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Progress report

Hepatic haemodynamics as related to
blood flow through gut, spleen, and
pancreas

Current work fails to provide a true picture of hepatic haemodynamics
because the liver is studied as an isolated organ when in fact it is the only
organ in our body which depends for 80% of its blood supply from other
organ systems, which include the gut, the spleen, and the pancreas. In spite
of this, studies on hepatic haemodynamics rarely include the behaviour of
the splanchnic circulation.
Westabyl summarised the status of the present approach to the study of

hepatic haemodynamics including its limits and disadvantages in man and in
animal models: 'In man, an estimate of total liver blood flow can be made by
the indocyanine green (ICG) infusion method although this is unreliable in
the presence of severe liver disease (and hence poor extraction. Ultrasound
Doppler measurements represent a non-invasive method of measuring
portal blood flow but the reproducibility of the measurements needs to be
confirmed. Animal models can overcome these difficulties and have been
the basis ofsome of the most innovative work. The extent to which data from
such animal models can be extrapolated to man remains unclear.
The search for drugs that alter hepatic haemodynamics continues,

although this is frequently no more than a procession of measurements of
the portal pressure gradient (wedged hepatic venous pressure/free hepatic
venous pressure (WHVP-FHVP)) in reponse to vasoactive drugs without
any clear understanding of the significance of the findings.' Moreover, the
measurement of hepatic blood flow is difficult - for example, Nxumalo et al2
showed that the ICG method may overestimate the hepatic blood flow by 40
to 60% compared with the electromagnetic flowmetry.

These critical comments emphasise the unsatisfactory position of hepatic
haemodynamic studies at the present time. Westaby, however, failed to
indicate the variables which are required for an ideal evaluation of hepatic
haemodynamics.

Table Variables to be monitored when studying liver haemodynamics

1 ECG, heart rate 10 Pancreatic branch of splenic artery
2 Arterial pressure 11 Left gastric artery
3 Portal pressure 12 Proper splenic artery
4 Hepatic vein pressure 13 Superior mesenteric artery

14 Inferior mesenteric artery
Flow 15 Splenic vein
5 Ascenting aorta 16 Portal vein
6 Common hepatic artery 17a Inferior caval vein proximal to hepatic vein
7 Gastro-duodenal artery b Inferior caval vein distal to hepatic vein
8 Superior pancreatico-duodenal artery 17a-17b=hepatic vein flow
9 Inferior pancreatico-duodenal artery
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In this survey we argue that a combined consideration of hepatic and
splanchnic circulations (Table) is required to depict hepatic haemodynamics
accurately. In addition we discuss briefly some aspects of the changes in
splanchnic vessels and metabolism that are important to hepatic function.
The argument is supported by data from the literature and also from studies
which are being conducted on anaesthetised and conscious dogs in our
laboratories.

In the anaesthetised animals we measured blood flow using an electro-
magnetic flowmeter (EMF) with an eight channel system at organ level on
arteries with an external diameter equal to or greater than 0O5 mm. Arterial
pressure was assessed with a catheter-tip manometer (Millar), peripheral
venous and portal venous pressure were measured with an open tip catheter
connected to an electromanometer. Heart rate was assessed from the
R-R interval of the ECG limb leads. The method has been described in
detail.34

In the conscious dogs, blood flow was measured using an eight gate,
implanted, pulsed Doppler ultrasonic flowmeter (PDUF). The transducer
assemblies were held in a circumferential cuff placed around the portal vein
and the hepatic artery and connected by flexible cables to the signal
processing and transmitter modules. The PDUF allows the measurement of
multiple acute or chronic changes in blood flow in the hepatic artery and
portal vein. Flow has been measured over long periods of up to two years.
Such longterm measurements have confronted the investigators with a far
greater variability in portal flow than would be expected from the acute
spanchnic measurements in anaesthetised dogs.5 The causes of this vari-
ability are discussed below in the paragraph on main variables establishing
hepatic perfusion. The system has been described in detail.S9

General haemodynamic and morphological considerations

Some general haemodynamic points as well as possible mechanisms of the
vasoactivity of drugs will be discussed before the details of splanchnic and
hepatic perfusion are considered.

