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Reading: 

Circulation Lecture 9: Exercise, Cutaneous, Splanchnic 

Berne & Levy Physiology (7th Ed.)  
Koeppen & Stanton, Chapter 19, pages: 422 - 427 

Learning Objectives: You should be able to 

CIRC 9.1. Explain the primary function of the cutaneous circulation. 

CIRC 9.2. Identify the characteristics of apical and non-apical skin in terms of blood flow 
and their specific anatomical and functional differences.  

CIRC 9.3. Describe the neural and thermal factors that regulate cutaneous blood flow. 

CIRC 9.4. Describe the general anatomical features of the splanchnic circulation 
including the hepatic portal system.  

CIRC 9.5. Describe the neural and local regulatory mechanisms governing splanchnic 
blood flow. 

CIRC 9.6. Understand and explain the cardiovascular adaptations to exercise 
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CIRC 9.1. Explain the primary function of the cutaneous circulation.  
 
General Characteristics. 

• In a normothermic person, total skin blood flow is about 300-500 ml/min. or about 5-
10% of the cardiac output. However, skin blood flow can vary from near 0 (in cold) to >7 
liters/min (heat stress).   

• The oxygen and nutrient requirements of the skin are relatively small.  Skin blood 
flow far exceeds nutritive requirements.  

• In contrast to other vascular beds, neural control is more important than local 
metabolic control in the overall regulation of skin blood flow. 

• The primary function of the cutaneous circulation is to maintain a constant body 
temperature. This function is achieved by providing convective transport of heat to the 
body surface for exchange with the environment. 

• The cutaneous vasculature is more efficient at promoting heat loss than it is in 
preventing heat loss. Skin blood flow may increase up to 30 times with heat but 
decrease by only a factor of 10 with cold.  Therefore, humans acclimatize better to heat 
than to cold. 

• Blood flow contributes to skin color by volume and the degree of oxygenation of 
blood in the cutaneous vessels.  Low blood flow (pale); desaturated hemoglobin 
(cyanotic); fully saturated hemoglobin (reddish); carbon monoxide poisoning (bright 
pink). 

• In cold climates, the skin may also appear red (nose, ears and rosey cheeks) even 
though blood flow is low due to vasoconstriction. Low temperature in the tissues 
decreases the dissociation (unloading) of oxygen from hemoglobin, resulting in more 
oxyhemoglobin, which gives arterial blood its red color. 
 
CIRC 9.2. Identify the characteristics of apical and non-apical skin in terms of 
blood flow and their specific anatomical and functional differences.  
 
The skin contains two types of resistance vessels: 

• Arterioles – some basal tone; controlled by both sympathetic nerve activity and 
local regulatory factors.  

• Arteriovenous (AV) anastomoses - shunts blood from the arterioles to venules 
and venous plexuses, bypassing the capillary beds. Exclusively under 
sympathetic neural control (rather than local metabolic control). No basal (non-
neural) tone; no metabolic control; no reactive hyperemia or autoregulation. 

 
In terms of blood flow there are two types of skin:  

• Apical - Present on the nose, lips, ears, fingertips, hands, and feet. High surface-
to-volume ratio that favors heat loss. Contains specialized AV anastomoses 
called glomus bodies that helps facilitate heat loss. 
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• Nonapical - Present in the rest of the body. Two features distinguish nonapical 
from apical skin. Almost completely lacks AV anastomoses. Innervated by 
sympathetic fibers that release acetylcholine (preganglionic) that produce active 
vasodilation. 

 
CIRC 9.3. Describe the neural and thermal factors that regulate cutaneous blood 
flow.  
 
Neural Control (Fig 9.1) 

• Apical: Arterioles, AV 
anastomoses and venules 
receive innervation by 
sympathetic adrenergic nerves. 
At rest, reflex stimulation 
produces vasoconstriction of 
cutaneous vessels. Withdrawal 
of sympathetic nerve activity 
produces passive vasodilation. 

