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Presenter
Presentation Notes
Leslie:  We both work for VCU. For those of you who aren’t familiar with VCU Medical Center, Virginia Commonwealth University  is a Level 1 Trauma Center tertiary care hospital in Richmond Virginia.  We currently operate 780 beds with 85,000 ER visits a year and employ roughly 18,000 employees.  Our campus includes the Children’s Hospital of Richmond along with a 15 story critical care hospital dedicated to stacked ICU’s, ER, and OR. 



Ranked #1 in Virginia  
by U.S. News & Wold Report 
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VCU Total Artificial Heart Program 

Presenter
Presentation Notes
Leslie:  In more recent years, VCU has gained significant recognition for its advancements in their Total Artificial Heart program.  Today the VCU Pauley Heart Center is implanting more TAH’s than any other medical center in the country.  VCU is currently leading the study for the first portable driver (syncardia freedom driver)  powering the total artificial heart in the U.S.



Presenter
Presentation Notes
Leslie: LifeEvac is over 11 years old.  It was originally created as a hybrid community based/mixed traditional style flight program with one aircraft operated by then, Rocky Mountain helicopters later to be acquired by Air Methods.  Today, LifeEvac has expanded to 3 aircraft with LifeEvac 1 remaining to be a VCU staffed hybrid model and the additional 2 aircraft, LifeEvac 2 and 3 remotely placed as community base model programs. 
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Lightning Injuries: Objectives 
 1.  Statistical data 

 2.  Mechanism of Injury 

 3.  Injuries 

  a.  Cardiac Injury 

  b.  Neurological Deficits 

  c.  Muscular-Skeletal / Burns 

 4.  Treatments 

 5.  Long term outcomes 

 6.  Prevention 

 

Presenter
Presentation Notes
Matt:  With today’s presentation, we hope to offer you an evidence based – literature supported approach to your assessment and management of lightning injuries.  Lightning injuries are complex and unique in their presentation, requiring us to be well informed of the latest technologies available to maximize positive patient outcomes.  We will begin by shortly reviewing the predisposing statistical data which leads to the perfect at risk situation to be on the receiving end of a lightning strike.  Lightning brings on numerous injuries which include cardiac, neurological and muscular-skeletal complications.  



What are your chances? 
• Winning the Lottery:   

– 1 in 18,000,000 

 

• Snake Bite or Bee Sting Death: 
– 1 in 100,000  

 

• Lightning Strike:  
–  1 in 3,000 

 

 

Presenter
Presentation Notes
Matt: So, you may wonder, why in the world do we have any interest in learning about lightning strikes or lightning injuries?  Actually, you may be surprised, that lightning injuries are more common than you would think.  For example, lets look at our chances of winning the state lottery in most states.  Our chances are 1 in 18 million.  Or how about our chances of dying from a snake bite or a bee sting… that would be 1 in 100,000.   But our chances of being struck by lightning at least once during our lifetime are 1 in 3000.



Statistical Data 
• Continent with the most lightning 

strikes deaths? 
• Africa 

 
• States with the most lightning strikes 

deaths?   
• Florida & Texas  

 
 
 

 

Presenter
Presentation Notes
Matt:  Now statistically,  what continent has the greatest density of lightning strikes deaths?  And which 2 states in the United States have the most lightning strikes per year?  Florida and Texas have the most lightning strikes because of their coastlines along the Gulf of Mexico.  And Florida’s high numbers are reflective of the high number of thunderstorms on a daily basis.  Plus population density plays a factor too and the more people being outside which means a greater chance of getting strike by lightning.  



At Risk Occupations 
• Construction workers 

• Farmers 

• Military  

Presenter
Presentation Notes
Matt:  Lightning strike deaths occur most often from May-September, which statistically is the time of year that 1, there are more thunderstorms, but 2, there are more people outside during this time of year. About 1/3 of injuries are work . Some higher risk occupations include construction workers, farmers, and soldiers.  So, it makes sense that most lightning strikes happen to men in the age category of 20 to 44 years old.



Presenter
Presentation Notes
Matt:  So, we just mentioned that 1/3 of lightning strike victims are injured while at work.  Another 1/3 are recreational or sports related. Some of the sports that  or recreational activities that hold a greater risk are: ….



911 Call 

 

Presenter
Presentation Notes
Leslie:  So now we would like for you to hear the following 911 call about an 11 year old boy who was struck by lightning.



911 Video 

Presenter
Presentation Notes
Leslie:  Every time I hear that call it pulls at my heart strings. We are going to be getting into this case study and playing some more clips for you to kind of highlight this one child’s case throughout lecture.  Our purpose in doing that is just to show that lightning strikes really do happen and there is a great possibility that you may run across this type of mechanism at some point in your career.



What is lightning? 

Presenter
Presentation Notes
Leslie:  So, let’s change gears a little bit.  In order to understand the injuries that come from lightning strikes, we need to understand more about lightning itself.  A lot of our earlier findings on lightning were from Ben Franklin’s experiments playing with a kite in a lightning storm back in the 1700’s.  Obviously, since then, many people have studied this weather phenomenon and have gained a greater understanding of it.



How Does Lightning Occur? 