MICROVASCULAR RESISTANCE AND CONDUCTANCE
Flow through an organ depends on its vascular resistance and the pressure
gradient across the organ. Resistance cannot be measured directly and must
be calculated from flow and pressure measurements. In general output
venous pressure and its changes are negligible compared with input arterial
pressure (about 100 mmHg). But this is not so for the liver where the output
hepatic vein pressure is only a little lower than the input portal pressure
(about 7 mmHg). Vascular resistance (R) is the quotient of mean arterial
pressure (P) and mean macroscopical arterial flow (Q), even though the
actual resistive vessels are the small arterioles (diameter appr 30 Fm)
[R=P/Q]. According to Ohm's Law, the inverse of total peripheral vascular
resistance is the sum of the reciprocals of individual vascular resistances. For
practical reasons, simplifying the computation, conductance (g=Q/P) is
often used instead of resistance. Then, total vascular conductance is the sum
of the local vascular conductances. The use of conductance has another
advantage, at a steady arterial pressure conductance and flow are directly
proportional.

266

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.30.2.265 on 1 F

ebruary 1989. D
ow

nloaded from
 

http://gut.bmj.com/


Hepatic haemodynamics related to bloodflow through gut, spleen, andpancreas 267
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in which
RT = total peripheral resistance;
n =number of vessels;
RL = local peripheral resistance;
gT =total peripheral conductance;
gL =local peripheral conductance.

In these equations we have neglected the influence of vascular compliance
which has a relatively small influence at organ level.

MECHANISMS OF VASOACTIVITY
In this section we address several questions. How do vasodilator drugs or
endogenous compounds reduce microvascular resistance? Is arteriolar tone
reduced by a direct action on smooth muscle or induces the agent primarily
to the target cells - for example, secretin on ductal cells in the pancreas - to
release a vasoactive metabolite which reaches the local arteriolar wall by
diffusion? If a vasodilator compound acts both directly on smooth muscle
and on target cells, would the dose dependency for the two effects be
similar? The morphology of arterioles in different organs shows little
variation. In contrast, the functional activity of organs varies a great deal. If
a vasoactive compound acts directly on the microvascular wall, why would
the vasodilatation only occur in the target organ regardless of the similarity
of the arteriolar morphology in various vascular beds. What does a similar
morphology tell us about the uniformity of receptor populations?

If, on the other hand, the vasoactivity is caused by the release of a
metabolite from target cells, then the concentration of that metabolite may
be just sufficient to cause a local vasodilation through diffusion. Concentra-
tion of the metabolite would be diluted in the venous outflow to exclude a
systemic response. These fundamental questions have been discussed more
extensively elsewhere.'0

POWER
The arterial pressure is determined by the kinetic power output by the left
ventricle (LV) and total peripheral resistance (TPR). These parameters
cannot be measured directly. They must be calculated from the measured
left ventricular volume output at the ascending aorta ('cardiac output',
neglecting in practice coronary arterial flow) and ascending aortic pressure.
Kinetic power output is calculated as the instantaneous product of ascending
aortic pressure [Table, no 2] and ascending aortic flow [Table, no 4]. Total
peripheral is the quotient of the mean ascending aortic pressure over mean
ascending aortic flow.
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The power output of the LV can be modified by noradrenaline (NA).
Noradrenaline steeply enhances LV power output and constricts the
arterioles in the small intestine. This rise of LV power output augments
superior mesenteric artery flow, particularly during systole, by increasing
arterial pressure. This effect is displayed in a striking manner when the
amount of kinetic energy dissipated in this vascular bed is plotted as an
analog signal.10
The influence of LV power output on peripheral perfusion becomes

evident when the vascular effects of NA alone and after a 1I3-adrenergic
blocking agent are compared. The NA-induced change ofLV activity can be
prevented by a 13l-adrenergic blocking agent without impeding the vasocon-
strictive potency of the catecholamine. When NA is given after the blocking
agent, dips of systolic flow in the superior mesenteric artery appear in
addition to the steep reduction of its diastolic flow.'0

In a study of portal flow the influence of changing LV function [Table, no
1, 2, 4] on mesenteric perfusion must be considered. Moreover, changes in
mesenteric flow as a result of LV performance should be distinguished
from changes caused by altered local vascular conductance.

