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Effect of Small-dose Ketamine on Hemodynamic Changes during
Lower Extremity Surgery Using a Tourniquet under General Anesthesia

Jin Mo Kim, M.D., Youn Jeong An, M.D., and Jun Woo Kim, M.D.

Department of Anesthesiology, Keimyung University School of Medicine, Daegu, Korea

Background: A tourniquet is commonly used to achieve bloodless field in surgery of the extremities.
However, use of tourniquet occasionally has been associated with intraoperative hypertension, but the
mechanism of this tourniquet-induced hypertension is unknown. We investigated the effect of preop-
erative ketamine on tourniquet-induced changes of arterial blood pressure (BP), heart rate (HR), cardiac
index (CI), and systemic vascular resistance index (SVRI).

Methods: Twenty-two patients of ASA physical status class 1 and 2, scheduled for lower extremity
surgery using a tourniquet, were randomly assigned into two groups. Anesthesia was maintained with
1.5—2.0 vol% enflurane and 50% N,O in O, with endotracheal intubation. The changes of BP, HR, CI,
and SVRI were measured (1) at 10 minutes after induction, (2) at 10 minutes after injection of normal
saline (control group) or ketamine 0.25 mg/kg, i.v. (ketamine group) before skin incision and tourniquet
inflation, (3) at immediately and 5, 10, 15, 20, 30, and 40 minutes after inflation of tourniquet, and
(4) immediately after deflation of tourniquet.

Results: During tourniquet inflation, BP and HR were not significantly changed in each group and
there was no significant differences between the two groups. However, CI decreased during inflation
of the tourniquet in both groups, and it significantly decreased in the control group at the time of 5
and 40 minutes after inflation of tourniquet. SVRI significantly increased during inflation of the tourniquet,
and decreased immediately after deflation of the tourniquet in the control group.

Conclusions: We concluded that preoperative IV ketamine, 0.25 mg/kg can prevent tourniquet-induced
hemodynamic changes in patients under general anesthesia. (Korean J Anesthesiol 2003; 44: 469 ~475)

Key Words: Tourniquet; hemodynamic changes; thoracic electrical bioimpedance; lower extremities
surgery; ketamine.
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Table 1. Patients Demographic Data F 5, 158, 203, 303, 402 A P EF 108
of wlal AuEAst fol@ Aolst YA s
Control Ketamine A,
group group
Fowgtele 7Y WY SEI 408l izl
M/ 416 6/6 ketamine@ ol 3] AukEAG Fel@ zolst 3
Age. (yr) 385 + 17.6  31.0 £ 17.3 A BA =R
Weight (kg) 655 + 3.3 68.3 £ 7.2
Height (cm) 1643 £ 80 1693 = 3.5 AANE A X F A2 #H 3 (Table 2, Fig. 6)
Tourniquet time (min) 53.8 + 8.5 543 £ 8.6
HzTdMe 780 #F 5%, 108, 158, 208,
Datas are presented as mean + SD. 405 H vHSE B 105 B8 AAEBA G
Table 2. Hemodynamic Changes
HR SBP DBP MBP CI SVRI
Base 1 C 71.8 £ 182 1450 + 186 732 £ 10.6 958 £ 113 278 £ 032  2605.0 £ 531.2
K 733 £ 74 1440 £ 270 873 + 413 1093 + 41.3 32 £ 034  2670.0 £ 1385.8
Base 2 C 740 £ 123 1338 + 139  68.0 *+ 4.6 90.6 £ 6.8 2.68 £ 050  2622.6 £ 507.6
K 903 £ 11.0 1460 + 433 970 + 440 1150 * 43.1 3.17 £ 032 27120 + 8354
T1 C 72.8 £ 9.1 131.8 £+ 128 750 + 49 958 £ 7.1 2.08 £ 033* 3596.0 £ 765.3
K 69.0 £ 149 1250 + 6.0 77.6 £ 6.5 937 £ 65 226 £ 025* 3140.0 £ 580.0
T5 C 738 £ 6.2 1458 £ 94 812 + 438 1040 £ 7.4 1.92 £ 0.5  4056.8 £ 302.1*
K 710 + 157 1503 + 195 970 + 160 1150 + 160 270 + 0.30%' 3220.0 + 130.0'
T10 C 77.0 £ 0.7 1512 + 114 788 £ 59 105.8 £ 11.4 230 + 0.24*  3520.0 + 683.0*
K 673 £ 156 1426 + 175 916 = 175 1097 £ 175 240 £ 0.10  3515.0 £ 775.0
T15 C 754 £ 782 1448 + 183 798 + 112 1028 £ 133 220 £ 029* 3510.0 £ 746.4*
K 716 £ 25 1440 £ 2800 927 £ 275 1110 + 27.0 257 = 0.25% 3413.0 = 1217.0
T20 C 744 £ 85 146.8 £ 6.0 84.8 + 32 103.0 £ 6.4 220 £ 0.5* 3670.0 + 42.4*
K 68.0 £ 3.6 1390 £ 265 88.0 = 19.7 1163 = 85 2.20 £ 0.0* 3265.6 + 1047.0
T30 C 740 £ 11.5 1390 + 208 874 + 34* 109.6 £ 59 226 £ 041 34240 + 12389
K 65.6 £ 2.5 137.0 £ 300 87.7 £ 19.5 1050 + 21.0 247 * 0.35% 33150 = 1165.0
T40 C 764 + 79 1484 + 42 954 + 21.2* 1082 + 4.1 190 £ 0.5* 43132 * 167.5*
K 67.6 £ 6.5 1380 = 160 930 + 139 1066 + 13.0 247 + 045% 3560.0 + 1100.0"
D1 C 78.8 £ 6.6 1164 + 169 640 * 16.1 794 £ 124 286 £ 029 1996.0 + 137.9*%
K 81.0 + 44 1303 + 142 853 + 204 1033 +20.7 290 + 0.26 2796.3 + 747.7