• Nonapical: In addition to 
sympathetic vasoconstriction 
(norepinephrine), this tissue 
exhibits active vasodilation 
elicited by sympathetic 
cholinergic fibers through a 
sweat-dependent release of 
bradykinin (see Fig 9.2).  

 

 

Fig 9.2. Sympathetic effects – apical vs. nonapical 

 

Fig 9.1. Sympathetic effects – skin vs. muscle 
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Reflex Control 
Temperature Regulation – is primarily controlled by major sensory sites in 
hypothalamus and less by receptors located in the spinal cord.   

• Increases in internal temperature cause withdrawal of sympathetic nerve activity 
and vasodilation (increase in blood flow).  Maximum vasodilation results from 
block of sympathetic nerve activity. 

• Decreases in internal temperature cause activation of sympathetic nerve activity 
and vasoconstriction (decrease in blood flow).  

 
Local Temperature Effects 

• In addition to reflex controls, moderate changes in local skin temperature are 
accompanied by directionally similar responses in local skin blood flow.  

 
Regulation of Blood Pressure and Cutaneous Blood Flow. 

• In a normothermic person, total skin blood flow is only 5-10% of cardiac output 
and therefore changes in cutaneous vascular resistance induced by changes in 
blood pressure (baroreceptor reflex) exert only a small effect on overall total 
peripheral resistance and blood pressure. 

• However, in heat stress, total skin blood flow can approach 8 liters/min. (total 
cardiac output increases to 13 liters/min) or about 60% of cardiac output.  Under 
these conditions, a decrease in blood pressure results in a significant 
baroreceptor-mediated vasoconstriction of cutaneous vessels (increase in 
peripheral resistance) that helps maintain blood pressure.   However, the 
competing vasodilation (due to reflex temperature regulation) limits the 
vasoconstrictor response and blood pressure is not as well maintained compared 
with normothermic conditions.   

• An increase in blood pressure causes withdrawal of cutaneous sympathetic 
nerve activity.  This has little effect on skin blood flow in warm conditions, where 
apical vessels are already dilated.  

 
Response to Cold (frostbite) 

• Below 0 °C negligible cutaneous blood flow allows the skin to freeze. 
• Without circulation, skin temperature drops at a rate exceeding 0.5 °C per min. 
• Smaller blood vessels (microvasculature) freeze before larger blood vessels. 
• The venous system freezes before the arterial system because of lower flow 

rates. 
• Mechanisms of frostbite injury: 

o Direct thermal damage to cells. 
o Direct cell damage from ice crystals. 
o Microvascular stasis, thrombus and ischemia 
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o Reperfusion inflammatory injury. 
  
Exercise 

• Competing demands for blood flow.  

• Sympathetic stimulation vasoconstricts to shunt blood from skin to exercising 
muscle. However, internal metabolic heat production stimulates cutaneous 
vasodilation for heat loss.  

• With continued exercise, initial cutaneous vasoconstriction converts to net 
vasodilation. 

• During exercise, skin blood flow increases with internal temperature but only to a 
limit, beyond which there are only small increases in skin blood flow despite 
further significant increases in internal temperature.  

 

CIRC 9.4. Describe the general anatomical features of the splanchnic circulation 
including the hepatic portal system.  
 
Overall Characteristics. 

• The splanchnic circulation consists of the blood supply to the abdominal organs 
of digestion, including the gastrointestinal tract, liver, pancreas, and spleen. 

• Splanchnic organs receive ~25% of the cardiac output in a resting, fasting 
individual. 

• Arterial blood delivers O2 and metabolic substrates to the splanchnic organs. 
• Venous blood carries away CO2 and other metabolic by-products and nutrients 

that have been absorbed from the intestinal lumen. 
B) Anatomy 
Major Vessels  

• Celiac artery – supplies blood to stomach, spleen and pancreas. 