MORPHOLOGY
In the classic description of the vascular configuration of the liver, the
'central vein' is the point of interest around which the other hepatic
structures are related forming the basic unit, the lobule. Blood flow is
centripetal in the lobule and blood runs from the periphery to the central
vein. No clear cut distinction is made between the contribution by the
hepatic artery and by the portal vein."I 12

In 1966 this concept was changed by Rappaport et al,'3 who took the
triangle containing the terminal portal vein, the hepatic artery and the bile
ducts as the centre of a new unit, which they call acinus. In the acinus, blood
flow is centrifugal and the contributions from the hepatic artery and portal
vein can be clearly distinguished. This concept enabled Rappaport to
describe the morphology and function of arterial flow blood in the liver in
greater detail""'6 and to separate the oxygen availability in the acinus into
three concentric zones of hepatocytes around the hepatic artery. These
zones are related to local oxygen concentrations upon which the enzyme
systems in the hepatocytes are dependent. This approach contrasts strongly
with the neglected role of the arterial blood supply until a decade ago. For
example, in 1977, Motta'7 in a large and extensively illustrated review on the
fine structure of the liver failed to present a single figure of the relation
between the hepatic artery and its surrounding structures.

In the 1970's scanning electron microscopic studies emphasised the role of
the arterial blood supply to the liver by visualising the peribiliary vascular
plexus as well as the arterial branches draining directly into the hepatic
sinusoids."23 Nevertheless, this plexus had been described 240 years ago by
Ferrein (1749), quoted by Andrews et al in 1949.24 Although McCuskey
(1966)25 uses the lobule as the hepatic unit, his illustrations clearly show the
structural relationships between the hepatic artery sphincters, the portal
vein branches and the sinusoid. He did, however, fail to describe the
peribiliary plexus.
The basic vascular unit of the liver is the 'acinus' and the use of the 'lobule'

is now obsolete.
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Hepatic haemodynamics related to bloodflow through gut, spleen, andpancreas 269

Main variables establishing hepatic perfusion

PORTAL PRESSURE [Table, no 3]
Because pressure in the portal vein is about 10 mmHg and in the hepatic vein
nearly 3 mmHg, the pressure gradient for portal flow across the liver is only
about 7 mmHg, in contrast with the pressure gradient of about 100 mmHg in
organs supplied solely by arterial blood [Table, no 2].

If the portal inflow from the gut is steady, a rise of portal pressure of only
2 mmHg implies a 29% rise of hepatic portal vascular resistance in the liver
assuming pressure in the hepatic vein [Table, no 4] is stable. If the rise in
portal pressure is accompanied by the development of collateral vessels - for
example, oesophageal varices, this implies - with a constant portal inflow
from the gut - a reduction of portal vein flow notwithstanding the increased
portal pressure. Consequently the portal vascular resistance in the liver
under these circumstances is increased more than would be expected from
the rise of portal pressure with constant portal inflow from the gut.

If, in contrast, portal inflow from the gut is reduced while the portal
vascular resistance in the liver remains the same, portal pressure will tend to
drop. The pressure gradient across the liver diminishes 14% for each mmHg
below basal level thus reducing portal outflow through the liver. This
counteracts the fall of portal pressure secondary to the reduced inflow. But if
portal inflow from the gut is increased while the portal vascular resistance in
the liver remains the same, portal pressure will tend to rise. The pressure
gradient across the liver is increased by 14% for each mmHg above basal
level, thus increasing portal outflow through the liver. This counteracts the
rise of portal pressure secondary to the increased inflow.

It is important to be aware of these relations particularly as Fioramonti
and Bueno26 observed major changes in mesenteric perfusion parallel to the
migrating myoelectric complexes activity. We have no information to
indicate whether a change of portal pressure in itself alters hepatic artery
flow either directly through mechanical influence on arteriolar sphincters or
indirectly through signals from autonomic sensors in the wall of the portal
vein. On the other hand, we do know that a close anatomical and functional
relationship exists between biochemical variables in the portal blood and
hepatic arteriolar sphincter tone (see below; portal flow).
Normal portal perfusion of the liver will follow changes of splanchnic

outflow rather smoothly but a change of resistance in the hepatic vasculature
may greatly complicate this simple relationship.

