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Autonomic regulation of
splanchnic circulation
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KA FRASER, SS LEE. Autonomic regulation of splanchnic circulation. Can ]
Gastroenterol 1991;5(4):147-153. The role of the autonomic nervous system
in circulatory regulation of the splanchnic organs (stomach, small intestine,
colon, liver, pancreas and spleen) is reviewed. In general, the sympathetic
nervous system is primarily involved in vasoconstriction, while the parasym-
pathetic contributes to vasodilation. Vasoconstriction in the splanchnic circula-
tion appears to be mediated by alpha-2 receptors and vasodilation by activation
of primary afferent nerves with subsequent release of vasodilatory peptides, or by
stimulation of beta-adrenergic receptors. As well, an important function of the
autonomic nervous system is to provide a mechanism by which splanchnic
vascular reserve can be mobilized during stress to maintain overall cardiovascular
homeostasis.
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Régulation autonomique de la circulation splanchnique

RESUME: Les auteurs examinent le rdle du systéme nerveux autonome dans la
régulation du systéme circulatoire des organes splanchniques (estomac, intestin
gréle, calon, foie, pancréas et rate). En général, le systéme nerveux sympathique
intervient principalement dans la vasoconstriction tandis que le parasympathi-
que contribue 2 la vasodilatation. La vasoconstriction semble déclenchée par les
récepteurs alpha 2 et la vasodilatation par Pactivation des nerfs afférents
primaires provoquant la libération de peptides vasodilatateurs ou par la stimula-
tion des récepteurs béta adrénergiques. Une des fonctions importantes du systéme
nerveux autonome est également de fournir un mécanisme permettant de
mobiliser la réserve vasculaire splanchnique durant le stress afin de maintenir
Ihoméostase cardiovasculaire globale.
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TI-[E SPLANCHNIC ORGANS ARE
capable of controlling their mo-
ment-to-moment bloodflow and oxy-
genation to a certain exrent, even
when neural and/or humoral input is
eliminated (1). The ability to self-regu-
late bloodflow in the splanchnic organs
has been attributed to myogenic, meta-
bolic and neurocrine influences on
resistance and exchange vessels (1).
Despite the autonomy of bloodflow reg-
ulation in the splanchnic organs, the
autonomic nervous system is thought
to provide a more sophisticated level of
control. In addition, autonomic nerves
provide a mechanism to maintain over-
all cardiovascular homeostasis by over-
riding local influences, such that
splanchnic blood can be quickly redir-
ected to vital organs during emergency
states in the organism (2).

The autonomic nervous system is
comprised of sympathetic (thoracolum-
bar) and parasympathetic (craniosa-
cral) nerves. Sympathetic nerves are
primarily involved in vasoconstriction
and parasympathetic in vasodilation.
Preganglionic cell bodies of the sym-
pathetic nerves are located in the inrer-
mediolateral cell column in the grey
substance of the spinal cord. Axons
from these cell bodies exit the spinal
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cord via the ventral roots, passing
through the white communicaring

ramus (myelinated) to enter the first of

two sympathetic ganglia, the paraver-
tebral or sympathetic ganglia. The
axon will do one of two things: it will
synapse in the chain, either cranially or
caudally to the point at which it
entered; or it will pass directly through
the sympathetic chain without synaps-
ing, to become part of the splanchnic
nerves targeted to enter one of three
prevertebral ganglia: celiac, superior
mesenteric  or inferior mesenteric
ganglia. After synapsing in the prever-
tebral ganglia, post ganglionic fibres
travel to the organ ro be innervated. In
the first option, after synapsing in the
chain the post ganglionic fibres exit the
chain to re-enter the spinal nerve rrunk
via the grey communicating ramus (un-
myelinated) and project to visceral
structures in the periphery (3).

Alternatively, cell bodies of pregan-
glionic fibres in the parasympathetic
nervous system originate in either
nerve nuclei of the brainstem (iii, vii, ix
or x), or sacral levels of the spinal cord
(S1 to S3). Preganglionic fibres char-
acteristically terminate in parasym-
pathetic ganglia in or near the organ
innervated, typically in the walls of the
organ innervated. As such, the post
ganglionic fibres are relatively short
and located in the wall of the organ to
be innervated as well. Parasympathetic
innervation to the abdominal viscera is
provided by the vagus, whereas the pel-
vic nerve innervates the pelvic viscera.
Typically, both pre- and post ganglio-
nic parasympathetic fibres and pregan-
glionic  sympathetic fibres release
cholinergic agents, while post ganglio-
nic sympathetic fibres release adrener-
gic transmitters (3).

