


For critical calculations the program(s) should be run twice to assure
that no human or machine error has been introduced. This
proC,eduremust include reentry of the 'I)agnetic card(s), reinput of
alr~'ata, and comparison of the results of the two calculations.

The program material ct,mtainedherein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility andshaU have
no liability, consequential at otherwise, of any kind aris,ing
from the use of this program~aterial or any part thereof.
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The HP·65 Medical Pac I consists of a group of programs which
enable you to carry out common cardio.pulmonary and other
medical calculations on the HP·65. Each program is a sequence of
steps used for a particular calculation. These steps are permanently
recorded on a magnetic card. When you pass the card through the
program card reader, the lower slot on the right side of the HP·65,
the program steps are rea,d and automatically stored away in
memory, ready to perform your calculation. They will remain there
Il\ltil you turn off the power, "read in" a program from another
magnetic card, or depress keys while in W/PRGM mode. It isn't
,ne~essary to know or understand how the program was written in
order to uile it. However, if you are interested, there is a list of the
steps for each program at the back of this manual, and an
e~plan~tion of the various types of steps in the Hp·65 Owner's
Handbook.
. 1jJ.~'programs in .Medical Pac I have been written to perform

• severili types' of medical calculations. The first group of nine cards
.~ol)tainS programs to dounit conversions; for example, OF to °C,
. itlcliJ,s , to , centimeters, ,or drams (avoirdupois) to scruples
(apothecary). A second group of nine cards contains programs to do

, Calc,~la~p'ns useful in the pulmonary function lab, such as percent of
plli'pl<;ted vital capa<;ity. Three additional programs carry out calcula-
tions usedin setting up and ~djusting a ventilator. Eight more
,programs do blood gas" acid·base and respiratory status calculations,
such as base excess ~nd alveolar.ar,terial 01 difference. Another eight
progra~ns do calculations frequently required in a cath lab, such as
'cardiac output. In addition there is one special card used for
convenient storage and recall of some of the patient's characteristics.
A quick glance through this manual will give an idea of the scope of
the programs included.

Much of their convenience and usefulness comes from the way
the programs can be combined, and this will be illustrated by
examples a little further on.

Using the Keyboard

When running Medical Pac I programs, only a few of the many keys
on the HP·65 are actually used. To begin with, you may ignore ail
the yellow and blue labels. The only keys you'll usually need are the
numeric keys, the five keys at the top labeled a through 0, the
decimal point, and the change sign key. The decimal point, G, for
example is, used ·to input pH=7.38 into the calculator. The change
sign key,~, is used after a number is entered to make it negative



(do not use the B key). [With a few of the programs, this is how
you indicate to the calculator that you are using English units
(inches, Ibs., OF) rather than metric units (em, kg, 0q.] A few other
keys may be useful at times, but aren't really necessary to use these
programs. The W/PRGM-RUN switch must always be in RUN
(except for the special case described in program I-05A (10».

Running Programs
To run a program, pass the card through the card reader as
described on page 9. You will then generally have to enter some
data using the numeric keys, for example, a measurement made on
the patient. The numbers appear in the display ·itsyou key thenrin.
Then press the appropriate program key: one of the five letteted
keys at the top. The desired answer to your prob1em may be
immediately displayed, but mOre often it will be necessary to enter
additional data before the desired result can be calculated. For most
of the programs (except the unit conversions), the lettered keys are
pressed sequentially from left to right. Between program execution
steps, you will input a piece of data, recorda displayed output,"or
both. The instructions for each individual program in this manilal
tell you exactly what to do, and point Out"any exceptions to'the
general procedure. .

To help remind you of what to do at each ~tep,abbreviated
instructions are printed on the program cards themselve~.Slfpping
the card into the upper slot on the right side of the HP-65 places the
abbreviations directly above their respective keys. If the' program
requires yOll to key in a particular piece of data, the symbol for th'at
data will be printed above the key. For' example, if' hemoglobin
concentration is to be input, key in the data, then press 'the key
labeled HGB. If a useful result is expected, it will be indicated on the
card by an arrow pointing to the symbol for the result, for example,
HGB->CONTmeans that blood oxygen content will be cllIcuIated
after entering HGB and pressing the appropriate program key. If no
new data needs to pe keyed in to calculate a tesult, the;abbreviation
for the result is printed above the key with an arrow before ie'

Running a program will make many of these points clearer. Try
the blood acid-base status program, 1- I2A (ACID). First turn oil
the HP-65. Then run the card through the lower slot-from right to
left to read in or "enter" the program. Now put the card_in the
upper slot. Notice that key a is labeled ·PCO•. Let's suppose the
patient's PCO. was measured to be 45 mmHg. Press@]OO, makil}g
sure it is correctly displayed, and pressEl. Now enter the patient's
pH. Suppose it wasmeasured to be 7.35. PressIIIc:JrnOOand press
Ill. Now enter the hemoglobin concentration"say J:6grn/IOOmi.
Press[I]@] and then pressB.



Notice that the label above key iii has an arrow before it. That
means no entry of data is required. Simply pressID, and the total
plasma CO, in mEq/1 will be displayed, 25.39. Then pressD, and
the HP-65 will calculate and display the base excess, -1.36 mmol/l
in this case.

Data Memory

In addition to the memory for the program, the Hp·65 has another
memory for data. This memory is not changed by reading in a new
program, although it is erased if the calculator is turned off. The
programs take advantage of data memory to store some of the
entered and calculated data about a patient. Then, when another
program is run, or the same program is run again, it is usually not
,necessary to reenter data already in the memory. Many of the
programs will prompt you with the stored value when it is needed. If
you wish to use it, simply press the next program key without
making-a new numeric entry. Of course, you can always enter a new
value, which will be stored in memory in place of the old. To
demonstrllle this, -,do another calculation with program 1-12A
(ACID). Enter a new PC0.,say 40mmHg. Pressll. You will be
prompted with the old value for pH, which is to be entered next. If
you are not satisfied with the old value, 7.35, enter a new one, say
7.38. Presslil. You will then be prompted with the old value of
Hgb, 16 gmiloo mI. If this is unchanged, simply pressII. You can
then pressBand Iias before, and the new values for TCO, and BE
will be calculated.

The data memory consists of nine separate "registers". Table I at
the end of this manual (page 80) shows where the various patient
parameters are stored in the memory registers. Normally, you don't
need tooe -concerned with these matters unless you are planning a
new and more efficient sequence of programs which will not require
re-entry of data.

Most of the programs in Medical Pac I can be run in any order.
In a few cases, they must directly follow each other although the
order may change (e.g. the weight conversion programs). In other
cases, an exact order must be followed (e.g. the pulmonary tunction
and ventilator setup programs).

Options

After each input of data, it is very important that you check the
display to make sure that no error was made in pressing the keys.
This will guarantee that the results will be calculated from the
correct data. If you <1.0 note an error before you press the next
program key, it may be corrected by pressing1M (which clears the



display to zero), then reentering the data. If you suspect an entry
error, and the next program key has already been pressed, it is best
to start over at the beginning of the program. However, it is not
necessary to reload the card. In some of the programs, more than
five program keys are needed. This has been resolved in a few cases
by requiring that certain program keys be pressed more than once.
In other cases, certain optional steps are accomplished by pressing
the RUN/STOP key,m, in the lower right hand corner of the
keyboard. These exceptions to the usual mode of operation are
covered in detail in the particular program descriptions and oper·
ating instructions.

HP·6S Arithmetic

Even though a program is in the machine, the HP·65 can be used as a
non.programmable calculator. (Check whether the program uses R.
before using trigonometric functions or R"'P, however.) Be sure the
correct entry is in the display before pressing the next program key.
This is frequently useful when a calculation is necessary to derive
your next entry. For exampie, suppose the program ·calls· fora
hemoglobin concentration in gm/IOO mI, but you have only mea-
sured hematocrit in %. Approximately

Hgb=~
3

• __ " ' 1, ~'''"I.'

Make the conversion on the HP·65 just pri~r to pressinlthe program
key that enters Hgb into the program. .

When using the HP·65 as a non-programmable calculator. all but
the black keys are used. To do arithmetic on the calculator~,key in
the first number in your calculation. Then,pressIENTER+I.Keyin the
next number and then press the function you want to perform. For
example, to convert 970 F to 0 C, the formula is: . .

T(C)= [T("F)-32] ~

Key inOO, Press IENTER+I
Key in (!J, Press r±l
Key in (!J, rn Press IENTER+ I
Key in@),1II Press[3,[Ej

The result, 36.11 0C, is displayed. If this temperature is the next
entry called for in the program, simply press the appropriate
program key.



The following examples use a series of programs to carry out the
many calculations In a particular medical procedure. Included are
examples from an adult cath lab, a pediatric cath lab, and a
respiratory intensive care unit. These examples are fairly compli-
cated. Before attempting them, read over the detailed instructions
for each of the programs and try the included examples. In these
examples, values stored in memory for later use are underlined.
When recalled from memory (so that they do not need to be
reentered), they are enclosed in brackets.

Adult Cath Lab Example

Note that cardiac output, calculated in 1-22A (DYE), is used in
1-20A (BSA), 1-24A (VALVE) and 1-27A (WORK), Body sur-
face area, calculated in 1-20A (BSA), is used in 1-27A (WORK).

PROGRAM INPUTS OUTPUTS
1-22AIDYE) .6ot-1 see.; AREA" 532.60 DIY see;

OC" 38, 67, SO,73. 61, 48. CAL )( AReA" 58.59 mgll
36.29 Div; CO '" 5.73l1min

CAL •• 0.11 mglllOiv;
<~DOSE' 5.6 mg

1-20AIBSAI Ht=-72.1 in.; Wt=-191 lb. Ht'" 183.13 em; Wt •• 86.82 kg; )
ICD) BSA '" 2.09 m1 ;

',.,.
CI,. 2.74l!min/m1

1-24AIVALVE) SSP .• 0.2 sec; l!JS •• 38.50 mmHg;
Aortic t::.P.• 3& 45. 40. 31 mmHg; AREA •• 1.59 anI .,:,

R-R" 0.92 see
ICDI

1-24AIVALVEI DFp .• 0.55 sec; t:J.P= 7.60mmHg;

Mitral AP-l0. 12.8.6. 2mmHg; AREA"'_1.90cm1

R-R • 0.94 He; ICOI
1-27AIWORI<1 > PlY." 155. 169. 165. 152, 138 EP •• 155.80 mmHg;

mmHg; StN-l86.17gm· m;
R-R' 0.92 He; ICDIIBSA) SWI •• 88.95gm • m/m~

1-26ANMAXI t-O.Ol !>lie; MAX dP/dt 0 3010 mmHg/sec;
PN• 14.8. 28.5, 51.1. 81.8. MAXdPldt/P • 63.3 see;

105.8 VMAX'" 2.49 eire/see



Pediatric Cath Lab Example
Note that body surface area calculated in 1-21A (BOYD) is used in
1-23A (FICK). Venous oxygen content, calculated the first time
1-14A (SAT) is run, is used in 1-23A (PICK). Hemoglobin, entered
the flfst time 1-14A (SAT) is run, automatically reappears the
second time. Especially note that arterial oxygen content is left in
the display the second time 1-14A (SAT) is run, and is ready as the
first entry in 1-23A (FlCK). This is another method of transferring
data between programs.- .."

\
/

PROGRAM

1-21AIBOYDl

1-14AISAT)
Venous

INPUTS

Ht ~ 55 em; Wt: 4.2 kg

PO, '" 30 mmHg;
Sat. = 55%; Hgb:r 18 gm/l00 ml

PO, :>; '52 mmHg; Sat. '" 84.5%
(Hgb)

10.0,); 1c,,0,);
VO, .••60 ml/min
IBSAl; HA = 95 BPM

A-SYST' 55%; A-PUL' 62%;
L-SYST' B4.5%; L-PUL' 97%

OUTPUTS
BSA :::ID.26m'

Est. Sat. :;; 57.18%
CyO, '" 13,36 Vol. %

Est. Sat. "" 86.86%
CaD, '" 20.54 VoL%

CO = O.84l1min
CI "" 3.15l1min/m'
SV •• 8.74 ml; 51 = -33.14 ml/m1.

L-R SHUNT'" 16.67%
A-L SHUNT' -29.76%

Respiratory Intensive Care Example
This is an example of the types of complicated calculations that
might be done in a respiratory intensive care situation with integral
blood gas lab. Many entered and calculated parameters are used by
later programs. Calculations start from uncorrected blood param-
eters and it is assumed that 0, saturations are not measured. Venous
blood parameters are computed first, so that arterial values will be
left in memory for later use in the ventilation/perfusion calculations.
0, saturation and content is calculated before temper~ture
correction.



'"""'IPROGRAM INPUTS OUTPUTS

V.IJOUI8Iood

1-12A{ACIOJ peo; '" 44 mmHg; pH'" 7.375; TeD; '" 26.22 mmol/I
Hgb'" 15 gm/lOO ml BE '"0.01 mEqll

1-13ANP01) POt'" 40 mmHg; (PCC1); (pH): VP01 '" 34.64 mmHg
.~

BT· 39'C (in display, reg.)

1-14A(SAT) IVPO,I; (Hgbl Est. Sat. '"66.54%;
c...0l ::::13.48 Vol. %

1-15A(ApHI IPCO,I; IpHI; IBTI peo1 =- 48.02 mmHg; pH =- 1.35 ,,
1-16A16PO,1 ISATI; IPO,I; IBTI POl = 46.15mmHg

Arwri~ ea~
'-12A{ACIOI peD1 '" 40 mmHa; pH,::O 7.4; Teal'" 25.18 mmol/l

IHgbl BE •. -0.04 mEqll

1-13AIVI'O,1 POl" 90 mmHg; '(PCD1); (pHI; VP01 '" 80.59 mmHg
1ST) (in display reg.)

1-14AISATI IVPO, I; (Hgbl Est. Sat'" 95.91%
CaD; '" 19.53 Vol. %

1-15AIAl>HI IPeO,I; IpHI; 1ST) peo1 :II: 43.65 mmHg; pH'" 7.37

1-16A16PO,1 ISATI: (PO, I: ISTI POt:: 102.19 mmHg

Ventillttionl
P.-fvIi_

1-17AIVONTI '7CO, ""24-Ci ml/min; RQ •• 0.80; '\! A •• 4.7411min:
'901= JOOi'lillmin; (PaCO;I; VONT =0.36
~E "-',4I1min ~...

1-18A(A-al PIOl ~QO mmH"'g; (Pt6D1l; A-a Oi1f '"46.12 mmHg;

IP.~O,I: 1R91. PAD1 '" 148.31 mmHg

I~~O,,: IHgbl

(in display reg.)

1-14A{SATI Sat. ""98.91%
CAO] '" 20.34 Vol. %

On display reg.l

1-19A(PHYSI Ic.d,l, ICaO,I: Ic"o,); CO'"' 4.96l1min·
190,1 SHUNT' 11.85%

1-20AISSAI Ht .••-69 in.; Wt - 52 kg Ht-17S.26cm; BSA-1.63m];
ICOI CI ..••3.04l1min/m1.