PORTAL FLOW [Table, no 16]
Portal blood flow comprises blood from the gut, the spleen and the pancreas.
A number of complicating and conflicting results are encountered when we
consider the detailed vascular responses in these organs. For the purpose of
illustration, the vasoconstrictive effects of intravenous NA on the superior
mesenteric artery will be used.'0 27 Even though portal flow is diminished by a
high dose of NA, portal vein pressure may rise simultaneously, probably
because ofcontraction of the portal capacitance vessels which is also induced
by NA.28 The reduction of flow in the superior mesenteric artery, however,
contrasts strongly with the remarkable increase of splenic flow [Table, no
12], implying splenic arteriolar vasodilation. Venous outflow from the
spleen [Table, no 15] increases by a proportionally greater amount than
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arterial inflow. Apparently splenic arteriolar vasodilation and splenic
contraction occur simultaneously with small intestinal vasoconstriction.
That the increased splenic contribution to portal flow is not an invariable
consequence of a reduced superior mesenteric artery outflow is confirmed
by the effect of vasopressin which reduces both superior mesenteric outflow,
and splenic flow with a similar dose dependency.29 30 Lebrec's suggestion3' to
replace vasopressin by a beta2-adrenergic blocking agent to reduce portal
hypertension may therefore be attractive, at least on experimental grounds.
On the one hand, vasopressin steeply reduces pancreatic blood flow while on
the other hand the pancreatic vessels do not respond to the beta2-agonist,
insoprenaline32 and, therefore probably do not respond to a beta2-
adrenergic antagonist. We should be aware, however, that the experimental
portal hypertension produced by portal vein stenosis and used by Braillon et
al33 in Lebrec's group, is fundamentally different from the portal hyperten-
sion in cirrhotics, particularly with regard to the degree of pressure in the
portal inflow into the liver.
The much smaller inferior mesenteric artery flow [Table, no 14] responds

in a similar way to NA. This increase of vascular resistance, however, is
different from that seen in the superior mesenteric artery, in that it is not
prevented by the alphaadrenergic blocking agent, phenoxybenzamine.34
A change in the superior mesenteric artery flow is not always proportional

to a change in portal vein flow. Such changes may at least be partially
compensated for by the splenic outflow. Vasoconstriction induced by one
drug on two vascular beds may be based on stimulation (inhibition) of two
different receptor systems.
Transcutaneous Doppler ultrasound can be used to detect blood velocity

in the abdominal vessels. Accurate estimates of blood flow using this
technique are limited by several separate errors including those caused by
the difficulty of measuring precisely the angle of approach, the vessel cross
section area and the Doppler shift together with the question of the
uniformity of scattering from the blood.35 The clinical use of the Doppler
velocity measurement encounters an additional pitfall. The primary interest
is the - three-dimensional - volume of flow per unit of time, not only the -
one-dimensional - flow velocity. This aspect was emphasised by Zoli et al,-
who showed that portal flow velocity was a significant 35% lower in
cirrhotics than in controls, whereas the diameter of their portal vein was also
significantly 30% higher, resulting in a calculated blood flow that is in
cirrhotics on the average 6% greater than in controls (not significant). The
assumption that the portal vein has a circular cross section is not true. No
information was given on the resolution factor of the one-dimensional
diameter measurement that is used to calculate the two-dimensional cross
section.

Extrapolation of the one-dimensional information from Doppler velocity
measurements on portal flow to the three-dimensional volume of the flow is
crowded with pitfalls.

