General nutrition information

What are the things patients will need to receivein a TPN solution? These are the things that patient would normally
receive as part of their normal daily diet (unless that diet consists primarily of potato chips and diet soda...). Let's
take time to look at the building blocks of nutritional intake and how these are addressed with TPN.

Water. This needs to be listed first because it is the most necessary element for life. Water forms the solution base
for all metabolic processes and makes up around 50-60% of our body weight. About 40% of our body water isinside
our cellsand 20% is extracellular — either in the blood (5% of body weight) or between the cells (called interstitial
fluid). The water in the blood is vitally important for maintaining the pressure that allows oxygen and other nutrient
delivery to all the tissues of the body. If someone’s blood volume gets too low (thisis called “volume depletion” in
the medical field) then that person will not be able to deliver enough oxygen to his or her tissues and tissue death
will result. | remember two particularly tragic cases of children who died from vascular collapse after only acouple
of days of the stomach flu —fairly severe vomitting and diarrhea, depleting their intravascular volume. As
pharmacists, we need to ensure that our patients are educated about the value of adequate daily free water intake
(unless they have amedical need for water restriction) and we need to ensure that our patients receiving TPN get
enough fluid to maintain a healthy blood pressure. We a so need to ensure that our patients don’t get too much fluid,
which can lead to increased blood pressure (and all its complications) and extravascular (outside the blood vessels)
leakage of fluid into the lungs (“ pulmonary edema’), which interferes with blood oxygenation.

Carbohydrates. These provide the main source of cellular energy. The standard source of carbohydratein TPN isa
simple sugar, dextrose, which is the dextrorotary form of glucose. In order for sugars to work effectively in the
body, there needs to be adequate supply of and adequate response to insulin. Insulin is a cellular gatekeeper for
carbohydrates: it facilitates glucose transfer across the membrane into the intracellular milieu. The actions of insulin
allow the glucose that can be measured in the blood to remain within a surprisingly narrow concentration range,
even after consumption of afairly sugary substance. Thisis highly desirable because sustained high glucose
concentrations can lead to deposition of glucose on tissue (thisis called glycosylation) and eventual tissue damage.
If the blood concentration of glucose gets too low, patients become confused and can even faint. This can be very
scary if the person is engaged in a potentially dangerous activity that requires alot of concentration, like driving a
car. Pharmacists very carefully monitor the blood glucose concentrations of patients receiving TPN and make
adjustments to the TPN dextrose concentration or insulin regimen in order to maintain the blood glucose in as
narrow arange as possible.

Carbohydrates are metabolized by the liver. Similar to you and homework, the liver can only handle just so much
carbohydrate at any given time. Pharmacists need to take this saturability into consideration when calculating the
amount of dextrose that goes into the TPN. Excess carbohydrate administration can also lead to increased CO,
production, which will make a patient acidotic (i.e., lower physiologic pH — bad for proper cellular functioning).
These are two good reasons to limit the amount of calories provided as carbohydrates.

Proteins. Proteins are the body’ s structural building blocks. TPN protein products are called amino acids, so named
because every protein contains an amine (NH,) group and a carboxylic acid (COOH) group. In addition to the usual
amount of protein that patients need for the activities of daily living, certain conditions can increase their protein
requirements. Surgery involves tissue repair, usually a small amount, and so increases the need slightly (except
major surgery, which is more similar to major trauma). Substances released when a patient has an infection can
cause mild tissue breakdown over alarger area of the body compared to standard surgery, so patients with severe
infections need a bit more protein than post-surgery patients. Patients with major trauma or burns will require more
protein than those with infection or after surgery. Each of these conditions places a certain amount of stress on the
body’ s metabolic system and so in your calculations of amino acid amount for a patient, you will need to factor in
the level of metabolic stress placed on the patient.

Fats. We've al been told to stay away from these, but they actually do perform some important physiologic
functions. They serve as afuel source when the body isn't getting enough energy from carbohydrates, and they are
the building blocks for many of the hormonesinvolved in the inflammatory process. That said, many people eat
more fat than they need in order to produce an adequate amount of inflammatory mediators. Pharmacists will try to
keep the amount of energy given asfat calories to the minimum necessary to ensure adequate provision of calories.

Electrolytes. The electrolytes necessary for optimal physiologic function in the body include sodium, potassium,
phosphate, magnesium, and calcium. The phosphate is usually given as a potassium salt and the rest of the
potassium and the sodium is usually given as the chloride salt. If the patient is acidotic, however, the acetate salt of
these agents can be used. To ensure that the calcium and phosphate do not combine (forming chalk) and precipitate



out of solution, astandard “rule of thumb” is to add the calcium amount in mEg/L to the phosphate amount in
mEg/L. Remember that 1 mMol of phosphate = 2 mEq. If the resulting number is greater than 45 mEg/L then there
isan increased chance of these precipitating. Using the low to medium portions of the dosing guidelines will
maximize your chance of avoiding precipitation. Higher dextrose concentrations will be a bit protective against
precipitation since dextrose is somewhat acidic and will thus increase the solubility of the calcium and phosphate. If
the physician wants the patient to receive extra calcium or phosphate beyond the recommended amounts, it would be
best for those to be given via a separate infusion and not into the same IV line as the TPN. It is unknown whether or
not it is safe to administer the phosphate or calcium saltsinto one lumen of adouble or triple lumen catheter while
TPN isinfusing through another lumen and so it is best not to take any chances. People can (and have) died asa
result of precipitated calcium phosphate infusion into the body. Remember when you are mixing not to add calcium
gluconate right after the phosphate! Localized concentrations of each could precipitate within the bag.

Vitamins and trace elements. The use of these need no explanation. In general, pharmacies will use a pre-mixed
vid of vitamins and the whole via (10ml) to one bag of TPN daily. The trace elements usually given are zinc,
copper, manganese, and chromium and the volume given will depend upon the product concentration. Most
institutions also add 10mg of vitamin K to the TPN once aweek. Finally, in an effort to minimize the devel opment
of stomach ulcers due to stress, many institutions will also place a standard |V dose of a histamine-2 (H,) receptor
antagonist in the preparation.

Why might someone need TPN? The most common reason is that a person has undergone surgery of some sort in
their bowel and the surgeons want that bowel to rest and heal, which would be difficult if there were food going
through it. In this case, TPN will be temporary, and the cutoff for decision to provide TPN is usually if the patient is
expected to be unable to eat for more than 7 days. Other reasons for temporary TPN include bowel obstruction
(don’'t want to add to the problem!), temporary inability to swallow (e.g., traumato the face or throat), and a host of
other reasons too numerousto list. A few individuals may require long-term TPN. For example, if someone has had
alarge amount of their small intestine removed, they will not be able to absorb food adequately enough to avoid
starvation unless they receive some or al calories from TPN.

Osmolarity. Most TPN solution insertio
osmolarity will be 600 or more I
mOsm/L — easily enough to irritate
the cells lining the veins commonly
used for IV access. How do they deal
with thisissue? By infusing TPNs
into the largest vein in the body: the .
superior vena cava.




Let’s do some calculations.

