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= Abstract =

Effect of Combined Hyperventilation and Mannitol on Cerebral Blood Flow
and Cerebral O, Metabolism during a Craniectomy

Ji Heon Kim, M.D., Kyong-Sik Kim, M.D.*, Bong-Ki Moon, M.D.*, Kyung-Gi Cho, M.D.
Yong Sam Shin, M.D., Young-Ju Lee, M.D.*, and Jin-Soo Kim, M.D.*

Departments of Neurosurgery and *Anesthesiology & Pain Medicine,
School of Medicine, Ajou University, Suwon, Korea

Background: There are therapies to lower intracranial pressure (ICP) including head elevation, hyper-
ventilation, diuretics injection, intravenous mannitol, hypothermia, cerebrospinal fluid drainage, and
cerebral resection in neurosurgical patients. However in recent reports, hyperventilation followed by
mannitol administration may lead to cerebral ischemia. Therefore, we investigated the effect of 0.5
-1.0 g/kg mannitol administration on jugular venous oxygen saturation (SjVO:) and cerebral arterial-
jugular venous oxygen content difference (AVDO,) at PaCO, 25-30 mmHg and 35-40 mmHg in
patients undergoing neurosurgery.

Methods: We studied 17 patients undergoing neurosurgery in the Ajou University Hospital. An-
esthesia was induced with fentanyl, midazolam, thiopental, and vecuronium, and maintained with
O,-Air-Isoflorane, a continuous infusion of fentanyl, and vecuronium. Patients were divided into
two groups. Group 1 (n = 10) which is PaCO, 25-30 mmHg and Group 2 (n = 7) which is
PaCO; 35-40 mmHg by controlling ventilator. Measurements of SjVO, and AVDO, in following
time intervals: I = preinjection of mannitol, II = postinjection 20 minutes of mannitol, III = post-
injection 40 minutes of mannitol were obtained for each group. 0.5-1.0 g/kg mannitol was ad-
ministered intravenously just at duramater opening.

Results: Hemodynamics and hematologics were not significantly different among the two groups.
SjVO: of each group are as follows; Group 1; I (70.3 £ 8.1%), II (66.3 £ 6.9%), III (69.1 *
79%) and Group 2; I (78.6 + 7.4%), II (75.1 + 8.1%), IIl (76.0 + 11.2%). Hyperventilation
significantly decreased SjVO,. AVDO, was not significantly different but SjVO. in II was sig-
nificantly decreased compared with I and III in Group 1 (20% patients).

Conclusions: Mannitol produced a change of SjVO, and AVDO, during hyperventilation. Therefore,
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intravenous mannitol during hyperventilation should be given cautiously according to the patients

status because it may cause cerebral ischemia in critical patients.

43: 462~467)

(Korean J Anesthesiol 2002;

Key Words: Cerebral arterial-jugular venous oxygen content difference; hyperventilation; jugular venous

oxygen saturation; mannitol.
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Fig. 1. Retrograde cannulation of jugular bulb (anterior-
posterior view). Retrograde cannulation is inserted by left
internal jugular vein. A catheter tip is placed at jugular
bulb.
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Table 1. Demographic Data

Parameter Group 1 Group 2
Sex (M/F) (€70 (1/6)
Age (yr) 543 £ 134 612 £ 15.0
Height (cm) 1629 + 7.9 159.4 + 5.8
Weight (kg) 58.9 £ 10.6 580 £ 6.3

Ang 7
Name of operation eurysm (7)

Tumor (2) Aneurysm (7)

b
(number) Arteriovenous malformation (1)

Values are mean + SD. Group 1: PaCO, = 25-30 mmHg,
Group 2: PaCO, = 35-40 mmHg.

Table 2. Hemodynamic Data

I 1I 111

Group 1

HR (rate/min) 742 +8.1 714+70 71.7+75

MAP (mmHg) 79.2+129 783+119 80.6+11.9

CVP (mmHg) 52£25 51%19 54+2.1
Group 2

HR (rate/min) 71.4£18.6 703+173 69.6+19.2

MAP (mmHg) 823 +13.7 754+87 773+75

CVP (mmHg) 4.6£2.1 53+24 55£20

Values are mean + SD. Group 1: PaCO, = 25-30
mmHg, Group 2: PaCO; = 35-40 mmHg. I: before in-
travenous mannitol injection, II: 20 min after intravenous
mannitol injection, III: 40 min after intravenous mannitol
injection. HR: heart rate, MAP: mean arterial pressure,
CVP: central venous pressure.

