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Changes of Hepatic Microcirculation Measured
by Thermal Diffusion Probe after Vasopressor
Infusion

Jang Yeong Jeon, M.D., Sung Gyu Lee, M.D.! and Kyu
Taek Choi, M.D.?

Purpose: Various vasopressor agents are used to raise
systemic vascular resistance (SVR) during liver trans-
plantation. After grafted liver was reperfused, postreperfusion
syndrome could be treated with various vasopressors.
However, epinephrine can decrease the splanchnic perfusion
and oxygen saturation and then hepatic blood flow would
be jeopardized. Decreased hepatic blood flow might result
in centrilobular necrosis which contributes to disruption of
liver functions. We tried to know the effect of epinephrine
on tissue perfusion of the liver.

Methods: In this study, measurement of hepatic micro-
circulation (HMC) and hemodynamic changes was performed
in eight dogs to investigate the effect of vasopressors on
hepatic microcirculation. Animals were divided into four
groups in which low-dose epinephrine (0.05ug/Kg/min) and
high-dose epinephrine (0.5pg/Kg/min) were randomly in-
fused into the systemic vein and portal vein (1/6 of systemic
dose) for ten minutes. Hepatic microcirculation was mea-
sured by Thermal Diffusion Probe.

Results: At low-dose systemic infusion of epinephrine, mean
arterial bloodpressure (MABP), cardiac output (CO), and he-
patic microcirculation (HMC) were significantly increased but
systemic vascular resistance (SVR) was decreased. On
high-dose epinephrine, MABP, CO (P=0.01), and SVR were
significantly increased without changes of HMC. Intraportal
infusion of low- and high-dose epinephrine increased hepatic
vein pressure and SVR, respectively.

Conclusion: These results would provide clues that systemic
low-dose epinephrine infusion is enough to raise HMC and
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high-dose infusion of epinephrine to raise SVR could be
used without jeopardizing HMC. (J Korean Surg Soc
2003;64:312-320)
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30% )
(3)
17~23 Kg
8 3
24
2)
epinephrine Ketamine 5 mg/Kg
epinephrine . 3-lead
5 mg/Kg
(4)
1
, 8~10 ml/Kg, 20~25 |/
) PaCO, 35~45 mmHg
MRI, PET laser do- pH 7.25
ppler (laser Doppler flowmetry, LDF),
Doppler ,
(85 Kr, 133 Xe) (H) enflurane  100% pancuro-
, indicator dilution technique (5-7) nium 0.1 mg/Kg/hour .
(systemic arterial pressure, SAP)
cut-down 20 gauge
thermodiffusion , , 3-way stopcock
heparin 2,000 units
1,000 ml
cut-down 5 Fr Swan-ganz
Hartman 10 ml/Kg
. 1999  Klar
thermal diffusion  hydrogen clearance
thermal diffusion probe cut-down
(8)
Thermal Diffusion Probe 110~140 /
(SAP)  110~140 mmHg
. Inverted T shape
, , 18 gauge
, 3-way stopcock
heparin
20 gauge 3-way
heparin

stopcock
(tube)



314 uistelntel sl Al M 64 H A 45 2003

epinephrine (0.05pg/K g/min),

epinephrine (0.5pg/Kg/min) systemic vein
portal vein 10 . infusion
pump (Auto wringe®, Baxter Inc., U.SAA))
30

3)
0.9 mm Thermal Diffusion electrode
(Therma Technologies Inc, USA)

3
TD electrode ,
TD electrode
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80% .
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Vicryl .
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Fig. 1. Changes of mean arterial blood pressure (MABP) before
and after low dose and high dose epinephrine infusion via
systemic vein in 8 healthy dogs.

2 dilution tissue perfusion flow

(Q Flow Assistant version 1.1.18, Thermal technologies
Inc, U.S.A) IBM-compatible computer

. cardiac
output computer, COM-1™ (American Edwards Laboratories,
USA))

5)
Statistica version 5.1 (StatSoft Inc., 1996,
OK, U.S.A)) SPSS version 9.0
*
Wilcoxon signed
rank test Krukal-Wallis test
P<0.05
1) epinephrine
epinephrine
105+£3.5 mmHg 110+3.4 mmHg
(Fig. 1), 1.73+0.72 L/min 1.98+0.72
L/min (Fig. 2),
6.4+0.3 mmHg 6.8£0.4 mmHg
2.5 [ Before
P=0.01 Hl After
=0.01
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Fig. 2. Changes of cardiac output (CO) before and after low and
high dose epinephrine infusion via systemic vein in 8

healthy dogs.
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Table 1. Hemodynamic effect of epinephrine