Patient #1: An 85yo femaleis admitted with an intestinal obstruction. She has been experiencing nausea and
vomitting for 2 days along with severe abdominal pain. The standard treatment for this condition (called “ileus’ if
you care) is bowel rest. TPN is ordered and pharmacy is asked to doseit. Sheis5'2” and weighs 160 pounds. Her
labs are:

sodium 132 mEg/L normal range 135 — 150 mEg/L
potassium 3.6 mEg/L normal range 3.5—5.0 mEg/L
chloride 98 mEg/L normal range 100 — 106 mEg/L
bicarbonate 27 mEg/L normal range 24 — 30 mEg/L
BUN 12 mg/dL normal range 8 — 20 mg/dL
creatinine 0.7 mg/dL normal range 0.6 — 1.2 mg/dL
glucose 149 mg/dL normal range 70 — 110 mg/dL, fasting
calcium 8.3 mEg/L normal range 8.5 — 10 mEq/L
phosphate 1.6 mg/dL normal range 2.6 — 4.5 mg/dL
magnesium 1.8 mEqg/L normal range 1.8 — 2.5 mEqg/L
albumin 2.7 g/dL normal range 3.5—5 g/dL

Patient #2: A 79yo female is admitted with acute pancreetitis. Sheis to be treated with bowel rest and intravenous
pain medication until her symptoms resolve. Sheis5'2” and weighs 88 pounds. Her labs are:

sodium 146 mEg/L normal range 135 — 150 mEg/L
potassium 3.7 mEg/L normal range 3.5—5.0 mEg/L
chloride 111 mEg/L normal range 100 — 106 mEg/L
bicarbonate 32 mEg/L normal range 24 — 30 mEg/L
BUN 8 mg/dL normal range 8 — 20 mg/dL
creatinine 0.6 mg/dL normal range 0.6 — 1.2 mg/dL
glucose 132 mg/dL normal range 70 — 110 mg/dL, fasting
calcium 7.8 mEg/L normal range 8.5 — 10 mEg/L
phosphate 2.0 mg/dL normal range 2.6 — 4.5 mg/dL
magnesium 1.7 mEg/L normal range 1.8 — 2.5 mEqg/L
albumin 2.0g/dL normal range 3.5—5 g/dL

Some calculations you may do when looking at a patient’slabs

For any patient with a serum creatinine above the normal range, you will want to use the Cockroft-Gault equation to
check creatinine clearance and make sure that their kidneys are not impaired (if they are, then fluid restriction may
be needed and the electrolyte excretion may be impaired). Y ou will aso want to make sure that the are not retaining
water or have other disease states that would cause them to retain water and so be in danger of pulmonary edema (if
they are, then fluid restriction and possibly sodium restriction may be needed). Unfortunately, there is no rule-of-
thumb cal culation you can use to determine how much to restrict fluid by. That is ajudgement call and something
you will determine after discussion with the patient’ s health care team

Another thing you will want to do islook carefully at the patient’s albumin. If the patient has not been eating well
for along period of time, the serum albumin concentration will be decreased. Thiswill have a number of effects.
First, less albumin means fewer particles in the bloodstream, meaning that the colloidal pressure which keeps the
fluid inside the blood vessels will be lower than normal and the patient may be more likely to lesk fluid out into
scary places like the lung. Fluid restriction may be needed. Second, calcium is transported on albumin. Only a
fraction of it is not attached to albumin, and this is the fraction available to the body for physiologic purposes. If the
patient’ s albumin is decreased, there will be less albumin to bind to cal cium and thus more circulating unbound
calcium available for physiologic use. Some institutions measure unionized calcium (unionized so it can cross
membranes and have pharmacologic effect!), which isin essence the unbound calcium, but many institutions do not.
If you don’t have an unionized calcium available, you can “correct” the serum calcium for alow albumin by the
following method:

[(4.0 — serum abumin concentration)(0.8)] + [serum calcium concentration] = Cayreced
If this corrected number is within the normal range, then you will not need to add extra calcium to your TPN, just
the standard amount.

It istraditiona in many ingtitutions to limit the number of calories that the patient receives on the first day of TPN
S0 as not to “overwhelm”



TPN Worksheet age: Sex:
height: cm ABW: kg IBW: kg feed weight:

Targets:
1. Daily fluid needs.

>20 kg: 1500ml + (20 ml)(W - 20 kg), or calculated target: ml/day

30 - 35 ml/kg/day

2. Protein requirements.

normal, unstressed individual: 0.8g/kg/day calculated target: g protein/day

hospitalized patient: 1-1.2g/kg/day
stressed patient: 1.5-2g/kg/day

3. Non-protein calories

BEE, ., = 66.67 + 13.75(W) + 5.0(H) - 6.76(A) calculated target: kcals/day

BEE, gmen = 665.1 + 9.56(W) + 1.86(H) - 4.68(A)

activity factors: confined to bed: 1.2, out of bed: 1.3

stress factors: surgery: 1.2; infection: 1.4; trauma: 1.5; burns; 1.7
TDE = (BEE) (activity factor) (stress factor)

Amounts:

4. Total TPN volume ml/day; volume for each TPN: mi/bag; # bags/day:

5. Protein Volume choose one;

27.5g in 500ml 5.5% AA 42.5gin 500ml 8.5% AA 50gin500ml 10% AA  or

10% AA calculated volume: mi

6. Dextrose volume (3.4 kcals/g)  choose one 3.5 mg/kg/min = g/day

100g in D20W 500ml 250g in D50W 500ml 350g in D70W 500ml or

D70W calculated volume: ml

7. Fat volume (9 kcals/g) choose one:

550kcal s/500ml 10% lipid 900kcals/ 500ml of 20% lipid or

20% lipid calculated volume: mi plus  sterile water volume: ml

Electrolytes:

8. Daily electrolyte needs total amount of kcals/day from fat and dextrose:
amt/1000 calories (amt)(# daily cals)/1000 amount/bag

sodium 40-50 mEq

potassium 40mEq

magnesium 8-12mEq

calcium 2-5mEq

phosphate 15-25mMol

9. Calculate the volume of each electrolyte solution that you will add volume to add

sodium chloride 23.4% (4mEg/ml) ml

sodium acetate 16.4% (2mEg/ml) ml

potassium phosphate: 3mMol phosphate/ml, 4.4 mEq potassium/ml mi

potassium chloride 2mEg/ml ml

magnesium sulfate 4mEg/ml ml

calcium gluconate 10% (0.465mEg/ml) mi

infusion rate: mil/hr



Patient #1: An 85yo femaleis admitted with an intestinal obstruction. She has been experiencing nausea and
vomitting for 2 days along with severe abdominal pain. The standard treatment for this condition (called “ileus” if
you care) is bowel rest. TPN is ordered and pharmacy is asked to doseit. Sheis 5’2" and weighs 160 pounds. Her
labs are:

sodium 132 mEg/L normal range 135 — 150 mEg/L
potassium 3.6 mEg/L normal range 3.5—5.0 mEqg/L
chloride 98 mEg/L normal range 100 — 106 mEg/L
bicarbonate 27 mEg/L normal range 24 — 30 mEg/L
BUN 12 mg/dL normal range 8 — 20 mg/dL
creatinine 0.7 mg/dL normal range 0.6 — 1.2 mg/dL
glucose 149 mg/dL normal range 70 — 110 mg/dL, fasting
calcium 8.3 mEg/L normal range 8.5 — 10 mEg/L
phosphate 1.6 mg/dL normal range 2.6 — 4.5 mg/dL
magnesium 1.8 mEg/L normal range 1.8 — 2.5 mEqg/L
albumin 2.7 g/dL normal range 3.5—5 g/dL

In this case | am going to assume that | work in a pharmacy where they get the protein and dextrose in fixed 500ml
volumes (scenario #2 from the self-study text).

TPN Worksheet using scenario #2
age. 85 sex: F height: _157 cm

ABW: _73 kg ABW means actual body weight

IBW: 50 kg ideal body weight as you hopefully know by now is[(2.3)(# inches over 5 ft)] + 45kg for woman and
50kg for a male

feed weight: _55 kg feed weight is the weight that you are going to use in your calculations. You can choose to use
IBW or if a person is overweight, you could use a weight that is 10 or 20% above IBW, assuming that some of the
patient’s“ overweight” is extra muscle and not all fat. Just for giggles, | will use a feed weight of 120% IBW. | will
now use the weight of 55kg in all of my weight-based computations.

