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= Abstract =

A tourniquet is commonly used to achieve a bloodless field in surgery of the extremities.
However, tourniquet use occasionally has been associated with intraoperative hyperten-
sion and with circulatory collapse after deflation. The purpose of this study is to define
the hemodynamic changes in this setting using thoracic electrical bioimpedance (TEB)
device.

Twenty patients of ASA class I, scheduled for lower extremities surgery using a thigh
tourniquet, were randomly divided into two groups. Group' I underwent general anesthe—
sia (including enflurane) and group I underwent spinal anesthesia (0.5% bupivacaine 12.
5 mg). The changes of blood pressure (BP), heart rate (HR), stroke index (SI), cardiac
index (CI), systemic vascular resistance index (SVRI), and end-diastolic index (EDI)
were measured (1) before induction, (2) just before inflation of tourniquet, (3) at the time
of the maximal change of CI within 10 minutes after inflation of it, (4) just before deflation
of tourniquet, and (5) at the time of the maximal change of CI within 10 minutes after
deflation of it.

During a tourniquet inflation, SI, CI and SVRI were markedly changed in group I, but
not effectively changed in group II. During a tourniquet deflation, CI and SVRI were
changed significantly in group [ and only SVRI was decreased effectively in group 1I
(p<0.05). However, there were no significant changes in BP, HR, and EDI in both groups
during a tourniquet inflation and deflation.

In cases of the use of a thigh tourniquet for lower extremities surgery, the hemodynamic

fluctuations of CI and SVRI are obviously less changed in the spinal than in the general
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anesthesia during the inflation and deflation of a tourniquet and prominent during 5-10
minutes just after inflation and deflation of a tourniquet. Accordingly, it is suggested that
spinal anesthesia is preferred to general anesthesia for the use of a thigh tourniquet in
patients scheduled for lower extremities surgery and close observation is required during

5-10 minutes just after inflation and deflation of a tourniquet.

Key Words: Tourniquet, Hemodynamic changes, Thoracic electrical bioimpedance, Lower ex-

tremities surgery
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a2} o]Ze] AH-2 ¥ A (unphysiologic)
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A Aste] Aol = A ¥ Y=
F7VskAl =ol Hshel Aol doljd 4 gler
FH7) tFell= PR e ARFIL doju}
4 Aste ke Azl zeE AL A%
AARA7AA] ol A5 Bm (Miller, 1990;
Al st Zeigt, 1993; o] A"} MR E, 1994)
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AT dER FEIE ASEY slzie A
3ol3 £E& e 3 F el vhF k) @
2REF 1wl S8k A 84 20 P A
2.7 stger B9 E enfluraned AHEE A
Alvl# 2 10 H3 0.5% bupivacained ARg-g
HEehFE 10 3oz vrgich AYela e
deblelld AT F9A WilE 2R ¢
v A9y £3HA FE5 F UAA2E S5

A A mpF Zel A= pancuronium 1 mgl®
precurarizationdtil lFF-EE 5 ¥ F pen-
tothal sodium 5 mg/kg-& A A5 AFs}e] 2
Alo] 2AE™ succinylcholine 1.5 mg/kgS
AFsld 7)gd AR AP mHRE 3,
N,0-0,{2 L/min, 2 L/min)-enflurane (1.5
vol%) 2. & 5383, pancuronium 0.1 mg/kg
o] E¥o2 2HIEFS AAEAT) Enflurane
TEE 93 FAx)e] Wizl JgkE njx]A]
27] Hsle] 1.5 voln=E A S5k
HEupH oA #EvkE A19A 10-15 # 5
¢t Hartman's £ 10 ml/kgE AF31¢x
HellA 26 G HFAARAE AHsbe] A 3-48%
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Apol & Azlsle] HHFAe] FEE FAF 05
% bupivacaine 12-15 mg® 43t T10
dermatome level& W#] ¥ESE slgon 2
o|A niHE Fxl= viAtellA AL)A)7) vl E
vtz ¥ 5-6 Lo k48 Fejslgic).
T #Hk v 20 £ ol F AR
F¥7]¢] 2-8-2 Esmarch EHE 78 (avsacul~
arization)¥ 400 mmHge] ¢S A-8-31¢gc}
g MAFH AFEE 347 (M1250A
omnicare, Hewlett—Packard, U.S.A)E o]-&
sle] HAslg 2, Auk (heart rate; HR), A
&3] (cardiac index; CI), ¥3]u}&x]3:
(stroke volume index; SI), HA PP 8 =]S
(systemic vascular resistance index; SVRI),
o] b7 A8 M 2)4 (end diastolic index;
EDDE biocimpedance-& ©]-§3 Cardio-
Dynamics BioZ system (CardioDynamics,
U.S.A)& o83t A3t =3 240 4
o) REAFE FH5-9F Al 3Fshev) tho-
racic—sensing electrode 1 & F7lle}Al
(middle axillary line)3} ZHAMEZ] (xiphoid
process)7} W el F-2sbar cervical-
sensing electrode 1 %42 &4 AR 7)#R
(neck root)d] ¥-Fslgic}t. =3 2 %9 cur-
rent—-injecting electrodet cervical-sens—
ing electrode 5 cm A}, thoracic-sensing
electrode 5 cm 3pa}bel| zhzt Rabsiolc},

