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Causes of High Altitude Cerebral Edema (HACE)

Mountain climbing can be an extremely fun and exhilarating sport.  The higher you go the more “on top of the world” one can feel.  However, a number of disorders can arise due to increases in elevation: including acute mountain sickness and high altitude pulmonary edema.  Along these same lines, cerebral edema can also occur due to the different environment to which the body is exposed.  While rare, this disorder can be extremely life threatening and warrants investigation into the pathophysiology of this mostly fatal occurrence.    

High altitude cerebral edema, or HACE, is an increase in fluid in the space surrounding the cerebrum and cerebellum (High Altitude Cerebral Edema).  As fluid leaks, it builds up in the cranial cavity.  This continual increase in fluid presses upon the brain causing damage.  At the onset, a person will begin to make bad or irrational decisions.  Balance and motor skills also become impaired, and headaches of increasing intensity will also be felt.  While the cellular causes of this disease are not necessarily determined yet, everyone agrees that hypoxia due to changes in pressure at altitude, plays a large part in the filling of the cranial cavity with excess fluid.

As this altitude increases so does the atmosphere around us (An altitude tutorial, 2004).  The most dramatic difference is the air pressure at altitude.  Air is a mixture of gases that includes nitrogen, oxygen, argon, carbon dioxide, and other trace gases.  According to Dalton’s law, the sum of all these gas pressures is the total air pressure (An altitude tutorial, 2004).  The pressure that each individual gas contributes to this total pressure is called the partial pressure (Mt Sinai).  This is usually measured by the height in millimeters of mercury that the can be supported by the gas mixture.  At sea level, the total air pressure 760 mm of Hg, also known as 1 atm (Mt Sinai).  Approximately 21% of this pressure is due to the partial pressure of oxygen, while 78% of the total pressure is contributed by nitrogen (Mt Sinai).  

As height increases, however, the total pressure of the atmosphere decreases.  At an elevation of 18,000 ft the barometric pressure will be approximately half of what it would be at sea level; 380 mm Hg (An Altitude Tutorial).  Because the relative percentages of all the gases that make up this air are the same at any height, the partial pressure of oxygen will also decrease (An Altitude Tutorial).  This decrease in oxygen ultimately causes hypoxia, a condition in which the body becomes oxygen deprived.  This deficit causes body system to not function correctly.  

One of the regions that is most effected by hypoxia is the brain.  The brain is highly vascularized and requires a large amount of oxygen to function properly.  However, the actual ties this has with causing high altitude cerebral edema is unclear.  

One theory suggests that the hypoxia causes a depletion of ATP causing failure in cellular ion pumps causing an increase in both sodium and potassium ions within the cells, and therefore the overall swelling of the brain itself (Taillie, 2004).  This is then compounded by the increase in blood pressure in the capillaries due to increase vasoconstriction (Taillie, 2004).    However, this has come under some scrutiny.  A paper by Severinghaus et al (1995), gives evidence that ATP does not become depleted until after the neuron stops working due to anoxia and that the unique blood brain barrier prevents any leakage due to vasoconstriction.  

Another theory suggests that acute hypoxia causes a decrease in cyclic AMP levels.  Cyclic AMP is a messenger that plays a key role in regulating the membrane permeability (High Altitude Cerebral Edema , 2004). A decrease in cAMP would mean an increase in permeability of the blood brain barrier which would in turn, allow for an increase in fluid accumulation within the cranial cavity (High Altitude Cerebral Edema , 2004).

It is also thought that hypoxia has an effect on the present of cyclic GMP (guanosine monophosphate).  Cyclic GMP, along with nitric oxide, acts as a vasodilator and sustainer of membrane permeability (High Altitude Cerebral Edema , 2004).  If not present, vasoconstriction occurs, causing an increase in pressure with an increase in blood brain barrier permeability.  This combination could allow for the excess entry of fluid to within the cranial cavity as well (High Altitude Cerebral Edema , 2004).

A fourth mechanism that may be causing the leakage of the blood brain barrier is the presence of leukocytes along the basement membrane of the blood brain barrier.  These leukocytes are attracted to this area by local hypoxia within the tissue (High Altitude Cerebral Edema , 2004).  Upon recognizing this, the leukocytes within this area, begin to produce enzymes that dismantle this damaged tissue in an effort to repair it (High Altitude Cerebral Edema , 2004).  However, an increase in blood pressure causes these sites of degradation to leak excess fluid into the cranium. 

None of these theories has been proven yet.  However study and investigation is underway as to find out what actually causes this lethal high altitude disorder.    
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