Targets:

1. Daily fluid needs.

>20 kg: 1500ml + (20 ml)(W - 20 kg), or calculated target: 1700 - 2200 ml/day
30 - 35 mi/kg/day

Using the first method you would get 2200ml and using the second you should get 1650-1925ml/day. | combine
these to get an acceptable range. If the patient is at risk for being easily overhydrated (e.g., has a weak heart or
kidney disease) then | will go with the lower end. Otherwise, aslong as her kidneys are in good shape, she should be
able to pee out any excess fluid that she doesn’t need so | will choose a number that makes my computations easy. In
this case, the woman’s kidneys are fine (you can check that yourself by determining her creatinine clearance!) and
my calculations and mixing will be easiest if | choose that she gets 2 L/day.

2. Protein requirements.

normal, unstressed individual: 0.8g/kg/day calculated target: 55 — 66 g protein/day
hospitalized patient: 1-1.2g/kg/day

stressed patient: 1.5-2g/kg/day

Sheis hospitalized but probably isn't metabolically too stressed (no surgery, trauma, burns), so | will choose the
range of 1-1.2g/kg/day. This means she will need around 55 — 66g of amino acid daily.



3. Non-protein calories

BEE, ., = 66.67 + 13.75(W) + 5.0(H) - 6.76(A) calculated target: 1302 — 1432 kcals/day
BEE, gmen = 665.1 + 9.56(W) + 1.86(H) - 4.68(A)

activity factors: confined to bed: 1.2, out of bed: 1.3

stress factors: surgery: 1.2; infection: 1.4; trauma: 1.5; burns: 1.7

TDE = (BEE) (activity factor) (stress factor)

Running the numbers through for a woman, | get a BEE of 1085 kcalg/day (note: | use the terms kcals and calories
interchangeably here, as does everyone in the profession. Yes, | know that it is technically incorrect.) Multiply that
by 1.2 since she is confined to bed, for a total of 1302 calories. Now for a stress factor, | will choose 1.0, since she
doesn’t really meet any of the listed criteria for metabolic stress. It would be equally OK if you wanted to hedge and
say she has a metabolic stress factor of 1.1 and thus ended up with 1432 kcal day.

Amounts:
4. Total TPN volume 2000 mi/day; volume for each TPN: 1000 ml/bag; # bagg/day: 2

Thisis where the method your pharmacy uses to mix TPNs comesinto play. If you use the 500ml preset volume
solutions, then you will send up more than one bag every day, and each bag will contain 1000ml. If your pharmacy
uses a pump with stock solutions, then you will send up one bag every day with more than 1000ml in that bag. For
this example | will be assuming that we use the preset 500ml volume solutions of dextrose and amino acids, so you
will only see me working with the first row of numbers for the protein and dextrose volumes, plus the fat will be
infused separately and no sterile water will be added. If the patient needed fluid restriction, you would include the
lipid volume in the total TPN volume. Since the patient’s kidneys are fine, we will not include it in the total TPN
volume, just to make things easier.

5. Protein VVolume choose one:
[27.5gin 500ml 5.5% AA | 42.5gin 500ml 8.5% AA 50gin 500ml 10% AA  or

Looking at my protein target range above (55-66g/day) and knowing that the total amount of protein | will need will
need to be divided over 2 liters, | choose the 5.5% strength because | know that it will give her 27.5g protein in each
of her two bags for a total of 55g of protein daily. Had | chosen the 8.5% of 10% amino acid products, she would
end up receiving 85g and 100g of protein, respectively, both of which are farther away from my target of 55-66kg
when compared to the 5.5% amino acid strength.

10% AA calculated volume: ml | disregard thisrow sinceit is used when mixing the big
ingredients using the pump, and we are not.

6. Dextrose volume (3.4 kcals/g)
3.5 mg/kg/min =_277 g/day

Now | need to determine the maximum amount of sugar this patient’s liver can handlein a day. | know that | cannot
exceed 4 mg/kg/minute, so | choose a number that’s a bit lower: 3.5 mg/kg/min. Multiply this by her feed weight to
get 192.5 mg/minute, then by 60 minutes/hr to get 11,550 mg/hr, then by 24 hours to get 277,200 mg/day. Thisis
equal to 277.2 g/day, which is a comfortable amount of sugar for her liver to deal with. You could choose a different
target: anything up to 316.8 g/day, which is 4 mg/kg/minute. | always round to whole numbers and so my chosen
target will be 277 g/day, rather than 277.2g/day.

[100g in D20W 500ml | 250g in D50W 500ml 350g in D70W 500ml or

| know that we can give up to around 300 g/day of sugar without stressing her liver, so | know that my maximum
amount of sugar in each bag is 150g (300g/day divided by 2 bags/day). Therefore | know that the 250g in the DS0W
and the 350g in the D70W are way too much sugar for this woman. | am forced to choose the D20W option.

She will thus receive 200g of dextrose/day. There are 3.4 kcalg/g of dextrose, so the sugar will provide 680
kcals/day. But she needs more than that. My computations above showed a target number of 1300-1400 kcal /day.
We will give the remainder of the calories asfat.



D70W calculated volume: ml | disregard this row since it is used when mixing the big ingredients
using the pump, and we are not.

7. Fat volume (9 kcals/g) choose one:
[ 550kcal /500ml 10% lipid 900kcals/ 500ml of 20% lipid or

She needs around 1300 kcals/day and is getting 680 kcals from the dextrose. 1300 — 680 kcals means that she needs
around 620 kcals from fat. The closest product to thisisthe 10% lipid. We are forced to choose this product.

20% lipid calculated volume: ml plus  sterile water volume: ml | disregard
thisrow since it is used when mixing the big ingredients using the pump, and we are not.

Electrolytes:

8. Daily electrolyte needs total amount of kcals/day from fat and dexttrose: 550 + 680 = 1230 kcals/day
amt/1000 calories (amt)(# daily cals)/1000 amount/bag

sodium 40-50 mEq 49 — 62 mEg/day 30 mEg/bag

potassium 40mEq 49 mEg/day 25 mEg/bag

magnesium 8-12mEq 10 — 15 mEg/day 6mEqg/bag

calcium 2-5mEq 2.5 - 6 mEg/day 2 mEg/bag

phosphate 15-25mMol 18- 31 mMol/day 15 mMol/bag

Remind yourself of the total number of kcals the patient is receiving daily. In thefirst fill-in column, take this
amount, multiply it by the number from the column to the left, then divideit all by 1000. This getsrid of the “ /1000
calories’ part of the electrolyte guidelines and makes it easy to see the total amount of electrolyte you will need to
give for each substance. Then just divide by the number of bags/day to get the amount of electrolyte to add to each
bag. Rounding up or down a bit isfine. In this patient’s case | used the higher end of the phosphate range since her
phosphate serum concentration islow; otherwise, if | have a range, | just choose something in the middle that looks
handy. Notice that your calcium and phosphate addition number is32 [2 + (15)(2) = 32] in each liter and so you
should not have precipitation.

9. Calculate the volume of each electrolyte solution that you will add volume to add
sodium chloride 23.4% (4mEg/ml) 7.5ml
sodium acetate 16.4% (2mEg/ml) oml

I will only give sodium as the acetate salt if the patient is acidotic (high chloride, low bicarb lab values). | would
never expect you to know how to do this at your point in school, so if | wanted you to do this on an exam, | would tell
you bluntly that the patient was acidotic and therefore would need half or all of the sodium as the acetate salt.

potassium phosphate: 3mMol phosphate/ml, 4.4 mEq potassium/ml 5.0ml
potassium chloride 2mEg/ml 15ml

It istraditional to give phosphate as the potassium salt. Figure this out first. 15 mMol phos divided by 3mMol K
phos/ml means you will place 5ml of potassium phosphate in the bag. This 5ml of K phos will contain 15 mMol of
phosphate and 22 mEq of potassium (because each ml of K phos contains 4.4mEq of potassium). But you need more
potassium than that. You will give the remaining potassium as the chloride salt. Subtract the potassium give as the
phosphate salt from your total desired potassiunmybag (25mEq — 22mEq) to get the amount you will add as KCl (3
mEq = 1.5 ml KCl).

magnesium sulfate 4mEg/ml 15ml
calcium gluconate 10% (0.465mEg/ml) 4.3 ml
infusionrate: __ 83 mi/hr

2000ml/24 hours means the infusion rate will be 83 ml/hr.