ZF 898y EAAE (D) "1 24 (2) 7
7] AAAA (3) 78] WRF 30 2 Hew
10 &7 7153 3% AutEx|e) W) 1
A W (4) FE7] A 5) ) B
30x ALz 10 ¥2F 7157 g5 AnEAs

Table 1. Demographic data

gRAFES] 9, 99, 03, AF 8 78]
SHEAIZEE 270 $21% 2] glgteh (Table
.

1. #5718 BRSYe, o\ /et Aut
2| W

AAEF A vl FEA 571" 117,
8+11.7 mmHgelA FE3-¢ +¥7] 33 2A
o) 103.8+11.1 mmHg (Figure 1)&, Jg5=
2 82.6+8.3 mmHgo)A 71.9£6.1 mmHg
(Figure 2)& ¥ 3t 5 BAIFH o2 o3 7+
27F AT} (p<0.05). HF ool s M3}
3 A1® ¥R £57]¥ ko] 138.0+13.3 mmHg
|4 120.7+12.5 mmHg (Figure 1)& $-2|3
7271 Qlgle} (p<0.05). 2y F F B4
787 BF AF Y 2 Aol 27 zlo
71 ¢t} (Figure 1-4).

T 27k Zh Al7le] BAA] vl $E71-8g
o] vl =AM 27| WA A AARHE
o4 117.8+11.7 mmHg, 103.8+11.1 mmHg
o3 A FmlFtellA 138.0713.3 mmllg, 120.
7%12.5 mmHg (Figure 1) §2]3 x}o]7} 9}
3L(p<0.05) o]hr ¥ ¥y A=A A

General anesthesia

Spinal anesthesia

Number(n) 10

Age(years) 35.6%14.6
Height(cm) 166.2+11.6
Weight(kg) 60.8+ 9.0

Tourniquet time{min)

47.3£17.3

10
37.0x17.4
163.2+ 9.2
62.56£10.2
41.0+22.3

All values are presented as mean*SD.
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AupF Fel| A 78.4+17.3 mmHgo| X H3n}3
F-ollA4] 59.8+17.9 mmHg (Figure 3)2 #-2]%
z}ol & Bt (p<0.05).

Amee B 3 2Ry 7 Sz o8
z}o] & Rolz] eistm Hshd} Alulg BTN F
27ke] A B E F-2]3E Zpe)= glglet.

2. MEtER| L UB|HIEX| 2| HE}
AARFZANAE 87 B3GR vje) 7
7] H3AF 10 ¥ 3 3F L e
47} 3.21%1.28 L/min/m?llA 2.08£0.78 L/
min/m22 #2317 24 (0<0.05)5tdx T8
7] A47)7H5-qkell= 2.08+0.78 L/min/m?el|A
3.11%£1.20 L/min/m22 2314 7} (p<0.
05)8hglom] 87 A Adel nis) HF 10
B2 233 3% o AEAS gho] 3.11+1.
20 L/min/m29l4 4.21%£1.69 L/min/m?E &
slobl 7 p<009oksle} (Figure 5. <1
wa) HEoRHTANE FE7) B AR, 72
AL 77 Eer W 1] 7 AT _,_0“)\_] A}

{mmHg)
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SBP

=&— General anesthesia

EA52) Fo7 zpe)E Holx] e} 737
7hebA o) wlsf zHeb3 3.33+1.06 L/min/m2e]]
A 4.32%1.49 L/min/m?& v}t F7}E)E oAk
+ 24} (Figure 5). -

AsatEA)fE AAREEAN 78] B
44.3:£27.1 ml/m?°l] |3} Y3 26.2£11.6 ml/
m2& {2l 2ol (p<0.05)F Rgor} 3ol
FolAE 64.5+35.4 ml/m?ellA 53.3%22.0 ml/
m22 23 g Ry AR Fd
gt 2 9] F F BXA 7E7) HEI)7HE
atolu} 2ok A Fel ol gt W3l Kolx] gt}
(Figure 6).