Finally, certain specific visceral af-
ferent fibres provide sensory feedback
to higher centres. These primary af-
ferents project to the brain and spinal
cord via the aufonomic nerves (3).

BLOODFLOW REGULATION
IN SPLANCHNIC
CIRCULATION

Bloodflow to the colon and stomach
is significantly less than to the intes-
tine, while in the colon and intestine,
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proximal segments receive a greater
proportion of bloodflow than distal (1).
Generally speaking, the submucosal-
mucosal regions receive a greater share
of bloodflow than do the muscularis
layers (1). The microcirculatory ar-
chitecture of the stomach and colon is
relatively similar, while the circulation
in the small intestine is quite unique by
comparison. Like the liver, the pan-
creas is perfused with both venous and
arterial blood (1). Typically, within the
microcirculation of the splanchnic or-
gans, bloodflow is modified by precapil-
lary resistance vessels (4).

In the following sections the micro-
vascular circulation of the splanchnic
organs (stomach, small intestine,
colon, liver, pancreas and spleen) and
their modification by the autonomic
nervous system are described.

THE GASTRIC CIRCULATION

Large arteries pierce the muscle lay-
ers of the stomach to become progres-
sively smaller as they supply the
muscularis and submucosal regions. Ar-
terial plexuses located in the submu-
cosa send mucosal arterioles to supply
capillaries at the base of the mucosa,
after passing perpendicularly through
the muscularis mucosa. Collecting ven-
ules located in the mucosa carry blood
from the mucosa to the submucosa,
where it enters the venular plexus.
Blood exiting the venular plexuses en-
ters larger veins that drain the stomach.
Within the muscle layers (supetficial
and deep) there is free communication
between capillaries on the same or dif-
ferent planes. The muscle capillary net-
works drain into venules to join veins
from the venular plexus. These veins
combine with larger veins ultimately to
drain the stomach (5). Because the
muscle vascular bed is parallel to the
submucosal-mucosal  beds, mucosal
bloodflow can be controlled by con-
striction or dilation of the submucosal
arteriole plexus (6).

CONTROL OF GASTRIC
BLOODFLOW
Sympathetic regulation: Sympathetic
input to the stomach arises from T6 to
L10 of the spinal cord and terminates as
preganglionic fibres in the celiac gang-

lion. Post ganglionic fibres exit the
celiac ganglion to innervate the stom-
ach (5). Arteries and arterioles are more
heavily adrenergically supplied than
veins or venules, while in capillaries
adrenergic innervation is relarively un-
common (7). However, more recent
work has demonstrated some adrener-
gic innervation of the capillary endo-
thelium at the basal and middle
portions of the mucosa.
Vasoconstriction produced by elec-
trical stimulation of sympathetic effer-
ents decreases bloodflow to rthe
stomach and mucosa (8), including
celiac (9) and gastroepiploic arterial
flow (10). However, with prolonged
stimulation of gastric sympathetic
fibres, escape from vasoconstriction re-
sults, and bloodflow reaches a higher
but stable level. This phenomenon,
termed ‘autoregulatory escape’ (11),
occurs in most splanchnic organs. Ini-
tial vasoconstriction appears to he
mediated by alpha-adrenergic recep-
tors, and escape from vasoconstriction
(vasodilation) by beta-adrenergic (5)
or primary afferent innervation.
Catecholamine effects on gastric
circulation are divergent. Adrenaline
typically elicits vasodilation, whereas
noradrenaline administration results in
vasoconstriction when infused intra-
venously (12). Intra-arterial infusion of
adrenaline and noradrenaline into the
left and right gastric arteries produces
immediate vasoconstriction succeeded
by autoregulatory escape and subse-
quent vasodilation. The constrictor re-
sponse is abolished by alpha-adrenergic
blockade, and the dilatory effect is block-
ed by beta-adrenergic blockade (13).
More specifically, others have shown
marked vasoconstriction at the level of
the gastric submucosal arteriolar vas-
cular bed immediately following adren-
aline or noradrenaline administration
(14). The literature therefore supports
the conclusion that both catecholamines
initially constrict gastric vessels.