Presenter
Presentation Notes
Leslie:  We now know how lightning is formed.  We’ll start with the basics.  We have negatively charged particles called electrons and positively charged particles called protons.  In a calm sky, the positive and negative charged particles are evenly spaced throughout the atmosphere.  Therefore, a calm sky has a neutral charge.  Inside a thunderstorm, the electric charge is spread out differently.  Positively charged particles, the protons, begin to get pushed to the top of the thunderstorm cloud by an updraft.  At the same time, the electrons, or the negatively charged particles get pushed to the bottom of the thunderstorm by its downdraft.  So these processes separate the positive and the negative charges of the cloud into two levels.  The protons are at the top of the cloud and the neutrons are the bottom of the cloud.  You can see in this illustration that the negatively charged electrons are at the bottom of the cloud that has formed.  At the same time, during this building thunderstorm, positively charged particles start to build on the ground.  You can see the little protons building on the ground in the illustration.  So notice that there are opposite charges in the cloud and on the ground.  And what do opposites do??  Attract!!  So because opposites attract, the negative charge at the bottom of the thundercloud wants to hook up with the positive charge on the Earth’s surface.



How Does Lightning Occur? 

Presenter
Presentation Notes
Leslie:  So in order for these protons and electrons to get together, their charges have to be great enough to overcome the atmosphere and start to move towards one another.



How Does Lightning Occur? 

Presenter
Presentation Notes
Leslie:  Once there is enough charge built up between the cloud and the ground, a stepped leader (with a negative charge) will start toward the ground.  Basically, a stepped leader is a path of ionized air that charges out from the thundercloud.  This illustration shows the stepped leader forming at the top of the picture.  The stepped leader normally appears as a dim 50 yard streak of lightning starting from the base of the cloud.  What actually occurs is that multiple stepped  leaders occur one after another and they each move in steps of approximately 50 yards.  Each stepped leader takes about 50 millionths of a second to start branching off into one or more additional stepped leaders.



How Does Lightning Occur? 

Presenter
Presentation Notes
Leslie:  Another way of looking at it is through this time lapse photography picture.  The green arrow is pointing to tons of stepped leaders forming in a 1 millisecond time period and each one is getting 50 meters closer to the earth.  Keep in mind that we can’t see this occurring, obviously, with the human eye, because it happens so fast.  These many stepped leaders are forming an ionized channel that will allow for the flow of charge during the remainder of the lightning stroke. 



How Does Lightning Occur? 

Presenter
Presentation Notes
Leslie: So with these stepped leaders quickly moving down to the Earth’s surface, they are forming an electrical channel.  In the meantime, remember, that opposites attract, so, when the negatively charged stepped leader gets about 100 meters from the Earth’s surface, the positively charged particles building on the ground begin to move towards the stepped leaders.  These positive charges moving up from the ground are called streamers. The illustration to the left shows a couple of streamers that  have formed coming off of the house and the tree moving up towards the negatively charged stepped leader.  The photo to the right shows a streamer emerging from the tree.  Notice that the streamer does not connect with the stepped leader to complete the circuit. 



How Does Lightning Occur? 

• Streamers can come 
from: 
– Trees 

– Antennas 

– Grass 

– Flagpoles 

– Telephone Poles 

– People 

– Tall Towers 

Presenter
Presentation Notes
Leslie:  Streamers can come from almost any pointed object on the ground.  You can see the streamer coming up from the tree in this picture.  



How Does Lightning Occur? 

Presenter
Presentation Notes
Leslie:  Remember, we just mentioned in the last slide that people can be streamers.  This poor girl is smiling in this picture because she has no idea that she is about to be struck by lightning.  The positive ions around her head are collecting and causing her hair to stand on end.  So don’t think that the feeling of your hair standing on end is a myth.  Or, if you are in that situation, and you feel the hairs on the back of your neck prickling, don’t ignore it.  It isn’t just the heebie-jeebies, you’re hair really is standing up and it is time to get to shelter immediately.  When I interviewed the parents of the child that had been struck by lightning, they told me that the baseball game had been called by the umpire because thunder was heard in the distance, yet there were still blue skies above them.  There were kids near the field taking pictures of each other because their hair was so staticky that it was standing up.  That was the protons on the ground that were slowly building to create the streamers.



How Does Lightning Occur? 

Presenter
Presentation Notes
Leslie:  One of the streamers coming up from an object on the ground will meet the stepped leader, but it may not necessarily be from the tallest object.  But once the stepped leader and the streamer meet a pulse of energy flows up toward the cloud and down towards the ground along this ionized path.  So electrical energy is moving up and down this pathway.  And that is what causes the flash that we see in the sky.  If you pay close attention to this picture, you can see that the lightning did not strike the tallest object which was the light pole 50 feet away from the strike.



How Does Lightning Occur? 

Presenter
Presentation Notes
Leslie:  Sometimes after the first series of electric flow occurs, a second series of stepped flow of electrons moves from the cloud toward the ground. Since the pathway of electric current has been established by the initial lightning strike, it makes it easier for the electricity to move back and forth quickly in the area.   This is called a dart leader and it is what causes those flashes that we sometimes see after a bolt of lightning.



How Does Lightning Occur? 

Presenter
Presentation Notes
Leslie:  Lightning can also occur within the ash clouds of a volcanic eruption or can be caused by violent forest fires.  Both of these scenarios cause such turbulent airflow, lots of dust is formed and therefore static electricity occurs allowing for the lightning to be seen.



How Does Thunder Occur? 