For repetitive series of calculations we recommend that you
make up a work sheet for recording the entries and results, and make
copies of it. This will not only serve as a guide to insure that
programs are run in the correct sequence, but it will also serve as a
record of calculations completed. It should be in a formal which will
permit direct inclusion in the patient's record.



From the card case supplied with this application pac, select a
program card.

Set W/PRGM-RUN switch to RUN.
Turn the calculator ON. You should see 0.00

'i Gently insert the card (printed side up) in the right, lower slot as
shown. When the card is part way in, the motor engages it and passes
it out the left side of the calculator. Sometimes the motOr engages
but does not pull the card in. If this happens, push the card a little
farther into the machine. Do not impede or force the card; let it
move freely. (The display will flash if the card reads improperly. In
this case, press § and reinsert the card.)

When the motor stops, remove the card from the left side, of the
\ calculator and insert it in the upper "window slot" on the right side
J of the calculator.

The program is now stored in the calculator. It remains stored
until another program is entered or the calculator is turned off.
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The weight conversion package consists of three programs that allow
conversion of weights from one unit of measure to another. • •.••

WTl

I pound mass (avoirdupois) = 4.535 923 7 x 102 grams

1 ounce mass (avoirdupois) = 2.834 952 313 x 10' grams'

1 kilogram = 1 x 103 grams

1 grain =6.479 891 x 10-2 grams

1 dram (avoirdupois) = 1.771 845 195 grams

1 milligram = 1 x 10.3 grams

1 microgram = 1 x 10.6 grams

WT3

1 pound mass (troy or apothecary) = 3.732417 216x 102 grams

1 ounce mass (troy or apothecary) = 3.11034768 x 10 grams

1 dram (troy or apothecary) '" 3.887 934 6 grams

1 scruple (apothecary) '" 1.295 978 2 grams

Reference:

Mechtly, The International System of Units, Physical Constantsand -)
Conversion Factors, Revised, NASA SP· 7012, 1969



Detailed User Instructions:
To convert a quantity to a new unit system, the card which contains
the units of the original quantity is entered according to the entering
procedure. The quantity to be converted is keyed into the display,
and the key corresponding to the units of the quantity is pressed.
For example, if 5 pounds avoirdupois is to be converted, the WT I
program is entered, rID is pressed, and then EI is pressed to defme 5
as pounds avoirdupois. Next, the program card with the units to
which the quantity is to be converted is entered according to the
entering procedure without turning the calculator off. (If the units
to be converted "to" are on the same card as the units to be
converted "from", the new program card need not be reentered.)
Next, press the II key, which signifies that the next key to be
pressed is the desired units keY. In the above example, if 5 pounds
avoirdupois were to be converted to pounds troy, the WT3 card
would be entered, and IIthen awould be pressed. The calculator
display would then contain 5 pounds avoirdupois converted to
pounds troy.
Note:
Be sure that the quantity input is correctly displayed after the key
defining the entry units is pressed.
Examples:
Convert 7 drams (avoirdupois) to milligrams

Answer: 12402.92 milligrams

Convert 4.39 pounds troy to kilograms
Answer: 1.64 kilograms

STEP INSTRUCTiONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter magnetic card with units [:=J[:=J
of Quantity to be converted [:=J[:=J

2 Input quantity and press key [:=J[:=J
cotr.esponding to in units. [:=Jr:::::J
(For card WT11 [:=J[:=J

Pounds (avoirdupois) quantity D:J[:=J quantity"

Ol" Ounces (avoirdupois) quantity CL:C:J quantity"

Of Kilograms quantity D:J[:=J quantity·

or Grams quantity u:Jr:::::J quantity"

(For card WT21 iC][:=J
Grains quantity iITJ[:=J1 quantity"

or Drams (avoirdupois) quantity IG:J[:=J quantity"



51'S' INSTRtJCTK)NS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

Of Milligrams quantity 'CLlc:J quantity"

or Micrograms quantIty UJc:J1 quantity"

(For card WT3) c:JCJ
Pounds (troy, quantity CIJCJ quantity·

or Ounces (troy) quantity CDCJ qYalltity"

or Drams (troy) quantity o:Jc:J quantity"

or Scruples (apothecary) quantity [I]c:J quantity·

3 If the unil$ desired Ire not in- r:::JCJ
eluded on the first card entered. CJCJ
enter the eatd with the desired CJc::J
uoin. c:::::Jr:::J

4 Calculate quantity in desired CJc::J1
uniu CJr:::J
(For card WTl) r:::Jr:::J

Pounds (avoirdupoisj CDCIJ con. quan.

Ounces (avoirdupoisl CDCLJ con. quan.

or Kilograms CDa::J con. quan.

or Grams CDCLJ con. quan.

(Fat" card WT21 CJr:::J
Grains COG:] con. quan.

or Drams (avoirdupoisl iCDCLJ con. quan.

or Milligrams ICDCTI con. quan.

or Micrograms iCIJCIJ con. qUan.

(For card WT31 !CJr:::J
Pounds (troy) CIJCIJ con. quan.

or Ounces (trov) I !CDD:J con. quan.

or Drams (troy) I iCIJCD con. quan.

or Scruples (apothecary) iCIJCIJ con. quan.

5 For next convet1ion enter the iCJr:::J
card containing the proper unit Ir:::Jr:::J
key (if it was not the talt card c:Jr:::J
entered) and go to step 2. ir:::Jr:::J
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The length conversion package consists of two programs that allow
conversionoflengths from one unit of measure to another.

1m"" I x IO' centimeters
I yard"" 9.144 X 101 centimeters
I foot;: 3.048 x 10' centimeters

1 kilometer;: I x 10s centimeters

I inch;: 2.54 centimeters
1 millimeter"" I x 10-' centimeters

1 micrometer"" 1 x 10-4 centimeters

References:
Mechtiy, The Imel7U1tio"na1System of Units, Physical Constants and
Conversion Factors, Revised,NASASP·7012, 1969

Detailed UserInstructions:

To convert a quantity to a new unit system, the card which contains
the units of the original quantity is entered according to the entering
procedure. The quantity to be converted is keyed into the display,
and the key corresponding to the units of the input quantity is
pressed. For example, if 3 feet is to be converted, the LEN I
program is entered ~ is pressed, and then B is pressed to define.3
as feel. Next, the program card with the units to which the quantity
is to be converted is entered without turning the calculator off. (If
the units to be converted "to" are on the same card as the units to



be converted "from", a new program card need not be re-entered.)
Next, press the IIkey, which signifies that the next key to be
pressed is the desired units key. [n the above example, if 3 feet were
to be converted to inches, the LEN 2 card would be entered, andll
then iiiwould be pressed. The calculator display would then contain
3 feet converted to inches.

Note:

Be sure that the quantity input is correctly displayed after the key
defining the input unit is pressed.

Examples:

Convert 3 meters to feet.

Answer: 9.84 feet

Convert 1.23 yards to centimeters.

Answer: 112.47 centimeters

- • INSTlWCTlONS
INPUT KEYS OUTPUT

DATAlUNn'$ DATA/UNITS

1 Enter magnetic c,vd with units C=lI::::Jc:::Jc:::J .
01 quantity to be con1/etUd.

2 Input quantity and prfiS key c:::Jc:::J
corTesponding to its units: c:::Jc:::J
(For card LEN 1) c:::Jc:::J

M••••• quantity u:Jc:::J quantity-

or Yards quantity G:Jc:::J quantitv-

or Feet Quantity w:Jc:::J quantitY-

or Kilometers quantity o:Jc:::J quantity-

(For card LEN 2' c:::Jc:::J
Inches quantity G:Jc:::J quantity·

or Millimeters quantity CTIc:::J quantitv~

«Microns QUointitv u:Jc:::J quantity-

.(K Centimeters quantity o:Jc:::J quantity-

3 If the units desired are not c:::Jc:::J
included on tM firtt card c:::Jc:::J
entered, ent., the card with the c:::Jc:::J
desired units. c:::Jc:::J



STEP INSTRUCTtoNS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

. 4 Calculate quantity in desired I ICJCJ
units iCJCJ
(For card LEN 1J ICJCJ

Meters COG:] con. qUOin.

or Yards CLJCLJ con. qUOin.

or Feet COITJ con. quan.

or Kilometers I COCD con. Quan.

(For card LEN 2) CJCJ
Inches CLJG:J con. quan.

or Millimeters CLJCLJ con. quan.

or Microns CDCD con. quan.

or Centimeters CDCLJ con. quem.

5 For next conversion enter the CJCJ
card containing the proper unit CJCJ
key (if it was not the last card CJCJ
entered) and go to step 2. CJCJ
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The volume conversion package consists of three programs that
allow conversion of volumes from one unit of measure to another.

I cubic inch = 1.638 706 4 x 10' cubic centimeters

I pint(U. S. liquid) =4.731 76473 x 10' cubic centimeters

I liter = I x 103 cubic centimeters

I pint (U.S. dry) = 5.506104 714 x 10' cubic centimeters

VOL 2
1 minim (U.S. fluid) =6.161 151 992 x 10-3 cubic centimeters

I dram (U.S. fluid) = 3.696 691 195 cubic centimeters

I ounce (U.S. fluid) = 2.957 352 956 x 10' cubic centimeters

I quart (British) = 1.136 522 x 103 cubic centimeters

I pint (British) = 5.682 609 2 x 10' cubic centimeters

I ounce (British, fluid) = 2.841 305 x 10' cubic'Centimeters

I minim (British) = 5.919 385 x 10-3 cubic centimeters

References:

Mechtly, The International System of Units, Physical Constants and
Conversion Factors, Revised, NASA SP·7012, 1969. and Handbook
of Chemistry and Physics. 50th Edition, Chemical Rubber Com·
pany,1968.



Detailed User Instructions:

To convert a quantity to a new unit system, the card which contains
the units of the original quantity is entered according to the entering
procedure. The quantity to be converted is keyed into the display,
and the key corresponding to the units of the quantity is pressed.
For example, if 5 liters is to be converted, the VOL I program is
entered, I]} is pressed, and then IIis pressed to define 5 as liters.
Next, the program card with the units to which the quantity is to be
converted is entered according to the entering procedure without
turning the calculator off. (If the units to be converted "to" are on
the same card as the units to be converted "from", the new program
card need not be reentered.) Next, press the D key, which signifies
that the next key to be pressed is the desired units key. In the above
example, if 5 liters were to be converted to British quarts, the
VOL 3 card would be entered, and D then a would be pressed.
The calculator display would then contain 5 liters converted to
British quarts.

Note:

Be sure that the quantity input is displayed correctly after the key
defining the entry units is pressed.

Examples:
Convert 4 U.S. fluid ounces to U.S. fluid drams.

Answer: 32 u.s. fluid drams

Convert 6.31 liters to British pints.

Answer: 11.1 a British pints

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS OAT4IUNITS

1 Enter magnetic card with units CJCJ
of quantity to be converted CJCJ

2 Input quantity and press key CJCJ
corresponding to its units: c::Jc::J
(For card VOL 1) ICJCJ

Cubic inches Quantity IG:JCJ quantity"

or U.S. Irq. pints quantity G:JCJ quantity •

or Liters quantity CDc::J quantity·

Of U.S. dry pints quantitY o:JCJ quanti~·

(For card VOL 21 CJCJ
U.5.minim quantity CLJCJ quantity"



STEP INSTR\JC11ONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

or U.S. fl. dram. quantity G:JCJ quantity'"

or U.S. fl. oz. quantity CUCJ quantity"

or Cubic centimeters quantitY u::JCJ quantity"

(For card VOL 3) CJCJ
St. quarts quantity ICLlCJ quantitY"

or Sr. pints quantity r::IJCJ quantity·

or Sr. 11.Ol. quantity CUCJ quantity·

or 8r. minim quantity D:JCJ quantity 0

3 If the units desired aflt not CJCJ
included on the first card CJCJ
entered, ,anter the card with the CJCJ
desired units. CJCJ

• Ca(culate quantity in desired CJCJ
units CJCJ
(For card VOL 1) CJCJ

Cubic inches COeD con. quan.

or U.S. liq. pint$' ITJCD eon. quan.

or Liters ITJCO con. quan.

or D,s. dry pints ITJG:J con. quan.

(For card VOL 2) CJCJ
U.S. minim G:JG:J con..quln.

or U.S. 11. drams G:JCD con. quan.

Of' U.s. fl,oz, CDo::.::Jcon. quan.

or Cubic c:emimete,. COfIJ con. qUln.

(For card VOL 3} CJCJ
Sr. quarll CDGJ con. Quan.

or Sr. pints CDCD con. Quan.

Dt Sr. 11. oz. COCO con. quan.

or 9r. minim ITJCI:J con. quen.

5 For not conversion enter tn. CJCJ
card containingthe proper unit c:Jc:J
klllV (if it was nat me Ian card c:Jc:J
enured' and 90 to suP 2. CJCJ





The English·metric conversion program allows conversion between
commonly used English and metric units of length, weight, and
temperature. The metric units of length are centimeters while the
English units of length are inches. The metric units of weight are
kilograms while the English units of weight are pounds (avoir.
dupois). The metric units of temperature are degrees Celsius (Centi·
grade), while the English units of temperature are degrees
Fahrenheit.

Conversion Factors:

These factors, though not exact, give the accuracy generally required
in medical work.

I centimeter ;:l! 0.3937 inch

I kilogram ;:l! 2.2 pounds " "'\

°F=1.8· CC)+32

Detailed User Instructions:

Key in the quantity to be converted then press g, EI or II to
define that quantity as length, weight, or temperature, then press
letter iii or IIto convert the quantity from English to metric or
metric to English, respectively. For example, if 23 pounds is to be
converted to kilograms, key in [I] @, press EI, and, since the ..• ~
conversion is from English units to metric units, press iii. The
display will then show the 23 pound weight converted to kilograms.

Examples:

Convert 70 inches to centimeters.

Answer: 177.80 centimeters

Convert 1030 Fahrenheit to Celsius

Answer: 39.44 degrees Celsius

Convert 4 kilograms to pounds.

Answer: 8.80 pounds



STEP INSTRUCTIONS INPUT KEVS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter MET c::Jc::J
2 To convert length in inches inches CLlCJ inches

t~centimeters G:Jc::J centilTHiters

or length in centimeters centimeters CLlCJ centimeters

to inches CLJCJ inch"

or weight in pounds pounds iITJCJ pound.
to kilograms o::Jc::J kilograms

or weight in kilograms
,

kilograms iITJCJ Idiogram,

to pounds CLlc::J pounds

or temperature <> F "F G:JCJ 'F

to temperature "c o::JCJ 'C

or temperature <> C 'c G:JCJ 'c
to temperature of G:Jc::J 'F

3 For nextcooversion go to c::JCJ
step 2. c::JCJ



This program is different from all others in Medical Pac I. It is used
in a two-stage process_ First an identification card unique to a
particular patient is made, then the resulting ID card may be used
whenever needed to put patient parameters into the HP-65 memory
registers for use by other programs in this pac_ The Patient ID
program provides convenience and accuracy in fixed patient paramo
eters when they must be available repeatedly, as in a series of tests in
the pulmonary function lab, or repeated testing, as in the intensive
care unit. It does no calculations itself except English-metric unit
conversions for height and weight.