Parasympathetic regulation: The area
postrema appears to be the origin of the
nerve fibres innervating the fundus and
corpus of the stomach in the rat (15).
Parasympathetic fibres that innervare
the stomach arise from the vagus, which
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consists of both high and low threshold
fibres. Stimulation of the low threshold
vagal fibres results in a nonadrenergic-
noncholinergic relaxation of the stom-
ach and a concomitant increase in
bloodflow (16). Following vagal stimu-
lation, the gastric arteriolar diameter
increases (7), producing a sharp in-
crease in bloodflow. Given the resis-
tance of arteriolar diameter to
cholinergic antagonists (atropine-mus-
carinic blocker), a noncholinergic dila-
tory effect is suggested (7,17).

Studies of canine gastric arteries
have shown that vagal stimulation can
depress the vasoconstrictive response
to adrenergic stimulation (18), thus

suggesting cholinergic inhibition of

adrenergic neurotransmission.  The
study provided evidence of muscarinic
receptors on sympathetic nerve en-
dings inhibiting or dulling adrenergic
neurotransmission.

INTESTINAL CIRCULATION
Microcirculation: The microcircula-
tion of the intestine is different from the
vascular arrangement in the stomach.
The submucosa, mucosa and muscularis
layers of the small intestine all maintain
fairly distinet vascular beds. The
arterial plexus, located in the sub-
mucosa, supplies all three layers direct-
ly, as well as sending a single arteriole
to the villus tip. A consecutive arrange-
ment between the arterioles, precapil-
lary sphincters, capillaries and venules
exists in each layer of the intestine. The
first order arterioles supplying the wall
of the intestine originate from
mesenteric arteries. These arterioles
then pierce the muscle walls (longi-
tudinal and circular) and continue
through the submucosa, where second
and third order arterioles arise and
supply the submucosa and mucosa to
the tip of the villus. A branch of the
second and third order arterioles, the
fourth order, passes back to supply the
muscle layers. Small venules drain each
layer independently and eventually all
bloodflow drains into larger veins, ulti-
mately to draining the intestine (19).

The arterial and venous portions
supplying the villus are believed to
autoregulate more successfully than the

Autonomic regulation of splanchnic circulation

deeper vessels. The villus is supplied by
a main arteriole, the smaller supplying
branched arterioles of which extend to
the capillary bed at the tip of the villus.
The capillaries drain into several small
venules, to drain evenrually into a lar-
ger venule located at the base of the
villus. A discriminating feature of villus
circulation in cats (20), dogs (21) and
humans (22) is the presence of a coun-
tercurrent exchange mechanism. The
venule and arterioles supplying the vil-
lus lie in close proximity to each other
(10 to 20 pm) (23), and as a result
blood in the venule and capillaries
flows in a direction opposite to arterial
flow. It interesting to note that a
countercurrent mechanism has not
been established in rat or rabbit intes-

rine (24).

Sympathetic regulation: Low frequen-
cy (4 to 8 Hz) sympathetic stimulation
of nerves in the intestinal vascular bed
results in marked vasoconstriction fol-
lowed by a decrease in bloodflow to the
whole intestine mucosa, submucosaand
muscle layers. As well, catecholamine
release from either sympathetic post
synaptic receptors or the adrenal cortex
produces intense vasoconstriction with
subsequent dilation and increased tlow
—an autoregulatory response (25). The
mechanism responsible for autoregula-
tory escape in the intestine had been
unclearuntil a recent study demonstrat-
ed that post ganglionic sympathetic
nervous stimulation activates both
vasoconstrictor sympathetic fibres and
vasodilator afferent capsaicin-sensitive
C-fibres (26). It is generally accepted
that the initial vasoconstriction is
mediated by alpha-2 adrenergic recep-
tors (27), whereas stimulation of af-
ferent nerves releases vasodilator
peptides such as substance P or cal-
citonin gene-related pepride.
Adrenergic agents have been heavi-
ly investigated as to their effects on
intestinal bloodflow. LeNoble et al
(28) compared the effects of sympa-
thetic stimulation with exogenously
applied adrenergic agents on both
macrovascular  and  microvascular
dynamics. Intra-arterial (superior mes-
enteric artery) application of both
phenylephrine (an alpha-adrenergic
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agonist) and noradrenaline produced
sharp decreases in superior mesenteric
bloodflow, followed by a decrease in
diameter at the level of the A2
arterioles in the small intestine, as
measured by intravital microscopy.