HEPATIC VASCULAR RESISTANCE
When estimating change in hepatic vascular resistance total hepatic outflow
should be measured. Blood flow cannot be measured in the hepatic veins
directly because the veins are multiple and too short to allow the placement
of a flow sensor. Total hepatic outflow therefore must be measured as the
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Hepatic haemodynamics related to bloodflow through gut, spleen, andpancreas 271

difference between flow through the inferior vena cava proximal and distal
to the hepatic veins [Table, nos 17a and 17b]. Hepatic venous outflow
depends on the portal and arterial inflow as well as the capacitance of the
hepatic vessels. Note: (1) In a steady state hepatic outflow is the sum of the
portal vein and arterial hepatic artery inflow; (2) The calculated hepatic
vascular resistance is a combination of the arterial and the portal resistances;
(3) arterial hepatic resistance is about 40 times greater than that of the portal
system. (4) Contributions of biochemical variables in the hepatic outflow
provided by the proper hepatic arteries and by the portal vein cannot be
measured separately.
The difference in volume between portal inflow and hepatic outflow

caused by the contribution of the hepatic artery should be taken into
consideration when the uptake or release of a biochemical compound from
the liver is calculated. This also holds for calculations of biochemical
variables in arterial hepatic flow. It is practically impossible to quantify
exactly the extraction (or addition) of a biochemical variable by either
compartment (portal or arterial), as the outflow concentration in the hepatic
veins is a mixture of the outflow concentrations of both compartments.

METABOLIC ASPECT
The contribution to the portal flow by a small branch of the coeliac artery
remains to be discussed. The left gastric artery [Table, no 11] supplies the
parietal cells of the stomach and this vascular bed readily vasodilates after
pentagastrin which also increases blood flow in the common hepatic artery
[Table, no 6] because of vasodilation in the gastroduodenal artery bed
[Table, no 7]. This vasodilatation, however, appears to be restricted to the
superior pancreaticoduodenal artery, supplying the duodenum and the
pancreas. Pentagastrin also stimulates the enzyme secretion in the
pancreas.'037 These data closely tie the haemodynamic response of penta-
gastrin to the secretory response of acid produced by the stomach and
enzymes by the pancreas.

This close relationship between blood perfusion and function leads to a
topic of major importance. Up to now we have restricted the discussion to
regulation of portal flow by the splanchnic bed without considering the effect
of endogenous agents passing from the gut to the liver through the portal
vein. These agents may be important to hepatic function. For example, the
pancreas releases the hormones, insulin and glucagon, into the portal vein
directly to the liver which is the first organ to be passed by these two
hormones which regulate the uptake and release of glucose by the liver.
Small doses of lysine vasopressin, the hormone used clinically in the acute
management of portal hypertension, steeply reduce pancreatic perfusion
[Table, nos 8, 9, 10] without altering arterial pressure. Vasopressin reduces
secretin induced pancreatic secretion to a similar degree. Moreover there
are strong indications that vasopressin asphyxiates the pancreas,38 an effect
which may imply modification of the release of insulin and/or glucagon by
basopressin. Finke and Seifert39 have extended these observations on the
splanchnic blood flow in anaesthetised dogs to vasoactive intestinal peptide
(VIP), glucagon, secretin, and somatostatin. Gallavan et all have studied in
detail the effect of digestion on hepatic blood flow in conscious dogs. The
specific effects of single hormones have been studied by Beijer et al"4 for
secretin and by Blitz et al42 for VIP. Kvietys et al43 have discussed the
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discrepancies between vasoactive agents in relation to blood flow and
oxygen uptake, comparing in vivo and in vitro data.
A change in blood flow anywhere in the splanchnic system may indicate an

altered release of endogenous compounds including hormones; such an
alteration may produce selective changes in hepatic metabolism.

ARTERIAL HEPATIC FLOW
Twenty per cent of hepatic blood flow is arterial and supplied by the proper
hepatic arteries which are multiple in the dog and individually too small to
allow the direct measurement of their blood flow. Clearly, the arterial and
portal systems are not linked by continuously open connections in the liver
otherwise arterial blood would flood the portal system, raise portal pressure
to arterial level and completely stem the venous outflow from the gut.