C(lnvellli(ln Fact(llll:

I kilogram = 2.2 pounds

I inch = 2.54 centimeters

Making the Patient Identificati(ln Card:

Enter the Master Patient Identification card into the HP-65 in the
usual way. After entering, but before pressing any button, move the
WIPRGM-RUN switch to W/pRGM. Now, carefully input the height
in centimeters (or in inches followed by ~). Then pressl ENTERt I.
Input the weight in kilograms (or in pounds followed by~. Press
IENTERt I again. Input the age in years. Pressl ENTERt I. Input sex;
I for male, 0 for female. Do not press IENTERt I after inputting the
sex.

N(lw copy the data and program on to a new card which will become
unique to the particular patient. To do this. take an unrecorded card
with upper left comer intact, and run it through the HP-65. Move
the W/PRGM.RUN switch back to RUN.

Confirm the data by loading the newly recorded card in the usual
way. Pressf;1, thenm,S.1lI and D to review the HT, WT. Age
and Sex. Pressing m or S twice displays the data in English units
with a minus sign.

If the data is entirely correct, write the patient's name on the card
and cut off the upper left comer. preventing later changes in the
card.



The total number of keystrokes permitted when inputting the
patient data is limited to 16, including decimal points, I9!ID and
IENTER.I. They may be divided among the parameters in any
convenient way. See the example below.

If any error is made in the inputs while making the Patient 10 card,
start over at the beginning by loading the Master P.atient Identifica-
tion Card in RUN MODE.

Using the Patient Identification Card:

To use the Patient 10 card for easy entry of patient parameters, it is
only necessary to load the card and press g. The parameters may
optionally be reviewed, in any order, by pressing m throughD, but
this is not necessary prior to loading another program card. Pressing
mar Btwice will yield English units.

Note that this program changes all memory registers except Rz and
. OJ R7• For that reason, its use in a series of chained programs should be
j carefully planned.

Example:

Enter Master ID card, then

Switch to W/PRGM.

~ lID 8 W I9!ID IENTER. I
III@]w I9!ID IENTER. I
@] @]IENTER. I
III

(HT = 69.2 in.)

(WT = 1421bs.)

(Age = 45 Yrs.)

(Sex = Male)

(Total 15 keystrokes)

Enter an unrecorded card in W/PRGM mode.

Switch to RUN mode.

Enter the Pat/entiD card you just recorded.

PRESS DISPLAY

g
m HT=175.77cm.

m HT = -69.2 in.

B WT = 64.55 Kg.

B WT = -142Ibs.
0) m Age = 45 Yrs.I

D Sex = I



Do not clip the comer on this practice card. It may be used over for
an actual patient if the corner is not clipped.

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

I Enter IDe c:Jc:J
2 Store patient data for execution c:JCJ

by other programs or recall by CJc:J
this program D:JCJ

3 Displav height (optionall COc::J -+em, -in

and/or weight (optional) o::Jc:J +kg.-lb

and/or age {optionall c::LJc:J yean

and/or sex {optional) COCJ o-F,l-M

4 It is now possible to U$8 other CJCJ
programs in this pac which c::JCJ
require the data specified with· c:Jc:J
out keying in the data. c::::Jc:J

CJCJ
·Nou: Instructions assume c:Jc:J
card has been programmed c:Jc:J
with dati. CJc:J





MAlE vc. FEY1, MeR

~. HT AGE VC+%

MEO 1.06A1 q,

FEV1 ••. % MEFR+'" ~

MAU M'N, AV, n.c. FAC

~ MVV.'" RV+% TlC+%

ME01.06A2~
me .•.'" II.)

MALE FEF (25%-75%)

f!j 2~~tC ~~~~ 1(75%)

ME01.06A3~
+FEF FEF+'" ~

The male pulmonary function testing package consists of three
programs for male subjects. The programs provide the calculation of
predicted and percent predicted values for vital capacity (VC),
forced expiratory volume after one second (FEV I), maximum
expiratory flow rate (MEFR), maximum ventilatory volume after 12
seconds (MVV I')' residual volume (RV), total lung capacity (TLC),
functional residual capacity (FRC), and forced expiratory flow from
25% to 75%(FEF,s%_7s%).

Equations:

Predicted VC = (0.058 • Ht (em» - (0.025 • AGE
(years)) -4.24(1)

Predicted FEV, = (0.036' Ht(cm)) - (0.032' AGE
(years» -1.26(1)

Predicted MEFR = (0.043' Ht (em» - (0.047' AGE
(years» +2.07(//s)

Predicted MW = (0.9' Ht (em» - (1.51 • AGE
(years» +27(1)

Predicted RV = (0.03' Ht (em)) + (0.015' AGE
(years» -3.75(1)

Predicted TLC = (0.094' Ht (em» - (0.015' AGE
(years» -9.17(1)

Predicted FRC = (0.051 . Ht (em» -5.05(/)

25% VC = 0.25 VC

75% VC = 0.75 VC



"t = t75%_ t25%

FEF = (0.5 • VCl/"t
Predicted FEF =(0.02 ·Ht (cm)) - (0.04 . AGE

(years)) +2.0(lls)

Morris, J. F., Koski, A., Johnson, L. C., A mer. Rev. Resp. Dis., 1971.
103,57.

Bates, et.aI., Respiratory Function In Disease, W. G. Saunders Co.,
1971,

Detailed User Instructions:

Both the male and female series of programs operate in the same
manner. Enter male PFI. Then input height and age information for
the calculation of predicted values by PF I, PF2, or PF3. After
entering PFI, key in the patient's height in either centimeters or
negative inches and press a which displays the patient's height in
centimeters. Next, key in the patient's age, press 13, and the age
should be redisplayed. At this point, any of the predicted values can
be calculated. All inputs proceed in the same way. For example, if it
is desired to calculate the predicted and percent of the predicted
value of vital capacity, key in the patient's measured vital capacity in
liters, and press B to display the percent of the predicted value. To
display the predicted value, press liD. If it is only desired to obtain
a predicted value, it does not matter what number is entered into the
machine when the VC key is pressed. Simply press B and then
liD to obtain the predicted value. If the desired predicted value
exists on PF2, card PF2 must be entered into the machine before
proceeding.

PF3 operates in a slightly different manner. This program calculates
the measured forced respiratory flow rate from the 25% and 75%
points of a spirogram and then calculates predicted and percentage
of predicted value. To calculate forced expiratory flow, enter PF3,
then key in vital capacity as measured from the spirogram and pressa. The display will show 25% of the vital capacity. Read the
measured time at this volume from the spirogram, key in this time in
seconds, and press 13. The display will show 75% of the vital
capacity. Measure the time at this volume from the spirogram: key in
this time in seconds, and press B. The display should not change.
Now press S. The display will be the measured forced expiratory
Ilow rate in liters per second. Press II, and the display will now be a
percentage of the predicted value of the FEF. Press liD and the



display will show the predicted value. If the FEF is already known,
simply key in measured FEF and press II followed by m to
obtain the percent of predicted value and predicted value.

Note:

If height and age data have been. input through the use of a patient
ID card, they need not be re-input into PFI.

Example:

Calculate the predicted and percentage of predicted vital capacity,
residual volume and forced expiratory flow for a male 6 feet tall, 28
years of age.

&PF1 height = -72 in.
age = 28 years
measured VC = 5.2 I

&PF3 measured VC = 5.2 I
time from spirogram = 0.4 sec.
time from spirogram = 1.0 sec.

Outputs

height = 182.88 em
age = 28 years
% of predicted = 91.77%
predicted VC = 5.67 I
% of predicted = 92.75%
predicted RV = 2.161
25% VC= 1.31
75% VC = 3.91
FEF = 4.33 I/sec.
%of predicted = 95.50%
predicted FEF = 4.541/sec



steP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS OATAiUNITS

1 Enter male PF 1 c:::Jc:::J
2 Input neight +cm,-in GJCJ .m
3 Input age years CLlCJ years

• lnplltvital capacity liters" C:OCJ % predicted

ai"ld/ordisplay VC predicted ~CJ VC predicted

5 Input FEVl liters D:JCJ % predicted

and/or display FEVl predicted [~Jc:::JJFEVlpredicted
6 Input MEFA titen/min ITJCJ % predicted

and/or display MEFR prediCted [M]CJ MEFR predicted

7 Enter mal'! PF2 and go 10 CJCJ
step 8 or PF3and go to step 13 CJCJ

• InputMVV liters GJCJ % predicted

and/or diSf)lay·MVV predicted [MJCJ MVV predicted

9 Input RV liters CLlc:::J % predicted

and/or display RVpredicted ClliDCJ RV predicted

10 Input TLC liters CDCJ % predicted

and/or dl$~ay TLCpredieted I ClliDc:::JTLC predicted

11 Input FRC liters CQ:]c:::J% predicted

andlor display FRC predicted c::liLDCJFRC predicted

12 Enter male PF3 and go to step CJCJ
13 or PFl and go to step 4. CJCJ

13 Input VC liters c:e:JCJ 25%VC

"
Input time at 25% seconds CLlCJ 75% VC

15 Input time at 75% seconds G:Jc:::::J tat 75%

16 Compute FEF CLlCJ FEF (1/••• )

17 InpUt FEF(mea,t Iiters/sec CUCJ % predicted

andlor displav F6Fpredieted I CBTICJFEFpreditted

18 Enter ma'ePF1 and go to step CJc:::J
4 or input PF2 and go to stepS DCJ



•••• ALE vc, FEV1. MEfR MEO 1.Q7A1 '::!

~ HT AGE VC.% FeV1+" MEFR.%~

FEMALE MW, RY, ne, FAC

~ MVV+% RV"'% n.C;+%

ME01.Q7A2,::!

FRC·" ~

FEMALE nP (25"445"4)

~ 2~t~C~~~~~tl(75%)

The female pulmonary function testing package consists of three
programs for female subjects. The programs provide the calculation
of predicted and percent predicted values for vital capacity (VC),
forced expiratory volume after one second (FEV 1)' maximum
expiratory flow rate (MEFR), maximum ventilatory volume after
12 seconds (MVV12), residual volume (RV), total lung capacity
(TLC), functional residual capacity (FRC), and forced expiratory
flow from 25% to 75%(FEF2s%.7S%)'

Equations:
Predicted VC= (0.045 • Ht (em» - (0.024' AGE

(years» -2.852(1)
Predicted FEV. = (0.035' Ht (em» - (0.025' AGE

(years» -1.932(1)

Predicted MEFR = (0.057' Ht (em» - (0.036' AGE
(years» -2.532(I{sec)

Predicted MVV= (0.762' Ht (em» - (0.81 • AGE
(years» -6.29(1)

Predicted RV = (0.024' Ht (em)) + (0.012' AGE
(years» -2.63(1)

Predicted TLC =(0.078' Ht (em» - (0.01 • AGE
(years» -7 .36(1)

(If height is greater than 174 em, I em is added to the height before
TLC is calculated.)

Predicted FRC = (0.047' Ht (em» -4.86
25%VC = 0.25 VC

75%VC 0.75 VC



ilt = t7S% - t2S%

FEF = (0.5 • VC)I ilt

Predicted FEF = (0.02 • Ht (em)) - (Om· AGE
(years)) -(0.00005' AGE'
(years)) + l.3(l/sec)

References:

. .., Morris, J. F., Koski, A., Johnson, L. C" Amer. Rev. Resp. Dis., 1971,
!O3,57.

Bates, et.al., Respiratory Function in Disease, W. G. Saunders Co.,
1971.

Detailed User Instructions:

Both the male and female series of programs operate in the same
manner. Enter female PFI. Then input height and age information
for the calculation of predicted values by l'FI, PF2, or PF3. After
entering PFI, key in the patient's height in either centimeters or
negative inches and pressDwhich displays the Patient's height in
centimeters. Next, key in the patient's age, press Ill,and the age
should be redisplayed. At this point, any or'the predicted values can
be calculated. All inputs proceed in the same way. For example, if it
is desired to calculate the predicted and percent of the predicted
value of vital capacity, key in the patient's measured vital capacity in
liters, press B to display the percent of the predicted value, To
display the predicted value, pressm. If it is only desired to obtain
a predicted value, it does not matter what number is entered into the
machine when the VC key is pressed. Simpiy press Band then m
to obtain the predicted value. If the desired predicted value exists on
PF2, card PF2 must be entered into the machine before proceeding.

PF3 operates in a slightly diffetent manner. This program calculates
the measured fgrced respiratory flow rate from the 25% and 75%
points of a spirogram and then calculates predicted and percentage
of predicted value. To calculate forced expiratory flow, enter PF3.
then key in vital capacity as measured from the spirogralJl and press
D, The display will show 25% of the vital capacity. Read the
measured time at this volume from the spirogram, key in this time in
seconds, and press Ill. The display will show 75% of the vital
capacity. Measure the time at this volume from the spirogram, key in
this time in seconds, and press B. The display should not ch'ange.
Now press m. The display will be the measured forced expiratory

. flow rate in liters per second. Press D and the display will now be a
percentage of the predicted value of the FEF. Press.m and the



display will show the predicted value. If the FEF is already known,
simply key in measured FEF and press II followed by ma to
obtain the percent of predicted value and predicted value.

Note:

[f height and age data have been input through the use of a master
[0 card, they need not be re-input into PFI.

Example:
Calculate the predicted and percentage of predicted vital capacity
residual volume and forced expiratory flow for a female 5 feet tall,
28 years of age.