On the next page, | have noted what the TPN worksheet would ook like for this patient.



TPN Worksheet, patient #1, using pre-set volumes age: 85 sex: E

height: _157 cm ABW: _73 kg IBW: 50 kg feed weight: _55 kg
Targets:

1. Daily fluid needs.

>20 kg: 1500ml + (20 ml)(W - 20 kg), or calculated target: 1700 - 2200 ml/day

30 - 35 mi/kg/day

2. Protein requirements.

normal, unstressed individual: 0.8g/kg/day calculated target: 55 — 66 g protein/day
hospitalized patient: 1-1.2g/kg/day

stressed patient: 1.5-2g/kg/day

3. Non-protein calories

BEE, ., = 66.67 + 13.75(W) + 5.0(H) - 6.76(A) calculated target: 1302 — 1432 kcals/day

BEE, gmen = 665.1 + 9.56(W) + 1.86(H) - 4.68(A)

activity factors: [confined to bed: 1.2, out of bed: 1.3

stress factors: surgery 1.2; infection 1.4; trauma 1.5; burns 1.7 | used a stress factor of 1.0 — 1.1 for thisrange
TDE = (BEE) (activity factor) (stress factor)

Amounts:

4. Total TPN volume 2000 mi/day; volume for each TPN: 1000 ml/bag; # bags/day: 2

5. Protein Volume/bag choose one:

[27.5gin 500ml 5.5% AA | 42.5gin 500ml 8.5% AA 50gin 500ml 10% AA  or

10% AA calculated volume: mi

6. Dextrose volume/bag (3.4 kcals/g) 3.5 mg/kg/min = _277.2 g/day

[100g in D20W 500ml| 250g in D50W 500ml 350g in D70W 500ml or

D70W calculated volume: ml

7. Fat volume (9 kcals/g) choose one: 1300 kcals— 680 kcals = 620 needed from fat

[550kcal /500ml 10% lipid | 900kcals/ 500ml of 20% lipid or

20% lipid calculated volume: mi plus  sterile water volume: ml

Electrolytes:

8. Daily electrolyte needs total amount of kcals/day from fat and dextrose: 550 + 680 = 1230 kcal S/day
amt/1000 calories (amt)(# daily cals)/1000 amount/bag

sodium 40-50 mEq 49 — 62 mEg/day 30 mEg/bag

potassium 40mEq 49 mEg/day 25 mEg/bag

magnesium 8-12mEq 10 — 15 mEg/day 6mEqg/bag

calcium 2-5mEq 2.5 - 6 mEg/day 2 mEg/bag

phosphate 15-25mMol 18- 31 mMol/day 15 mMol/bag

9. Calculate the volume of each electrolyte solution that you will add volume to add

sodium chloride 23.4% (4mEg/ml) 7.5ml

sodium acetate 16.4% (2mEg/ml) oml

potassium phosphate: 3mMol phosphate/ml, 4.4 mEq potassium/ml 5.0ml

potassium chloride 2mEg/ml 15ml

magnesium sulfate 4mEg/ml 15ml

calcium gluconate 10% (0.465mEg/ml) 4.3 ml

note: one bag daily will contain 10ml of a standard vitamin packet. You will also occasionally add trace elements
and insulin
infusionrate: __ 83 mi/hr



Now let’slook at the same patient using scenario #1

TPN Worksheet age. 85 sex: F
height: 157 cm ABW: _73 kg IBW: 50 kg feed weight: _55 kg
Targets:

1. Daily fluid needs.
>20 kg: 1500ml + (20 ml)(W - 20 kg) = 2200ml calculated target: 1700 - 2200 ml/day
30 - 35 ml/kg/day =1650 — 1925 ml

2. Protein requirements.

normal, unstressed individual: 0.8g/kg/day calculated target: 55 — 66 g protein/day
[hospitalized patient: 1-1.2g/kg/day] = 55-66g/day

stressed patient: 1.5-2g/kg/day

3. Non-protein calories

BEE,, = 66.67 + 13.75(W) + 5.0(H) - 6.76(A) calculated target: 1302 — 1432 kcalg/day
BEE, ,omen = 665.1 + 9.56(W) + 1.86(H) - 4.68(A) = 1085 kcals/day

activity factors: [confined to bed: 1.2, out of bed: 1.3 = 1302 kcals/day

stress factors: surgery: 1.2; infection: 1.4; trauma: 1.5; burns: 1.7

TDE = (BEE) (activity factor) (stress factor) (1085)(1.2)(1.0-1.1) = 1302-1432 kcals/day

Amounts:
4. Total TPN volume 2000 mi/day; volume for each TPN: 2000 ml/bag; # bagg/day: 1

Notice that thisis where the cal culations begin to deviate from the previous method. Although | chose the same
amount, everything will be placed in one large bag.

5. Protein Volume choose one:
27.5g in 500ml 5.5% AA 42.5gin 500ml 8.5% AA 50gin500ml 10% AA  or
| disregard thisrow sinceit is used when mixing the set ingredient volume method, and we are not.

10% AA calculated volume; 600 ml

Here | can comfortably choose a number within my range of 55-66g/day. | will choose 60g sinceit isawhole
number and easy to deal with. Using dimensional analysis:

100m x 60g = 600ml of 10% amino acids

10g

2000ml —600ml = 1400ml remaining. | will give the rest of this as dextrose, fat, water, and
electrolytes/vitaming/trace elements

6. Dextrose volume (3.4 kcals/g)

3.5 mg/kg/min = _277.2 g/day

Similar to the previous method, | now need to determine the maximum amount of sugar this patient’s liver can
handlein a day. | know that | cannot exceed 4 mg/kg/minute, so | choose a number that’s a bit lower: 3.5
mg/kg/min. Multiply this by her feed weight to get 192.5 mg/minute, then by 60 minutes’hr to get 11,550 mg/hr, then
by 24 hoursto get 277,200 mg/day. Thisis equal to 277.2 g/day, which is a comfortable amount of sugar for her
liver to deal with. You could choose a different target: anything up to 316.8 g/day, which is 4 mg/kg/minute.

100g in D20W 500ml 250g in D50W 500ml 350g in D70W 500ml
| disregard thisrow sinceit is used when mixing the set ingredient volume method, and we are not.

D70W calculated volume: _400 ml



Using this method, it is much easier to give this woman the amount of carbohydrates | calculated that | would feel
comfortable using, because | am not constrained by volume. Again, | use dimensional analysisto calculate the
volume.

100m x 277g = 395.7ml =400ml of 70% amino acids
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1400ml —400ml = 1000ml remaining. | will give the rest of this as fat, water, and electrolytes/ivitamins/trace
elements.

Now | need to figure out the remaining calories that need to be given as fat. To do this, | need to first know how
many are being given as sugar. Using dimensional analysis:
2779 CHO x 3.4kcals = 941.8 =942 kcalsg/day given as CHO
day gCHO

| need to choose a target amount of calories within the range of 1302-1432 kcals/day. | will arbitrarily choose1367
kcalg/day sinceit’sright in the middle.

