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Healthcare Scenario– Metric System, Unit Conversions, Drug Dosages

Prepared by:  Pete Kaslik

Healthcare Contributor:  Terry Tatko, Franciscan Healthcare

Introduction to Math Teachers

This scenario will:


Introduce students to mathematical applications in the medical field

Increase familiarity with metric system


Show unit conversion with dimensional analysis


Give practice in substituting into algebraic equations 


Give practice in solving algebraic equations
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Introduction


A child was brought into the Emergency Room and is being examined by the ER doctor. The distraught mother of the boy outside the emergency room doors speaks only a limited amount of English.  As part of the emergency room team of doctors and nurses, your job is to find out as much information as possible about the patient.  


The mother explains that the child had been in another emergency room two days before and had been given medicine for asthma. She shows you a prescription bottle.  You look at the label on the prescription bottle.  It is the correct medicine for asthma, but the quantity and dosage seems very low.   “How much does your son weigh?” you ask.  “45”, she answers.  A quick look inside the emergency room tells you that her son does not weigh 45 pounds.  More likely, he weighs 45 kilograms, which the mother confirms.  A possible reason for the present problem is now evident to you and you excuse yourself to talk with the doctor.  The dosage on the bottle was appropriate for someone weighing 45 pounds, not 45 kilograms.  Forty-five kilograms is 99 pounds, thus the boy was getting half of the medicine he needs.

This experience demonstrates to you the importance of understanding both U.S. Customary measurements and metric measurements.

The Health Care Industry


Healthcare is a high growth industry representing approximately 15% of the gross domestic product (GDP) in the United States.  Healthcare jobs range in salaries according to degree of skill and experience.  Medical personnel shortages are critical, with the average age of most healthcare workers over 45.  The industry is increasingly reliant on technology and a workforce that is skilled at working effectively with people in a high tech environment.


Well trained medical professionals such as nurses or medical technicians are urgently needed.  Local colleges and universities provide this training, but space is limited.  A solid understanding of basic math skills on the part of students who plan to become healthcare professionals will help their chances of being admitted.


Healthcare professionals use math daily to calculate heights and weight, concentrations, and percents.  Key math skills include the conversion of units between the US Customary System (USCS) and the Metric System (SI), converting from ratios to percents, and calculating the appropriate dosage for patients.  The Pacific Northwest has a large immigrant population, particularly from Asia.  People from these countries are accustomed to using the metric system and find the US Customary system perplexing.  The United States is gradually changing to the metric system.  During the transition period, competence in both systems is necessary.  Once this country completely adopts the metric system, knowing two systems won’t be necessary.

Part 1.  The Metric Body


Scientists have been using the metric system for a long time.  The healthcare system uses it in many circumstances too.  One advantage of the metric system is the use of mass, as compared to the USCS, which uses weight.  Mass is the amount of matter a person has.  Weight is the effect of gravity upon a mass.  An astronaut in space still has the same amount of mass as on Earth, but in space, the astronaut is weightless.  Certain medicines are prescribed as a ratio of milligrams of medicine per kilogram of body mass shown as a fraction, 

.


To become comfortable with the metric system requires the desire to learn it and a few key reference points.  For heights and weight, one such key could be your own height and weight (or more specifically, your mass).  Converting from USCS to SI units can be done using dimensional analysis and knowing a few equivalencies.  Almost all students in healthcare fields will take chemistry classes as part of their studies.  Dimensional analysis is the primary method used for chemistry calculations, so developing comfort in the use of it will be beneficial for both school and employment.


Dimensional analysis is the process of converting the units of a measurement by multiplying by one or more unit fractions.  A unit fraction represents an equivalency; for example, 2.2 pounds is equivalent to one kilogram.  You can now calculate how much a person weighs in pounds if his or her mass is 45 kilograms.  To show this with dimensional analysis, first write 45 kg then next to it, in parentheses to signify multiplication, write the fraction with 2.2 pounds in the numerator and 1 kg in the denominator.  Because the unit kilogram appears in both the numerator and denominator, the unit can be cancelled, leaving only the numbers and the units of pounds (lb) and 45 x 2.2lb = 99lb






If the goal is to change from pounds to kilograms, then the unit fraction would be written with kilograms in the numerator and pounds in the denominator.  For example, convert 150 pounds to kilograms.




In this example, pounds appear in both the numerator and denominator so the pound units cancel.  Since 150 is in the numerator and 2.2 is in the denominator, it is necessary to divide 150 by 2.2.

1.  Now convert your own weight in pounds to find your body’s mass in kilograms.  Write your weight in pounds in the first blank of the following equation; cancel the lb unit; divide by 2.2 and the answer is your body mass in kilograms.



.  

