Cold Shock, Swimming Failure and Immersion Hypothermia

By AST1 Mario Vittone – U.S. Coast Guard
Understanding the intricacies and dynamics of cold-water immersion hypothermia and subsequent victim removal is imperative for water rescue personnel and anyone who operates in the maritime environment.
Hypothermia - One Subject, Multiple Definitions:  The Common Body of Knowledge (CBK) Relating to Immersion Hypothermia
Thermal physics dictate that everything seeks an average temperature with everything else it contacts. Put a hot brick into a bucket of ice water and the water will cool the brick. More correctly, the brick will give up heat to the water. Because the brick does not have the ability to maintain its temperature, determining how long it will take for the brick and water to become the same temperature is finite math. There are no variables. However, when that "something warm" is a human, the number of variables that effect the cooling rate is still being defined, sixty years after the first scientific studies into immersion hypothermia were conducted 8, 10 .

The victim’s age, swimming ability, motion in the water, clothing, seasickness 14, amount of adipose tissue, body mass, medications, blood alcohol levels, and even hydration effect how fast body heat is lost to the water 1, 8.

Descriptions of the stages of hypothermia are as different as the variables that effect its onset. Some chose to define the stages by the signs and symptoms of the victim, others by core temperatures and reactions. 1, 7, 8, 9, 11 The medical definition of hypothermia is: A dangerously low body temperature, below 95 degrees Fahrenheit (35o C) 1, 4. The following four stages of the hypothermic process were original outlined by Golden and Hervey in 1981. Subsequent findings of other noted physiologists, relevant to the rescue environment, have been added. 

Stage 1. Initial immersion responses or cold shock
Upon entering the water, there is a large inspiratory gasp, followed by severe hyperventilation 7,8,9,11 four to five times normal breathing rates.  There is also a substantial increase in blood pressure and heart rate 9, 11.  This stage normally lasts from two to three minutes, however, cases have been reported where hyperventilation lasted up to ten minutes 9.  

Some contend that immediate death from freezing water immersion is rare as proved by members of the "Polar Bear Club" who take annual winter plunges into freezing water 7.  The Department of Transport in Canada disagrees and sites examples in the comprehensive publication, "Survival in Cold Waters, Staying Alive", where it describes death during cold shock as "a common occurrence." 8
The cause of death during initial immersion can be caused by several factors.  If entry into the water involves complete submersion, it is possible that the victim will be unable to fully control his breathing and the reflex gasp may occur underwater 1, 5, 8 .  Another cause of death, particularly in the elderly and post-infarction victims, is immediate stroke, heart attack, or loss of consciousness and subsequent drowning; This is caused by the onset of substantially increased blood pressures or diminished heart rate variability (HRV) of the elderly and heart attack survivors 6.  Finally, the involuntary hyperventilation itself can have severe effects on blood acidosis and brain function as hyperventilation can result in a decrease in the partial pressure of carbon dioxide in the alveolar gas and subsequently in arterial blood.  This leads to cerebral vasoconstriction, which seriously degrades mental function (possible unconsciousness), and may further cause tetanic convulsions21.

Any one of these problems can easily lead to aspiration; panic and subsequent drowning follow close behind. 


Those who operate on (boat crews) or over (helo crews) should further understand that the ability to hold ones breath is seriously degraded during immersion shock1, 8, 21. 

Stage 2. Short-term immersion or swimming failure
The visible indications of this stage are a return to normal breathing (temporarily), and shivering 9.  Internally, the body takes several steps to maintain normal internal temperatures. 

Vasoconstriction in the limbs and dermis (with the exception of the head and neck)  shunts blood from the extremities to the core.  This increases the  insulation thickness of the body and reduces the cooling that would normally occur if blood were flowing through the dermal layers and now much cooler extremities 1, 2, 6, 7, 9, 11.    Since the body is immersed in cold water without adequate insulation, the body makes it's own.  The blood pressure also increases proportionally.  Though the victim is shivering, and may further present signs of cyanosis with blue lips, though they are still not yet clinically hypothermic (core temp <95o F). The length of this stage is affected by those variables mentioned above.  Water temperature, the victims age, swimming ability, motion in the water, clothing, seasickness 14, amount of adipose tissue, body mass, medication and blood alcohol levels, and even hydration can vary the length of this stage and overall body cooling dramatically 1-9, 11-13.   For example: a 65-year-old, post -infarctive male in a life jacket with low body fat may only be able to maintain his core temperature above 95o F for 20 minutes immersed in the English Channel.  At the same time another person can swim across it in 8 hours, having never been cooled to the point of shivering.


It is the cooling of the extremities and not the core that is the primary killer of stage 2.  As heat is pulled from the muscles in the arms, hands, and legs, the victim experiences muscular failure.  The victim is no longer able to swim, maintain posture or position in the water, or utilize any available survival tools, most victims of immersions into cold water die by drowning brought on by swimming failure before ever becoming hypothermic 1, 2, 6, 7, 8, 9.   This can also true of those wearing life jackets, particularly in rough seas.  When the ability to swim is lost, so is the ability to turn your back to the oncoming waves.  It is this unaccounted for variable (swimming failure) that makes the survivability charts in references 13 and 15, and any other "chart" inadequate and of limited assistance in determining the chances of survival in cold water. 