1367 kcalg/day — 942 kcals CHO = 425 kcals |eft to give as fat

7. Fat volume (9 kcals/g) choose one:
550kcal s/500ml 10% lipid 900kcal s/ 500ml of 20% lipid or
| disregard thisrow since it is used when mixing the set ingredient volume method, and we are not.

| use the computation above to determine the number of grams of lipid that will give her 425 kcals.
425kcals x 1g = 47.2glipid
9 keals

47 glipid x 100ml = 235ml 20% lipidsto add to the TPN
20glipid

1000ml —235ml = 765 ml remaining. | will give the rest of this aswater and electrolytes/vitamins/trace elements.
20% lipid calculated volume: 235 ml plus  sterilewater volume: 665 ml

You have two choices here as to how you will deal with the electrolyte portion of the remaining volume. One choice
would be to do your electrolyte volume cal culations first, add up the volume of all electrolytes, subtract that volume
from 765 ml, and then give the remaining volume as sterile water. The more common choice is to guestimate that
total electrolyte and vitamins and trace elements will total approximately 100ml, and so just give 765 ml —100 ml =
665 ml of sterile water. It is not wrong to do this, since you need to remember that you' re working with volume
ranges and that if you are off on volume by 10, 15, or even 20 ml, it will not adversely affect the patient. Sncethisis
a common method of dealing with volumes from electrolytes, | will choose this method and give 665 ml sterile water.

Electrolytes:

8. Daily electrolyte needs total amount of kcals/day from fat and dextrose: 942 + 425 = 1367 kcal S/day
amt/1000 calories (amt)(# daily cals)/1000 amount/bag

sodium 40-50 mEq 55 — 68 mEqg/day 60 mEg/bag

potassium 40mEq 55 mEg/day 55 mEg/bag

magnesium 8-12mEq 11 — 16 mEg/day 12 mEa/bag

calcium 2-5mEq 3- 7 mEg/day 5 mEa/bag

phosphate 15-25mMol 20- 34 mMal/day 30 mMol/bag

Thispart is easier than the previous method, because you only have 1 bag/day. Notice how the amount of
electrolytes you give is a bit higher, since the patient’s caloric intake using this method will be dightly higher.
Again, | go with a phosphate dose at the higher end of the dosing scale. The patient’ s calcium and phosphate
product is 65 [ (30)(2) + 5), but thiscaseitisin 2 liters, sois 33 mEg/L: below the precipitation threshold of 45
mEg/L.

9. Calculate the volume of each electrolyte solution that you will add volume to add
sodium chloride 23.4% (4mEg/ml) 15.0 ml



sodium acetate 16.4% (2mEg/ml) 0 ml
potassium phosphate: 3mMol phosphate/ml, 4.4 mEq potassium/ml
potassium chloride 2mEg/ml

It istraditional to give phosphate as the potassium salt (although it can be given as the sodium salt if the patient’s
serum potassium concentration is too high). Figure this out first. 30 mMol phos divided by 3mMol K phos/ml means
you will place 10.0 ml of potassium phosphate in the bag. This 10.0 ml of K phos will contain 30 mMoal of phosphate
and 44 mEq of potassium (because each ml of K phos contains 4.4mEq of potassium). But you heed more potassium
than that. You will give the remaining potassium as the chloride salt. Subtract the potassium give as the phosphate
salt from your total desired potassium/bag (55mEq — 44mEq = 11 mEq) to get the amount you will add as KCI (11
mEq = 5.5 ml KCl).

magnesium sulfate 4mEg/ml 3.0 ml
calcium gluconate 10% (0.465mEg/ml) 10.8 ml

Note: you will also add 10 ml of standard vitamins to each TPN and possibly trace elements, insulin, an H,-
antagonist and/or vitamin K in some or all of the bags. Protocols vary between institutions.

infusion rate: 83 ml/hr

2000ml/24 hours means the infusion rate will be 83 ml/hr.

On the next page, | have noted what the TPN worksheet would look like for this patient, using this method.



TPN Worksheet, patient #1, using pump age: 85 sex: E
height: _157 cm ABW: _73 kg IBW: 50 kg feed weight: _55 kg

Targets:

1. Daily fluid needs.

>20 kg: 1500ml + (20 ml)(W - 20 kg) = 2200ml calculated target: 1700 - 2200 ml/day
30 - 35 ml/kg/day =1650 — 1925 ml

2. Protein requirements.

normal, unstressed individual: 0.8g/kg/day calculated target: 55 — 66 g protein/day
[hospitalized patient: 1-1.2g/kg/day] = 55-66g/day

stressed patient: 1.5-2g/kg/day

3. Non-protein calories

BEE,, = 66.67 + 13.75(W) + 5.0(H) - 6.76(A) calculated target: 1302 — 1432 kcalg/day
BEE, ,omen = 665.1 + 9.56(W) + 1.86(H) - 4.68(A) = 1085 kcals/day

activity factors: [confined to bed: 1.2, out of bed: 1.3 = 1302 kcals/day

stress factors: surgery: 1.2; infection: 1.4; trauma 1.5; burns: 1.7

TDE = (BEE) (activity factor) (stress factor) (1085)(1.2)(1.0-1.1) = 1302-1432 kcals/day

Amounts:
4. Total TPN volume 2000 mi/day; volume for each TPN: 2000 ml/bag; # bagg/day: 1

5. Protein Volume choose one:
27.5g in 500ml 5.5% AA 42.5gin 500ml 8.5% AA 50gin500ml 10% AA  or

10% AA calculated volume: 600 ml

6. Dextrose volume (3.4 kcals/g) 3.5 mg/kg/min = _277.2 g/day
100g in D20W 500ml 250g in D50W 500m 350g in D70W 500ml

D70W calculated volume: _400 ml

7. Fat volume (9 kcals/g) choose one:

550kcals/500ml 10% lipid 900kcals/ 500ml of 20% lipid or
20% lipid calculated volume: 235 ml plus  sterile water volume: 665 ml
Electrolytes:
8. Daily electrolyte needs total amt of kcals/day from fat and dextrose: 942 + 425 = 1367 kcals/day
amt/1000 calories (amt)(# daily cals)/1000 amount/bag
sodium 40-50 mEq 55 — 68 mEqg/day 60 mEg/bag
potassium 40mEq 55 mEg/day 55 mEg/bag
magnesium 8-12mEq 11 — 16 mEg/day 12 mEa/bag
calcium 2-5mEq 3 - 7 mEg/day 5 mEg/bag
phosphate 15-25mMol 20- 34 mMal/day 30 mMol/bag
9. Calculate the volume of each electrolyte solution that you will add volume to add
sodium chloride 23.4% (4mEg/ml) 15.0 ml
sodium acetate 16.4% (2mEg/ml) O ml
potassium phosphate: 3mMol phosphate/ml, 4.4 mEq potassium/ml 10.0 ml
potassium chloride 2mEg/ml 55 ml
magnesium sulfate 4mEg/ml 3.0 ml
calcium gluconate 10% (0.465mEg/ml) 10.8 ml

infusion rate: 83 ml/hr



Patient #2: A 79yo female is admitted with acute pancreatitis. Sheis to be treated with bowel rest and intravenous
pain medication until her symptoms resolve. Sheis 52" and weighs 88 pounds. Her labs are:

sodium 146 mEg/L normal range 135 — 150 mEg/L
potassium 3.7 mEg/L normal range 3.5—5.0 mEqg/L
chloride 111 mEg/L normal range 100 — 106 mEg/L
bicarbonate 32 mEg/L normal range 24 — 30 mEg/L
BUN 8 mg/dL normal range 8 — 20 mg/dL
creatinine 0.6 mg/dL normal range 0.6 — 1.2 mg/dL
glucose 132 mg/dL normal range 70 — 110 mg/dL, fasting
calcium 7.8 mEg/L normal range 8.5 — 10 mEq/L
phosphate 2.0 mg/dL normal range 2.6 — 4.5 mg/dL
magnesium 1.7 mEg/L normal range 1.8 — 2.5 mEqg/L
albumin 2.0g/dL normal range 3.5—5 g/dL

In this case | am going to assume that | work in a pharmacy where they get the protein and dextrose in fixed 500ml
volumes (scenario #2 from the self-study text).

TPN Worksheet using scenario #2
age. 79 sex: F height: _157 cm

ABW: _40 kg ABW means actual body weight

IBW: 50 kg ideal body weight as you hopefully know by now is[(2.3)(# inches over 5 ft)] + 45kg for woman and
50kg for a male

feed weight: _45 kg Since she is malnourished and below ideal body weight (called “ cachectic” in medical
terminology), we will want to feed her with enough to build tissue, not just maintain current tissue. Therefore | have
chosen a feed weight that is halfway between her actual and her ideal body weight.