In their beautiful cinematographic studies Rappaport and Schneiderman'5
visualised arteriolar sphincter like structures that permitted intermittent
spurts of arterial blood to pass into the sinusoids of the liver. In this way, the
proximal zone of hepatocytes in the acinus receives blood with a higher
oxygen level than centrilobular hepatocytes in the distal zone. In addition,
there is a fine arterial network around the bile canaliculi which empties
directly into the terminal portal veins suggesting a special functional
relationship between arterial blood and bile production.2"23

This functional relationship was noted by Kelly and Klopper'1 who
showed that rabbits breathing room air had a P02 in bile of 83 mmHg, which
was increased when hyperbaric oxygen was administered. Arterial P02 also
increased but not P02 in the portal vein. Andrews et all showed the
importance of studying hepatic artery extraction procedures studying the
portal and arterial hepatic route separately and claimed a preferred
extraction of BSP along the hepatic arterial route. This is at variance with
Brauer's work' who failed to take into consideration the carryover effect of
using both routes one after the other in the same animal. Andrews' data
were supported by Bradley47 who observed in man that a far greater
proportion of hepatic blood was cleared of BSP after a surgical formation of
a portocaval shunt. Data are, however, sparse, and insufficient information
is available to decide whether extraction by the liver of a particular
compound occurs along the portal, the arterial route, or both. Arterial
hepatic blood flow can be obtained by subtracting gastroduodenal arterial
flow from common hepatic arterial flow, neglecting the flow through the tiny
right gastric artery [Table, nos 6, 7]. Evaluation of arterial hepatic flow from
the common hepatic artery itself can be misleading as the following results
show.

Pentagastrin enhances flow in the common hepatic artery and in the
gastroduodenal artery with a steal effect from the proper hepatic arteries.7
Intravenous parathyroid hormone, on the other hand, causes an increase in
the common hepatic artery only and not in the gastroduodenal artery, so
that the increase in blood flow is purely from the arterial hepatic flow.48 The
direct injection of parathyroid hormone into the portal vein also increases
arterial hepatic blood flow before recirculation takes place. This implies
a close relationship between portal flow and the arteriolar sphincters
discussed above, which prevents a continuous high pressure flow into the
portal system.

Assessment of arterial hepatic flow requires simultaneous monitoring of
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Hepatic haemodynamics related to bloodflow through gut, spleen, andpancreas 273

flow in the common hepatic and gastroduodenal arteries. The arterial bed in
the liver differs anatomically and functionally from the portal bed but the
two are closely related. Arterial and portal perfusion should therefore be
considered individually and preferably simultaneously.

RELATION BETWEEN PORTAL AND ARTERIAL HEPATIC FLOW
The physiological role of the hepatic artery has been thoroughly reviewed by
Greenway and Stark49 and Rappaport and Schneiderman."5 The reciprocal
relationship of blood flow between the portal vein and the hepatic artery has
been a major source of controversy since it was first affirmed in the classical
studies of Burton-Opitz.50The reciprocal relationship has been confirmed by
many investigators51-' and questioned by others.6263
With careful experimental design, most investigators find that when

portal vein flow is decreased there is an increase in hepatic artery flow9
Most strikingly, the reduction in portal vein flow after portocaval anastomo-
sis is associated with a marked increase in hepatic artery blood flow."69
Nevertheless, the increase in hepatic artery flow may not be quantitatively as
large as the decrease in portal vein flow"9"57"7' possibly related to the higher
oxygen content of the former.
When, on the other hand, portal vein flow increases, the reciprocal

relationship of hepatic flow appears less impressive. After feeding there is a
marked rise in portal vein flow in dogs.7' But Hopkinson and Schenk75
found that one hour after a meal of meat though portal vein flow rose
by 76% and total hepatic flow by 32%, hepatic artery flow remained
unchanged. In contrast Anderson and Mulroy78 observed after feeding an
appreciable rise of portal vein and hepatic artery flow. The increase in portal
vein flow after feeding can be traced to increased blood flow in the superior
mesenteric artery.3777 Similarly, the administration of phenobarbital to rats
and rhesus monkeys produces a significant increase in portal vein flow due to
a rise in splanchnic flow, whereas hepatic artery flow remains unchanged.78

In the preceding paragraphs it has been argued that portal flow essentially
is the splanchnic outflow. If splanchnic flow diminishes, the liver can
compensate for it directly only through a rise of its arterial flow, or indirectly
by sending a neural or humoral signal to the splanchnic resistance vessels,
and momentarily to the contractile tissue in the spleen. These control signals
have been extensively discussed by Richardson and Withrington.79 The
capacitance function of the splanchnic venous bed was estimated at 27% of
total blood volume by Greenway.8' So a change of splanchnic capacitance
can momentarily alter hepatic portal inflow to a great extent. As the arterial
P02 level is higher than portal P02, a smaller volume of arterial supplement
suffices in this regard to compensate for a larger reduction of portal inflow.
In contrast, the biochemical constituents of portal blood, like insulin and
other hormones, which the liver may need, are often present at higher level
than found in arterial blood.