F 22be] 7t A7) FAA] v|EA] AER] et
A3t A BF 77 B35 ghe] A4lqt
72 2.08+0.78 L/min/m?, 26.2+11.6 ml/
m2el] B3] HFep3elA 3.38+1.13 L/min/
m?, 53.3%£22.0 ml/m? (Figure 5, 6)& ¥4 |
elge} (p<0.05).

Ak x)go] T ko] @A ¥)lw(Figure
DAL 787) H87)13H5-ek A9 ¥

~®~ Spinal anesthesia

L i —

0 1
(1) (2)

3) (4) (5)

Figure 1. Trends of systolic blood pressure(SBP) associated with the application of a

tourniguet.

(Dbefore induction, (2)just before inflation of tourniquet, (3)at the time of the
maximal change of CI within 10minutes after inflation of tourniquet, (4)just
before deflation of tourniquet and (5) at the time of the maximal change of CI
within 10 minutes after deflation of tourniquet.

% p<0.05 compared between (1) and (2) Repeated Measures Analysis of variance.
++p<0.05 compared between groups by paired T—test.
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Figure 2. Trends of mean arterial pressure(MAP) associated with the application of a

tourniquet.

(1) before induction, (2)just before inflation of tourniquet, (3) at the time of
the maximal change of CI within 10minutes after inflation of tourniquet, 4)
just before deflation of tourniquet and (5) at the time of the maximal change
of CI within 10 minutes after deflation of tourniquet.

* p<0.05 compared between (1) and (2) by Repeated Measures Analysis of

Variance.

3}7} 1.03£0.80 L/min/m?e)3L HSn}F]|7-l] A4
o] W3tz -0.050.33 L/min/m2& 2§ ¥
37 93ie) (p<0.05).

3. MAME A EK| 52} O| LTI HAH X K| 52|

i ke

AA ol Ale AAERAA G 57} 3T
A3 22 1961.11534.7 dynes-sec/cm®/m?
oA RFE 30 2 AR 10 B2 AT
Z AERF7F #H2=xd W 3484.4+1449.4
dynes-sec/cm’/mE. FJ3HA F7F (p<0.05)
st 787 7hk AF 2850.011485.1 dynes:
sec/cm®/m?eA 2073.3£1390.5 dynes-sec/
cm®/m?E F-oJshAl 4 (p<0.05)3let. Mg
opF ol 7] 3R AFE 1645.01739.
9 dynes-sec/cm’/m?ell4 1985.01743.3 dynes-
sec/cm’/miE 7}kl Roliul EAIFHA o9
£ slgla 787 s AFel 2096.7+1904.0
dynes-sec/cm®/m?ol}4 1598.3+1678.6 dynes-

sec/cmi/m22 -S-28HAl P& (p<0.05)38ksich
(Figure 8).

o] M| A AR e F T BTN FE

7] A A%, ) Ago)7hEe ¥ 77 #
3t AE frolg Aol BolAl dskel (Figure
).
A DA ) Re) ol ghr| YA A gm0 F
2y ZF A7) w8 BAFe] ol A
Ainl3) o] 3484.411449.4 dynes-sec/cm’/
m?, 58.0£16.9 ml/mzel| vlsl HF=r}FelA
1985.0£743.3 dynes-sec/cm®/m?, 90.7L22.
5 ml/m?& $-23 2}o] (p<0.05)7} 3K
8,9).

ANGAA 2|5 F 23ke] SAPE 13} v
32 (Figure 10)A] 7&7] 33 x3e] Wzt A
AupE A 1523.3£1053.9 dynes-sec/cm®
mzo] 3 A Z=u}3Fo A 340.0+282.6 dynes*
sec/cm®/m:E QAR e HpnlF Rt
25 F7} (p<0.05)8k= A2 Yelsict
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(Figure
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4, 7YY W E A 4UF e AUEKs H

BN B EK| 2| WS

T¥7] YA gL AR EH M5
T EFA nn)@ 57} B fA]EE S
B AnutEa|es AAE A Y3F 3.
8+3.3 £, #FuA| ol 5.8£3.6 #oll Hi
ol =Rtalgls o]F BAV|7E-<E AT
A FrlddE, HERATANE fA=EE
A& 2ch