Targets:

1. Daily fluid needs.

>20 kg: 1500ml + (20 ml)(W - 20 kg), or calculated target: 1350 - 2000 ml/day
30 - 35 mi/kg/day

Using the first method you would get 2000ml and using the second you should get 1350-1575ml/day. | combine
these to get an acceptable range. If the patient is at risk for being easily overhydrated (e.g., has a weak heart or
kidney disease) then | will go with the lower end. Otherwise, aslong as her kidneys are in good shape, she should be
able to pee out any excess fluid that she doesn’t need so | will choose a number in the middle of the range: 1.6 L/day

2. Protein requirements.

normal, unstressed individual: 0.8g/kg/day calculated target: 54 — 68 g protein/day
hospitalized patient: 1-1.2g/kg/day

stressed patient: 1.5-2g/kg/day

Sheis hospitalized and it is debatable whether or not sheis stressed. Snce thisisthe case, | will choose a range of
1.2 - 1.5 g/kg/day since thisis between those two criteria. It's a conservative approach. This gives me an acceptable
range of 54 — 68 g/day of protein.

3. Non-protein calories

BEE, ., = 66.67 + 13.75(W) + 5.0(H) - 6.76(A) calculated target: 1465 — 1710 kcals/day
BEE, gmen = 665.1 + 9.56(W) + 1.86(H) - 4.68(A)

activity factors: confined to bed: 1.2, out of bed: 1.3

stress factors: surgery: 1.2; infection: 1.4; trauma: 1.5; burns: 1.7

TDE = (BEE) (activity factor) (stress factor) (1018)(1.2)(1.2-1.4) = 1465 — 1710 kcals/day

Running the numbers through for a woman, | get a BEE of 1018 kcals/day. Multiply that by 1.2 since she is confined
to bed, for a total of 1221 calories. A stress factor is a bit tricky in acute pancreatitis. Sometimesiit is caused by a
mechanical or chemical factor and sometimesit isinfectiousin origin. It might be easiest, then, to choose a stress
factor that falls in between surgery and infection, since there is tissue building that needs to occur. In my



computations, | will choose something in the middle, so | will arbitrarily choose 1600 kcals/day as a goal for her
energy intake.

Amounts:
4. Total TPN volume 1600 ml/day; volume for each TPN: 1000 ml/bag; # bags/day: 1.6

Thisis where the method your pharmacy uses to mix TPNs comesinto play. If you use the 500ml preset volume
solutions, then you will send up more than one bag every day, and each bag will contain 1000ml. If your pharmacy
uses a pump with stock solutions, then you will send up one bag every day with more than 1000ml in that bag. For
this example | will be assuming that we use the preset 500ml volume solutions of dextrose and amino acids, so you
will only see me working with the first row of numbers for the protein and dextrose volumes, plus the fat will be
infused separately and no sterile water will be added. If the patient needed fluid restriction, you would include the
lipid volume in the total TPN volume. Since the patient’s kidneys are fine, we will not include it in the total TPN
volume, just to make things easier.

How does that extra 0.6 of a liter work in? Basically, the extra 400ml in the bag will infuse during the next day of
TPN. You don't actually mix 1.6 liters of TPN per day.

5. Protein VVolume choose one:
27.5g in 500ml 5.5% AA [42.5gin 500ml 8.5% AA ] 50gin 500ml 10% AA  or

Here | will need to take my target protein range (54 — 68 g/day) and figure out how much | amtargeting per liter.
Using dimensional analysis, it works out thus:
54-68g x lday = 34-425¢
day 16L L
The closest amino acid product would be the 8.5% amino acids, since thiswill give us a protein intake within our
target range.

10% AA calculated volume: ml | disregard thisrow sinceit is used when mixing the big
ingredients using the pump, and we are not.

6. Dextrose volume (3.4 kcals/g)
3.5 mg/kg/min =_277 g/day

Now | need to determine the maximum amount of sugar this patient’s liver can handlein a day. | know that | cannot
exceed 4 mg/kg/minute, so | choose a number that’s a bit lower: 3.5 mg/kg/min. Multiply this by her feed weight to
get 158 mg/minute, then by 60 minutes/hr to get 9,480 mg/hr, then by 24 hours to get 227,520 mg/day. Thisis equal
to 227 g/day, which is a comfortable amount of sugar for her liver to deal with. You could choose a different target:
anything up to 259 g/day, which is 4 mg/kg/minute.

[100g in D20W 500ml | 250g in D50W 500ml 350g in D70W 500ml or

At 227 g/day target to 259 g/day maximum, you would do the following to see how much you could placein each
liter:
227-2599CHO x lday = 142-1629CHO
day 16L L

Unfortunately, none of the available products provide the amount within the given range, so we will have to choose
the 20% dextrose, since her liver couldn’t handle the 50% dextrose.

The 100 g CHO in each bag will provide a total of 160g CHO daily (100 g/L x 1.6 L/day). Now you need to see
how many kcals she will get from the carbohydrate.
160gCHO x 3.4kcals = 544 kcals
day g CHO L

D70W calculated volume: ml | disregard this row since it is used when mixing the big ingredients
using the pump, and we are not.




7. Fat volume (9 kcals/g) choose one:
550kcal s/500ml 10% lipid [ 900kcals/ 500ml of 20% lipid or

Thetarget daily calorie range was 1600 kcal/day. She will get 544 of these kcals from carbohydrate, so the
remaining 1056 kcals will need to come from fat (lipids). In your choice of product above, you could give 2 bags of
10% lipid, for a total of 1100 kcals. You could also give one bottle of 20% for a total of 900 kcals. How do you
choose between? The guidelines are that the total dose should not exceed 2.5 g/kg/day or 60% of total calories.
Using the 2.5 g/kg/day guideline, both methods would provide around 2.2 g/kg/day. Using the 60% cutoff, we can
see that the 20% lipid bottle would provide 62% of the total and that the two bottles of 10% would provide67%, so
the 20% lipid is probably the lesser of the two risks. In a perfect world, we would prefer that her lipid contribution
to total calories not exceed 30-40%/day. This is one of the problems with using the set amount preparation method.

20% lipid calculated volume: mi plus  sterile water volume: ml | disregard
thisrow since it is used when mixing the big ingredients using the pump, and we are not.

Electrolytes:

8. Daily electrolyte needs total amount of kcals/day from fat and dextrose: 544 + 900 = 1444 kcal S/day
amt/1000 calories (amt)(# daily cals)/1000 amount/bag

sodium 40-50 mEq 58 — 72 mEg/day 40 mEg/bag

potassium 40mEq 58 mEg/day 36 mEg/bag

magnesium 8-12mEq 12 — 17 mEg/day 10 mEa/bag

calcium 2-5mEq 3 - 7 mEg/day 3 mEg/bag

phosphate 15-25mMol 22 - 36 mMal/day 20 mMol/bag

Remind yourself of the total number of kcals the patient is receiving daily. In thefirst fill-in column, take this
amount, multiply it by the number from the column to the left, then divideit all by 1000. This getsrid of the “ /1000
calories’ part of the electrolyte guidelines and makes it easy to see the total amount of electrolyte you will need to
give for each substance. Then just divide by the number of bags/day to get the amount of electrolyte to add to each
bag. Rounding up or down a bit isfine. If | have arange, | just choose something in the middle that ooks handy. |
chose a phosphate on the high end of the range because you will notice that this patient’s phosphate was low. | did
not, however, go on the high end of the calcium because if you use the calcium correction factor noted earlier in this
lesson, you will see that her calcium correctsto 9.4 —well within the normal range. Notice that your calcium and
phosphate addition number is43[3 + (20)(2) = 43] in each liter and so shouldn’t precipitate (do visually inspect
your TPN after addition of these elements, however!).