9 PF I height = -60 in.
age = 28 years
measured VC = 3.0 I

9 PF3 measured VC = 3•.0 I
time from spirogram = 0.4 sec.
time from spirogram = [.0 sec.

Outputs

height = 152.40 cm
age = 28 years
% of predicted = 89.98%
predicted VC = 3.33 I
% of predicted = 88.00%
predicted RV = /.361
25% VC = 0.751
75% VC = 2.25 I
time from spirogram

= 1.0 sec
FEF = 2.50 lisec
% FEF predicted = 72.01%
Predicted FEF = 3.47

Iisec



STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter female PFl CJCJ
2 Input height +cm, - in lD:JCJ om

3 Input aqe y-ears ID:JCJ years

4 Input vital cap'iCilY I liters [TICJ % predicted

and/or display VC predicted C§2DCJVC predicted

5 Input FEV\ liters lo:JCJ %-predicted

and/or display FEVl predicted ! II A/S C:::J FEVl predicted

5 Input MEFR liters/min ic::IJCJi % predicted

and/or display MEFRpredicted i [lli§JCJ!MEFRpredicte

7 Enter fematePF2 and go to I 'CJCJ
step 8 or PF3 and go to step 13 iCJCJ

8 Input MVV liters [DCJ % predicted

and/or displayMVV predicted I iCMJCJMVVpredicted

9 Input RV liters ICDCJ % predicted

and/or display RV predicted !G!DCJ AV predicted

10 Input TLC liters CLlCJI % predicted

·and/or display TLC predicted ICMJCJTLC predicted

11 Input FAC liters ICiLJCJ % predicted

and/or display FAC predicted lCiiLLlCJFRC predicted

12 Enter female PF3and go to " iCJCJ
step 13 or PF 1 and go to step 4 ICJCJ

13 Input VC liters GJCJ 25% VC

14 Input time at 25% seconds G:::JCJ 75%VC

15 Input time at 75% I seconds lo::JCJ tat 75%

16 Compute FEF 'UJCJ FEF(//secl

17 Jnput FEF(meas) liters/see 'COCJ % predicted

and/or.display·FEF predicted I CErJCJIFEFpredicted

18 Enter female PF1 and go to CJCJ
step 4 or input PF2 and go to CJCJ
step 8 CJCJ



WNG DIFFUSION (FlCO".3'JI.)

~ FreAR FACAR FACO

MED1.()SA ~8
tBH ~"'O

The lung diffusion capacity program evaluates the equation to
calculate DLCO using the single breath method. The initial con· ~""
centration of carbon monoxide (FICO) is assumed to be 0.3%.

Reference:
Comroe, et. al., The Lung, Year Book MedicalPublishers Inc., 1962.

Detailed User Instructions:
The program requires five items of input information. They may be
input in any order with the exception of the alveolarvolume which
must be input last. The program is operated as follows: Input initial
concentration of carrier in percent (FtCAR), press•. Input alveolar
carrier concentration in percent (FACAR), pressEl. Input alveolar
carbon monoxide concentration in percent (FACO),pressS. Input
breath hold time in seconds (tsH), presslil. Input alveolar volume
in milliliters (VA)' press., and the display shows the lung diffusing
capacity (DLCO). '1

Note:

If a different standard value for FICOis desired, modify the program
as follows: Enter the program, pressliiD. [IJ, set the write/program
run switch in the W/PRGM mode. PressmJ,mJ,[!J,~.[!J,
~ to erase the value .3 from memory. Now input the desired
concentration, such as .45 by simply pressingG,~,OO. Return the
calculator to the RUN mode and proceed as outlined above. To
retain this value for FICO, simply record the program on a fresh card
as outlined in the Quick Reference Guide.



Example:

In this example the carrier gas is helium. Calculate the lung diffusing
capacity. using an initial helium concentration of 10%, an alveolar
helium concentration of 8%, an alveolar carbon monoxide concen-
tration of 0.159%, an initial carbon monoxide concentration of
0.3%, a breath holding time of 10 seconds, and an alveolar volume of
4930 milliliters.

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter OLeO CJCJ
2 Input·;n any order CJCJ

F1CAR % [DCJ FICAR

and FACAR % COCJ l=ACAR

,nd FACO % CDCJI FACO

,nd tSH I seconds ITJCJ tSH

3 Input VA and calculate OLeO , VA (mil COCJ OLeo



36 Med l-09A

RESPIRATORY GAS CONVERSIONS

MED1-09A1~)

MED 1-09A2 ~ )
SJlID . • N

This package consists of two program cards which allow the user to
convert among three commonly used systems of respiratory gas
volume measurement. The first program calculates saturated water
vapor pressure at a given ambient temperature; the result is used in
converting to or from ambient conditions. GAS I may be used alone
if only the partial pressure of water vapor is desired. GAS 2 is used
for the actual conversion of the gas volumes.

TA = ambient temperature, K
a = 7.522467
b= -1223.31
c = -222 613.7
d= 12323432.

PH20 = water vapor pressure, torr

V
_ (POAR -47) 273

STPD - 310 VBTPs 760

V - TA V 760
ATPS - (POAR -PH20) STPD m



v - 310 V
STPD

760
BTPS - (PBAR -47) 273

ATPS = Ambient temperature and preSSure saturated with
watenapor: P=PBAR-PH20, T=TA

BTPS = Body temperature and pressure saturated with water
vapor: PH20 = 47 mmHg, T = 310K

STPD = Standard temperature and pressure dry: P = 760
mmHg, T = 273K

PBAR = Barometric pressure, mmHg or torr

VCOND = Volume at indicated conditions

References:

The water vapor pressure program is an approximation to the water
vapor pressure table in Scientific Tables published by Ciba-Giegy
Limited, 7th Edition, 1970, and is valid for temperatures from ooe
to lOOoe.

The gas conversions are based on the ideal gas laws and closely
approximate the tables in Scientific Tables.

Detailed User Instructions:

In order to convert between BTPS volumes and STPD volumes, only
the GAS 2 program need be used. In such a case, enter the GAS 2
card, input the barometric pressure in millimeters of mercury and
press a. Next, input the volume of the gas in either BTPS units or

-', STPD units, and press either I'!I or III to define the volume system.
) Next, pressg and then either IIIor I'!Idepending on the conversion

desired.

If conversion is desired to or from ATPS conditions. both GAS Ir and GAS 2 programs must be used. To do this, first enter the GAS I
card. Next, input the ambient temperature (positive for °e, negative
for °F), and press a. To obtain the partial pressure of water vapor
at this temperature, press III. Next, enter the GAS 2 card without
turning off the calculator. Input the barometric pressure in milli-
meters of mercury and press a. Next, input the volume to be
converted, followed by the units of volume. (For example, if S liters
STPD is to be converted, press I]] then pressm.) Next, press g,
then press the key corresponding to the system in Which the volume
is desired.



Examples:

Convert 4.3 liters BTPS at a barometric pressure of 743 mm Hg to
the equivalent volume at STPD.

Answer: 3.47 liters STPD.

Convert a volume of 4.81 liters ATPS at 83° Fahrenheit and a
pressure of 765 mm Hg to BTPS.

Answer: PHzO = 28.94 mm Hg

V = 5.07 liters BTPS.

STEP INSTlIucnONS OA~~~~ITS j KEVS OUTPUT
DATA/UNITS

1 If conversion between aTPS ICJCJ
and STPD onlv is needed go 'CJCJ
to step 4 otherwise enter GAS I !CJCJ
and go to step 2 ICJCJ

2 Input ambient temperature "Cor _oF IGJCJ °c

3 Compute PH10 iD:JCJ PH20(mmHg)

4 Enter GAS 2 !CJCJ
5 lMp1JtPeAR I PSARlmmHgJI ~CJ PaAA(mmHg)

and volume at ATPS ! volume !G:JCJ volume

or volume at STPS i volume !G:JCJI valu-me

or volume at STPD votume iCTICJ volume

6 Compute desired volume at iCJCJI
ATPS IITJu::::J volume

or alPS iCOCO volume

Of STPD iCOCEJ volume

7 For new case with same water iCJCJ
vapor conditions go to step 4 ICJCJ
otherwise 9010 step 1. ICJCJ



MED 1·10Al ~
.•.TVbas CSv.TVc _

MED1-10A2 ~
"TflACH MET ACID N

This package consists of two program cards which allow calcuiation
of the initial tidal volume for a ventilator patient. Program RAD 1
calculates an approximation to the Radford nomogram tidal volume
with correction for ventilator dead space only. Program RAD 2
corrects the tidal volume obtained from RAD I for altitude,
patient's temperature, daily activity, use of a tracheotomy tube, and
metabolic acidosis in anesthesia.

Equations Used:

VA = Alveolar minute volume = ID(C, LOG WT + C,J/IOO

mIfmin.
TV A = Alveolar tidal volume = '!..A.. ml

r

TV bw; = Basal tidal volume = (TVA + Wt (lbS») ml

TV co", = Basal tidal volume + yen tilator dead space

where r = breathing rate (breaths per minute)

For females

124; Wt < Skg
C, = 6.1; Skg < Wt < 23kg

44.2; Wt > 23kg

193; Wt < Skg
C, = 249; 8kg < Wt < 23kg

272; Wt > 23kg

124; Wt<Skg
61;Wt>Skg

193; Wt <Skg
249;Wt >Skg



Corrections

Temperature; + 5% per of above 99°F (rectal)
Altitude; + 5% per 2000' abQve sea level
Activity: + 10%

TracheQtQmy; - +- bQay weight in pQunds

MetabQlic acidQsis in anesthesia; + 20%

Reference:

Radford, Edward P., "Ventilation Standards fQr Use in Aritificial
RespiratiQn," Journal of Applied Physiology, 7:451, 1955.

Detailed User Instructions:

TQ calculate the tidal volume required by a patient, enter RAD I
intQ the calculatQr. Then input patient's weight in kilQgrams Qr
pQunds negatively. The patient's weight in kilograms will be dis-
played. Next, input patient's sex: lID fQr female, orill fQr male, and
press Ill. Input breathing rate at which the patient will be ventilated
and press B. TQ calculate basal tidal volume (uncQrrected) pressEl.
This value is the tidal vQlume approximatiQn tQ the RadfQrd
nomogram.

Next, input ventilatQr dead space, fOllQwed by II, giving the tidal
vQlume CQrrected fQr the ventilatQr dead space. At this pQint, enter
RAD 2 withQut turning Qff the calculatQr.

Program RAD 2 applies the corrections specified in the RadfQrd
nQmogram. Input patient's temperature in degrees Celsius Qr in
degrees Fahrenheit negatively and press II tQ Qbtain the tidal
vQlume corrected fQr patient temperature. Next input altitude in
meters Qr in feet negatively and press III to Qbtain tidal vQlume
corrected fQr altitude. TQ CQrrect tidal volume fQr minor daytime
activity Qf a nQn-CQmatQse patient, pressB. If patient is fitted with
a tracheQtomy Qr endQtracheal tube, press EI tQ Qbtain the CQr·
rected tidal vQlume. If the ventilator is being used during the
administratiQn Qf anesthesia and the patient exhibits metabQlic
acidQsis, press IItQ Qbtain corrected tidal vQlume.

Note:

Apply only the cQrrectiQns which apply tQ the patient for whom-the
program is being run.



Warning:

This program yields an approximation to the Radfotd nomogram.
The nomogram may not be applied with confidence to patients with
muscular activity or abno'rmal lung function.

El(llmple:

Calculate the predicted tidal volume for a 170 pound comatose male
having a breath rate of 15 breaths per minute. ventilator dead space
of 25 millilIters. fever of 1019 Fahrenheit, who is f1tted with a
tracheotomy tube and is located at sea level.

Answers:

From RAD 1 basal tidal volume = 462.15 ml
tidal volume corrected for ventilator dead space
=487.15 ml

From RAD 2 final corrected tidal volume = 450.86 ml

STEP INSTRUCTIONS OA ~~8~'TSI· KEYS loA~~~~TTS
I Enter RAO 1 ICJCJ
2 Input weight kgor-lb !CLJCJ '.
3 Input sex 0'" F.l "'M iCLlO 0= F, 1 = M

4 Inpute rate BRlmin ICLJCJI SR/min

5 Calculate basal tidal volume TVbas(mll !, c::IJCJ I TVbMlml}

6 Input ventilator dead space i ml io:::JCJ TVcorrlmll

7 Enter RAO 2 I iCJCJr
8 Input temperature ! °c or_oF IG:JCJ TVcOfr(ml)

9 Input altitude mor -ft ICIJCJ TVcon{mll

10 For minor daytime activity iCJCJ
(non comatO$el ICLJO TV.coir(ml)

or for tracheo~omy ic::IJCJI TVeo!'l'~mll

Of for metabolic acidosis during rCJCJ
anesthesia Ir.::IJCJI TVCOff(mt)



MEO 1-11A ~
TV DSp.Ds.ctd>

The Arterial CO, Normalization Program calculates the additional
dead space (PSADD) needed in a hypocapnic ventilator patient's
breathing circuit to raise the arterial CO, partial pressure (PaCO,) to
40 millimetersof mercury (mmHg).

TV-DS (40-PaCO,)
40-LlPeo,

LlPeo, = Pa CO, - PECO, or PaCO, - 5 if PECO, is not
entered

Reference:
Suwa, Kunia; Geffin, Bennie; Pontoppidan, Henning; Bendixen,
Henry; "A Nomogram for Dead Space Requirement During Pro-'
longed Artificial Ventilation", Anesthesiology, v.29, 1968
Nov-Dec.

Detailed User Instmctions
To calculate the additional dead space for the hypocapnic patient,
first input the patient's weight in kilograms, or in pounds followed
by@@!o PressIIto display the patient's weight in kilograms.Next,
input the patient's PaCO, in mmHg and press Ill. If the patient's
lung status is abnormal, the mixed expired CO, partial pressure
(PECO,) must be measured and input followed by II. If the
patient's lung function is normal, this step may be bypassed, and the
PECO, is assumed to be 5 millimeters of mercury less than the
PaCO,. Next, input the patient's present tidal volume in milliliters,
and press iii. Finally, input the present ventilator dead space in
milliliters and pressD. The display now contains the additional
rebreathing dead space which must be added to the patient's circuit
to achievePaCO, normalization.



Warning:

The additional dead space required by this program must be inserted
into the patient's breathing circuit without changing the ventilator
rate or tidal volume.

Measure and input the mixed expired. CO, partial pressure if lung
function is abnormal.

Example

Calculate the additional dead space required by a 50 kilogram
patient with a P.CO, of 25 mmHg with normallung status haVing a
tidal volume of 900 mI and a ptesent dead space of 25 mL

STEP INSTRUCTIONS INPUT KEVS OUTPuT
DATA/UNI1'S DATA/UNITS

1 EnterSUWA CJCJ
2 Input patient Weight kg or -lb GJCJ Wt(kgl

3 InputPaCO:z mmHg G:JCJ PaCOllmmHgl

4 If patient lung status is normal 1c:Jc:J
go to step 5. Otherwise input CJc:J
PeC02 mmHg IITJc:J PeeD,:

5 Input present tidal volume TV (mil CDc:J TV{mq

6 Input present dead space and 1c:Jc:J
calculate additional dead space. OSp (mO 1c:::LJc:JDSadd(ml)



This program computes total plasma CO, and base excess from
PCO" pH and hemoglobin concentration.

Equations:

Total plasma CO, is calculated from the Henderson-Hasselbalch
equation:

TCO, '" total CO, in plasma, mmol/l
s = solubility of CO, in plasma, mmol/l

(taken to be 0.0307)

PeO, = partial pressure of CO, in the blood, mmHg

pK=6.11

This does not take into account the small temperature dependence
of both sand pK, nor the pH dependence of pK. For this reason, the
formula for TCO, will be most accurate if 37°C values for PCO, and
pH are used.