T8 75 AR AARE A 10
¥ F 4 BN AT ASH R Fbshe o
AL B3 6 FellA 0.5-5 (2.2 1.7)Fel] A4
Al kg Holtlr) 2-7 (4.811.5)%] o)
AGEA G BT o)F Ak dE By
o} HEnFFAAE 10 B F 8 HelA 05-1
(0.8+0.3)% dAIH 2% 1-6 (3.0+2.0)
o) o) AubER|el £yl 518G
< AAwH el 10 B 5 7 Fol, A v
dlME 2 Bo] AutER|ge] Thel Ao vt
A7]e dAF el g By AP EA A
FE AR TNAE 10 3§ F 2 9, H3a3
ol AE 83l dAA FIHF A& 7
ES- X150

o &

A8 elat 33 el AR A AEHE
TE)E ARle] EFE 4] AgAA $He
Fola FEA ke A Fog Yol AgFHY
(Haljamae, 1975; Modig, 1978) 7-87) A}8-A]
Aol He 28 5ol A &AL Fol 34
wlu] (Bolton & McFarlane, 1978), 2 st ¢
(Logel, 1976) ¢l ¥stibeat 242 grFe] vn
=51 9lc} (De Jong, 1964; Kaufman & Walts,
1982; Valli et al, 1987; Kahn et al, 1992). -
7] B3l 23 st 787 WA AR
& qlsle] A Fie oF 15%F =7} 8] ollA
AANEFZ FoI7HA HolA (Kahn et al, 1992)
FAAmgke] Aol 2ste] YAH 0w e}

 (Kaufman & Walts, 1982; Valli etal, 1987)
AR iy Aol £vke) A% T}
Aol Behg FE2 o 2 99E 298 £ 9
I TS AL WA ASele ARle] A
5 ek Aol deled ole e 9
g EFo] A2 AdEe] Yepdt} (Healy
& Copen, 1995)3 8} #AAln}#A) K} Hoja}
HA TFo Apde] A o] Fojr B HAFo]
9 Jehdeia g (De Jong, 1962; Valli &
Rosenberg, 1985; Valli et of, 1987). =3 78
7197 2 & AR 2] 7|F
Wit 5o 522 Avtael "sto] F71d
& e Al mERE AF oA e
A el 2 stA] ez GAAdre ¥
U Y4 AAE £t HARE 7R B
ABA, 240, 928 Sl 98] 9% 7k
Hohe AAAE B4 5 dea s
(Kaufman & Walts, 1982; Valli & Rosenberg,
1985; Valli et al, 1987). Fahmy et ol (1994) &
FAE Bl M= AAdlel wiste] 3] )
ol o Aol Au)iAl Skl R e
ok ghelsr e}

T87) 3o gy #8 AR R F
22gl gallo] H4om A% T2¥A e 7}
&, gAY A HEY e FA &3]
AR 4 Foll oJste] veh= L= (Miller,
1994) A A9 ARAZARAE dopd 5+ o
(Valli et o, 1987). T87] 3tz o}
Aukgee] wislyh ¢lar, =3 v e o E X}
o= §lepa 3= XL (Bourke ef of, 1989) %
slo} Akata et ol (1992) 2] dF-dAE A
ulH o} AukewlFE o) & T3 AtenlHF
diazepam 2.5-5.0 mg-& A x| g FolA 3}x]2
TS FRE FF7)/0147] ool -19.0+
13.9/-13.6%+9.45 mmHgs} -26.3+10.3/-13.
3+2.36 mmHg® 747} g9x, =3 Aty
+13.319.69/%3} +8.7515.06/22.2 F7}8k4
21}, enflurane AAFFA] Azl 243 -8
7] ZHekFe] Wsle &7)/0)7] b2 -751
+9.87/-4.6715.75 mmHg, Akt +1.67+

ki
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Figure 3. Trends of diastolic blood pressure(DBP) associated with the application of a
tourniquet.
(1) before induction, (2)just before inflation of tourniquet, (3) at the time of
the maximal change of CI within 10 minutes after inflation of tourniquet, (4)
just before deflation of tourniquet and (5) at the time of the maximal change
of CI within 10 minutes after deflation of tourniquet.
++p<0.05 compared between groups by paired T-test.