Systemic vein

Portal vein

Low epinephrine

High epinephrine

Low epinephrine High epinephrine

Before After Before After Before After Before After
MABP (mmHg) 105+ 5 110+ 4% 103+ 0 112.5¢ 1* 1158+ ).7 1058+ 2.1 100.6+ 9 105.6+ 3
CVP (mmHg) 6.4+ 3 6.8+ 4 6.1+ 4 59+ 4 6.4+ 5 6.2+ 7 6.4+ 3 5.6+ 4
HVP (mmHg) 72+ 6 76t 3 76+ 4 8+ 5 8.1+ 2 98+ 9 71+ 4 79+ 6
PVP (mmHg) 139+ 7 143+ 6 13+ 5 145 5 149+ 4 15.1+ 9 139+ 5 13.8+ 6
CO (L/min) 1.73+ 72 198+ 72* 1.60+ 95 1.68+ 10* 1.75¢ 18 1.66+ 99 146+ 56 135+ 66
SVR (dyn- :mb5) 4753+ 12 4235+ )17 4888+ 32 5104+ 33* 5092+ )6 4839+ 4 5142+ 50 6040+ (3"
HMC (ml/100 g/min) 45.8+ 1 623+ 1* 472+ 5 545+ )3 481+ 4 541+ 8 576+ 1.1 49.1% 4

Data represent mean+ J. * = significantly different from Before data
arterial blood pressure; CVP

SVR = systemic vascular resistance; HMC = hepatic microcirculation.
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Fig. 3 Changes of systemic vascular resistance (SVR) before and
after low dose and high dose epinephrine infusion via
systemic vein in healthy 8 dogs.
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(Table 1). 4753t272 dyn - cm
4235+191 dyn - cm’ (Fig. 3).
13.9+0.7 mmHg 14.3+0.6
mmHg 7.2£0.6 mmHg 7.6£0.3 mmHg
. Thermal diffusion probe
epinephrine
45.8£6.1 ml/100 g/min 62.3£5.1 ml/100 g/min
(P=0.01) (Fig. 4).
epinephrine
(HVP=
-1.149+1.298xCVP, r=0.766, r’=0.585 P=0.027 HVP=

-2.338+0.682xPVP, r=0.82, r’=0.672, P=0.013 : CVP=1.608
+0.344xPVP, r=0.700, r’=0.49, P=0.053).
epinephrine

(P=0.01); " -pP< 05 compared to before data; MABP = mean

central venous pressure; HVP = hepatic venous pressure; PVP = portal vein pressure; CO = cardiac output;

[ Before
Il After

707 P=0.01

[
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P=N.S
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Fig. 4. Changes of Hepatic Microcirculation (HMC) following low
dose and high dose epinephrine infusion via systemic vein
in 8 healthy dogs.

(CVP=0.154+0.46xPV P,
r=0.701, r’=0.491, P=0.053).
Thermal diffusion probe

“HMC=23.098+0.411xMABP  (r=0.280,
r’=0.078, P=0.50)"
2) epinephrine
epinephrine
4,888+182 dyn - cm’ 5104+
183 dyn- cm’® | 1.60£0.95 L/min 1.68+
0.10 L/min 105£3.5 mmHg 110+3.4
mmHg 6.4+0.3
mmHg 6.8£0.4 mmHg
13.0+
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0.5 mmHg 14.5+0.5 mmHg (P=0.08)

7.6£0.4 mmHg 8.0£0.5 mmHg

. 47.2£7.5 ml/100 g/min
54.5+10.3 ml/100 g/min (P=0.058)

(Fig. 4).
epinephrine

epinephrine “HMC=7.398+

0.419xMABP (r=0.210, r’=0.044, P=0.62)"
epinephrine epinephrine

0411  0.419 (Fig. 5).

707 Results (VIII)
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40

HMC (ml/100 g/min)

30 1 —— Low dose epinephrine
————— High dose epinephrine

20 T T T T T T T 1
60 70 8 90 100 110 120 130 140

MABP

Fig. 5. Effect of epinephrine on MABP and HMC in healthy 8
dogs.
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Fig. 6. Changes of systemic vascular resistance (SVR) before and
after low dose and high dose epinephrine infusion via
portal vein in healthy 8 dogs.

3) epinephrine
epinephrine
8.1+1.2 mmHg 9.8£0.9 mmHg (P=0.04)

, 48.1+5.4 ml/100 g/min
54.1+5.8 ml/100 g/min (P=0.06)

epinephrine

(HVP=3.0+0.452xPV P, r=0.910, r’=0.829, P=0.03).