The base excess is calculated from an equation suggested by
Siggaard· Andersen:

[BE] b = (l-0.0143 Hgb) • ([HC03-] - (9.5 + 1.63 Hgb)
(7.4 - pH) - 24)

[BE] b = Base Excess in m Eq/l of blood

Hbg = Hemoglobin concentration in g/I 00 mI

and plasma [HC03-] is calculated from the Hendersen·Hasselbalch
equation in the form



Siggaard-Andersen used 38°C values for PCOz and pH. Only small
errors will result frQm using 37:C values. but body temperature
corrected values should not be used if the patient has any significant
hyper or hypothermia. If only body temperature values are known,
program 1-15A (lipH) may be used to correct them back to 37°C.
(See the special instructions for that program.)

While Thomas has shown that this equation may produce large errors
for very abnormal conditions, it matthes the Siggaard-Andersen
nomogram for [BE] b, to within ± I mEq/ I in most cases.

References:

Siggaard-Andersen, "Titratable Acid or Base of Body Fluids,"
Annals New York Academy of Sciences 133: 41~48, 1966.

Thomas, L.J_ Jr., "Algorithms for S¢lected Blood Acid-Base and
Blood Gas Calculations," J. Appl. Physiol. 33: 154-158, 1972.

Detailed User Instructions

If PCOz has been previsouly stored, it may be recalled after entering
the program card by pressindD. Ifnot, input PCOz and pressEl,
The pH will be recalled if previously stored. If not, input pH and
press Ill. The Hgb will be recalled if previously inpu t. If not, input
Hgb and press B.
Press m to obtain TCOz in mmol/I. Press III to obtain [BE] b in
mEq/ I. m must be pressed before Ill. The plasma [HeO, -J may be
obtained by pressing ~ [ID

Example:

PCOz = 45 mmHg

pH = 7.35

Hgb = 16 g/IOO ml

Answer: TCOz = 25.39 mmol/l

[BEh = -1.36 mEq/1

[HCO,-J = 24.01 mmol/l

STeP INSTRUCTlON$ INPUT KEVS I DA~~~:'f.rsDATA/UNITS

1 Enter ACID C:::::lC=:J1
2 If peo,: is stored I:E2§]CJ PC02

3 Input PC01 PC02 iG:JCJ pHOf stored I

4 Input pH pH CDc:::J Hgb (if stored)

5 Input Hgb Hgb(gm/l00mll .CIJc:J Htblgm/l00inO

5 Calculate TC01 CIJCJ TC02(mmollJ)

7 Calculate BE CLJCJ BE(mEq/l)

S Recall {HC01-J I[]illCD (mmol/I)



MED1·13A ~
pH ST.Vpo, ~

this program computes virtual paz for use in estimating Oz
saturation. Generally. if calculating both venous and arterial satura-
tions, it will be more convenient to calculate venous values first, as
arterial values are frequently nepded in other programs and, thus,
will be left in the storage registers after both calculations.

Equation:

The equation solved is

which is a hybrid of the equation used by Thomas and that used by
Kelman. There is some di$8greement regarding the best value of the
pH multiplier, 0.48 being used by most workers, but see, fat
example. Kelman.

Warning:

Virtual PO, is not in any way a real physiologic POz. Its only
function is for use in estimating a, saturation, and it should never
be confused with paz corrected to body temperature. Furthermore.
it must always be calculated from blood parameters measured at or
corrected to 37°C.

References:

Thomas, LJ. Jr., "Algorithms for Selected Blood Acid-Base and
B1,"od Gas Calculations",/. Appl. PhysioL 33: 154-158,1972. "'1

Kelman, G. Richard, "Digital Computer Subroutine for the Conver·
sian of Oxygen Tension into Saturation". J. Appl. Physiol 21:
1375-1376.1966.

Detailed User Instructions:

Input POz, PCO,. and pH measured at 31'C Input body tempera·
ture in degrees C. If paz has been previously input, recall it by
pressing III then presslll. Otherwise, input PO, and presslll. For
each variable after po,. stored values will be recalled. If none have



been input, recalled values will generally be zero. It is important to
input pH and body temperature exactly, as these have a great
influence on the calculation of virtual PO~. Errors, especially in
body temperature, can result in large errors in VPO~and, hence,
estimated saturation. PCO~ has relatively little int1uence. Press the
buttons from left to right and do not skip any. The virtual PO~
remains in the display for immediate entry into program 1~14A
(SAT). It is not stored in place of the measured p()~. The PO~"
PCO~. and pH remain in memory. Note that separate storage
registers are not maintained for arterial andveopus values, only the
most recent ones will be stored.

Example:

PO~ = 75 mmHg

PCO~ = 45 mmHg

pH =7.35

BT = 40°C

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter VPO, CJCJ
2 If PO,: was previously input CJCJ

recall it G:JCJ POl (mmHg)

3 Input POl if it was not recalled ,CJCJ
in step 2 PO, (mmHgl CDCJ PeO, (if stored

4 Input PC01 jf it was not 'CJCJ
recalled in step 3 PCO,lmmHgl CLJCJ pH (ifstoredJ

5 Input pH if it was not recalled CJCJ
in step 4 pH CQ::]CJBT(ifstoredl

6 Input 8T if it was not recalled CJCJ
in stepS 6rloCI G:JCJ VP01(mmHg)

7 Go to program 1-14A SAT. ,CJCJ
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OXYGEN SATURATION AND CONTENT

O'SA11lIlAl1!lH •••• COH11!HT MED 1-14A ~
P02 SAT HQI+CONr c.o2 CvOt

This program estimates 0. saturation of blood from virtual PO. or
alveolar PA 0. and computes 0. content. If the actual 0. saturation
is known, 0. content may be computed directly.

Equations:
The part of the program for estimating 0. saturation is based on the
polynomial curve fit of Thomas, where VPO. is in mmHg.

(VPO.t ~15(VPO.f +2045(vp0.f +2ooO(VPO.)
o,Sat=-------------------

(¥PO.t -15(VPO.f +240O(VPo,)' -31 ,IOO(VPO.)+2,400,OOO

This calculation assumes that the oxygen dissociation curve for the
hemoglobin is normal. The 0. content is computed from

CxO.(Vol.%)= 1.34° SAT(%) •Hgb(gfIOOmi)+O,003IPO. (mmHg)
100

Warning:
'The calculation of saturation from po. will give inaccurate results
for fetal hemoglobin, present in babies less than six months old, and
for some abnormal adult hemoglobins and certain other blood con·
ditions. The results of the estimation aJld any subsequent calcula-
tions based on it, should be viewed with caution unless the
dissociation curve has been previously established to be normal. If
both PO. and 0. saturation are measured, the program may be used
as a convenient means to check for the normality of the dissociation .• -,
curve~

Thomas, L.J. Jr., "Algorithms for Selected Blood Acid-Base and
Blood Gas Calculations",J. Appl. Physiol. 33: 154-158,1972.



Detailed Users Instructions:

To compute 0, content, input the PO" 0, saturation, and
hemoglobin concentration. After PO, is input, an estimated 0,
saturation is calculated, based on a standard dissociation curve. This
will only be meaningfull if a virtual PO, from program 1·13A
(VPO,) was input. The estimated 0, saturation may be accepted
simply by pressing g, or a measured value can be input. If Hgb was
previously input, it will be recalled. If the calculated 0, content is
to be stored as arterial or venous for later use in Fick cardiac output
or physiologic shunt calculations, press the appropriate button.
Regardless of which content is computed first, C.O, is left in the
display. for convenience in case program 1·25A (ANA) is to be run
next.

If 0, saturation of blood is to be estimated from PO" it is
important to input the virtual PO, found in program 1·13A (VPO,).
A large error can result from inputting measured PO, without the
corrections. The program may be used to compare estimated 0,
saturation with measured 0, saturation, to obtain a rough idea of
the variation of the dissociation curve from normal. This will be
especially sensitive with partly unsaturated venous blood where the
slope at the curve is fairly steep. When computing content for
purposes of estimating physiologic shunt and Fick cardiac output, it
is always best to measure the saturation. Small variations in the
dissociation curve can cause considerable error in the shunt and
cardiac output calculations and because the effect is not the same on
venous blood as on the higher saturation arterial blood.

The calculated 0, content includes both the dissolved oxygen and
the hemoglobin bound oxygen. If only 0, saturation was measured,
and not PO" an estimated PO, should be input to obtain the
maximum accuracy in the content calculation. The estimate for PO,
need only be rough as the effect is very small, unless the patient is
breathing an oxygen·enriched atmosphere and PO, is well above 100
mmHg.

To compute equivalent alveolar blood 0, content, eliter the equiv·
alent P A 0" rather than the virtual PO,. The P A 0, can be
calculated in program I-18A (A-a). In this case, the resultU;g 0,-
content should not be stored as either arterial or venous, but simply
left in the display register for use at the beginning of program 1-19A
(pHYS), which should be executed next. Thus, the over·all sequence
should be to compute venous content first, arterial content second;
and alveolar content last. The physiologic shunt and Fick program,
1-19A (PHYS), may then be run without having to enter any new
0, content data.



Example:

PO, =0 75 mmHg
Hgb =0 16 gm/IOO mI

Answers: Est. Sat. =0 95.08%

0, Cont. =0 20.62 vol.%

S1EP INSTRUCTIONS INPUT KeyS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter-SAT CJCJ
2 Input virtual POl oralvealar CJc::J

PAD" PO,immHg) G:JCJ estSAT(%1

3 Input est SAT % from step 2 CJCJ
and recall Hgb if previously CJCJ
stored (Use actual SAT if c::JCJ
known) estSAT% u:JCJ Hgb(if stored)

• Input Hgb Hgb(grn/100ml) [DCJ CxO,(vol%)

5 If eal~lated 0, content is to CJCJ
be stored as arterial C.O,,(vot%) D:JCJ C.O" {vol %1

or as venous c.,o., (vol %) ITJCJ C,O, (vol %1
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ANAEROBIC PC02 AND pH CHANGE

ANAElIOBICPC02ANDpHCHANGE MED 1.15A I>

~ ~ ~ (~) 8T·~~2 +(':ri ¥

Corrections of PC02 and pH for anaerobic temperature change are
calculated. The equation for pH is a simplification of a formula from
Severinghaus. It ignores the pH and BE dependent terms. This
introduces a very small etror except at extreme conditions of
acid-base status and large temperature shifts. For example, at a pH
of 7.2 or 7.6, the error is 0.0013 pH units per °c.

Reference:

Severinghaus, John W., "Blood Gas Calculator", 1. Appl. Physiol.,
21 (3): 1108-1116,1%6

Detailed User Instructions

This program corrects PC02 and pH, measured at 37°C, to body
temperature. It replaces 37°C values in memory with the body
temperature values. Therefore, calculation based on the 37°C values
in programs l-12A (ACID) and 1-13A (VP02) should be accom-
plished before this program Or program I-16A (NO,) is run.

If PCO,(37") was previously stored in memory, it can be recalled by
pressing iii. If not, skip iii and input PC02(37°). PressliJ; if pH
(37°) was previously stored, it will appear. If not, input it. Press iii,
if body temperature was previously stored, it will appear. If not,
input it in Dc. Press iii; PC02(BT) will appear and be stored in
memory. Press I!I; pH(BT) will appear and be stored in memory.

This program may also be used to convert PCO, and pH between
any two temperatures, for example, from body temperature to
37°C. To do this, first determine what the desired temperature
change is in °c. Add this to 37"C algebraically, and input the result
as BT. For example, suppose values known at 41°C are to be
converted to 37°C. The temperature change is -4°C; this, when



added to 37°C, results in 33°C. Executing the program with
BT = 33°C will then result in 37°C values for PCO, and pH.

Example

PCO, = 45 mmHg
pH = 7.35
BT = 40°C

Answers: PCO,(BT = 51.31 mmHg
pH(BT) = 7.31

STEP INSTRUCTIONS I OA~rz~~ITS I· KEYS OUTPUT
DATA/UNITS

1 Enter~H ICJCJ
2 If peG1 was previously stored ICJCJI

recall it iLZJCJ peG,

3 Input PCO:z137<» PCO,lmmHgl ! CLJCJ pH{jf stored)

4 Input pHI37<» pH(37<» lo:JCJ BT(if stored)

5 Input 8T and calculate peo, ICJCJI
IBTI BT(CI i Q:]c:::::JIPCO,lmmHg(

6 I Compute pHIST) ! j CLlc:::::J pH(BTj
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ANAEROBIC P02 CHANGE

ANAEROBIC P02 CHANGe

~ S~ SAT (r:?~)
MED 1-16A I>

BT"'(~2 ~

This program corrects PO., measured at 31' C, to Body
Temperature.

Equation Used:
Correction of PO. for anaerobic temperature change is calculated
taking into account the exchange of oxygen between HgbO. and the
dissolved state at high saturation. Below 80% Sat., the' relation is
approximately

IILogpo. = 0.031
tlT

This factor falls at higher saturations, approaching 0.006 at 100%
Sat The curve given by Severlnghaushas been approximated by the
followingequation in this program.

tllog PO.
~

3130 - 62.5 Sat + 0.312008 Sat2

100,000-1993 Sat + 9.9313 Sat2

Reference:
Sevetinghaus, John W., "Blood Gas Calculator", J. Appl. PhysloL, >'
21 (3): Il 08· 1116, 1966

Detailed User Instructions:
If Sat. was previously stored in memory. it can be recalled by '\
pressingl1. If not, skipl1 and input Sat. PressS. If PO. (31') was
previously stored, it will appear. If not, input it. Pressll. If body
temperature was previously stored, it will appear. If not, input it in
·C. Press. PO.(BT) will appear and be stored in memory.

P02(BT) replaces the 37°C value in memory with the body tempera-
ture value. Therefore, calculation based on the 37°C values in
programs 1-13A (VP02) and l-I4A (SAT) should be accomplished
before this program is run. If 0. saturation has not been measured,
it should be estimated by using programs I-13 A (VPO.) and
I-I4A (SAT). >



This program may also be used to convert POz between any two
temperatures, for example, from body temperature to 37°C. To do
this, first determine what the desired temperature change is in °C.
Add this to 37°C algebraically, and enter the result as BT. For
example, suppose values known at 41°C are to be converted to
37°C. The temperature change is _4°C. Add this to 37°C, resulting
in 33°C. Executing the program with BT = 33°C will then result in
the 37°C value for POz.

Example:
Sat. = 90%

POz = 75 mmHg

BT = 40°C

STEP INSTRUCTIONS INPUT KEYS 1 DA~~~TTSDATA/UNITS I

1 Enter6.P02 c:Jc:J
2 If it was previously stored c:JCJ

recall SAT ITJc:J SAT(%)

3 Input $AT% SAT% CDc:J P01(if stored)

4 Input PO, (37") POl (mmHg) ITJc:J. BT01 stored)

5 Input ST and compute P01 (ST) BT(CI ITJc:J POl (mmHgl



MED1·17A ~
PaCOZ'"VA VE.* ~

This program calculates respiratory exchange ratio, alveolar minute
volume, and ratio of dead space to tidal volume.

veo, (mlfmin STPD)
RQ = --------

va, (mlfmin STPD)

• 0.863 veo, (mlfmin STPD)
VA(lfmin BTPS)= ---------

paeO, (mmHg)

VE- VA (lfmin BTPS)
VDfVT = --.-------

VE (ifmin BTPS)

These may be found in most standard texts on respiratory gas
exchange.