• Air heats to 
54,000 degrees 
Fahrenheit 

• Air expands at 
an explosive rate 

• A shock wave is 
created 

Presenter
Presentation Notes
Matt:  So now that that is clear as a bell to you, I’’ll give you a quick explanation of thunder.  So we know that basically, lightning is a massive stroke of electricity in which positive and negatively charged particles are meeting up.  When the lighting strike occurs, it can heat the air around it to 54,000 degrees F.  So we know that when things heat up, they expand.  When lightning occurs, massive heating happens and it causes the air to expand at an explosive rate.  The expansion creates a shock wave that turns into a booming sound wave better known as thunder.



How Far Away is That Lightning? 

• Count the time 
between when 
you saw the 
lightning and 
when you hear 
the thunder. 

Every 5 seconds 
is equal to 1 

mile. 

Presenter
Presentation Notes
Matt:  Thunder and lightning occur at roughly the same time, although you see the lightning before you hear the thunder because light travels faster than sound.  If you want to figure out how far away the lightning is, you count the time between the when you saw the lighting and when you heard the thunder.  Every 5 seconds that you count between the lightning and thunder is equal to 1 mile.  So, for example, if you see the lightning, and then count to 10 before you hear the thunder, that means the lightning is about 2 miles away.



Electrical Energy 

Low Voltage: 

 (< 1000 volts) 

 

High Voltage: 

 (> 1000 volts) 

 

 

 

Presenter
Presentation Notes
Matt:  So, you may wonder, how powerful is lightning? How strong is it in relation to other forms of electricity that we are around. Electrical energy can be categorized as low voltage, which is lower than 1000 volts or high voltage, which is greater than 1000 volts.  Low voltage systems are found in electrical appliances that are around 250 volts.  A C cell battery is 1.5 volts, etc.  Higher voltage electricity comes from commercial power plants.  For example, some of the higher powered electrical transmission lines are as high as 100,000 volts



Electrical Energy 

 Lightning 
current ranges 
from 100 
million to 2 
billion volts. 

 

 

  The duration of 
the strike may 
be from 
1/100th to 
1/1000th of a 
second. 
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Electrical Energy 
  Severity of 

electrical injury 
is dependent 

on 
 

 

 

• Time 

• Voltage 

Presenter
Presentation Notes
Matt:  What is so important to remember about electrical injuries is that the amount of time that the patient is exposed to the electrical current is directly related to the severity of injury.  As well, you have to remember that the more voltage applied to the victim, the greater the injury as well.  This is important to think about with lightning strike victims are exposed to massive amounts of voltage (sometimes up to millions of volts)…. they are only exposed for a very short period of time.  Amazingly, this is why most victims of lightning strikes survive.  Especially if there is an eyewitness that knows CPR.  



Eyewitness Account 

  

Presenter
Presentation Notes
Matt: Now lets go back to the case study and another video clip of a woman who was on scene when the child was struck by lightning.  She happened to be a local ER nurse.



Presenter
Presentation Notes
Matt:  Maria’s clip



Mechanism of Injury 

• Ground Current Injury/Step 
Voltage 

• Flash Discharge 

• Direct Strike 

• Contact Injury 

• Blunt Trauma  

Presenter
Presentation Notes
Leslie:  There are 5 different types of mechanisms of injury that can occur to the lightning strike victim.  They are…



Mechanism of Injury 
GGround Current 

Injury/Step Voltage: 

  

- 50% of lightning injuries 

- Current travels up one 
leg and down the other 

- Usually not severe 
injury 

 

Presenter
Presentation Notes
Leslie:  One of the most common type of lightning strikes is the ground current or step voltage injury.  This occurs in approximately 50% of victims.  Basically, when lightning hits the ground, the current spreads out radially.  You can think of it like ripples in a pond coming out from the initial point of lightning strike. The further the victim is away from the strike zone, the less energy and injury can be expected. If a person happens to be standing close to the point of lightning strike, they will be effected and the electricity will contact the victim through their feet.  If their legs are spread, the current will enter the body through one leg and go out from the other, as in the illustration.  That is what is referred to as step voltage.  The potential electrical difference between the two feet can be up to 1500 volts.  In this case, the current does not flow through the heart or the brain. It just goes up one leg and right out the other.  So, resulting injuries are usually not severe.  However, if a person happens to be sitting or lying close to the point of strike, the current will enter the body depending on which part of the body is in contact with the ground.  This is why it is recommended that if you are in a thunderstorm, do not lie down on the ground.



Mechanism of Injury 
 Ground Current 

Injury (Step 
voltage) 

 

 

Presenter
Presentation Notes
Leslie:  This picture shows how the results of a ground current injury.  You can see how the current entered one foot and exited the other.  



Mechanism of Injury 
• Flash discharge/ 

Side Flash/Side 
Splash: 
 
– Lightning splashes 
  to objects around 
  first strike 
– Accounts 30% of 

injuries 
– Multiple fatalities  

Presenter
Presentation Notes
Leslie:  Another mechanism, is the flash discharge, or the side flash, or the splash. These are all names for the same thing.  Basically, in this mechanism, the lightning strikes an object and then splashes or jumps to the victim.  That accounts for about 30% of lightning injuries.  The lightning may hit a tree or another object and then splash onto the surrounding area.  This is usually the underlying mechanism when multiple lightning fatalities occur among persons or animals grouped closely together as in the picture.  It is so important to note here that more than 50% of flash discharge or side flash injuries that occur outside are from trees, while the tree is being used as a shelter from the rain. 