• Superior mesenteric artery (SMA) and inferior mesenteric artery (IMA) supplies 
small and large intestines with branches to stomach and pancreas. 

• The superior and inferior mesenteric arteries form anastomoses that limit 
ischemia. 

Microcirculation 

• Small arteries penetrate through the muscularis layer of the intestinal wall and 
branch extensively in the submucosal layer. 

• The arrangement of microvessels within an intestinal villus forms a 
countercurrent flow system. The incoming arteriole courses up the center and 
branches into many capillaries towards the tip of the villus. Capillaries converge 
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into venules that carry blood back to the base of the villus.  Arterioles and 
venules run parallel to one another.   

• Therefore, solutes (e.g. Na+) absorbed in the capillaries pass into the venules 
and can then diffuse into the interstitium and then into the arterioles. At low flow 
rates (periods of sustained fasting), the majority of the oxygen and solutes diffuse 
from the artery to the vein and bypass the capillaries at the tip of the villi. Thus, 
when the blood flow to the villi is low, the counter-current becomes 
stronger, and can deprive the villi tip of oxygen, causing anoxic damage. 

 
Portal Circulation 

• The portal vein collects blood from the capillary beds of the intestine, stomach, 
pancreas and spleen. Portal venous blood then enters the liver capillaries.   

• Hepatic veins collect blood from the liver and empty into the vena cava.  

• Therefore, the splanchnic circulation encounters two capillary beds in series, i.e. 
portal system.  

• The pressure in the portal vein is normally 10 mm Hg, only a few mm Hg above 
the pressure in the vena cava. 

• Portal Hypertension can result from increases in either the vena cava pressure 
(congestive heart failure) or the hepatic vascular resistance (cirrhosis, hepatitis B 
or C). 

• Portal hypertension (>25 
mm Hg) can lead to 
abdominal edema 
formation or ascites (fluid 
in the peritoneal cavity).  
As pressure increases 
further, portal blood flows 
through and dilates portal 
anastomoses with 
systemic veins in the 
lower esophagus, 
stomach and rectum.  
Rupture of swollen 
esophageal veins (esophageal varices) can lead to life-threatening hemorrhage.   

 
 
CIRC 9.5. Describe the neural and local regulatory mechanisms governing 
splanchnic blood flow. 
 
Regulation of Intestinal Blood Flow 
• Local Factors (metabolic and mechanical) 

 

Fig 9.3 
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• Hormonal 
• Neural 
 
1. Metabolic and Mechanical 

• During an increase in metabolism, O2 decreases and metabolites (CO2, H+ and 
adenosine) increase.  Both factors cause vasodilation and increases in intestinal 
blood flow. 

• When metabolism decreases, opposite changes cause vasoconstriction and 
decreases in blood flow. 

• Intestinal blood flow is determined primarily by the rate of active transport of 
solutes across the mucosal epithelium (independent of intestinal content).  

• Mucosal blood flow is specifically increased in response to increased metabolism 
and increases in O2 demand. 

• Increases in intestinal motility increase metabolic activity in the intestinal smooth 
muscle. However, increases in motility cause only modest increases in 
muscularis metabolism and blood flow. Total intestinal blood flow often 
decreases during intestinal contractions due to compression of blood vessels 
(like in the heart). 

• Intestinal blood flow exhibits moderate autoregulation due to vasodilation 
resulting from metabolites (primarily adenosine as well as CO2, H+, K+, or 
osmolarity.  The opposite changes cause vasoconstriction.  Not as well 
developed as in brain or kidney. 

2. Hormonal 
• Of the many gastrointestinal hormones important in digestion, only 

cholecystokinin and neurotensin exert physiological important effect on intestinal 
circulation. These hormones increase blood flow by inducing vasodilation. 

3. Neural  
• The major neural influence on intestinal blood flow is postganglionic sympathetic 

vasoconstriction. 

• Except for the capillaries, all splanchnic blood vessels receive sympathetic 
innervation. 