In summary, the bulk of evidence
demonstrates  functionally  different
roles for alpha- and beta-adrenergic
receptors in the intestine. Alpha-2
receptor activation with phenylephrine
results in vasoconstriction, while vaso-
dilation is produced by either bera-
adrenergic activation (29) or stimula-
tion of primary afferent fibres and the
subsequent release of vasodilator pep-
tides (28). As well, agents such as
digitalis (30) and nicotine (31) appear
to act through noradrenaline.

Parasympathetic regulation: Evidence
for parasympathetic regulation of intes-
tinal bloodflow is at best unclear. At
present, evidence for parasympathetic
regulation of the mesentery is lacking
(5); accordingly, direct vagal stimula-
tion has no vasoactive effect (32).

However, studies examining the
mechanisms of postprandial hyperemia
have demonstrated both sympathetic
and parasympathetic  involvement.
The splanchnic vascular response to
feeding can be divided into two phases:
that developing during the anticipatory
phase prior to food ingestion; and that
produced following digestion and ab-
sorption.

During the first phase, the resistance
of the mesenteric vascular bed in-
creases (33), while overall cardiac out-
put increases. This is thought to be due
higher cortical anticipatory
response mediated by increased sym-
pathetic activity. After feeding, in the
second phase, mesenteric vascular

o a

resistance decreases and cardiovascular
variables return to normal (34,35).
Decreased resistance is marked by an
increase in bloodflow from 28 ro 132%
in the superior mesenteric artery (33).
This vasodilation can be inhibited by
atropine, implying cholinergic inner-
vation of the superior mesenteric artery
(33). Microsphere experiments have
localized the hyperemic response to the
mucosa-submucosa  and  muscularis
regions of the intestinal wall.
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COLON AND RECTUM

The microvascular design of the
colon is very similar to that of the
stomach. Blood vessels supplying the
submucosa and mucosa parallel those
supplying the muscle layers. Evidently,
the mucosa-submucosa receives the
greatest bloodflow (36).

Sympathetic regulation: Sympatheric
nervous innervation of the colon is pro-
vided by both splanchnic and lumbar
nerves. The proximal colon is inner-
vated by splanchnic vasoconstrictor
fibres, whereas the distal colon is inner-
vated by the lumbar nerves (37). Sym-
pathetic stimulation produces immediate
but brief vasoconstriction followed by
autoregulatory escape. There appears to
be no escape at the level of the precapil -
lary sphincters. Responses mediated by
resistance or exchange vessels in the
colon are less dramaric than those in
the small intestine (37). There is scant
information about sympathetic influ-
ence on circulation in the rectum (36).

Parasympathetic regulation: Parasym-
pathetic innervation to the colon and
rectum arises from the pelvic nerves.
Stimulation 0f the pelvic nerve initiates
very different responses in the colon
and rectum (38). Pelvic nerve stimula-
tion produces a brief hyperemia fol-
lowed by an increase in bloodflow to the
colon (37). The same stimulation
causes immediate and sustained vaso-
dilation in the rectum (38). Ganglionic
blockade destroys pelvic nerve vasodil-
ation of the colon and rectum, suggest-
ing involvement of a noncholinergic
transmitter.

Vasoactive intestinal polypeptide
(VIP) has been suggested as the non-
cholinergic transmitter involved (39).
Pelvic nerve stimulation releases VIP
from both rectum (38) and colon (40).
Sympathetic release of VIP correlates
with vasodilatory responses in the ves-
sels of the colon. Analogously, exogen-
ous VIP (intra-arterial  infusion)
application produces vasodilation in
both colon and rectum (38). Further-
more, other substances have been sug-
gested as possible mediators of the
vasodilation evidenced after pelvic nerve
stimulation (substance P, serotonin,
purinergic nerve, kinin system) (41).
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HEPATIC CIRCULATION

Intrahepatic branches of the portal
vein become progressively smaller as
they course through the liver. Con-
ducting veins (400 pm) branch into
distributing veins (less than 28 pm,
either marginal or maximal) which fur-
ther subdivide into smaller terminal
venules to unite eventually with sinu-
soidal beds via small inlet venules (42).

The hepatic artery runs alongside
the portal vein into the portal canals of
the liver. Once inside the liver, the
hepatic artery branches into arterioles.
Terminal arterioles (10 to 50 um) end
as precapillaries  (sphincters) to
penetrate the capillaries of the liver.
Capillaries then drain into specialized
capillaries lined with Kupffer and endo-
thelial cells, termed ‘liver sinusoids’,

Sphincters have been identified in
numerous locations throughout the
liver. Consequently, bloodflow regula-
tion inside the liver can be modified at
the bifurcation of the arterioles in the
portal canals, in precapillaries, at the
point where arterioles join the
sinusoids, in the inlet venules, and in
the branches of the portal vein (43).

