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Ryan Smith was a 28 year old Caucasian male who owned a landscaping business.  He worked outside six days a week and was very physically fit.  One night after coming home from work, his right leg began cramping and swelling.  It had been hot that day, and he thought maybe he was dehydrated.  He drank some Gatordade™, ate some dinner, and sat on the sofa to relax and watch some TV.  Around midnight he decided to go to bed because he had a busy schedule the next day.  However, during the night he began running a fever and noticed his leg had swollen more.  It was also warm to the touch.  He decided to go to the emergency room.
At the hospital, the doctors ordered an ultrasound of his right calf.  It was determined he had a blood clot.  He was admitted to the hospital and given an IV of heparin to dissolve the clot.   After a couple of days he was sent home.  Because Ryan had no other health problems, the doctors decided he had become very dehydrated and the blood clot should be a one-time occurrence.  He was sent home without further medicine or treatment.
One year later, Ryan experienced the same symptoms except this time he was also having trouble breathing.  His family rushed him to the emergency room.  The doctors determined he had another blood clot, and this time, it had broken off and moved to his lungs.  He stayed in the hospital for several days while doctors prescribed CT scans, more heparin, and extra blood tests.  No determining factor was found as the cause for the clotting.  This time, he was sent home with a prescription anticoagulant called Warfarin (Coumadin).
Eighteen months later, Ryan experienced another clot which had also moved to his lungs.  Since his last visit to the hospital, a new blood test was available to check for genetic mutations.  It was determined that Ryan had the MTHFR gene mutation which was causing his blood to clot.  He was told he would need to use an anticoagulant for the rest of his life to prevent heart attack, stroke, or aneurysm.  New anticoagulant drugs such as Xarelto, Pradaxa, and Eliquis were now available as well as the previously prescribed Coumadin.  His story is just one example of approximately 900,000 people in the United States alone who suffer from blood clots.
This case study will examine the causes of blood clotting and blood disorders.
Human blood contains red blood cells, white blood cells, plasma, and platelets.  Hemostasis is the process which causes our blood to clot.  When the body perceives injury or loss of blood, blood vessels narrow and platelets begin the coagulation process.  The platelets change shape and become sticky and begin to stick to each other and the walls of the blood vessel.  This is achieved by the blood vessel releasing a protein called the von Willebrand factor.  An enzyme called thrombin and the protein collagen aid in this process.  Once the platelets begin to stick together, a protein called fibrin is formed which strengthens the clot and holds it in place.  When the body produces too much or too little clotting, a person will be diagnosed with a blood clotting disorder.
Possible Disorder Causes
Clotting Disorders are often the result of clotting factors.  These factors are proteins in the blood which control bleeding.  The most common factors are hemophilia A and B; Factor II, V, VII, X, and XII.  If a person has an insufficient number of these factors, their blood does not clot enough.  These factors are inherited.  Treatment for these disorders can include 1) intravenous injections of the missing protein, 2) DDAVP (desmopressin acetate)- an antidiuretic hormone injected or used as a nasal spray, and 3) Aminocaproic acid which prevents clots from breaking down can be taken orally as a liquid or tablet.
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A person can also inherit factors which cause the blood to clot too much.  The most common of these are Factor V Leiden and prothrombin gene mutation.  In our case study introduction, Ryan Smith suffered from a genetic mutation called MTHFR.  This mutation also causes blood to clot too much.  These disorders are caused by gene mutations (alterations in the DNA sequence) in the blood factors.  Factor V Leiden is a mutation in the factor V protein.  Prothrombin is a mutation in the factor II protein, and MTHFR is caused by variants in genes C677T and A1298C.  Treatment for these disorders can include 1) prescribed anticoagulants-medication to prevent clots from forming (aspirin, heparin, warfarin, Xarelto, Pradaxa, Eliquis, Lovenox, and more), 2) prescribed thrombolytics-medications which dissolve clots (Eminase, Retavase, Activase), or 3) surgical removal of a clot.
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Chemical structure of Activase
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Anticoagulants can be administered in a variety of ways and can cause certain side effects.  For example, heparin is usually administered in a hospital as an intravenous injection.  Xarelto, Pradaxa, Warfarin, and Eliquis are taken daily as tablets, and Lovenox is administered daily as a shot in the abdomen.  Warfarin works by blocking Vitamin K dependent blood factors.  Patients taking Warfarin should stay away from Vitamin K containing foods such as dark, leafy greens, broccoli, brussel sprouts, liver, and some dairy products.  Vitamin Ks are fat soluble vitamins which aid in blood clotting.  Patients on Warfarin also must have their blood checked on a regular basis since Warfarin is designed to lessen the factor of blood clotting not stopping the clotting completely.
Drugs such as Xarelto and Eliquis are designed to prevent clotting.  Side effects of these drugs can include easy bruising, nausea, and minor bleeding.  Patients on these medications can still enjoy foods rich in vitamin K.

Clotting can also occur from certain medication such as birth control pills, surgery, obesity, long periods of sitting in one position, pregnancy, smoking, or dehydration.





Symptoms of Blood Disorders
People with hemophilia (disorders which cause insufficient clotting) can experience the following symptoms:
· Prolonged bleeding after a cut or injury
· Deep bruising
· Bleeding after vaccinations
· Unexplained nosebleeds
· Joint pain or swelling
· Blood in urine or stool
People with disorders which cause too much clotting can experience these symptoms if a clot forms
· Pain 
· Swelling
· The site of swelling is warm to the touch
· Tenderness
· Red discoloration around the site of discomfort
The most common place for a blood clot to form is in a person’s legs (calf).  Usually a clot only occurs in one leg not both.  This condition is called deep vein thrombosis (DVT).  If clots in the legs break, they can travel through the bloodstream and lodge in the lungs.  These clots are called pulmonary embolisms (PE) and require immediate medical attention.  Symptoms of PEs can include intense chest pain, shortness of breath, fainting, rapid pulse, and coughing up blood.  As clots in the legs and lungs are broken down, scar tissue remains.  Patients often continue to have swelling in their legs and some shortness of breath even after treatment.
Ryan Smith* (name changed for privacy) is now 41 years old.  He continues to take the anticoagulant medication daily.  His leg with the original blood clot still often swells, and he sometimes has shortness of breath caused by the scar tissue in his lungs.

Student Questions:
1. [bookmark: _GoBack] If you were assigned to work in a hospital emergency room, what symptoms would you look for in someone suffering from a blood clot?
2.  What part of our blood is responsible for clotting?
3. List the possible causes for blood clots from inherited factors.
4. List the current treatments for blood clots.
5. What is the difference between a DVT and a PE?
6.  List the causes of blood clots not caused from inherited blood factors.
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INSTRUCTOR’S NOTES
This case study can be expanded to include more information on the genetic mutations and variants.  It can also be expanded to discuss the structure of the Factors which cause blood disorders.
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