• The sympathetic neurotransmitter is norepinephrine. 

• Vasoconstriction results from activation of alpha-adrenergic receptors on vascular 
smooth muscle. 

• Beta-adrenergic receptors also exist and their activation causes vasodilation. 

• During stress or exercise sympathetic vasoconstriction (and venoconstriction) 
shifts blood flow from intestinal circulation to skeletal muscles, heart and brain. 
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• During hemorrhage, significant volumes of blood are shifted from splanchnic to 
central circulation. 

• Parasympathetic preganglionic fibers contact postganglionic neurons in the 
intestinal wall. 

• Parasympathetic activity indirectly stimulates intestinal blood flow by stimulating 
intestinal motility and glandular secretions, which in turn, increases metabolism.  

4. Postprandial Hyperemia 

• Food ingestion increases intestinal blood flow through a complex interplay of 
metabolic, mechanical, hormonal, and neural influences. 

• The nature of the luminal content also determines the magnitude of the increased 
blood flow. Partially digested fats and carbohydrates are especially effective in 
inducing hyperemia. 

 

CIRC 9.6. Understand and explain the cardiovascular adaptations to exercise 
 

1. Both neural (global) and metabolic (local) 
control mechanisms. 

2. Anticipation of exercise - 
a. decrease parasympathetic nerve 

activity. 
b. increase sympathetic nerve 

activity.  
c. increased heart rate and 

myocardial contractility. 
d. continues throughout exercise.  

3. Sympathetic activity to the heart –  
a. increase heart rate. 
b. increase contractility (stroke 

volume). 
c. increases cardiac output (HR x SV 

= CO). 
d. as heart rate reaches maximum, 

stroke volume declines (reduced 
filling time).  

4. Sympathetic vasoconstriction -  
a. increases vascular resistance.  
b. diverts blood away from skin, 

kidneys, splanchnic regions and 
inactive muscle. 

c. cerebral, pulmonary and cardiac 
vasculature unaffected. 

 
Fig 9.4. Response to exercise 
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5. Metabolic vasodilation -  
a. K+, adenosine, CO2, H+ 
b. lowers vascular resistance and increases 

blood flow (15 to 20-fold).  
c. active skeletal muscle and heart.  
d. change in total peripheral resistance is 

dependent on level of exercise and mass 
of active muscle. 

e. sympathetic vasoconstriction slightly limits 
metabolic vasodilation.  

6. Capillary recruitment –  
a. active muscle capillaries all open for 

maximum blood flow. 
7. Enhanced O2 extraction –  

a. rightward shift in oxyhemoglobin 
dissociation curve. 

b. less O2 held by hemoglobin; more O2 
available for skeletal muscle tissue. 

c. increase in arteriovenous oxygen difference. 
d. oxygen consumption increases. 
e. NOTE: the heart does not increase O2 extraction during exercise.  

8. Venous return  
a. sympathetic venoconstriction decreases venous compliance and shunts 

blood back to heart, i.e. increases venous return. 
b. muscle pump – working skeletal muscles compress veins and shunt blood 

back to the heart through one-way venous valves to increase venous 
return.   

c. respiratory pump – during deep inspiration, negative intra-thoracic pressure 
and positive intra-abdominal pressure create a pressure gradient for 
increased venous return.  

9. Arterial Pressure –  
a. systolic pressure is increased primarily by the increase in stroke volume.  

However, sympathetic vasoconstriction also contributes to maintaining 
and raising mean arterial pressure during exercise.   

b. diastolic pressure is determined primarily by changes in total peripheral 
resistance (balance between sympathetic vasoconstriction and local 
metabolic vasodilation).  Depending on the level of exercise and mass of 
active tissue, the diastolic pressure can rise slightly, remain unchanged or 
even decrease slightly with high intensity exercise.  

c. pulse pressure widens. 
 

 
Fig 9.5. CO distribution during 
exercise 