+ 8.1%, MEA 663 + 69%, MEA 69.1 + 7.9% %
3, 279 T9A 78.6 + 7.4%, IHA 75.1 + 8.1%,
A 760 £ 112%2 F & EFdAN wUE &
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ATt 1YY F 3o 22 @A W SjVO, HlaLd
A= PaCOy7} B2 1370l 9] SIAl SdThP < 0.05).

AVDOE 1 194 4.1 + 0.4 mg/dl, IIEHA 44 +
0.7 mg/dl, A 42 + 0.6 mg/dl, 27 IEA 4.0
0.7 mg/dl, IEA 3.9 + 0.8 mg/dl, YA 43 + 08
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Table 3. Changes in Red Blood Cell Mass and Variable of Arterial Blood Gas Analysis

I I I
Group 1 (n = 10)
Hb (g/dl) 113 + 2.0 10.6 + 1.9 10.7 + 1.7
Hct (%) 341 + 6.3 31.7 + 5.7 32.1 £ 49
pH 74 + 0.1 7.39 £ 0.1 74 + 0.1
FiO: (%) 53.0 + 2.1 542 + 32 532 + 2.7
Sa0: (%) 99.8 + 0.2 99.7 + 0.3 99.7 + 0.2
PaO, (mmHg) 2543 £ 50.0 2364 + 524 233.5 £ 459
CaO; (mg/dl) 157 £+ 2.8 149 + 24 147 £ 23
Group 2 (n = 7)
Hb (g/dl) 11.1 £ 1.3 10.7 + 1.5 108 + 1.4
Hct (%) 334 + 4.0 323 + 4.5 323 + 45
pH 74 + 0.1 74 + 0.1 74 £ 0.2
FiO: (%) 53.0 + 52 53.0 £ 4.7 529 + 49
Sa0, (%) 99.7 £ 0.3 99.7 £ 0.2 99.7 + 0.2
PaO, (mmHg) 2189 £ 479 2203 + 41.1 224.4 £ 30.2
Ca0O, (mg/dl) 154 + 1.8 135 + 2.1 13.6 £+ 2.0

Values are mean + SD. I: before intravenous mannitol injection, II: 20 min after intravenous mannitol injection, III:
40 min after intravenous mannitol injection. Group 1: PaCO, = 25-30 mmHg, Group 2: PaCO, = 35-40 mmHg.
HR: heart rate, Hb: hemoglobin, Hct: hematocrit, FiO,: oxygen fraction of inspiration, SaO,: saturation of oxygen
in artery. PaO,: partial pressure of oxygen in artery, CaO,: content of oxygen in artery.

Table 4. Change in SjVO, and AVDO; with Different PaCO, after Intravenous Mannitol

I I I
Group 1
PaCO, (mmHg) 29.6 + 0.9 30.0 + 2.8 290 + 1.9
P(yCO: (mmHg) 0.7 + 1.0% 19 + 20 09 * 1.6
SjVO, (%) 703 + 8.1% 663 + 69 69.1 + 7.9%
AVDO, (mg/dI) 41 + 04 44 + 07 42 + 06
Group 2
PaCO, (mmHg) 344 + 29 334 + 29 353 + 2.8
P(yCO> (mmHg) 38 + 29 36 + 26 40 + 22
SjVO, (%) 786 + 74 75.1 + 8.1 76.0 + 112
AVDO, (mg/dI) 40 + 07 39 + 08 43 £ 08

Values are mean + SD. I: before intravenous mannitol injection, II: 20 min after intravenous mannitol injection, III:
40 min after intravenous mannitol injection. Group 1: PaCO, = 25-30 mmHg, Group 2: PaCO, = 35-40 mmHg.
P(e-CO2: partial pressure difference between end tidal CO, and arterial CO,. SjVO,; jugular venous oxygen saturation,
AVDO;: cerebral arterial jugular venous oxygen content difference. *: P < 0.05 vs Iof group 2, "LP < 005 vs I
of group 2, ¥.P < 005 vs III of group 2.
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