Mechanism of Injury 

• Direct strike: 

 
– Most lethal 

– Usually strikes the 
head 

– Uncommon, 5% of 
injuries 

 

Presenter
Presentation Notes
Leslie:  The third mechanism of injury is the direct strike.  This is what we normally think of when we hear that someone has been struck by lightning.  It definitely is the most dangerous  strike because the victims body is the point of contact for the strike’s full electrical charge.  While not always fatal, a direct strike usually causes extensive injury because, in many cases, the lightning strikes the victim’s head.  This mechanism only accounts for about 5% of injuries.  A direct hit is more likely to happen to lone persons standing out in the open because, as we discussed earlier, they are the tallest object and the easiest target for the lightning that is searching for that positive charge on the ground.



Mechanism of Injury 

Presenter
Presentation Notes
Leslie:  As I just mentioned, the direct strike usually impacts the victim on the head or on the shoulders.  This 11 year old victim was believed to be a victim of a direct strike to the head.



Mechanism of Injury 
• Contact Injury: 

– Person is holding object being 
struck 

– Least common:  1 – 2 % 

 

Presenter
Presentation Notes
Leslie:  One of the least common mechanisms is the contact injury.  In this case, the person is touching an object that is directly hit or splashed by lightning.  The objects commonly struck are golf clubs, umbrellas, car keys in someone’s hand, a metal pole, or even a car that someone is leaning against.  This is the least common mechanism and accounts for only 1-2% of lightning injuries.



Mechanism of Injury 
• Blunt Trauma/ Blast Injury: 

– Direct and non –direct injuries 

– Blast injuries from shockwave 

– Person is thrown by opisthotonic contraction 

 

 

Presenter
Presentation Notes
Leslie:  Lightning can essentially causes a blast injury to the patient.  As we discussed earlier, the massive heat produced by the lightning warms the air.  With the temperature of the air rapidly increasing, the air expands and creates a shockwave that can literally throw victims or cause contusive injuries known as blast injuries.  This blast, remember, is the thunder we hear.  Primarily, these blast injuries are ruptured tympanic membranes, but it has also been known to cause a massive opisthotonic contraction that throws the victims body. This contraction is basically a spasm of the axial muscles that line the spinal column.  The patient’s head, neck, and spinal column enter into an “arching” position.  The opisthotonic contractions are essentially muscle contractions that are so strong that they can cause multiple bone fractures of the skull, ribs, and spine, and dislocation injuries of the shoulder. 



Physician Summary 

 

Presenter
Presentation Notes
Matt:  So, now that we know that there are multiple mechanisms of injury from a lightning strike.  Let’s listen to the PICU doc’s account at VCU from the child that was struck by lightning and the injuries associated with his strike.



Presenter
Presentation Notes
Dr. Marinello’s account



Pathophysiology 
 Resistance to 

electricity from 
greatest to 
least: 

Bone 
Fat 

Tendon 
Skin 

Muscle 
Blood Vessels 

Nerves 

Presenter
Presentation Notes
Matt:  So, now that we have discussed the different ways that lightning can injure people, and we have seen the last video clip, we can talk about the specific ways in which lightning effects the individual body systems. When lightning strikes the body, by one of the mechanisms we just discussed, the current travels the path of least resistance to the ground.  Different parts of our bodies transmit electrical current in different ways depending on factors such as moisture and temperature.  Nerves, muscles, and blood vessels, which have high electrolyte and water content, have low resistance to electricity and, therefore, are good conductors.  In contrast, bones, tendon, and fat have a high resistance and tend to become heated when exposed to electrical current rather than transmitting the current.  So, if the tissue does is not a good conductor of electricity and does not allow the electrical energy to travel through the body, then some of the electrical energy will turn to heat energy.



Injuries 
• Cardiac 

• Respiratory 

• Neurological  

• Musculoskeletal 

• Skin 
 

Presenter
Presentation Notes
Matt:  Lightning strikes effect many body systems, including….



Cardiac Arrest 
• Most common cause of death 

• Massive defibrillation  (v-fib or asystole) 

• Heart may restart, respirations won’t 

• 50 – 70% with arrest do not survive 

Presenter
Presentation Notes
Matt:  The most common cause of death following a lightning strike is cardiopulmonary arrest.  Lightning causes a massive shock, much like defibrillating the victim, and this depolarizes the entire myocardium.  This depolarization often leads to a asystolic or ventricular fibrillation arrest.  Sometimes though, after this very brief lightning shock, the hearts automaticity may start the heart back up again and the victim may return to a perfusing rhythm.  Unfortunately, even though many victims may have a quick return of a heart beat, they may be in respiratory arrest due to chest muscle paralysis and/or suppression of the breathing centers of the brain.  So, unfortunately, if the victims respirations are supported immediately, in many cases, the victim may return to cardiac arrest eventually because of a respiratory arrest.  Basically, the breathing centers of the brain are too shocked to recover and return to functioning.  So the brain does not send signals to the lungs to breath.  Statistics show that 50-75% of persons struck by lightning who have cardiac or respiratory arrest do not survive.   The reason for this may be because prompt resuscitation is not attempted in patients that may appear clinically dead or that their arrest may have been prolonged and the rescuer may not feel that the victim has a chance at survival.  Almost all victims hit by lightning that do not have cardiac and/or respiratory arrest at the scene survive, even though they may be seriously injured.  Late cardiac arrests are extremely uncommon.  