Reference:
Otis, A. B.,Handbook of Physioi0!JY, VOL I, Sec 3, p. 681-698

Detailed User Instructions
CO, output (VeO,) and a, uptake (Va,) are input in milliliters per
minute, STPD. If the experimental values are not measured in STPD,
they should be converted prior to input. The HP-65may be used as a
four·function calculator between input entries for purposes of unit
conversion. If a separate program is to be used for conversion the
conversion should be done prior to running this series of programs,
as some patient data may be lost from memory. The valuesof Yea,
and va, are slored in memory for use by later programs. If va, has
been previously stored by the Fick calculation program, it will be



Med 1-17A 57

recalled automatically. After RQ appears, press B to store YCO, and
YO,. PCO, will appear if previously stored.

The VA is output (displayed) in liters per minute BTPS. If, after
computing VA, it is desired to calculate the ventilation/perfusion
ratio (VA/OJ, and O(CO) is already known, simply enter 0,
press l±l, and the YAfQ ratio will be displayed. Input total
ventilation, YE in /Imin. BTPS. The VOIVT ratio will appear. To
compute actual dead space, utilize the HP·65 as a four-function
calculator and either multiply by tidal volume, jf known, Or enter
YE again, divide by respiratory rate to obtain tidal volume, and then
press ~ to obtain actual dead space volume.

It is possible to input Ro and either YCO, or YO"~ rather than both
VCO, and VO,. When doing this, press only the button for which
data is being input. For example, input YO"~ press iii, input Ro,
press B. The HP-65 will calculate the missing YC02 and store both
VC02 and YO,.

Since VO, is not needed in the calculation of VA and V 0 IVT, it
need not be input if RQ is not desired. In this case, input VCO"
press B input PaCO" pre ssm, input V E, press D. VCO, will not
be stored in memory in this case.

Example

VCO, = 266 mlfmin STPD

VO, = 280 mlfmin STPD

PaCO, = 45 mmHg

VE = 7/fmin BTPS

Answers: RQ = 0.95

VA = 5.IO/fmin BTPS

VO/VT = 0.27

STEP INSTRUcnONS INPUT KEYS OUTPUT
OATA/UNiTS DATA/UNITS

1 Enter VONT CJCJ
2 Input veol 'O'C01(mil/min) ~c::J V020f~toredl

3 Input ~O2 '¢'02(ml!minl )CIJCJi RO •

4 Input RQ if nardis.played Ro lc:.uCJ PaCO·:dif stored

5 Inpot PileD, and calculate 'iJ A PaC02!mmHg) IC2::JCJ 'ilA{l/min)

6 Input ve and calculate VONT i VeWminl lCDCJ VONT



This program calculates the difference between alveolar and arterial
oxygen concentration. One approximation has been made in the
equation for PA0,. In the third tenn, which is a small correction
factor, the FrO, has been derived by dividing the PrO, by 760, the
nominal barometric pressure at sea level. The error introduced will
be negligible unless measurements are being made at a very high
altitude and very high inspired oxygen tension.

PaCO, PrO, I-RQ
PAO, = PrO, - --- + --- • PaCO, • -R-- (mmHg)

RQ 760 Q

VCO, (ml/min STPD)
RQ = -v-· 0-, -(m1-/rm-'-n-ST-P-D-)-

Reference:

West, John B., Ventilation/Blood Flow and Gas Exchange, 2nd ed.,
Blackwell Scientific Publication, Oxford, 1970.

Detailed User Instructions

The inspired oxygen tension must be input in mmHg. If the inspired
oxygen is known as a fractional amount (FrO,), it may be converted
to PrO, by multiplying the fraction by the actual barometric
pressure. At sea level, the nominal barometric pressure is 760 mmHg.
However, it varies as much as plus or minus 5% with the weather,
and much more with altitude. The HP.65 may be used as a four·
function calculator to.multiply the fractional inspired oxygen by the
barometric pressure to derive PrO,. If the fractional oxygen is



expressed as a percent. it will be necessary first to divide by 100 to
obtain a fraction. For example. input 22(%), press IENTER. I, input
100. press!±l. input barometric pressure, press ~ to derive PrO"
Note that weather bureau reports of barometric pressure are nor-
mally given corrected to sea level. This is not the barometric pressure
needed here unless the location is actually near sea level. Atmo-
spheric pressure falls about 25 mmHg per 300 m. (1000 ft.) above
sea level.

The stored PO, will be recalled. If this is the arterial P, 0,. simply
press I!I. Otherwise, input the value and pressl!l. Repeat for PCO"
using B. If CO2 output and O2 uptake were previously input, RQ
will be computed and recalled. Otherwise. input Ro and presslll.
The A-aO, difference will now appear on the display. To derive
PA 0, press D. This value is left in the display register and is ready
for input into program 1-14A (SAT) if alveolar O2 content and
physiologic shunt are to be calculated.

'j Example
) PIO, = 150 mmHg

P,02 = 100 mmHg

P,CO, = 45 mmHg

RQ = 0.95

Answers: A-a Dlff. = 3.10 mmHg
" PA 0, = 103.10 mmHg

STEP INSTRUCTIONS DA~~~~ITS I KEYS , OUTPUT
I DATA/UNITS

1 Enter A-a ICJCJI
2 !nputP1O. P10l(mmHg} jITJc=Jlp01(ifSloredl

3 I Input Pa02 PaOl [mmHgI !ITJCJ IPCQ.;z(if storedl

4 I Input PaCO. I PaCD. (mmHg) i UJCJ I RaM stored)

5 InputRa and calculate A-a I RQ iCDCJ i A-aOl(mmHg)

6 Calculate PAC. i iCIJCJ!, PAOl(mmHgj



MEDl-19A ."
~

The Pick cardiac output and physiolOgicshunt fraction are calcu·
lated from arterial, venous and alveolar oxygen concentration and
oxygen uptake. .

VO, (ml/min STPD) • lOO(%}
CO (t/mln) = ------------

(CaO, - CvO, (vol. %})• 1000 (mI/l)

CAo, - CaO,
Phys. Shunt = -----

CAO, -CvO,

These are the standard Fick cardiac output and physiologic shunt
equations. If measured 0, saturations are used in calculating the 0,
contents, these equations will be accurate.

Warning:

If the content values have .been derived from saturation estimates
based on PO, measurements for arterial and venous blood, the
results should be viewed with caution unless the patient's oxygen
dissociation curvehas been established to be normal.

Reference:

Comroe, Julius H., Jr., et ai, The Lung, 2nd ed., Year BookMedical
Publishers. Inc., Chicago, 1962, p. 345

Yang, Sing San, et ai, From Cardiac Catheterization Data ro
Hemodynamic Parameters,F.A. DavisCo., Phil., 1972, p. 21.

Detailed User Instructions:
If arterial and venous 0, contents have been preViouslycalculated
and stored, and if program 1-14A (SAT) has been used immediately
previous to calculate equivalent alveolar content, then it will not
be necessary to re-enter any content values.The CAa, will be in the
display register ready for entry. If the values are not stored, they
may simply be entered. The va" oxygen uptake, will be recalled if



previously entered. If not, it should be entered in ml/min. SIPD.
The Pick cardiac output results from pressing iii. Pressing Dwill
cause the physiologic blood shunt to be displayed, expressed as a
percent.

After cardiac outputis calculated, stroke volume may be calculated
by dividing by heart rate and multiplying by 1000 (to convert from /
to' mI). Alternatively, cardiac index may be calculated by dividing by
body surface area.

If the program is to be used to calculate cardiac output only, it is
not necessary to input CAO,. However, a should be pressed to
start the program anyway.

Example:

CAO,=20vol.%
CaO, = 18 vol. %
CvO, = 15 vol. %
V02 = 250 ml/min, SIPD

Answer: CO'= 8,33//min.

Shunt = 40.00%

STEP INSTRUCTIONS I DA~:~~ITS ! KEYS I oA~~:TTS
1 Enter PHYS ic=Jc=J1
2 Input CAOl CA021Vol.%) iITJc=JIC~Ol1ifstoredl
3 Input CqOZ i Ca°1.(VoL%) !ITJc=J iC\lOz{ifstored)

4 Input Gv02 Cv021Vol.%1 ICLJc=J1 ~O,lif"o"d}

5 Input ~02 and calculate CO ~O,lml/m;n} IGJc=J I CO(l/min)

6 Calculate shunt % IITJc=J I shunt %



This program calculates body surface area using the Dubois formula
and, given cardiac output, the cardiac index can also be calculated.

Warning:

The Dubois BSA formula is undefined and should not be used for
children with a BSA less than 0.6m2. If the result is less than 0.6, use
the Boyd BSA Program 1-21A (BOYD) instead.

Detailed User Instructions:

The height and weight may be input in either metric or English
units. If English units are used, they must be input as negative
values. This is accomplished by pressing @BID after the number is
input, but before the program bullon is pressed. The metric
equivalent will appear in the display.

Press m to obtain body surface area, which also will be stored in the
calculator's memory. If cardiac output has been preViously calcu-
lated, it may be recalled by pressindll. Alternatively, it may simply
be input. In either case, pressing IIwill yield cardiac index.

If the patient's 10 program 1-05A (10) is run prior to this one,
height and weight remain in memory. In that case, skip a andEl,
Press lito yield BSA.



Example:

HI = -60 in. or J 52.40 em
Wt = -100 Ib,. or 45.45 kg
CO = Sllmin.

Answer: BSA = 1.39 m'
CI = 3.591Imin./m'

STEP INSTRUCTIONS I OA~~~~ITS ·1· KEYS I OUTPUT
i OAT A {UNITS

1 Enter BSA I iCJCJI
2 Input patient height I Ht(+cm or-inl :CTICJ! Htlcm}

3 Input patient weight I Wt(+kg or-lbl i r::::IJCJI Wt(kg}

4 Calculate BSA i iCDCJI BSA(m2j

5 If GO is stored recall it I iD:JCJI COil/minI

6 Input CO and calculate CI I CQ(lImin) iCIJCJI CHlImin/in2
)



This program calculates BSA using the Boyd formula (valid for
infants as well as adults).

Equations Used:

BSA(m') = 3.207'Wt(gm)(O.728S-0.0188 log WI). H.t(cm)O.3 _10-4

Reference:

Boyd, Edith, Growth of the Surface Area of The Human Body, U. of
Minnesota Press, 1935, p. 132

Detailed User Instructions

The height and weight may be input in either metric or English
units. If English units are used, they must be input as negative
values. This is accomplished by pressing ~ after the number is
input, but before the program button is pressed. The metric
equivalent will appear in the display.

Press B to obtain body surface area, which will also be stored in the
calculator's memory. If cardiac output has been previously calcu·
lated, it may be recalled by pressingB. Alternatively, it may be
input. In either case, pressing Dwill yield cardiac index.

If patient's 10 program 1-05A (10) is run prior to this one, height
and weight remain in memory. In that case, skip a andm. PressB
W~d~. ~

The H.P·65 may be used as a four·function calculator between
program buttons; provided the correct value is in the display register
before the next program button is pressed. For example, to input
35 lbs., 6 oz., the value must be expressed in lbs. Input 6, press
IENTERtl, input 16, press!±J, input 35, press!±J, resulting in
35.38Ibs. Now simply press~, to indicate lbs, thenm.



Example

Ht; -60 in. or 152.40 em

Wt; -100 lbs. or 45.45 kg

CO;5i/min.

Answers: BSA; 1.40 m'
CI ; 3.57 i/min.jm'

STEP INSTRUCTIONS OA+~'Z~ITSI· KEYS I OA~~~~TTS

1 Enter BOYD ICJCJ
2 Input patient height HT(+cmor-in} lCDc:J HT(cmJ

3 Input patient weight WTj+kgor~'b,1CTICJWT(kg)

4 Calculate BSA iCLJCJ BSA(m2)

5 If CO was previously stored I (OCJ
recall it I io::JCJ CO(l/minl

6 Input CO and calculate CI I CO{J/min) !CCJCJ Cllllmin/m1)



This program computes the area of the first part of the curve by
trapezoidal rule integration. The part after the last point is calcu·
lated from an exponential projection based .on the first measured
point below 65% of the peak measured point; and the first measured
poin t after that which is below 45% of the peak. This not only
avoids problems of indicator recirculation in most cases, but also
limits the amount of data to be input. Thus it is important to have a
measured point which is below 45% of the peak, but before
recirculation becomes obvious. If this isn't possible, an approxima·
tion can be obtained by guessing at the curve without recirculation
and entering these values.

CO(J/min) = DOSE (mg) • 60 (sec/min)
CAL (mg/l/div) • AREA (div see)

Warning:

Although this program leaves CO stored in memory, it erases all
other stored patient data, including BSA.

Reference;

Yang, Sing San, et al, From Cardkrc Catheterization Data to
Hemodynamic Parameters • F. A. Davis Co., Phil., 1972.

Detailed User Instructions
This program calculates cardiac output from measurements taken
directly from an indicator dilution curve. To obtain accurate results,
it is important to measure the curve at frequent intervals. Generally,
about ten points on the curve, equally spaced in time between onset
and the 40r•.of.peak point on the downslope, will be adequate.
Choose a measurement time interval accordingly. Input the interval
(Lit) and pressa.

Input the values measured from the curve (DC) and press IIIafter
each. The units of measurement are arbitrary; for example, divisions



on the paper or volts, so long as the $ame units are used in inputting
the calibration. The values are measured relative to the baseline, or
starting level, of the curve. After each input en try, the display will
indicate the number of points input.

As points on the downslope are input, the program compares each
with the peak value. When the first point whose value is less than
65% of the peak value is found, it is stored for later use in the
exponential projection as indicated by a minus sign preceding the
displayed value representing the number of points input.

When a point having a value less than 45% of the peak value is input,
the program automatically makes the exponential projection and
displays the area under the curve, rather than the number of points
entered.

At this time, input the CAL value. If indocyanine green dye is being
used, it will generally be measured as milligrams of dye per liter of
the patient's blood per division or unit of curve measurement. for
other indicators, eqUivalent calibration factors must be determined.

finally, input the dose of indicator given. For dye, this will usually
be in mg. Press m, and cardiac output in Ilmin. will result. CO is
stored in memory.

Example
At = I sec.

ne = 5, 20,45,60, 50, 38, 28, 20 div.

CAL = 0.2 mg/lldiv.

DOSE=3 mg

Answers: A'" 318.32 div. sec.
CO'" 2.82 limin.