4) epinephrine
epinephrine
5142+260 dyn - Scm®  6040+413 dyn - lem’ (P=0.04)
(Fig. 6). 57.6+11.1
ml/100 g/min 49.1+6.4 ml/100 g/min (P=0.21)
(Fig. 7).
epinephrine
(HVP =
0.929+1.246xCV P, r=0.808, r°=0.653, P=0.02).
5) ,
65%
35%
6)
epinephrine
30%
70 [ Before
Hl After =
60 - P=N.S Plﬂls
. [
£ 50-
>
S 40+
E 30
3
= 20-
10 4
0 T 1
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Fig. 7. Changes of Hepatic Microcirculation (HMC) following low
dose and high dose epinephrine infusion via portal vein in
8 healthy dogs.
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—104 —— Low dose epinephrine (systemic vein)
————— High dose epinephrine (systemic vein)
=20+ *: P=0.01 vs before
#: P>0.05 vs high dose epinephrine
—30 1
Before After
Fig. 8. Changes of hepatic microcirculation. Hepatic micro-
circulation increased significantly in low dose and increased
in high dose epinephrine infusion (systemic vein).
epinephrine 17%
(Fig. 8).
epinephrine 13% epine-
phrine 10% (Fig. 9).
. Epinephrine
epinephrine
(4)
epinephrine
epinephrine

Thermal Diffusion Probe

409 —— Low dose epinephrine (portal vein)
304 0 T High dose epinephrine (portal vein)
20+
Q
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<
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Fig. 9. Changes of hepatic microcirculation. Hepatic micro-
circulation increased in low dose epinephrine (portal vein),
whereas decreased in high dose epinephrine (portal vein).

2 dilution tissue

perfusion flow

medical grade polyurethane

0.9 mm  probe
catheter thermistor . Active heating
thermistor 2°C ,
5 mm passive thermistor ,
. Active heating thermistor
(5~10 mW)
mechanism probe

(heat conduction)
(heat convection)

(tissue thermal conductivity-K value)

heating thermistor probe

(heat transfer)
, probe probe
(heat conduction)
(heat convection)
(thermal measurement field)
thermal properties) perfusion .(8) ,
perfusion
perfusion
4 mm
Thermal Diffusion Probe
1999 Klar (9) thermal diffusion

hydrogen clearance
. Thermal diffusion probe
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3
TD electrode

, . TD electrode
80% electrode
80%
. TD electrode 2 cm
4~0 vicryl
epinephrine
epinephrine (0.05pg/kg/min)
epinephrine (0.5
g/kg/min) 10
(10)
25%
25~30%, 70~75%
45~50%,
50~55% (11) Laser
Doppler Flowmetry
Duplex scan
3.5 ml/min/kg (20%)
13.5 ml/min/kg (80%) (12)
1/6 ( 1/4x 213).
enflurane
(13) enflurane
35%, 30%
10%
(14)
, isoflurane . Isoflurane

(hepatic perfusion pressure; HPP)
(splanchnic vascular resistance)

. Faust

epinephrine

epinephrine

.(16) (intrahepatic
vascular resistance)  portal venule (pre-sinusoidal)  sinu-
soids . ,

hepatic venule (post-sinusoidal)
(17) pre-sinusoid
. sinusoid hepatic stellate cells (HSC)
(18)
(NO, CO, ET, thrombin and prostaglandin)
HSC  sinusoidal level

(19)
2 y
.(20,21)
autoregulatory escape
(22) , Mathie
(23)
Richardson
(24) In
Vivo noradrenaline
, adrenaline
. Andrew , epinephrine

epinephrine
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, , PaCO2 32~48 mmHg , PaO2 100 mmHgo]
. .pH 725
Lautt (vasoactive agents)
.(30)
epinephrine (arteriole)
10 (venule)
(P=0.058) epinephrine
P=0.06
10 (arteriole)
(venule)
, , , transvascular route
.(30)
epinephrine epinephrine
Themal Diffusion Probe
(9)
epinephrine
.(10)
epinephrine , epinephrine
, epinephrine
(hepatic , epinephrine
arterial buffer response)
(25) 30~ Y% , epinephrine
epinephrine
epinephrine
.(26) Adenosine , 0.5pg/kg/
min epinephrine
Adenosine
(27)

, Mathie
(hypercarbia, PaCO2>70 mmHg)

(hypocarbia, PaC02<30 mmHg)
(Pa02<70 mmHg)
(29)

(28)
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