Other Cardiac Findings 
• Vasoconstriction: 

–Extremities cool, 
blue, mottled 

• Hypertension 
• Tachycardia 
• EKG abnormalities 
• Myocardial contusion 

 

Presenter
Presentation Notes
Matt:  Often after the lightning strike the victim may have direct sympathetic nervous system stimulation.  Remember that this is your fight or flight response.  Blood is shunted to the core, so peripherally, you become vasoconstricted.  The extremities may appear blue and/or mottled and they feel cold.  Often times a peripheral pulse cannot be palpated.  This is another reason that rescuers may mistake the victim for being dead.  However, this vasoconstriction is usually fully resolved after several hours.  So it is important to remember to assess a central pulse in these patients.  Also, due to the sympathetic nervous system stimulation, the patient may be hypertensive and tachycardic.  These symptoms are seen in patients that do not have a cardiac arrest.  If the patient was exposed to low voltage, like in a flash discharge, they may develop an EKG changes.  As we mentioned earlier, the direct strikes with high voltages often result in EKG changes such as asystole or v-fib. Blunt injuries can also cause myocardial contusions.



Neurological Involvement 

• Acute: 

– Sympathetic 
response 

– Traumatic brain 
injury 

– Seizures 

– Keraunoparalysis 

Presenter
Presentation Notes
Matt:  Almost all lightning strike victims experience some type of neurological effects.  These may range from being acute and life-threatening to chronic, life-altering experiences.  As we discussed earlier, the lightning strike impacts the central nervous system by triggering an acute reaction of the sympathetic nervous system resulting in fight or flight response.  But a direct strike to the head can cause multiple blunt trauma injuries such as traumatic brain injuries like tears, hematomas, and bleeds in the brain. One very interesting phenomenon that has been reported often in the literature regarding lightning strike victims is something called keraunoparalysis.  This is a temporary paralysis of the upper and lower extremities and effects up to half of all persons struck by lightning.  In the absence of spinal cord injury, the paralysis usually resolves within minutes to days.  One incident outlined in a journal that I found discussed the story of 4 mountain hikers who were struck by lightning simultaneously.  They were all knocked unconscious, but the first man to wake up saw one of his companions having seizures at the edge of the precipice, but he was paralyzed and unable to move to go to his friends aid.  He could only shout a warning, but the man continued to seize and he fell off the edge of the mountain and plunged to his death.



Neurological Involvement 
• Transient 

– LOC 

– Confusion 

– Amnesia 

– Headache 

– Numbness 

– Weakness 

 

Presenter
Presentation Notes
Matt:  These transient symptoms are very common and occur in up to 80% of cases. The majority of victims (about 72%) have immediate loss of consciousness.  These symptoms rarely require long term therapy and they are usually free of symptoms in several days.



Neurological Involvement 
• Immediate and Prolonged 

 
– Hypoxic ischemic neuropathy 

– Intracranial hemorrhage  

– Post arrest cerebral infarct 

– Post-hypoxic encephalopathy 

– Cerebral edema 

Presenter
Presentation Notes
Matt:  Unfortunately, there are long term neurological effects that come from central nervous system damage.  Unfortunately, these can often devastate the quality of life in previously healthy young individuals because they often result in long term damage.  Cerebral edema is often a common finding with many victims that is found on CT.



Herniation Post Lightning Strike 

Initial CT 5 days post strike 

Presenter
Presentation Notes
Matt:  These are CT images of the 11 year old boy in this case study.  The one on the left shows the image taken on the June 6 which was his baseline image.  The image on the right shows herniation of brain matter through the foramen magnum due to cerebral edema.  That image on the right was from June 8.  The initial lightning injury occurred 5 days prior to the cerebral edema. The boy was rushed to emergency surgery and his posterior fossa was removed to relieve pressure in his brain.



Neurological Involvement 
 

 
• Chronic  Neuro 

Symptoms: 
– Cognitive Changes 

– Depression 

– Mood Disorders 

– Sleep Disturbances 

– Headaches 

– Dizziness 

– Chronic Pain 

Presenter
Presentation Notes
Matt:  Many lightning strike victims deal with long term sequelae that change the victims life and the lives of their families forever.  Often times these are not glowingly obvious symptoms that most of us would notice but they do greatly impact the victims and their families.  Some of these are cognitive changes that change they way the victims think and learn and others are related to Post Traumatic Stress Disorder or PTSD type of responses.  These include emotional instability and anxiety.  Often victims suffer from chronic headaches, dizziness, and sleep disturbances.  Many of the symptoms such as pain, numbness, and tingling are related to  peripheral nervous system damage.



Ears and Eyes 
 

 
•Tympanic membrane    
rupture 
•Temporary hearing loss 
 
 

•Pupils fixed and dilated  
•Caused by electrical damage 
•May not indicate brain stem 
hypoxia  
 

Presenter
Presentation Notes
Matt:  Since lightning often strikes on or near the victims head, it frequently injures the ears and eyes.  More than half of all lightning victims have at least one ruptured tympanic membrane either from direct electricity passing through to the eardrum or from the blast effect from the lightning shock wave.  The massive explosion of air expanding very frequently damages the pressure sensitive eardrum.  Substantial ear damage, with effusion of pus and blood and temporary hearing loss, are common.  Interestingly, the external ear canal does not show evidence of trauma.  This is an important thing to remember, because you may assume that your victim has neurologic impairment because they may not be answering your questions appropriately or at all, but in fact, they may not be hearing you or their hearing may be distorted.  At least half of all lightning victims will suffer from ocular injuries too.  Disruptions in the autonomic nervous system often results in fixed and dilated pupils. In persons hit by lightning, this does not necessarily indicate brain stem hypoxia, but may be a frequent and usually short-term sequela of lightning strikes.  Another interesting phenomenon related to lightning strike eye injuries is something called the “lightning cataract”.  Multiple case reports have shown that cataracts can develop on lightning victims within days after the strike, or as much as 4 years after the initial injury.  Many other eye injuries have been reported as well.  