STEP INSTRUCllONS INPUT KEYS OUTJ'(JT
OATAIUNITS DATA/UNITS

1 Enter DYE c=Jc=J
2 Input~t b.t(sec) CTIc=J At{secl

3 Repeat step 3 for each DC c=J[
value measured from the curve DC,~tlllM u:::JCJ 1 .... (n-l)

After the 45% or less DC value CJCJ
is input DCn D:Jc=J area(Oiv'seel

4 InpUtCAL CAltmg//IOivl G:Jc:::J CAL x area

5 InpUt DOSe and calculate CO DOSE (mg) w::Jc:::J CO(//minl



68 Med 1-23A

FICK CARDIAC OUTPUT

FlCl< 0 ••••• 0 0Ul1'UT MED 1·23A ?!
~ Ca02 C~2 Y02.co BSA+CI HR+SY ~

This program computes cardiac output by the Fick method, stroke
volume and cardiac index.

Va, (ml/min STPD) • 100(%)
CO(I/min) = -----------

(CaO, - C.O,)(vol.%)· 1000 (mlll)

CO(l/min) • 1000 (ml/l)
SV(ml/beat) = -------~

HR (beats/min)

CI(I/min/m') = CO(I/min)
BSA(m')

SI(ml/m') = SV(ml)
BSA(m')

Reference:

Yang, Sing San, et ai, From Cardiac Catheterization Data to Hemo-
dynamic Parameters, F. A. Davis Co., Phil., 1972.

Detailed User Instructions

If program 1-14A (SAT) has been run immediately previously, to
calculate either arterial or venous a, content, CaO, will be in the
display register. To start, simply pressEl. If CaO, is not in the
display register, but has been previously stored, it may be recalled by
pressing liD after entering the program card. Proceed as usual by
inputting values or accepting recalled values for each parameter. Be
sure va, is in ml/min STPD.

To calculate cardiac index-assuming BSA has been previously
stored-press liD to recall BSA, then pressliJ. Alternatively, enter



BSA and press m. To calculate stroke volume enter heart rate and
pressD· Pressing liD at this point will yield stroke index, with a
minus sign, to avoid confusion with SV. Pressing liD again returns
to a display of SV.

Example

CaC, = 18 vol. %
CvO, = 15 vol. %

va, = 250 ml/min. STPD

BSA= 2m'

HR=60 BPM

Answers: CO = 8.33 llmin.
CI = 4.1 7 llmin./m'
SV = 138.84 mi
SI = -69.42 ml/m'

STEP INSTRUCTIONS I OA+~~~~1TS I KEYS I DA~~~~~iTS

1 Enter FICK I iCJCJI
2 If CaOl was stored prs-viously i !~CJi CaOl

3 Input GaOl I CaOz{Vol.%) lCLJCJic- ..~(ifstoredl

4 Input CvOz I CvOz(VoL%) c::i:JCJ IV'Ol {if stored}

5 Input -q01. and calculate CO I 'V'Oz(ml!mi.n) D:JCJ I CO(/lmin)

6 If BSA was stored previously I ~CJI BSA(m2j

7 Input BSA and calculate CI I BSA(m2j L':Q:JCJICI(l/min/m2)

8 I Input heart rate and calculate I CJCJI
SV and 51 I HR(BPM) CIJCJ! SV(ml}

9 Display 51 i ~CJI SI(ml/m2
)



ME01·24A ~
R-R CO+A m

This program calculates the areas of heart valves across which the
pressure gradient has been measured.

Equations Used:

Mean Flow

0.0445 ...; mean gradient

( co (l/min) • R-R (sec)
Mean Fl~w l/sec) = Valve Open Time (sec/beat)· 60 (sec/min)

Valve Area
Mitral Valve Area only = ----

0.7

Reference:

Gorlin. R.; Gorlin. S. G., "Hydraulic Formula for Calculation of the
Area of the Stenotic Mitral Valve, Other Cardiac Valves, and Central
Circulatory Shunts", American Heart Journal. Jan. 1957, VOL. 41;
No.1

Detailed User Instructions

Input the time duration, in seconds, of blood flow through the valve
of interest; that is, the systolic ejection period (SEP) for outflow
tract valves or the diastolic filling period (DFP) for A-V valves.
Press II.
This program permits averaging of a number of pressure gradients
across the valve measured at different times while the valve is open.
If the pressure gradient is to be measured at a number of different
times, the time intervals should be equally spaced across the
duration of the valve opening to obtaln a true average. Simply input
each value of pressure difference, (LlP), in mmHg, and press m after
each. The display will then show the number of input entries made.
When all input entries have been made, press B. The average of all
the LlP values will be displayed (3Ji). If only one pressure gradient



measurement is to be input, because averaging has been accom·
pUshed by some other means, simply input the value, press m and
then pressm. The input value will be displayed.

Input the R-R interval, in seconds, and presslil. Cardiac output. if
previously stored, will be recalled. If not, input it. Pressing IJwill
display the valve area, in cmz, except in the case of mitral valves. A
different constant is used for mitral valves; this is applied by pressing
liD. A mitral area is indicated by a minus sign preceding the
displayed value.

Example:
DFP (mitral valve) = 0.55 see

[jp= 10, 12,8,6,2 mmHg

R-R = 0.94 see

CO = 5.731/min.

Push IJ then liD for mitral valve area.

Answers: [jp = 7.60 mmHg

Area = -1.90 cmz

STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

1 Enter VALVE 1c::Jc::J
2 Input SEP or OF? seconds lITlCJI SEP or OFP

3 Repeat step 3 for each value of c::Jc::J
6P to be averaged ~Pl·~~Pn(mmHgI CDc::J 1._. n

4 Calculate li,P D::Jc::J t.P(mmHgj

5 Input A-R R-R(secl 1ce::Jc::J CO(if stored I

6 Input CO and calculate area CO(llmin) lCDCJ area(cm~)

7 If mitral valve U&Jc::J Mit.area(cm2)



This program calculates left-to-right and right-to-Ieft shunts and
displays them as a percentage. The program uses the method of
allegations and can calculate bi·directional shunts.

R-L shunt (%) = (L-PUL) - (L-SYST) • 100
• (L-PUL) - (R-SYST)

L-R shunt (%) = (R-PUL) - (R-SYST) • 100
(L-PUL) - (R-SYST)

Reference:

Zimmerman, H. A., Intravascular Catheterization. Chades C. Thomas,
Springfield, m. 1966.

Detailed User Instructions

The program assumes oxygen concentration values taken from four
sites in the cardiovascular system. Since these sites may be various
chambers in the heart or great vessels, they are labeled right
systemic, right pulmonary, left pulmonary and left systemic. For
example, suppose oxygen concentration values are known for the
right atrium, pulmonary artery, left ventricle, and aorta; then the
right systemic site would be the right atrium, the right pulmonary
site would be the pulmonary artery, the left pulmonary site would
be the left ventricle, and the left systemic site would be the aorta.

Input right systemic value, press a. Input right pulmonary value,
press g. Input left pulmonary value, press S. Input left systemic
value, press m. Note that it is possible to enter either oxygen
contents or saturations, assuming hematocrit does not change during
the sampling interval. Once all four sites have been input, press lI'to
obtain the percent left-to-right shunt. If no shunt is calculated, 0 is
displayed. Press II again to obtain the right-to-Ieft shunt. Left·to-
right shunts are reported as positive numbers, and right-to-Ieft shunts
as negative numbers. Each time II is pressed, either a left-to-right or
right-to-left shunt will be displayed.



"~ Example

Caleulate the left-to-right or right-to-left shunts for a patient having
the following oxygen saturation values at the listed sites. Right
atrium, 85%; pulmonary artery~ 88%: left atrium, 95%; left ventricle, .•
93%.

Answers: L~R shunt = 30.00'/0
R-L shunt = -20.00%

STEP INSTRUCTIONS OA~~~~ITsi KEYS ! OA~~j~~;TS
1 Enter ANA i CJCJ'.
2 I Input R-SYST A-SYST(%) CDCJi R-SYST(%}

3 i Input R-PUL I R-PUL{%) D::JCJi R-PUL(%)

4 , Input L-PUl I L-PUL(%) COc:::=JiL-PUL(%J

5 Input L-SYST
"

l-SYST{%) [TICJ: L-SYST{%1

5 iCalculate L-R : CDCJ' L-A(+ %)

7 ,Calculate R"":'L ITJCJ[ R-L(-%)

(Pressing IIwill display L-R I c:::=JD j

and R-L alternately) . c:::=JCJ!
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This program calculates indices of left ventricular contractility based
on pressure rise during isovolumetric contraction.

Equations Used:

PN = most recently entered pressure (mmHg)

PN-1 = next previously entered pressure

6t = time interval between pressure measurements (see)

Pp = pressure at which dP/dt/p is calculated

t>P = PN - PN-1

dP = & mmHg/sec
dt 6t

PN +PN:..,

Pp = 2

dP/dt/P= dP/dt sec-1
Pp

PM = Pp where dP/dt/P is a maximum

I (Pp LAST· MAXdP/dt/P)-(PM• dP/dt/PLAST)
VMAX = ------------------

30 Pp LAST - PM

dP/dt is calculated as the difference between successive pressure
inputs divided by the time interval, 6t. The largest value found is
stored as maximum dP/dt.

dP/dt/P is calculated for each pair of successive inputs, by first
determining dP/dt as above, then dividing by the mean of the two
pressures. The largest value found is stored as maximum dP/dt/P.

V M A X is found in this program by a linear projection of the
downsiope of the dP/dt/P vs. P curve back to P = 0, and by dividing
the resulting dP/dt/P by 30. The projection is based on the point at
which the maximum dP/dt/P was found, and the last point input.
The constant is controversial, values between about 28 and 32
having appeared in the literature. The value 30 is used in this
program.



Reference:

Yang, Sing San, et al, From Cardiac Catheterization Data to
Hemodynamic Parameters. F. A. Davis Co., Phil., 1972.

Detailed User Instructions

The indices of left ventricular contractility calculated by this
program are based on the pressure rise during isovolumetric contrac·
tion. Measurements, equally spaced in time, should be input for the
isovolumetric phase only. Inputting values from the systolic ejection
period can cause significant errors. Generally, between 5 and 10
pressure measurements should be input, and the time interval
between measurements, LIt, chosen accordingly. Too few measure-
ments will caus.e the maximum values to be missed. Too many will
introduce excessive Hnoise" resulting in errors.

Input LIt in seconds, for example, .005. Press a. Input left
ventricular pressure measurements in mmHg; press II after each.
After each input except the first, dP/dt/P for the two most recent
points will be dispiayed. When all points have been input, pressS,
iii and II in any order to obtain the corresponding results-
m<cximum dP/dt, maximum dP/dt/P and VMAX, maximum velocity
of the contractile element at zero pressure in circumferences or
lengths/sec. •

If the contractility parameters are to be calculated using developed
pressure, or any pressure reference other than zero, perform the
subtraction before entering pressure values.

Example

Find maximum dP/dt, maximum dP/dt/P and maximum ventricular
contractility if LIt is 0.005 seconds and PN is 10, 20, 40, 60, and 80
mmHg.

Answers: maximum dP/dt ; 4000 mmHg/sec.
1 Max dP/dt/P; i33.3 see-I
I VMAX; 5.14 circ/see

STEP INSTRUCTIONS DA+~~~~ITS! KEYS OUTPUT
I OATA/UNITS

1 Enter Vrnax I 'c=Jc=J1
2 lnpotllt I 6t(seconds/ IGJ[=:Ji .6t(secondsl

3 F Repeat step 3 for each Pn i P, ' .. Pn iCDc=J i dP/dt/P(sec-·I)

4 I Calculate maximum dPldt i c:IJc=J !dP/dt{rrvnH{VSB:t

5 Calculate maximum dP/dt/P ICQ:]c=J i dPfdtlPI",-' J

6 Calculate V mall :t=Dc=J I VmalC(circ/sec)



STRQKEWQRK
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This program calculates stroke work (SW) and stroke work index
(SWI). For stroke work based on systolic minus end-diastolic
pressure, perform subtraction before data input.

SW(gm • m) = 13.6' P(mmHg) . CO(I/min) . R-R(sec)
60 (see/min)

SWI(gm • m/m') = SW(gm • m)
BSA(m2)

Reference:

Yang, Sing San, et aI, From Cardiac Catheterization Data to
Hemodynamic Parameters,F. A. Davis Co., Phil., 1972.

Detailed User Instructions

The mean systolic pressure, P, is required for stroke work calcula-
tion. The program will average pressures measured at equal time
intervals through systole to obtain the mean. Input the pressure
measurements and press iii after each. The number of inputs will be
displayed. When all inputs have been made, press m to obtain the
mean systolic pressure.

If averaging is accomplished by other means, and only a single value
is input, press iii and then m. If an error is made in the pressure
inputs, restart program by pressingm and rekey the input data.

Input the R-R interval in seconds and pressS. If cardiac output
has been previDusly stored in memDry, it will be recalled; if not,
input it now. Press m, and stroke work in gm' m will be
displayed. TD obtain stroke work index divide by BSA. If BSA has
been stored press mtD recall it. Otherwise, input BSA. PressD,
and strDke work index will be displayed in gm • m/m'.

Example

P,y, = 100, 110 mmHg



R-R= I see

CO = 51/min.

BSA=2m'

Answers: P = 105 mmHg
SW=119.00gmom

SWI = 59.50 gm 0 m/m'

STEP! INSTRUCTIONS INPUT KEVS i DA~~~~;TSDATA/UNITS

1 l Enter WORK c=Jc=Ji
2 I Repeat step 2 for each value of c=Jc=J!

!Psv!(mmHg} i[Z]c=Ji --
Psvs,- •.• , P>V"n 1 .... n

3 [Calculate P
, !o::Jc=J P(mmHg;

4 ) Input A-R R-Rlsecl. ~C£:Jc=J I COlif stored}

5 I Input CO and calculate stroke ! !c=Jc=Ji
iwork CO(llmin) io::Jc=J: SW{gm'ml

6 I If BSA was previously stored QK]c=J. BSA(m%j

7 I Input BSA and calculate SWI BSA(m2} COc=JiS\\!I(gmom/m1
}





Designing a Program Sequence

This section covers some guidelines for setting up a series of
programs which will be run repeatedly. The general rule, of course, is
that programs which yield intermediate results must be run before
the programs which use those results. To avoid reentry of data, pay

.i attention to the use of the memory registers. Table I (Pages 80-81)
shows how the programs use the registers. Note that Rj and Rs are
used as scratch pad registers by nearly all programs. [An exception is
that a, saturation may be passed from 1-14A (SAT) to 1-16A
(&0,) or vice versa in R., provided no program except 1-15A
(t>pH) is run in between.] Note that 1-22A (DYE), while it stores
cardiac output, erases all other stored values including body surface
area.

An attempt has been made to make many of the programs
compatible. Thus, the pulmonary function lab programs use a
common set of meIT\ory designations, as do the blood gas, acid-base
and respiratory function programs. However, the two sets cannot be
readily mixed.