You have just solved a dimensional analysis problem. Memorize your mass, just as you have memorized your weight in pounds.  

Height is also measured differently in the USCS and SI systems and dimensional analysis can be used to convert from one system to the other.  Traditionally, people remember their height in a combination of feet and inches.  For example, someone may be five eight (5’8”), meaning five feet, eight inches.  This can easily be made into inches by multiplying the feet by 12 then adding the inches.




In countries that use the metric system, heights are measured in meters.  Think of a meter as slightly more than a yard.  A meter is approximately 39 inches.  The conversion from inches to meters requires two unit fractions—in this case, an inch = 2.54 cm and a meter = 100 cm.  To find the height in meters of a person who is 68 inches tall using dimensional analysis, multiply by the inch to centimeter unit fraction and the centimeter to meter unit fraction.





The easiest way to carry out the multiplication when doing dimensional analysis is to enter the first number in your calculator, then multiply by any number in the numerator of the unit fractions and divide by any number in the denominator.  Thus, in this example, enter 68 then multiply by 2.54 and divide by 100.  A 1 in either the numerator or denominator can be ignored when multiplying.

2.  Find your height in meters.





Being able to estimate converted weights or heights can be useful when a quick result is needed. In the exercises below, estimate the weight or height.  

· To estimate weight:  The kilogram value of a person’s weight is slightly less than half their pounds value.  Conversely, the pound value of a person’s weight is a little more than double their kilograms value.  

· To estimate a person’s height, use the approximate relationship that one foot is slightly over 0.3 meters (30.48 centimeters).  Thus a three foot tall person would be slightly over 0.9 meters (3·0.3meters), a four foot tall person would be just over 1.2 meters (4·0.3 meters) and a five foot tall person would be just over 1.5 meters.  For example, the height of a five eight individual would fall between 1.5 meters (five feet) and 1.8 meters (6 feet).  


In the following exercises, estimate the height or weight before calculating it using dimensional analysis.  Ideally, your estimates will improve with more practice.

3.  Convert 15 pounds to kilograms

Estimate ___________    Actual _____________

4.  Convert 35 pounds to kilograms

Estimate ___________    Actual _____________

5.  Convert 86 kilograms to pounds 

Estimate ___________    Actual _____________

6.  Convert 42 kilograms to pounds

Estimate ___________    Actual _____________

7.  Convert 4’3” to meters


Estimate ___________    Actual _____________

8.  Convert 3’6” to meters


Estimate ___________    Actual _____________

9.  Convert 1.35 meters to feet and inches
Estimate ___________    Actual _____________

10.  Convert 1.83 meters to feet and inches
Estimate ___________    Actual _____________


11.  Without peeking back in your calculations (if possible), record your height and mass in the metric system.   Height _______________   Mass ______________

Part 2.  Hot or Cold?


Temperature is another place where the USCS and metric system differ.  In the United States, temperature is typically measured in Fahrenheit while the rest of the world uses Celsius.  We will use a formula to convert from temperature in one set of units to the other, but before that, it will be useful for you to become familiar with Celsius temperatures.  The best way to learn Celsius is to memorize the following three commonly used temperature values.  By comparing any other temperature to these  values, you will have a good estimate of the temperature.  The three common values are the freezing temperature of fresh water, room temperature, and body temperature.  In the Fahrenheit system, the values are 32°, 68° and 98.6° , respectively.  In the Celsius system, the values are 0°, 20° and 37°, respectively.  Based on these three temperatures, if you were in a different country and heard the temperature for tomorrow was to be 30°, you could quickly determine that that temperature is approximately midway between room temperature and body temperature, so you know it will be warm (hot?).  


From a medical point of view, it is essential to know temperatures that patients might have.  The formula for converting from Fahrenheit to Celsius is

.  To convert from Celsius to Fahrenheit, use the formula 


Example:  Convert 98.6°F to Celsius.










Use the appropriate conversion formula to convert the following Fahrenheit temperatures to Celsius.

12.  Mild Hypothermia:  95°F

13.  Moderate to severe hypothermia  90°F

14.  Mild Fever:  100°F

15.  Moderate Fever:  102°F

16.  Severe Fever:  104°F

Part 3.  The right amount of medicine

Medicine can be prescribed in a variety of units, not all of which are understood by the general public.  Consequently, you may need to convert the units to units the patient can understand.  In other situations, such as at smaller clinics, you may need to make the proper dose of medicine from stock solutions. 