Ear Injury 

Presenter
Presentation Notes
Matt:  22 y/o Male mowing the lawn in a downpour with ipod in place.  Lightning struck ipod, with electricity traveling up earbuds.  Blew ear drum and burned the sides of his face.



Musculoskeletal 
 

 

• Rhabdomyolosis 
– Myoglobinuria 

Presenter
Presentation Notes
Matt:  Many other injuries can occur from the lightning strike and the resulting blast injury or the thunder.  Keep in mind that blunt trauma is possible in many areas and can lead to musculoskeletal trauma.  However, because lightning contact is of such short duration, persons struck by lightning usually do not have the massive tissue damage that may result from injuries due to high-voltage electricity.  For example, many electrocution victims may develop rhabdomyolosis which is essentially muscle breakdown.  Myoglobin is released from the muscle cells and is excreted in the urine.  This can then precipitate in the renal tubules, cause tubular obstruction and acute kidney injury.  This happens frequently when patients are exposed to commercial power because they are usually exposed for an extended period of time and there is large amounts of muscle destruction.  However, most of the time, there is not a large amount of muscle destruction in lightning injury cases, so rhabdo is not seen.  But we should always test for it.  This picture to the left of the screen is from a man that had a severe electrical burn that impacted his lower extremity.  He developed compartment syndrome, which is large amounts of pressure from swelling that begins to impede blood flow in the extremity.  It begins to cause necrosis if left untreated, so a fasciotomy was done on the patient.  That is the large open wound to the leg.  The picture to the right is what a patient’s urine looks like when they have myoglobinuria.  The urine is very dark and tea colored.



Burns Patterns 

Flash 

Linear 

Punctate 

Thermal 

Feathering 
 

Presenter
Presentation Notes
Leslie:  Burns are one of the most common injuries with lightning strikes as well.  They are definitely some of the most interesting injuries because there are so many types of burns that can occur in these situations.  The different types of burns are:  



Burns:  Flash 

•Flashover 
•Follows 
external skin 
to ground 
•Superficial  
 

Presenter
Presentation Notes
Leslie:  As we mentioned earlier, the stronger the electric current, the more extensive the injury.  However, we also have to consider that the longer a person is exposed to the electrical source, the more extensive the injury.  So, with lightning, we are talking millions to billions of volts of electric but it also only lasts for a couple of milliseconds.  Fortunately, because of this short duration of contact with the lightning, which is our electrical source, external and internal burns are usually not a significant consideration with lightning injuries.  We also have to consider the path of the current is also of utmost importance.  Obviously, a direct path of current through the brain or heart is more dangerous than one that courses down only one extremity.  Often times lightning victims are not badly injured because of what we call “flashover”.  Often times a discharge channel is created along the outer surface of the body to the ground. Much of the lightning current will follow this external path to the ground reducing the current that flows through the body.  In many cases, the wetter the victim is, especially if they are soaked with sweat, the better off they are.  Electricity is conducted easier through water and through electrolytes (like your sweat with salt in it).  The electricity courses around the outside of the body causing superficial burns.  The burns from lightning injuries rarely require much more than simple wound care because they are usually not deep. These flash burns usually appear as superficial burns that as brown discolorations on the skin.  This 11 year old boy was playing football with his friends when he was struck by lightning.  The brownish discolorations on his trunk are the flash burns.



Burns:  Linear 

•Follows pattern of sweat 
•Perspiration is vaporized 

Presenter
Presentation Notes
Leslie:  Occur when the victim’s heavy perspiration or water on the skin is vaporized.  This may leave a 1-4 cm wide first to second degree burn in areas under the breast, down the mid-chest and in the mid-axillary line of the body, where heavy concentrations of perspiration normally accumulate.  These burns may develop initially or over several hours.



Burns:  Linear 



Burns:  Linear 

Presenter
Presentation Notes
Leslie:  These are pictures from the 11 year old’s wounds.  The picture on the upper left are linear burns to the leg.  The bottom right is a close up of the same wound.  You can see that these burns are fairly superficial and only need minimal wound care.



Burns:  Punctate 

•Current through 
dry skin 
•Resembles 
cigarette burns 

Presenter
Presentation Notes
�Leslie:  Another type of burn is the punctate burn.  Typically these burns are in the shape and size of a coin, or resemble cigarette burns. These burns result from the passage of current through dry skin.  They may actually sometimes be full thickness burns but are usually too small to require grafting.  Often times they may resemble a buck-shot pattern.  This picture is from the 11 year old in our case study.



Burns:  Punctate 

“Tip Toe Sign” 

Presenter
Presentation Notes
Leslie:  The “tip-toe sign” is one example of a punctate burn.  It consists of small circular full-thickness burns of the tips of the toes and the sides of the soles of the feet.  These are two pictures of the “tip-toe sign”  It is amazing how alike these wounds look.  The one on the upper right is the 11 year old lightning victim in Virginia.  The harrier one in the bottom left, obviously is an older man.