Aspects of splanchnic and hepatic oxygen consumption as related to blood
perfusion have been discussed extensively.82"5 We know of only one author
(Andreen') who distinguished elegantly between a major number of
variables controlling splanchnic and hepatic perfusion and function. She has
studied extensively the effects of inhalation and intravenous anaesthesia on
hepatic and splanchnic circulations. But in most papers which discuss the
relationship between portal and arterial hepatic perfusion, mechanical
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occlusion or operative deviation of one flow or the other is used. This is
fundamentally different from the physiological and pathophysiological
situations seen in man except after a shunt operation. Normally changes are
caused by modifications of vascular resistance. This holds for the splanchnic
flow and hypothetically for the arterial hepatic flow during digestion. Then
the changes in blood flow are the result of the absorption of nutrients as well
as to protective metabolic transformations occurring within the liver. In
pathophysiology the most frequent increase of vascular resistance is seen in
patients with alcoholic cirrhosis of the liver.

Portal flow to the liver depends on the splanchnic flow. Splanchnic outflow
can change momentarily by alteration of the capacitance function of the
portal vessels. A longer term change requires an alteration in splanchnic
inflow, which varies with splanchnic vascular conductance and arterial
pressure.
The liver controls arterial hepatic flow directly through the hepatic

arterioles. Thus, the liver can compensate for a reduced arterial hepatic flow
only indirectly by modifying portal flow through humoral or nervous means
that alter splanchnic outflow. Interactions between portal and arterial
hepatic perfusion apparently do exist, but no completely clear picture has
yet emerged from the data in the literature and from our own work.

Conclusions

The liver receives 20% of its blood as arterial and 80% as portal flow. Its
vascular unit is the 'acinus'.

Assessment of arterial hepatic blood flow requires simultaneous monitor-
ing of flow in the common hepatic and gastroduodenal arteries. The hepatic
arterial bed differs anatomically and functionally from the hepatic portal
bed. When attention is paid to arterial splanchnic flow in a study of portal
flow, the influence of changing LV function on mesenteric perfusion should
be considered.
The portal inflow to the liver depends on the splanchnic outflow. A

longterm change of portal flow requires an alteration in splanchnic inflow,
which depends on splanchnic vascular conductance and on arterial pressure.
In contrast, the liver can alter the arterial hepatic flow directly by adaptation
of the hepatic arterioles.
The healthy hepatic portal perfusion will follow changes of splanchnic

outflow rather smoothly, due to a low hepatic vascular resistance. A change
of resistance in the hepatic vasculature may greatly complicate this simple
relation.
The difference in volume between portal inflow and hepatic outflow

should be taken into consideration when the uptake or release of a
biochemical compound by the liver is calculated. The same holds for the
calculations on a biochemical variable in arterial hepatic flow. The
biochemical variables in the outflow supplied by the proper hepatic arteries
and the outflow supplied by the portal vein cannot be assessed separately.
A change in the superior mesenteric artery flow is not always representa-

tive of a change in the portal flow. It may, at least partly, be compensated for
by the splenic outflow.
The gastrointestinal tract supplies the liver not only with most of the

nutritional components absorbed from the gut, but it also offers hormones.
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A change of blood flow anywhere in the splanchnic tract may indicate an
altered release of endogenous compounds, which may alter hepatic meta-
bolism selectively. Doppler velocity measurement on portal flow in man is
crowded with pitfalls.

Questions about liver perfusion require instantaneous and continuous
information about blood perfusion through gut, spleen and pancreas
assessed in situ and simultaneously. The only established method that is now
available for this purpose is multichannel electromagnetic flowmetry.87
Confirmation of data obtained by the electromagnetic flowmetry on
anaesthetised dogs can be sought in conscious animals using the implanted
pulsed Doppler ultrasonic flowmetry.
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