Because portal flow is the sum of
bloodflow from the extrasplanchnic
circulation, resistance is largely deter-
mined by arteriolar adjustment in the
splanchnic organs. Portal resistance
within the liver had been thought to be
largely presinusoidal (2), bur Lautt and
colleagues (44,45) have recently dem-
onstrated the existence of sphincter-
like structures in the small hepatic
veins of cats and dogs, suggesting a
predominantly post sinusoidal site of
resistance.

Innervation: The liver maintains the
ability to control total hepatic
bloodflow by the hepatic arterial buffer
response (as portal venous flow rises or
decreases, hepatic arterial flow com-
pensates by decreasing or increasing).
Although intrinsic mechanisms exist to
regulate bloodflow in the liver, the
hepatic circulation is also influenced by
a host of extrinsic nerves that have sig-
nificant hemodynamic consequences.
Extrinsic nervous supply to the liver
arises by two plexuses, the anterior
plexus and the posterior plexus. The

anterior plexus, composed of branches
originating in the left and right celiac
ganglion and the left vagus nerve, is
located along the common hepatic
artery. The posterior plexus, derived
from the right celiac ganglion and right
vagus, wraps around the bile duct and
portal vein. Both plexuses can com-
municate with one another. Sympa-
thetic and parasympathetic fibres are
carried by the anterior plexus (46).
Anterior plexus denervation sig
nificantly alters sympathetically
mediated vasoconstriction (47).

Sympathetic regulation: The liver
receives neural innervation from sym-
pathetic fibres (T7 to T10) via the
celiac plexus (46). Rat liver hepato-
cytes appear to have very little adrener-
gic innervation. However, nerve fibres
surrounding the preterminal hepatic
artery and portal vein are innervated by
both adrenergic and cholinergic fibres.
Generally speaking, there seems to be a
minimal role for hepatic nerves in the
control of hepatic arterial bloodflow,
given that hepatic denervation produces
no effect on hepatic bloodflow (48).

The hepatic artery is abundantly
supplied by adrenergic nerves. Stimula-
tion of nerves surrounding the celiac
artery in rats produces intense vaso-
constriction of portal venules, hepatic
arterioles and sinusoids (49). The vaso-
constriction is presumably mediated by
alpha-adrenergic receptors (50), as it
can be blocked by phentolamine
(alpha-adrenergic  antagonist) (51).
Following cessation of stimulation, a
period of hyperemia is produced in the
hepatic artery. The mechanism of vas-
cular escape is poorly understood, but is
thought to involve beta-adrenoceptor
activation (51).

Hepatic venous sphincters appear to
be under sympathetic control, since
noradrenaline and angiotensin admin-
istration produce marked constriction
(50).

There appears to be no neural con-
trol of the portal vein itself, so pressure
changes are mainly due to changes in
resistance vessels in the splanchnic vis-
cera (4). Branches of the portal vein
inside the liver may be influenced by
alpha-adrenergic mechanisms (46).
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Parasympathetic regulation: Vagal
stimulation is thought to result in dila-
tion of sinusoids with a decrease in the
velocity of bloodflow and increases in
the number of sinusoids being perfused
at any one time (52,53). However, this
is still controversial as others have
found no effect of vagal stimulation on
hepatic bloodflow regulation (54).
Reilly et al (55) found that cholinergic
agents produced vasoconstriction in
both sinusoids and portal and terminal
hepatic venules, a response that could
be blocked by alpha-adrenergic block-
ers but not atropine.

PANCREAS
Microvascular anatomy: Little infor-
mation is available on the pancreatic
microcirculation (4). The most accept-
ed view of pancreatic circulation holds
that the pancreas, like the liver, is char-
acterized by a portal circulation, with
exocrine tissue being perfused by borh
venous and arterial blood (56). The
arteries supplying the pancreas advance
along the ducts to diverge into intra-
lobular arteries, which then divide into
arteriolar branches to supply the capil-
lary network of islets, the capillary
plexus of the acini, and the periductular
capillary plexus. Efferents of the isler
capillary network either pass through
the insuloacinar portal vessels to the
acinar capillary plexus, or drain through
the intralobular veins. Vessels exiting
the acinar capillary network either pass
through the capillary plexus or empty
into the intralobular veins to exit the
gland (1).