Burns:  Thermal 
•Ignites clothing 
•Heats metal  

Necklace injury 

Presenter
Presentation Notes
Leslie:  Thermal burns occur when lightning ignites clothing in contact with the victim’s skin. It can also heat metal objects, such as necklaces, rings, or coins, that come into contact with the victim’s skin.  This patient was wearing a necklace that was heated by the electricity and caused thermal burns on his face and neck.  Sometimes belt buckles, watches, necklaces, or keys or coins in victims pockets have been known to burn patients also.



Burns:  Thermal 
Necklace Injury 

Post-mortem exploration 

Presenter
Presentation Notes
Leslie:  These are autopsy photos from a 55 year old woman who was working in a field when she was struck directly by lightning.  The picture to the left is the initial burn from a necklace that the woman was wearing that was heated and burnt her skin.  The second picture was from the autopsy after the medical examiner cut into the burn itself and you can see the extent of burn under the initial dermal layer.



Burns:  Feathering 
 Also called: 

 * Lichtenberg 
Figures 

 *Keraunographic 
Markings  

 *Lightning Prints 

 *Ferning 

Presenter
Presentation Notes
Leslie:  This type of “burn”  is one of the most unique findings of many lightning strike victims.  This type of burn differentiates victims from other type of commercial electric burns.  These markings are not true burns because the skin itself is not damaged. 



Burns:  Feathering 

Presenter
Presentation Notes
Leslie:  These fernlike patterns are thought to be caused by static electricity being transmitted along the superficial vasculature.  These may not appear until superficial hours after the lightning strike and usually fade away in a few hours or days without lasting damage.  They appear pink and brownish and they are palpable. They don’t require any treatment.



Burns:  Feathering 

Presenter
Presentation Notes
Leslie:  This 30 year old woman was talking on the telephone, not a cordless, when she heard a loud bang and she lost consciousness.  She came to and began to develop the Lichtenburg figure on her body.



Treatment 
• Your safety is 

the first 
priority 

Presenter
Presentation Notes
Matt:  So, to switch gears a little bit now.  We have learned about the different types of lightning and how it effects our body if we happen to be so unfortunate as to be a victim of a lightning strike.  But let’s briefly talk about how we handle these patients when we come into contact with them.  How do we treat them? This seems silly, but one of the first things we can do if we are on the scene when the lightning strike occurs, is to call 911.  Just as in any CPR class or ACLS class, the faster we can get the patient defibrillated, the greater their chances are of survival.  Obviously, not every lightning strike needs to be defibrillated, but it sure would be nice to have one if it is needed.  The other major consideration is to think about our own safety as rescuers. Are we going to be the next lightning strike victim if we handle this cardiac arrest in the middle of a field in a thunderstorm?  We need to think about moving that patient quickly into the back of the rig or into a building where there is some protection.



Reverse 
Triage!!!! 

Presenter
Presentation Notes
Matt:  One of the most important take-home points of this lecture is that I want to you remember to reverse your triage.  In a situation with multiple victims, the normal rule of triage is to bypass those who appear to be dead. Right?  You are not going to waste your time on a lost cause. But in the situation of a lightning strike where there are multiple victims, this rule does not apply.  Your resuscitation efforts have to be focused on those victims that are in respiratory or cardiac arrest.  Even when their eyes are fixed and dilated, remember that this is due to a short-circuiting of the nervous system, it does not mean that there is brain damage.  Those victims that are not in arrest, usually always survive.  But remember from one of earlier slides that 50 – 75% of victims that experience either respiratory or cardiac arrest from a lightning strike will die without intervention.  So, when performing triage at a multiple causuality lightning strike incident, always remember that the patients in cardiac and respiratory arrest need to be treated first.  Remember that many of these patients may have that initial cardiac arrest and their heart restarts because of it’s own automaticity, but sometimes the respirations do not start back up again because of muscle paralysis or the respiratory centers in the brain may be slow to respond.  So these victims go back into cardiac arrest from a respiratory arrest unless that pathway is altered by one of us on the scene.  



Treatment 
• AHA recommends:  “vigorous 

resuscitative measures… even for 
those who appear dead on initial 
evaluation.” 

Presenter
Presentation Notes
Matt:  The American Heart Association actually recommends “vigorous…    This policy is supported by several  facts:  that there are reports of excellent recovery after lightning-induced cardiac arrest; the amount and duration of the electrical charge are unknown; and most victims are young and without heart disease.



Treatment 
• ABC’s 
• Careful secondary survey. 

– Remove burning jewelry or 
metal 

– Scan for traumatic injuries 
– Immobilize 
– Careful neuro assessment 
– IV access (IO?) 

• Rapid transport to ER 

Presenter
Presentation Notes
Matt:  As in any other situation, after we determine the scene is safe, we have to focus on our ABC’s.  Once we open our airway and give our rescue breaths if they are not breathing, we need to determine if defibrillation is needed.  In our 11 year old boy on the baseball field, there was no defibrillator available, but immediate CPR was done.  Mouth to mouth and chest compressions were done until a pulse returned and the patient was delivered to the ER. Next you need to do a very careful secondary survey and assess for other immediate threats.  Check the skin for burns and be sure to remove any smoldering or hot jewelry or poor cold water on them to cool them.  Treat the patient like you would any trauma patient and remember to look for fractures, dislocations, and other traumatic injuries.  Be sure to immobilize the patient.  Do a careful neuro assessment because, remember that we learned earlier that nerves conduct electricity better than any other body system.  There are more neurological sequelae than any other body system.  If you are ALS, then you can initiate a line of normal saline, but it is important to administer IV fluids cautiously.  Titrate the fluids based on the blood pressure.  If the pressure is adequate, do not run the fluids wide open because many lightning strike victims may have unsuspected intracranial injuries, and fluid overload can contribute to or worsen cerebral edema and intracranial hypertension.



