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Table 1 Circulation variables and model analogs

Physiologic variable

pressure difference
blood flow
vascular resistance
compliance

Table 2 Simulation model parameters

Portal

Normal State Hypertension

arterial pressure 90 mmHg 90 mmHg
portal vein pressure 10.29 mmHg 16.3 mmHg
hepatic wedge presure 9.56 mmHg 15.7 mmHg
hepatic artery resistance 0.301 0.203
presinusoidal resistance 0.0009 0.001
hepatic vein resistance 0.0094 (.019
splanchnic vascular resistance 0.1067 0.103
collateral resistance infinite 0.057

Figures were referred and ‘or calculated from Ref.’2'3
Resistance unit =(mmHg x min) 'ml
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voltage diference
current flow
resistance
capacitance

Electrical analogs

PSpice conversion factor

I mmHg=1 volt

| ml/min=1 amp

| (mmHg xXmin)/ml=1 ohm
| ml/mmHg=1 mF

Fig. 1 Anatomic depiction and schematic circuit
model of hepatic circulation in normal state.
Each circulation variables, blood pressure, blood
flow, resistance, and compliance were emulated
by electrical analogs, voltage, current flow, resis-
tance, and capacitance (see table 1). R1: hepatic
artery resistance (mmHgXmin)/ml, R2:
presinusoidal portal resistance, R3 : hepatic vein
resistance, R4: splanchnic vascular bed resis-
tance, All resistance values were obtained from
ref. 1)2) and arterial pressure was set at
90mmHg (see table 2).
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Fig. 2 Above: simulation model of complete
occlusion of the portal vein. Below : simulation
model of complete occlusion of the hepatic
artery.

Occlusion or ligation of the vessels is represented
by either disconnection or infinite resistance.
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Portal vein occluded

inferior vena cava

hepatic artery occluded
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aorta

»
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Fig. 3 Although very few increase of the portal
flow takes place when hepatic artery is occluded
or ligated, the hepatic arterial flow rises with the
portal vein occluded. Reduction of the portal
resistance, which is close to zero, brings few
portal flow increase, while decreased hepatic
arterial resistance results in arterial flow increase
and sinusoidal pressure rise.
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Fig. 4 Jejunal segment of dog is isolated and
regional mesenteric vein was cannulated for
pressure measurement prior to proximal ligation.
Mesenteric arterial flow was recorded by the
ultrasonic transit time flowmeter.

Fig. 5 Schematic depiction and circuit model of
Fig. 4. The mesenteric arterial flow is controlled
by mesenteric venous pressure in negative feed
back fashion.

7

mesentaric artery ﬁ‘ mesenteric vein ligated

aorta
mesenteric arterial flow
.[ intestine
mesenteric vein ligated
Portal vein
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Fig. 6 Running simulation of Fig. 5 model
revealed a hyperbolic increase of the mesenteric
venous pressure, as the arterial flow decreased
corresponding to the venous pressure ascent.
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Fig. 7 Experimental tracings of the mesenteric venous pressure, arterial flow
and systemic blood pressure on dog. Note comparable results by computer

simulation and stable systemic blood pressure.
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Fig. 8 Circuit diagram of the model in which
graded arterialization of the portal vein was
instituted with the hepatic artery ligated. In this
diagram, the hepatic flow was assumed to follow
a goal-seeking behavior and the maximum was
set to be the preligation total hepatic flow.
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SPF . splanchnic blood flow
PF : portal flow
HBF : hepatic blood flow
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Fig. 9 This is a simulation result of each blood
flow and sinusoidal pressure in a presumptive
model in which the blood flows in and out without
an upper limit. In a typical normal liver with the
hepatic artery ligated, the total hepatic flow
equals to the portal flow and the sinusoidal pres-
sure drops from 9.56mmHg to 7.28mmHg. As the
arterial flow rate is up, these ascend linearly.
Note a modest decrease of the portal flow, in-
dicating visceral stasis and congestion.