9. Calculate the volume of each electrolyte solution that you will add volume to add
sodium chloride 23.4% (4mEg/ml) 7.5ml
sodium acetate 16.4% (2mEg/ml) oml

I will only give sodium as the acetate salt if the patient is acidotic (high chloride, low bicarb lab values). | would
never expect you to know how to do this at your point in school, so if | wanted you to do this on an exam, | would tell
you bluntly that the patient was acidotic and therefore would need half or all of the sodium as the acetate salt.

o
o

potassium phosphate: 3mMol phosphate/ml, 4.4 mEq potassium/ml
potassium chloride 2mEg/ml

ml
S ml

|

It istraditional to give phosphate as the potassium salt. Figure this out first. 20 mMol phos divided by 3mMol K
phos/ml means you will place 6.6 ml of potassium phosphate in the bag. This 6.6 ml of K phoswill contain 20 mMol
of phosphate and 29 mEq of potassium (because each ml of K phos contains 4.4mEq of potassium). But you need
mor e potassium than that. You will give the remaining potassium as the chloride salt. Subtract the potassium give as
the phosphate salt from your total desired potassium/bag (36mEq — 29mEq = 7mEQ) to get the amount you will add
asKCl (7 mEq = 3.5 ml KCl).

magnesium sulfate 4mEg/ml 15ml
calcium gluconate 10% (0.465mEg/ml) 4.3 ml
infusion rate: 83 mi/hr  2000ml/24 hours means the infusion rate will be 83 mi/hr.

On the next page, | have noted what the TPN worksheet would ook like for this patient.



TPN Worksheet, patient #2, using pre-set volumes age: 19 sex: E

height: _157 cm ABW: _ 40 kg IBW: 50 kg feed weight: _45 kg
Targets:

1. Daily fluid needs.

>20 kg: 1500ml + (20 ml)(W - 20 kg), or calculated target: 1350 - 2000 ml/day

30 - 35 mi/kg/day

2. Protein requirements.

normal, unstressed individual: 0.8g/kg/day calculated target: 54 — 68 g protein/day
hospitalized patient: 1-1.2g/kg/day

stressed patient: 1.5-2g/kg/day

3. Non-protein calories

BEE, ., = 66.67 + 13.75(W) + 5.0(H) - 6.76(A) calculated target: 1465 —1710 kcals/day

BEE, gmen = 665.1 + 9.56(W) + 1.86(H) - 4.68(A)

activity factors: [confined to bed: 1.2, out of bed: 1.3

stress factors: surgery 1.2; infection 1.4; trauma 1.5; burns 1.7 | used a stress factor of 1.2 — 1.4 for thisrange

TDE = (BEE) (activity factor) (stress factor) (1018)(1.2)(1.2-1.4) = 1465 — 1710 kcals/day

Amounts:

4. Total TPN volume 1600 ml/day;  volume for each TPN: 1000 ml/bag; # bags/day: 1.6

5. Protein Volume/bag choose one: 54-68g/day + 1lday/1.6L = 34-425¢g/L

27.5gin 500ml 5.5% AA [42.5gin 500ml 8.5% AA | 50gin 500ml 10% AA  or

10% AA calculated volume: mi

6. Dextrose volume/bag (3.4 kcals/g) 3.5 mg/kg/min = _277.2 g/day

100g in D20W 500ml 250g in D50W 500ml 350g in D70W 500ml or

D70W calculated volume: ml

7. Fat volume (9 kcals/g) choose one: 1300 kcals— 680 kcals = 620 needed from fat

[550kcal /500ml 10% lipid | 900kcals/ 500ml of 20% lipid or

20% lipid calculated volume: mi plus  sterile water volume: ml

Electrolytes:

8. Daily electrolyte needs total amount of kcals/day from fat and dextrose: 550 + 680 = 1230 kcal S/day
amt/1000 calories (amt)(# daily cals)/1000 amount/bag

sodium 40-50 mEq 49 — 62 mEg/day 30 mEg/bag

potassium 40mEq 49 mEg/day 25 mEg/bag

magnesium 8-12mEq 10 — 15 mEg/day 6mEg/bag

calcium 2-5mEq 2.5 - 6 mEg/day 3 mEg/bag

phosphate 15-25mMol 18 - 31 mMol/day 20 mMol/bag

9. Calculate the volume of each electrolyte solution that you will add volume to add

sodium chloride 23.4% (4mEg/ml) 7.5ml

sodium acetate 16.4% (2mEg/ml) oml

potassium phosphate: 3mMol phosphate/ml, 4.4 mEq potassium/ml 6.6 ml

potassium chloride 2mEg/ml 3.5ml

magnesium sulfate 4mEg/ml 15ml

calcium gluconate 10% (0.465mEg/ml) 4.3 ml

note: one bag daily will contain 10ml of a standard vitamin packet. You will also occasionally add trace elements
and insulin
infusionrate: __ 83 mi/hr



Now let’slook at the same patient using the pump method

TPN Worksheet age. 79 sex: F
height: 157 cm ABW: _ 40 kg IBW: 50 kg feed weight: _45 kg
Targets:

1. Daily fluid needs.
>20 kg: 1500ml + (20 ml)(W - 20 kg) = 2000ml calculated target: 1350 - 2000 ml/day
30 - 35 ml/kg/day =1350 — 1575 ml

2. Protein requirements.

normal, unstressed individual: 0.8g/kg/day calculated target: 54 — 68 g protein/day
hospitalized patient: 1-1.2g/kg/day upper end = 54 g/day

stressed patient: 1.5-2g/kg/day lower end — 68 g/day

3. Non-protein calories

BEE, ., = 66.67 + 13.75(W) + 5.0(H) - 6.76(A) calculated target: 1465 —1710 kcals/day
BEE, ,omen = 665.1 + 9.56(W) + 1.86(H) - 4.68(A) = 1018 kcal/day

activity factors: [confined to bed: 1.2, out of bed: 1.3 = 1221 kcals/day

stress factors: [surgery: 1.2; infection: 1.4; trauma 1.5; burns: 1.7

TDE = (BEE) (activity factor) (stress factor) (1018)(1.2)(1.2-1.4) = 1465 — 1710 kcals/day
Amounts:
4. Total TPN volume 1600 ml/day; volume for each TPN: 1600 ml/bag; # bagg/day: 1

Notice that thisis where the cal culations begin to deviate from the previous method. Although | chose the same
amount, everything will be placed in one large bag.

5. Protein Volume choose one:
27.5g in 500ml 5.5% AA 42.5gin 500ml 8.5% AA 50gin500ml 10% AA  or
| disregard thisrow sinceit is used when mixing the set ingredient volume method, and we are not.

10% AA calculated volume; 600 ml

Here | can comfortably choose a number within my range of 55-66g/day. | will choose 60g sinceit isawhole
number and easy to deal with. Using dimensional analysis:

100m x 60g = 600ml of 10% amino acids

10g

1600ml —600ml = 1000ml remaining. | will give the rest of this as dextrose, fat, water, and
electrolytes/vitaming/trace elements

6. Dextrose volume (3.4 kcals/g)

3.5 mg/kg/min = _227 g/day

Similar to the previous method, | now need to determine the maximum amount of sugar this patient’s liver can
handlein a day. | know that | cannot exceed 4 mg/kg/minute, so | choose a number that’s a bit lower: 3.5
mg/kg/min. Multiply this by her feed weight to get 157.5 mg/minute, then by 60 minutes/hr to get 9,450 mg/hr, then
by 24 hoursto get 226,800 mg/day. Thisis equal to =227 g/day, which is a comfortable amount of sugar for her
liver to deal with. You could choose a different target: anything up to 260 g/day, which is 4 mg/kg/minute.

100g in D20W 500ml 250g in D50W 500m 350g in D70W 500ml
| disregard thisrow sinceit is used when mixing the set ingredient volume method, and we are not.

