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The role of impaired oxygen delivery and hypoxia for the development of tissue 
injury in shock and ischemia has been studied extensively during the last 
years. It is well accepted that total ischemia and severely restricted oxygen 
delivery may cause tissue injury. However, it is probably less well known that 
reoxygenation, following a period of oxygen deficit, may induce tissue injury 
by itself. This will be discussed in the following and the development of 
intestinal tissue injury has been chosen as an example, mainly because reper- 
fusion-reoxygenation injury was first demonstrated in this organ (2). 

Shock and ischemia induce a characteristic injury of the small intestinal 
mucosa. This injury starts as a subepithelial space at the tip of the villi and 
may extend to a total destruction of the villi. The development of this tissue 
injury is dependent on the severity of the ischemia and its duration ( 1 ) .  Addi- 
tion of small amounts of oxygen by intraluminal perfusion of oxygenated saline 
may prevent intestinal mucosal injury following periods of ischemia ( 3 ) .  
mechanism of development of tissue hypoxia during shock and partial ischemia in 
the small intestinal mucosa is rather complicated. This tissue has a high capa- 
city to increase oxygen extraction by increasing arteriovenous oxygen differ- 
ence, and oxygen consumption is not depressed until very low levels of intesti- 
nal blood flow supply ( 4 ) .  The vascular arrangement in the intestinal villi, 
providing the prerequisite for a countercurrent exchange system, explains why 
the tissue p02 is very low at the tip of the villi also during normal circu- 
lation. At low perfusion pressures the efficacy of the countercurrent exchanger 
will be much increased and the tip of the villi might become anoxic during 
hypotension despite a fairly normal blood flow supply (for further details see 
Haglund et al) (5). 

The 

Recently, Granger and co-workers (2) discovered that part of the intestinal 
tissue injury occurs also following reperfusion of the ischemic intestine. 
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These authors demonstrated that the intestinal vascular permeability was 
increased following ischemia and reperfusion, and this increase was much Jess 
if animals were treated with superoxide dismutase (SOD) ,  a free oxygen radical 
scavenger, during ischemia or pretreated with allopurinol, an inhibitor of 
xanthine oxidase (2,111. It was then postulated that the main generation of 
oxygen free radicals following ischemia reperfusion was caused by xanthine 
dehydrogenase to xanthine oxidase conversion and accumulation of hypoxanthine 
during ischemia ( 2 ) -  At reoxygenation, xanthine oxidase facilitates the con- 
version of hypoxanthine to uric acid with the formation of superoxide anion. 
Later, the experiments performed by Granger and co-workers, in which the 
intestinal vascular permeability was chosen as the endpoint, were confirmed in 
studies where intestinal mucosal morphology was studied (4,12,13).  

' 

In these latter studies it was demonstrated that tissue injury, developing 
during the hypoxic period, was exacerbated during reperfusion. The prevention 
of this aggravation by SOD and allopurinol provides good indirect evidence for 
a free radical-mediated mechanism. More direct evidence for such a mechanism 
was obtained in experiments where the ultraweak light emission from the small 
intestine was recorded. Light specific for oxygen free radicals was induced by 
infusion of the xanthine oxidase and hypoxanthine to the small intestine ( 9 )  
as well as at reperfusion following ischemia (10) .  

The relative importance of the hypoxic injury as related to reperfusion injury 
is dependent on the severity and the duration of ischemia. Preliminary data 
indicate that in the extracorporeally perfused kidney, the time interval (the 
window) during which the free radical-mediated mechanism for tissue injury is 
of importance as a exacerbating factor - causing injury in addition to that 
caused by hypoxia itself - is approximately 1 hour in warm och 24 hours in cold 
ischemia (7). As a comparison following rabbit ear frostbite the window for 
radical-mediated injury is approximately 1 minute (8) .  For the intestine 
available data indicate that following total ischemia, as seen clinically in 
intestinal strangulation, the reperfursion component of the small intestinal 
injury is insignificant (6). Partial ischemia with blood flow reduction to less 
than 50 per cent of control does not cause detectable injury. Neither is reper- 
fusion following such mild ischemia followed by detectable injury. Between 
these two extremes, i.e. partial ischemia reducing intestinal blood flow to 
more than 50 per cent of control, available data clearly demonstrate an 
important reperfusion component of the mucosal injury seen following ischemia 
of various duration (6). During shock intestinal ischemia of this latter 
severity is what can be expected. Reperfusion injury is therefore likely t o  be 
a pathophysiological mechanism of the intestinal mucosal injury seen in shock, 
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as well as of the late consequences of such injury complicating shock ( 5 ) .  

In conclusion ischemia/hypoxia as well as oxygen delivery at reperfusion may 
cause tissue injury. The relative importance of these two mechanisms is mainly 
depending on the extent but also on the duration of ischemia. 
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