Treatment 
In Hospital 

*12 lead EKG 

*Labs 

*X-ray 

*CT 

Presenter
Presentation Notes
Matt:  When the patient arrives to the hospital, they will start over again on the ABC’s following ACLS protocols and establishing a definitive airway.  A 12 lead EKG should be done when the patient arrives to the hospital.  Sometimes, if the lightning is not a direct strike and the voltage is lower, there may be EKG changes such as a prolonged QT interval or there may signs of ischemia or dysrhythmias.  Labs should be drawn for basic chemistries, and a hematology studies.  Also cardiac enzymes can be drawn to assess for cardiac damage.Chest X-rays to assess for rib fractures or lung damage are needed.  And obviously, x-rays for areas that may have traumatic injuries.  C-spine films are important in every trauma patient as well.  In the altered patient, or if the patient is unconscious, a CT scan assessing for head injury is important.



Prevention 

Presenter
Presentation Notes
Leslie:  Although rehabilitation is often very helpful in restoring function in many patients, there is no question that patients would be much better if they took steps to avoid becoming a casualty to begin with.  Primary prevention through education programs and forums like this are the best places to teach people about the hazards of lightning and what reduces our risk of injury.   It is important for us to educate coaches for sports teams that play outdoors, farm workers, and military personal that are greater risk of injury because of their occupations or recreation. Avoiding high risk places such as: isolated trees, flagpoles, open fields, swimming pools, beaches, and metal fences is always good.  Unfortunately, it is our natural tendency to want to seek shelter under a large tree during a thunderstorm.  But remember from earlier slides, when we seek shelter under the tallest object in a specific region, we are putting ourselves at great risk for a lightning splash injury.  The lightning strikes the tallest object and then splashes over to nearby victims. Like in the above picture of the cattle that were under the tree during the storm.



Prevention 

Presenter
Presentation Notes
Leslie:  Also, it is important to note, that bicycles, motorcycles and golf carts are unsafe during lightning storms. The best place for a person to seek shelter during a storm is inside a building or in an enclosed vehicle.  I think many people have the misconception that the rubber tires on a vehicle protect the car and the occupants from the electrical surge, however, it is actually the metal exterior that conducts the electrical current around the outside metal frame.  So as long as you do not have your hand on a metal door opener or have your arm hanging out the window, then you should be fairly well protected inside a vehicle.  However, the best place to seek shelter is inside a building.  



Prevention 

Presenter
Presentation Notes
Leslie:  If you do find yourself out in the open with no place to seek shelter, it is best to crouch with the feet and knees together.  Do not lie flat.  Remember from one of the earlier slides that when you have a ground current strike, the electricity moves out from the ground in a circular pattern.  Whatever body part is touching the ground close to where the initial strike is, will be the first part to be injured.  The more of your body that is touching the ground, the greater potential for injury.  Also remember from that earlier slide that you can have stepped voltage.  If your legs are spread the electricity can go up one leg and down the other.  That’s why it is advised that you keep your legs close together and crouch down on the balls of your feet.  You do not want to be the tallest object around. And, to state the obvious again, you don’t want to be touching anything metallic, such as a golf club, metal pole, car keys, or metal coins.



Prevention 

Presenter
Presentation Notes
Leslie:  When indoors during a storm, stay away from telephones, bathtubs, showers, sinks, and electrical appliances.  Basically, the risk there is that when lightning directly strikes a house, it can travel through wires or pipes that extend outside the structure and into the ground.  Regardless of the method of entrance, once in a structure, the lightning can travel through the electrical, phone, plumbing, and radio or television reception systems.  Lightning can also travel through any metal wires or bars in concrete walls or flooring.   Do not lie on concrete floor or a garage as it likely contains a wire mesh.  In general, basements are a safe place to go during thunderstorms.  However, avoid contact with concrete walls, which may contain metal reinforcing bars.  



Prevention 

Presenter
Presentation Notes
Leslie:  One important point that most people are not aware of is that lightning may precede the rain storm.  It has been known to strike with blue skies overhead and that’s where the term “bolt from the blue” comes from.  In the case study that we reviewed, there were blue skies overhead and thunder was heard in the distance.  Because the thunder was heard, the umpire called the game for a brief time to see which way the storm was going.  Because there were blue skies overhead, people casually started to move their chairs and baseball equipment off the field.  The 11 year old child and his friend were still tossing the ball back and forth on the field with the sun overhead when the lightning struck them.  The picture above depicts a thunderstorm that had a bolt of lightning striking out off the front of it that extended 6 to 10 miles.  When thunder is heard, people should seek shelter right away.  If you can hear thunder then you are close enough to get struck by lightning.



An Amazing Recovery 

 

Presenter
Presentation Notes
Leslie:  So let’s wrap this up and let you see this final video clip about the child that was struck by lightning.  This video was taken at the Trauma LifeEvac Conference in 2010 and was almost a year after the child’s injury.  This is a beautiful summary of how this child recovered.



Presenter
Presentation Notes
Leslie:



THANK YOU 

Presenter
Presentation Notes
Leslie:
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