
Hrtd 5 glg Aot B @xlEollrst Zo| 3 F
HAZF 829 A, Aoy 759 o g A7)
o] Futx|o g2 o4 4tef9) midazolame] €
oke] fAIE H7blHA FALFE 2Fse
w9 ZosRT A JGelldE 42 O

oldel Atz YA At HHrtaARY g
AR, 7471552 FH A A midazolamE 1.2+
0.4 ug/kgmin®] FE & AEFslE AL 7| A
Hzite 348 AFZA72 staagdal s 4

e AAE o] F Zog Aadd
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