The current view holds that arterial
flow supplies the islets and exocrine
tissue separately, while blood flows to
the exocrine pancreas via capillaries
from the islets (57).

A determination of arterial blood-
flow supplying the islets and acini in-
dividually was found to be 11 to 23%
and 77 to 89%, respectively (58).

Sympathetic and parasympathetic
regulation: Very little work has been
done on autonomic control of the pan-
creatic circulation, because most
studies have concentrated primarily on
its secretory role (insulin and gluca-
gon). Autonomic regulation of the pan-
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creas appears to be similar to that of the
rest of the gastrointestinal system.
Stimulation of sympathetic efferents
elicits prompt vasoconstriction,
whereas vagal stimulation produces
vasadilation.

SPLEEN

Sympathetic regulation: Sympathetic
innervation of the spleen arises from
the splenic nerve via the celiac gangli-
on. According to Baron and Janig (59),
of the approximately 13,200 neurons
that project to the splenic nerve, 1255
are sympathetic post ganglionic
neurons arising from either the prever-
tebral (98%) or paravertebral (2%)
sympathetic ganglia. As well, 650 af-
ferent neurons project to the splenic
nerve. Sympathetic stimulation of the
splenic nerve in dogs and cats results in
decreased bloodflow (60), presumably a
result of activation of the sympathetic
noradrenergic neurons that innervare
the arterioles, veins and trabeculae of
the spleen (61).

Autoregulatory ability of the splenic
circulation is thought to be weak,
presumably due to its lesser functional
importance in times of stress (62).
Vasodilation of vessels in the spleen
is presumed to result from activation
of primary afferents carried in the
splenic nerve, triggering bradykinin
(vasoilator peptide) receptor release

(63).

VISCERAL AFFERENTS AND
REFLEX ARCS

The central nervous system receives
considerable innervation from visceral
afferents in the splanchnic organs. The
majority (54%) of those afferents travel
with the sympathetic nerves. The
central nervous system also receives
vagal afferents, the majority of which
travel through the thoracic vagus. The
primary afferents can be activated hy
any one of the following stimuli: vibra-
tion, smooth muscle contraction,
noxious stimuli or chemoreceptors
(64). Therefore, stimulation of the
primary visceral afferents can invoke a
reflex response involving spinal or
supraspinal neural pathways. As men-
tioned previously, some primary af-

ferents may be involved in the
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vasodilatory response of autoregula-
tion. However, other physiological
roles in the splanchnic circulation
remain yet unclear (1).

THE ROLE OF THE
SPLANCHNIC CIRCULATION
IN OVERALL CARDIO-
VASCULAR HOMEOSTASIS

The capacitance vessels of the
splanchnic bed contain approximately
20 to 30% of the total blood volume of
the hody (65). The liver, spleen and
intestine together form the splanchnic
blood reservoir — a reservoir that can be
mobilized by the sympathetic nervous
system to maintain  cardiovascular
homeostasis. Approximately 30 to 40%
of this volume can be expelled by sym-
pathetic stimulation in response to an
emergency (2). For instance, when
blood is removed or infused at a fairly
slow pace, compensatory mechanisms
can act either to remove blood from the
reservoir and redirect it to the ap-
propriate region or, in the case of ex-
cess, direct it to the splanchnic reserve
(66).

Mobilization of the splanchnic
blood appears to be the result of sym-
pathetic vasoconstriction of arterioles
(33). More specifically, the mobiliza-
tion of splanchnic blood during hemor-
rhage can best be characterized by three
stages. In the initial stage, low and high
pressure baroreceptors in the carotid
arteries and aortic arch lessen venous
return by responding to decreasing
pressure. Subsequently, chemorecep-
tors located in the intrathoracic vessels
and heart are activated by decreased
arterial pH. The consequence of both
of these actions is to initiate vasocon-
striction of the resistance vessels — a
response accomplished primarily by
sympathetic nerves. The vasoconstric-
tion evoked by hemorrhage accounts
for roughly one-third of the increased
overall peripheral resistance.

To conclude, the autonomic nerv-
ous system plays an essential role in the
regulation of bloodflow to individual
splanchnic organs. In addition, it helps
to mobilize the splanchnic vascular
reserve to help maintain overall cardio-
vascular homeostasis in an emergency.
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