D70W calculated volume: _325 ml



Using this method, it is much easier to give this woman the amount of carbohydrates | calculated that | would feel
comfortable using, because | am not constrained by volume. Again, | use dimensional analysisto calculate the
volume.

100m x 227g = 324ml =325 ml of 70% amino acids
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1000ml —325ml = 675ml remaining. | will give therest of this as fat, water, and electrolytes/vitamins/trace
elements.

Now | need to figure out the remaining calories that need to be given as fat. To do this, | need to first know how
many are being given as sugar. Using dimensional analysis:
2279 CHO x 3.4kcals = 772 kcalg/day given as CHO
day gCHO

| need to choose a target amount of calories within the range of 1465 — 1710 kcals/day. | will arbitrarily
choosel600 kcals/day sinceit’sright in the middle.

1600 kcalg/day — 772 kcals CHO = 828 kcals | eft to give as fat

7. Fat volume (9 kcals/g) choose one:
550kcal s/500ml 10% lipid 900kcal s/ 500ml of 20% lipid or
| disregard thisrow since it is used when mixing the set ingredient volume method, and we are not.

| use the computation above to determine the number of grams of lipid that will give her 425 kcals.
828kcals x 1g = 92glipid
9 kcals

92glipid x 100m = 460 m 20% lipidsto add to the TPN
20glipid

675ml —460ml = 215 ml remaining. | will give the rest of this as water and electrolytes/vitamins/trace elements.
20% lipid calculated volume: 460 ml plus  sterilewater volume: 115 ml

You have two choices here as to how you will deal with the electrolyte portion of the remaining volume. One choice
would be to do your electrolyte volume cal culations first, add up the volume of all electrolytes, subtract that volume
from 215 ml, and then give the remaining volume as sterile water. The more common choice is to guestimate that
total electrolyte and vitamins and trace elements will total approximately 100ml, and so just give 215 ml — 100 ml =
665 ml of sterile water. It is not wrong to do this, since you need to remember that you' re working with volume
ranges and that if you are off on volume by 10, 15, or even 20 ml, it will not adversely affect the patient. Sncethisis
a common method of dealing with volumes from electrolytes, | will choose this method and give 665 ml sterile water.

Electrolytes:

8. Daily electrolyte needs total amount of kcals/day from fat and dextrose: 772 + 828 = 1600 kcal S/day
amt/1000 calories (amt)(# daily cals)/1000 amount/bag

sodium 40-50 mEq 64 — 80 mEg/day 72 mEg/bag

potassium 40mEq 64 mEg/day 64 mEg/bag

magnesium 8-12mEq 13 — 19 mEg/day 16 mEa/bag

calcium 2-5mEq 3- 8 mEg/day 5 mEa/bag

phosphate 15-25mMol 24 - 40 mMal/day 30 mMol/bag

Thispart is easier than the previous method, because you only have 1 bag/day. Notice how the amount of
electrolytes you give is a bit higher, since the patient’s caloric intake using this method will be dightly higher. The
patient’s calcium and phosphate product is 65 [(30)(2) + 5), butisin 1.6 L, which works out to 41 mEg/L so is

bel ow the precipitation threshold of 45.

9. Calculate the volume of each electrolyte solution that you will add volume to add
sodium chloride 23.4% (4mEg/ml) 18.0 ml
sodium acetate 16.4% (2mEg/ml) O ml



potassium phosphate: 3mMol phosphate/ml, 4.4 mEq potassium/ml 10.0 ml
potassium chloride 2mEg/ml 10.0 ml

It istraditional to give phosphate as the potassium salt (although it can be given as the sodium salt if the patient’s
serum potassium concentration istoo high). Figure this out first. 30 mMol phos divided by 3mMol K phos/ml means
you will place 10.0 ml of potassium phosphate in the bag. This 10.0 ml of K phos will contain 30 mMol of phosphate
and 44 mEq of potassium (because each ml of K phos contains 4.4mEq of potassium). But you heed more potassium
than that. You will give the remaining potassium as the chloride salt. Subtract the potassium give as the phosphate
salt from your total desired potassium/bag (64mEq — 44mEq = 20 mEq) to get the amount you will add as KCI (20
mEq = 10 ml KCl).

magnesium sulfate 4mEg/ml 4.0 ml
calcium gluconate 10% (0.465mEg/ml) 10.8 ml

Note: you will also add 10 ml of standard vitamins to each TPN and possibly trace elements, insulin, an H,-
antagonist and/or vitamin K in some or all of the bags. Protocols vary between institutions.

infusion rate: 83 ml/hr

2000ml/24 hours means the infusion rate will be 83 ml/hr.

On the next page, | have noted what the TPN worksheet would look like for this patient, using this method.



TPN Worksheet, patient #2, using pump age: 19 sex: E
height: _157 cm ABW: _ 40 kg IBW: 50 kg feed weight: _45 kg

Targets:

1. Daily fluid needs.

>20 kg: 1500ml + (20 ml)(W - 20 kg) = 2000ml calculated target: 1350 - 2000 ml/day
30 - 35 ml/kg/day =1350 — 1575 ml

2. Protein requirements.

normal, unstressed individual: 0.8g/kg/day calculated target: 54 — 68 g protein/day
[hospitalized patient: 1-1.2g/kg/day] = 55-66g/day

stressed patient: 1.5-2g/kg/day

3. Non-protein calories

BEE,, = 66.67 + 13.75(W) + 5.0(H) - 6.76(A) calculated target: 1465 —1710 kcals/day
BEE, ,omen = 665.1 + 9.56(W) + 1.86(H) - 4.68(A) = 1085 kcals/day

activity factors: [confined to bed: 1.2, out of bed: 1.3 = 1302 kcals/day

stress factors: surgery: 1.2; infection: 1.4; trauma: 1.5; burns; 1.7

TDE = (BEE) (activity factor) (stress factor) (1085)(1.2)(1.0-1.1) = 1302-1432 kcals/day

Amounts:
4. Total TPN volume 1600 ml/day; volume for each TPN: 1600 ml/bag; # bagg/day: 1

5. Protein Volume choose one:
27.5g in 500ml 5.5% AA 42.5gin 500ml 8.5% AA 50gin500ml 10% AA  or

10% AA calculated volume: 600 ml

6. Dextrose volume (3.4 kcals/g) 3.5 mg/kg/min =_227 g/day
100g in D20W 500ml 250g in D50W 500m 350g in D70W 500ml

D70W calculated volume: _325 ml

7. Fat volume (9 kcals/g) choose one:

550kcal s/500ml 10% lipid 900kcals/ 500ml of 20% lipid or
20% lipid calculated volume: 460 ml plus  sterilewater volume: 115 ml
Electrolytes:
8. Daily electrolyte needs total amount of kcals/day from fat and dextrose: 772 + 828 = 1600 kcal S/day
amt/1000 calories (amt)(# daily cals)/1000 amount/bag
sodium 40-50 mEq 64 — 80 mEg/day 72 mEg/bag
potassium 40mEq 64 mEg/day 64 mEg/bag
magnesium 8-12mEq 13 — 19 mEg/day 16 mEa/bag
calcium 2-5mEq 3 - 8 mEg/day 5 mEg/bag
phosphate 15-25mMol 24 - 40 mMal/day 30 mMol/bag
9. Calculate the volume of each electrolyte solution that you will add volume to add
sodium chloride 23.4% (4mEg/ml) 18.0 ml
sodium acetate 16.4% (2mEg/ml) O ml
potassium phosphate: 3mMol phosphate/ml, 4.4 mEq potassium/ml 10.0 ml
potassium chloride 2mEg/ml 10.0 ml
magnesium sulfate 4mEg/ml 4.0 ml
calcium gluconate 10% (0.465mEg/ml) 10.8 ml
vitamins 10.0 ml

infusion rate: 83 ml/hr