Medicines sometimes require the use of a third system of measure, in addition to the USCS and SI.  This system is the Apothecaries’ System.  This system includes weights with units of grains, drams, ounces and pounds and fluid measurements of minim, dram (fluidram), ounces (fluidounces), pint, quart, and gallon.  For units of weight, in the Apothecaries’ system, 12 ounces= 1 pound whereas in the USCS, 16 ounces = 1 pound.  One of the clear advantages of the metric system is that different terms are used for mass and fluid measurements, thus saving the confusion of knowing if the term ounces apply to liquids or weights and if the latter, whether there are 12 or 16 ounces in a pound.  Another advantage of the metric system is that all the units of the system are multiples of 10, so that calculations are easier, and by knowing the meanings of some prefixes like milli, centi or kilo, one quickly knows the magnitude of the values in question.

The Table 1 contains important equivalencies between the Apothecaries system and the metric system.

	Table 1. Apothecaries and SI equivalencies

	Weight

	1 gram (g) = 15.4 grains (gr) = 1000 milligrams (mg)

	1 dram (d) = 60 grains (gr)

	

	Volume

	1 liter (L) = 1000 milliliters (ml)

	1 milliliter (ml) = 15 minims (m)

	1 fluid ounce (oz) (apothecaries) = 30 milliliters (ml)

	1 teaspoon 


Use dimensional analysis to make the following conversions.

Example.  Acetaminophen is a drug used for relieving headache pain.  How many grains are there in a tablet containing 400 mg of acetaminophen?




Being the adventurer you are, you knew exactly what you wanted to do as soon as you finished nursing school.  It didn’t take long for you to find a position with a major international relief organization.  Your first assignment is to work in a medical clinic in an isolated overseas community.


The medical clinic is small, understaffed and short of supplies, yet it provides an important service to this community.  When you arrive for your first day on the job, you find a line of people waiting to be admitted. The head nurse, Diana, cannot afford the time to supervise you throughout the day.   She was counting on showing you once and then will trust you had learned enough in school to be able to do the same or similar jobs, without constant supervision.  


The clinic expects all measurements in metric, but the scale is old-fashioned in that it reads only in pounds for weight and measures height in inches.  The thermometers show temperature in degrees Fahrenheit.


Your first task is to get the correct strength of a prescription for the doctor.  The doctor asks you to create 50 ml of a 13% solution of mercaptomerin sodium, a diuretic used to relieve edema. (Fitch, p 126).  You find a bottle containing a 60% stock solution.  Diana reminds you that for solutions in which the medicine is a liquid mixed with water, the concentration x volume of the stock solution (subscript s) should equal the concentration x volume of the delivered solution (subscript d) or CsVs = CdVd.  First, convert the percentages to decimals by dividing each by 100.  

CsVs = CdVd

(Formula)
0.60Vs = 0.13·50
(Substitution)

Vs = 10.8 ml

(Divide both sides by 0.60 and simplify)

Therefore, by putting 10.8 ml of the 60% stock solution into a graduated cylinder and then adding water until there is 50 ml, the final solution will be a 13% solution.


Next, the doctor orders 1000 micrograms of penicillin to be placed in a hypodermic needle.  The stock penicillin solution contained 1,600 micrograms (μg) in 1 milliliter.  How much of this solution is needed?  For solutions with units of mass per unit volume (e.g. μg/ml) the relationship between the stock solution (subscript s) and the delivered solution (subscript d) is





(Formula)



 

(Substitution)

vd = 0.625 ml

(Multiply both sides by 1000 and simplify)

Thus, by using 0.625 ml of the stock solution of penicillin that contains 1,600 μg per milliliter, the solution doctor will be able to give 1,000 μg of penicillin to the patient.


The doctor next asked for the correct dosage of phthalylsulfathiazole.  He wished to give 0.05 grams per kg of body weight.  The patient weighs 78 lbs, how much phthalylsulfathiazole should be administered?  Diana reminds you to convert the weight to kilograms before multiplying by 0.05.  







17.
As the waiting room becomes more crowed, Diana leaves you so she can help other patients.  Your first patient is an elderly woman.  Prior to taking her to the examination room, you measure her height and weight and take her blood pressure.  Her height is 62 inches and her weight is 126 lbs.  In the examination room youfind her temperature to be 98.1°.  Convert these measurements to metric units.
18.
One doctor doing surgery requires you to prepare 6 ml of a 2.5% sodium thiopental solution that is to be given intravenously as an anesthesia.  The stock solution is 8%.  Determine the amount of the stock solution that is needed and the amount of distilled water that will be added to create the 6 ml solution requested by the doctor.

19.
An infant requires the administration of colimycin, which is used for intestinal problems.  The doctor wants 4 mg per kilogram of body weight.  If the infant weighs 18 lbs, how much colimycin is needed?


After only a few hours of working in the clinic, it is clear to you that you made the right choice in becoming a nurse and joining this organization.  This job would not be boring and you’ll be helping people at the same time.  Life is good!
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