(beat/min)
120

100

80

I
40 r
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(1) (2) (3) (4) (5)

Figure 4. Trends of heart rate(HR) associated with the application of a tourniquet.
(1) before induction, (2)just before inflation of tourniquet, (3) at the time of
the maximal change of CI within 10 minutes after inflation of tourniquet, (4)
just before deflation of tourniquet and (5) at the time of the maximal change
of CI within 10 minutes after deflation of tourniquet.
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~fil— General anesthesia —0— Spinal anesthesia
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Flgure 5. Trends of cardiac output(CI) associated with the application of a tourniquet.
(1) before induction, (2)just before inflation of tourniquet, (3) at the time of
the maximal change of CI within 10 minutes after inflation of tourniquet, (4)
just before deflation of tourniquet and (5) at the time of the maximal change
of CI within 10 minutes after deflation of tourniquet.

#p<0.05 compared between (2)-(3), (3)-(4) and (4)-(5) by Repeated Measures
Analysis of Variance.

++p<0.05 compared between groups by paired T-test.

(ml/m2)
90

80
70
60
50
40
30

20
10 ~fi—General anesthesia =8—Spinal anesthesia

Si

L 1 1 —
0

M (2) (3) (4) (5)

Figure 6. Trends of stroke index(SI) associated with the application of a tourniquet.
(1) before induction, (2)just before inflation of tourniquet, (3) at the time of
the maximal change of CI within 10 minutes after inflation of tourniquet, (4)
just before deflation of tourniquet and (5) at the time of the maximal change
of CI within 10 minutes after deflation of tourniquet.
*p<0.05 compared between (2)-(3) by Repeated Measures Analysis of Variance.
++p<0.05 compared between groups by paired T-test.
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Changes between steps of cardiac index(CI).

(1) before induction, (2)just before inflation of tourniquet, (3) at the time of
the maximal change of CI within 10 minutes after inflation of tourniquet, (4)
just before deflation of tourniquet and (5) at the time of the maximal change
of CI within 10 minutes after deflation of tourniquet.

#p<0.05 compared between groups by Repeated Measures Analysis of Variance.

(dynes-sec/cm?®/m?)

SVRI

4500 {
4000 r
3500
3000
2500
2000‘i
1500 1
1000 r

500 -#—-General anesthesia = Spinal anesthesia

0 L . 1 J

(1) (2) (3) (4) (5)

Figure 8. Trends of systemic vascular resistance index(SVRI) associated with the ap-—

plication of a tourniquet.

(1) before induction, (2)just before inflation of tourniquet, (3) at the time of
the maximal change of CI within 10 minutes after inflation of tourniquet, (4)
just before deflation of tourniquet and (5) at the time of the maximal change
of CI within 10 minutes after deflation of tourniquet.

*p<0.05 compared between (2)—-(3) and (4)-(5) by Repeated Measures Analysis
of Variance.

++p<0.05 compared between groups by paired T-test.
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Figure 9. Trends of end—diastolic index(EDI) associated with the application of a tourniquet.
(1) before induction, (2)just before inflation of tourniquet, (3) at the time of the
maximal change of CI within 10 minutes after inflation of tourniquet, (4)just
before deflation of tourniquet and (5) at the time of the maximal change of CI
within 10 minutes after deflation of tourniquet.
++p<0.05 compared between groups by paired T-test.

{dynes sec/cm3/m2)
2000 *

1500
1000
500

0
-500
-1000

SVRI

Figure 10. Changes between steps of systemic vascular resistance index(SVRI)
G: general group S: spinal group
(1) before induction, (2)just before inflation of tourniquet, (3) at the time of
the maximal change of CI within 10 minutes after inflation of tourniquet, (4)
just before deflation of tourniquet and (5) at the time of the maximal change
of CI within 10 minutes after deflation of tourniquet.
*p<0.05 compared between groups by Repeated Measures Analysis of Variance.
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59= Wslrl Al g} FR7)6 % =
e AAAF st E3] Yehes Aoz BEn
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Fste] FeluhA gastglon 7Er) HRF
ArEASvE Hug g AR 7280 3t
A7) 9] 7|7HE<k A3 Sk e
A3, Ak wlsle] AR LA o
do] mlulstglont o442 flgleh. 87 3
AT A 218 HaEse] |
= AR TAAE 10 93 7 Hella 787
HRF 30 & - 1 ¥ ApoJel] AtEx|Se] 7
2o} AL AL A7) G F AREAFIL F
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A Bl AAERAZA = A e
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Apdbsla] Fale] FAFe2E wr«l*éol et
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3 Hggtel A Ao WA & AY
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