500

Bl 120 64 00 240 281 320 160 400 mi

Fig. 10 If an upper limit of the total hepatic flow
is set, the sinusoidal pressure shows marked rise
beyond the maximum hepatic flow. The portal
flow is also sacrificed to taxing arterial blood
inflow. Therefore the arterial infusion rate should
be regulated based on the sinusoidal pressure and
the portal blood flow.

mmHg
1500 7 15

3 FERER TSRO LD > ¢ 2 v —
vav
PARR IR AT % BRI 7 & 7340ml/min 7> 5400m]/
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Fig. 11 Experiment for Fig. 10 was repeated in a
dog model with the maximum hepatic flow set at
400ml/min. A brave assumption suggests the
appropriated flow to be a half of the preligation
hepatic arterial flow.
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LoBROEFA SRS L, R PIIRMLKGESE
h, FEAEOLENEL L,

4) PIFFED M I a v — a v

PR D MEER DO Z AW L 7 L RET 5 & PIRE
232mmHg 7\~ L 33mmHg ¥ ¢LRH L, FERER
BT+ 5%2(Fig. 13), RBMROEE, SFMEE
MET L, BFMmMKERC 35 FEIRMIE DRI H
M EL 25 (Fig. 14).

FAEnTOAERAYED 2 € i35
&P A T % PR ML i & K H11E0. 02 (mmHg %
min/mD H7- ) 1A SBBLIZU D, 0.01LF &L
7ehuiX reversed flow, % biEFF# (hepatofugal)
tit-oTL %5 (Fig. 15).,
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Fig. 12 In these circuit analog models, abbrevia-
tions denote; R1, hepatic artery resistance
(mmHgXmin)/ml; R2, presinusoidal portal
resistance ; R3, hepatic vein resistance ; R4, splan-
chnic vascular bed resistance. All values, used in
calculation of the portal hypertension model,
were copied from Table 2.

Aorta

>

Inferior Vena Cava

Wheatstone Bridge Model in
Hyperdynamic State

Hepatic Artery
R: p

Sinusoid - .
Portal Vein

Inferior Vena Cava

Fig. 13 Both the portal pressure and hepatic
sinusoidal pressure follow the goal seeking
behavior, as the sinusoidal resistance is varied
from zero to 1.0 (mmHg X min/ml).
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Fig. 14 Also with the increasing sinusoidal pres-
sure, the hepatic vein flow (total hepatic flow)
decreases together with the diminishing splanch-
nic arterial and portal flows.
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Sinusoidal Resistance (mmHgXmin/me)

Fig. 15 This graph shows marked reduction of
the portal vein and the total hepatic flows when
the collateral vascular bed becomes wide open
and much less resistant. The portal flow becomes
reversed when the collateral bed resistant is less
than 0.008. Massive flow through a portacaval
shunt invites similar hemodynamics.

Blood Flow
(me/min) 1000 +---------- [P

i Total Hepatic Blood Flow
.

5007 Poral Vein Flow

Hupatic Artery Flow

reversed flow

[ R rE— Socoomeennen oemonensen oo SR B
BAOG 0.05 0.04 0.03 0.02 0:)1 0

Collateral Bed Resistance (mmHgXmin/m¢)

- § - BT & o ETARILE RO MR VE
T35 (hyperdynamic state) & fFH > + v F OF &
ThhbbPRREG ERL, £hs #aE IR
WEEME 3, ThbblRES EETHIIFIRD
MR X R M2 AR 5, FER
M Tcild 5@ LT\5 (Fig. 16),

x B

PR o4 IcBI L Tt Greenway and Laut®23#

BEF 12T ELDHT VS,

171377

Fig. 16 In hyperdynamic state, the splanchnic
vascular bed resistance is believed to become less
and the regional blood flow increases. This is one
of the graphs which leads to a prediction that the
hyperdynamic state of the splanchnic vessels help
increase the portal perfusion to various extent.
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Simulation Model of the Hepatic Circulation

Kenji Sakurai, Yukio Nakabayashi, Katsumaro Suzuki and Tatsuro Nakagawa
First Department of Surgery, Jikei University, School of Medicine
Takehiko Shimura and Akihiko Uchiyama
Waseda University, School of Science and Engineering

In the specialty of the gastroenterological surgery, surgeons are often confronted with treating disease states of
the liver in which the circulation is acutely or chronically impaired, and in some cases surgical procedures which
result in circulation derangement have to be instituted. In this study, new simplified computer simulation models
were built to analyze 1) liver circulation with the hepatic artery or portal vein ligated, 2) graded arterialization of
the portal vein with the hepatic artery ligated, and 3) splanchnic and hepatic circulation in portal hypertension, all
of which would be encountered in clinical and research settings with relative frequency. All simulations were
performed with the general purpose simulator PSpice. By altering the main determinants of the hepatic circulation,
such as arterial pressure, intrahepatic, splanchnic vascular resistance and/or shunt resistance, most of the
hemodynamic changes induced by liver diseases or by surgical procedures can be simulated well.
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