Stage 3. Long-term immersion or hypothermia; Core temp. below 95o F
Disorientation sets in 9.  Irrational behavior such as the removal of clothing may occur.  The victim may appear drunk or distant.  If not removed from the environment, the victim will die from hypothermia, which happens in one of two ways; drowning or heart failure. Shivering continues but will cease below a core temperature of 91.4oF.  If still conscious, the victim may seem disinterested in his or her own rescue anymore.  The body is giving up at this stage and the cooling of the core to this level brings the deadly effect of vasomotor paralysis 9.  Vasodilatation occurs therefor all the protection derived from shunting the blood away from the skin and extremities is lost and rapid cooling begins.  Death is not far away.  Though long unconscious, the victims heart will stop when core body temperature reaches approximately 75oF 8 As stated earlier, more than half of those who die in cold water never make it to this far 1 .  This stage of immersion, the actual hypothermic stage can be broken down further into three stages:

For the rescuer, it is impossible to even guess at the stage of hypothermia beyond the mid-second stage (unconsciousness).  Determining the level of hypothermia is not necessary in the recovery stage.  That will best be determined by temperature monitoring en-route to definitive care19.  The rescuer (pre-recovery) only needs to understand that the victim is hypothermic.  The recovery methods and care taken with each victim should be the same regardless of the stage of hypothermia. 

Stage 4.  Post Rescue Collapse

Up to twenty percent of immersion deaths occur during or within hours after rescue.  The cause of this phenomenon, though ultimately explainable, is not always avoidable.  Simply being in water, no matter the temperature, has several physiological effects on the human body.  Hydrostatic squeeze is the effect of the water squeezing the body which can account for a significant increase in cardiac output 8 .  Blood is being pushed out of the legs and into the core of the body, much like anti-shock garments do.  The victim's circulatory system goes from hyper- to hypo-volemic in an instant.  When the victim is removed from the water, the heart, already taxed from the hypothermic ordeal, must now work significantly harder.  This may be impossible as the hearts ability to respond has been attenuated by the hypothermia itself 1.  


It is important to realize that anyone who spends a long period of time in the water may be hypo-volemic and is, at the very least, dehydrated from immersion induced diuresis 6.


The rough handling of the victim (at times necessary during rescue), as well as post-rescue mechanical stimulation or movement can cause another dangerous condition known as after-drop 1, 2, 8.  This is where the cool blood from the skin and extremities is introduced into the warmer core circulation and the heart reacts by tachy-cardia or fibrillation.  


The dynamics associated with immersion, swimming failure, hypothermia, and post rescue collapse must be understood by rescue personnel if they are to make informed decisions about the rescue, care, and transport of hypothermic victims.

The Importance of the CBK on Rescue Method Determination
The dynamics associated with immersion, swimming failure, hypothermia, and post rescue collapse must be understood by rescue personnel if they are to make informed decisions about the rescue, care, and transport of hypothermic victims.  Understanding the effects of hydrostatic pressure, blood volume loss through diuresis, after-drop, post rescue collapse as well as more recent developments in "best practices" developed as recently as July, 2002 19 must be taught to Coast Guard crews to provide hypothermic and near drowning victims the best chances of survival.

What does all this mean to rescuers?

( Hypothermic victims are never to assist in their own rescue no matter how warm they look, how they feel or how many times they say they are OK. They are not allowed to climb into baskets on their own and they are not allowed to walk until after the E.R. says so.

( They are not dead until they are warm and dead!!
( Victims with no heart beat that are not breathing have been revived after 12 hours in 70 degree water. (Nemiroff USCG)

( The litter should be the preferred recovery device of hypothermic victims. (Time considerations of course)

( Double life should only be used for those victims who must be removed from the environment by direct deployment
( Removal of wet clothing should be done gently and the AED should be applied as soon as practicable and in all cases.

( Unconscious hypo patients are not to be fully re-warmed.  Keep them cool – Below 96 degrees.

( Tympanic Temperature is preferred to rectal for monitoring of hypothermic patients (Nemiroff et al, World Congress on Drowning)
Other Interesting facts:

· Seasickness increases heat loss in water by approximately 30%

· The backstroke is the stroke that causes the most heat loss

· Hungry?  You’ll die faster

· ½ liter of water in your dry suit can decrease its effectiveness by 1/3rd.

· Breath holding ability during initial immersion is reduced by as much as 90% to impossible during immersion shock depending on protection.
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Stages of Core Temperature Hypothermia





Core Temperature (F)		Signs and Symptoms





98.6 				Normal rectal temperature


Mild


96.8 				Increased metabolic rate due to exercise and shivering


95				Maximum shivering thermogenesis


93.2				Amnesia, slurred speech (dysarthria), and judgment problems


Loss of coordination (ataxia) and apathy.  Vasomotor Paralysis!  Vasoconstriction stops, insulation layer compromised.


Moderate


89.6 				Stupor; oxygen consumption 75% of normal


87.8 				Shivering stops


86 				Possible cardiac arrhythmia; pulse and cardiac output 66% of normal


84.2				Decreasing consciousness, pulse, and respirations; dilated pupils


82.4				Increased sensitivity to ventricular fibrillation; pulse and oxygen


consumption 50% of normal


Loss of voluntary motion and reflexes





Severe





(Data on severe hypothermia is largely speculative as human 


studies of this stage are not possible - Some researches put 


asystole at 75 degrees F.)





78.8 				Major acid–base problems; no response to pain


77 				Cerebral blood flow 30% of normal; possible pulmonary edema


73.4 				Loss of corneal and oculocephalic reflexes


71.6 	Maximum risk of ventricular fibrillation; oxygen consumption 25% of normal


68 				Pulse 20% of normal


66.2				Electroencephalogram flat


64.4 				Asystole