Datas are presented as mean + SD. C: control group, K: small-dose ketamine group, Base 1: 10 minutes after induction,
Base 2: 10 minutes after normal saline or ketamine injection, T1: immediately after tourniquet inflation, TS, T15, T20,
T30, T40: 5, 15, 20, 30, 40 minutes after tourniquet inflation, D1: immediately after tourniquet deflation. HR: heart
rate, SBP: systolic blood pressure, DBP: diastolic blood pressure, MBP: mean blood pressure, CI: cardiac index, SVRI:
systemic vascular resistance index. *: P < 0.05, vs Base 1 value, TP < 0.05, vs control groups.
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Fig. 1. This graph shows the trends of heart rate (HR)
associated with the application of a tourniquet. A)
after induction, B) 10 minutes afternormal saline or
ketamine injection, C) immediately after inflation of
tourniquet, D), E), F), G), H), I) 5, 10, 15, 20, 30, 40
minutesafter inflation of tourniquet, J) immediately
after deflation of tourniquet.
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Fig. 2. This graph shows the trends of systolic blood
pressure (SBP) associated with the application of a tourni-
quet. A) after induction, B) 10 minutes after normal
saline or ketamine injection, C) immediately after infla-
tion of tourniquet, D), E), F), G), H), I) 5, 10, 15, 20,
30, 40 minutes after inflation of tourniquet, J) immedi-
ately after deflationof tourniquet.
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Fig. 3. This graph shows the trends of diastolic blood
pressure (DBP) associated with the application of a
tourniquet. A) after induction, B) 10 minutes after normal
saline or ketamine injection, C) immediately after infla-
tion of tourniquet, D), E), F), G), H), I) 5, 10, 15, 20,
30, 40 minutes after inflation of tourniquet, J) immedi-
ately after deflation of tourniquet. *: P < 0.05, vs

Base 1 value, TP < 0.05, vs control group.
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Fig. 4. This graph shows the trends of mean blood
pressure (MBP) associated with the application of a
tourniquet. A) after induction, B) 10 minutes after nor-
mal saline or ketamine injection, C) immediately after
inflation of tourniquet, D), E), F), G), H), 1) 5, 10,
15, 20, 30, 40 minutes after deflation of tourniquet.
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Fig. 5. This graph shows the trends of cardiac index
(CI) associated with the application of a tourniquet. A)
after induction, B) 10 minutes after normal saline or
ketamine injection, C) immediately after inflation of
tourniquet, D), E), F), G), H), I) 5, 10, 15, 20, 30, 40
minutes after inflation of tourniquet, J) immediately
after deflation of tourniquet. *: P < 0.05, vs Base 1

value, TLp < 0.05, vs control group.
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Fig. 6. This graph shows the trends of systemic
vascular resistance index (SVRI) associated with the
application of a tourniquet. A) after induction, B) 10
minutes after normal saline or ketamine injection, C)
immediately after inflation of tourniquet, D), E), F),
G), H), I) 5, 10, 15, 20, 30, 40 minutes after inflation
of tourniquet, J) immediately after deflation of tourniquet.
* P < 0.05, vs Base 1 value, P < 0.05, vs

control group.
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