Many times it is convenient to pass parameters between pro·
grams by using the display register. This is particularly true of virtual
PO, between 1-13A (VPO,) and 1-14A (SAT), alveolar PO,
between 1-18A (A-a) and 1-14A (SAT), alveolar oxygen content
between 1-14A (SAT) and 1-19 A (pHYS), and arterial oxygen
content between I-14A (SAT) and 1-23A (FICK). These are all
illustrated in the examples in the introduction of this pac. Data is
never passed in the unseen registers of the Stack (Y, Z, T).
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CODE KEYS
23 LBL
11 A
04 4
05 5
03 3
83
05 5
09 9
02 2
03 3
07 7
22 GTO
01 1
23 LBL
12 B
02 2
08 8
83
03 3
04 4
09 9
05 5
02 2
03 3
01 1
03 3
22 GTO
01 1
23 LBL
13 C
43 EEX
03 3
22 GTO
01 1
23 LBL

CODE KEYS
14 0
01 1
23 LBL
01 1
31 I
61 TF 1
22 GTO
02 2

35 07 9 x;;'y
71 x

33 OB STO 8
03 3

33 01 STO 1
35 00 9 LST X

24 RTN
23 L8L
02 2

34 08 RCL8
35 07 9 x1:.v

81
32 I-I
51 SF 1
03 3

34 01 RCL 1
35 21 gx*V

00 0
81

35 OB 9 RJ.
35 08 9 RJ.

24 RTN
23 L8L
15 E
31 I
51 SF 1
24 RTN

CODE KEYS
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP

R, Tag R4 R7
R2 Rs Ra gm

Ra R6 Rg Used



WEIGHT CONVERSIONS (2)

CODE KEYS

151E
31 f
51 'SF 1
24 RTN

35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 q NOP

.CODE KEYS
23 LBL
11 A
83
00 0
06 6
04 4
07 7
09 9
08 8
09 9
01 1
22 GTO
01 1
23 LBL
12 B
01 1
83
07 7
07 7
01 1
08 8
04 4
05 5
01 1
09 9
05 5
22 GTO
01 1
23 LBL
13 C
83
00 0
00 0
01 1
22 GTO

CODE KEYS
01 1
23 LBL
14 0
43 EEX
42 CHS
06 6
23 LBL
01 1
31 f
61 TF 1
22 GTO
02 2

35 07 gx;;!:.y
71 x

33 08 ST08
03 3

33 01 STO 1
35 00 9 LST X

24 RTN
23 LBL
02 2

34 08 RCL8
35 07 gx-::'y

81
32 f-I

51 SF 1
03 3

34 01 RCL 1
35 21 gxi=V

00 0
81

35 08 9 R~
35 08 9 R~

24 RTN
23 LBL

R, Tag R4 R7

R2 Rs Ra gm .
R3 Rs Rg Used



CODE KEYS
23 LBL
11 A
03 3
07 7
03 3
83
02 2
04 4
01 1
07 7
02 2
01 1
06 6
22 GTO
01 1
23 LBL
12 B
03 3
01 1
83
01 1
00 0
03 3
04 4
07 7
06 6
08 8
22 GTO
01 1
23 LBL
13 C
03 3
83
08 8
08 8

CODE KEYS
07 7
09 9
03 3
04 4
06 6
22 GTO
01 1
23 LBL
14 D
01 1
83
02 2
09 9
05 5
09 9
07 7
08 8
02 2
23 LBL
01 1
31 f
61 TF 1
22 GTO
02 2

35 07 gx;::'y
71 x

33 08 ST08
03 3

33 01 STO 1
35 00 9 LST X

24 RTN
23 LBL
02 2

34 08 RCL8
35 07 gx;J:.y

CODE KEYS
81
32 f-I

51 SF 1
03 3

3401 RCL 1
35 21 gx*V

00 0
81

35 08 9 Rt
35 08 9 Rt

24 RTN
23 LBL
15 E
31 f
51 SF 1
24 RTN

35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 a NOP

R1 Tag R4 R7
R2 Rs Ra gm

R3 Re Rg Used



LENGTH CONVERSIONS (1)

CODE KEYS
35 01 I 9 NOP
35 01 I 9 NOP
35 01 I 9 NOP
35 01 I 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
3501 gNOP
35 01 9 NOP

CODE KEYS
23 LBL
11 A
01 1
00 0
00 0
22 GTO
01 1
23 LBL
12 B
09 9
01 1
83
04 4
04 4
22 GTO
01 1
23 , LBL
13 ! C
03 i 3
00 I 0
83 ' •
04 4
08 8
22 GTO
01 1
23 LBL
14 0
43 EEX
05 5
23 LBL
01 1
31 I
61 TF 1
22 GTO
02 2

CODE KEYS
35 07 9 x-;;;y

71 x
33 08 STO 8

05 5
33 01 STO 1
35 00 i 9 LST X

24 I RTN
23 LBL
02 12

34 08 RCL 8
35 07 gx~y

81
32 1-1

51 SF 1
05 5

34 01 RCL 1
35 21 gx*V

00 0
81

35 08 gR.
3508

1

gRJ-
24 RTN
23 LBL
15 E
31 I
51 SF 1
24 RTN

35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP

R, Tag R4 Rr
R2 Rs RB em

R3 Ra Rg Used



CODE KEYS
23[ LBL
II! A
021 2
831 •
051 5
04 4
22 GTO
01 1
23 LBL
121 B~Il
22 GTO
01 1
23 LBL
13 C
83
00 0
00 0
00 0
01 1
22 GTO
01 1
23 LBL
14 0
01 1
23 LBL
01 1
31 f
61 TF 1
22 GTO
02 2

35 07 9 x~v
71 x

33 08 STO 8

COOE KEYS
05 5

33 01 STO 1
35 00 9 LST X

24 RTN
23 LBL
02 2

34 08 RCL 8
35 07 9X~Y

81
32 ,-I

51 SF 1
05 5

34 01 RCL 1
35 21 gx'*V

00 O·
81

35 08 9 Rt
35 08 9 Rt

24 RTN
23 LBL
15 E
31 f
51 SF 1
24 RTN

35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP

COOE KEYS
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 aNOP

R, Tag R4 R7
R2 Rs Ra em
R3 Ra Rg Used



CODE KEYS
23 LBL
11 A
01 1
061 6
83
03 3
08 8
07 7
00 0
06 6
04 4
22 GTO
01 1
23 LBL
12 B
04 4
07 7
03 3
83
01 1
07 7
06 6
04 4
07 7
03 3
22 GTO
01 1
23 LBL
13 C
01 1
00 0
00 0
00 0
22 GTO
01 1

VOLUME CONVERSIONS (1)

CODE KEYS
231 LBL
14 D
05 5
05 5
00 0
83
06 6
01 1
00 0
04 4
07 7
01 1
04 4
23 LBL
01 1
31 f
61 TF 1
22 GTO
02 2

35 07 9 x<!.y
71 x

33 08 STO B
04 4

33 01 STO 1
3500 gLSTX

24 RTN
23 LBL
02 2

34 08 RCL 8
35 07 9 x<!.y

81
32 rl

51 SF 1
04 4

34 01 RCL 1

CODE I KEYS
35 21 gx*~

00 0
81

35 08 gR.
35 08 gR.

24 RTN
23 L8L
15 E
31 f
51 SF 1
24 RTN

35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
3501 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP

Rl Tag R4 R7
R2 Rs Rs CC

R3 Rs Rg Used



COOE KEYS
23 LBL
11 A
06 6
01 1
06 6
01 1
01 1
05 5
01 1
09 9
09 9
02 2
43 EEX
42 CHS
01 1
01 1
22 GTO
01 1
23 LBL
12 B
03 3
83
06 6
09 9
06 6
06 6
09 9
01 1
01 1
09 9
05 5
22 GTO
01 1
23 LBL
13 C

CODE KEYS
02 2
09 9
83
05 5
07 7
03 3
05 5
02 2
09 9
05 5
06 6
22 GTO
01 1
23 LBL
14 D
01 1
23 LBL
01 1
31 f
61 TF 1
22 GTO
02 2

35 07 9X~V
71 x

33 08 ST08
04 4

33 01 STO 1
35 00 9 LST X

24 RTN
23 LBL
02 2

34 08 RCL8
35 07 gx-:'y

81
32 f-I

CODE KEYS ..,.~.",

51 I SF 1
04 4

34 01 RCL 1
35 21 gX*v

00 a
81

35 08 9 R-I,
35 08 9 R-I,

24 RTN
23 LBL
15 E
31 f
51 SF 1
24 RTN

35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP

'0'''''''\

35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP J '''\

35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP

Fi

R1 Tag R4 R7
R2 Rs Rs cc
R3 Rs Rg Used



CODE KEYS
23 LBL
11 A
01 1
01 1
03 3
06 6
B3
05 5
02 2
02 2
22 GTO
01 1
23 LBL
12 B
05 5
06 6
OB 8
B3
02 2
06 6
00 0 .
09 9
02 2
22 GTO
01 1
23 LBL
13 C
02 2
DB B
B3
04 4
01 1
03 3
00 0
05 5

CODE KEYS
22 GTO
01 1
23 LBL
14 0
B3
00 0
05 5
09 9
01 1
09 9
03 3
OB 8
05 5
23 LBL
01 1
31 f
61 TF 1
22 GTO
02 2

35 07 9 x;;:'y
71 x

33 DB STO 8
04 4

33 01 STO 1
35 00 9 LST X

24 RTN
23 LBL
02 2

34 08 RCL8
35 07 gx;;:'y

81
32 r1

51 SF 1
04 4

3401 RCL 1

CODE KEYS
35 21 II 9 x*v

00 0
81

35 08 gR.
35 08 gR.

24 RTN
23 LBL
15 E
31 f
51 SF 1
24 RTN

35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP

R1 Tag R4 R7
R2 Rs Rs cc
R3 Rs Rg Used



CODE KEYS
23 LBL
11 A

33 01 STO 1
B3
03 3
09 9
03 3
07 7

33 08 ST08

00 I 0
33 02 STO 2
34 01 RCL 1

24 RTN
23 L6L
12 6

33 01 STO 1
02 2
83
02 2

33 08 ST08
00 0

33 02 STO 2
3401 RCL 1

24 RTN
23 L6L
13 C

33 01 STO 1
01 1
B3
08 8

33 06 ST08
03 3
02 2

33 02 ST02
34 01 RCL 1

CODE KEYS
241 RTN23 L6L
14 D

34 01 RCL 1
34 02 RCL2

51 -
34 06 RCL8

81
33 01 STO 1

24 RTN
23 L6L
15 E

34 01 RCL 1
34 08 RCL8

71 x
34 02 RCL2

61 +
33 01 STO 1

24 RTN
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 g,NOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
3501 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP

CODE KEYS
35 01 gNOP
35 01 gNOP.
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
3501 gNOP
3501 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
3501 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP

R, Input R4 R7
R2 Constant #2 Rs Ra Constant #1
R3 Rs Rg



MASTER PATIENT IDENTIFICATION

CODE! KEYS

33 08 i STO 8
71 I x
42) CHS
24 RTN
23 I LBL
14 D

3404 I RCL4
24 RTN
23 LBL
15 E

34 03 RCL 3
241 RTN
23 LBL
11,A

35 01 gNOP
35 01 9 Nap
35 01 9 Nap
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 a NOP

CODE KEYS
33 03 STO 3
35 08 9 Rt
33 04 STO 4

44 CLX
35 07 9 x;:!.y
35 24 gx>y

22 GTO
01 1
42 CHS
02 2
83
02 2
81 ~
23 LBL
01 1

33 06 ST05
35 08 9 Rt
35 07 9 x;;"y
33 01 STO 1
33 08 ST08
35 24 gx>y
33 05 STO 5

24 RTN
42 CHS
02 2
83
05 5
04 4
71 x

33 05 ST05
24 RTN
23 LBL
12 B
00 0

34 01 RCL 1

CODE KEYS
35 23 9 x=y

22 GTO
02 2
44 CLX

33 01 STO 1
?4 05 RCL 5

24 RTN
23 LBL
02 2

34 05 RCL 5
02 2
83
05 5
04 4

33 01 STO 1
81
42 CHS
24 RTN
23 LBL
13 C
00 0

34 08 RCL 8
35 23 9 x=y

22 GTO
03 3
44 CLX

33 08 STO 8
34 06 RCL 6

24 RTN
23 LBL
03 3

34 061 RCL 6
02 2
83

1"02 2

R, Ht. Toggle R. Age IR7

R2 Rs Ht IRa Wt. Toggle

R3 Sex Re Wt IRg Used



CODe KEYS
23 LBL
11 A
41 t
35 9
06 ABS

35 23 9 x=y
33 05 STO 5

24 RTN
02 2
B3
05 5
04 4
71 x

33 05 STO 5
24 RTN
23 LBL
12 B

33 04 ST04
24 RTN
23 LBL
13 C
41 t
B3
00 0
05 5
08 B

34 05 RCL5
71 x
B3
00 0
02 2
05 5

3404 RCL4
71 x
51 -

CODE KEYS
04 4
B3'
02 2
04 4
01 1
51 -
22 GTO
01 1
23 LBL
14 0
41 t
B3
00 0
03 3
06 6

3405 RCL 5
71 x
B3
00 0
03 3
02 2

34 04 RCL4
71 x
51 -
01 1
B3
02 2
06 6
51 -
22 GTO
01 1
23 LBL
15 E
41 t
B3

CODE KEYS
00 0
04 4
03 3

34 05 RCL 5
71 x
B3
00 0
04 4
07 7

34 04 RCL4
71 x
51 -
02 2
B3
00 0
07 7
61 +
23 LBL
01 1

33 01 STO 1
81
43 EEX
02 2
71 x
84 R/S

34 01 RCL.1
24 RTN

35 01 gNOP
35 0.1 gNOP
3501 nNOP

R1 Used R4 Age in years R7
R2 Rs Ht (em) Ra

R3 Re Rg Used



CODE KEYS
23 LBL
11 A
B3
09 9

34 05 RCL 5
71 x
01 1
B3
05 5
01 1

3404 RCL4
71 x
51 -
02 2
07 7
61 +
22 GTO
01 1
23 LBL
12 B
83
00 0
03 3

34 05 RCL 5
71 x
B3
00 o .
01 1
05 5

34 04 RCL4
71 x
61 + .

03 3
B3
07 7

CODE KEYS
05 5
51 -
22 GTO
01 1
23 LBL
13 C
83
00 0
09 9
04 4

34 05 RCL 5
71 x
B3
00 0
01 1
05 5

34 04 RCL4
71 x
51 -
09 9
83
01 1
07 7
51 -
22 GTO
01 1
23 LBL
14 D
83
00 0
05 5
01 1

34 05 RCL 5
71 x
05 5

CODE KEYS
83
00 0
05 5
51 -
23 LBL
01 1

33 01 STO 1
81
43 EEX
02 2
71 x
84 RIS

34 01 RCL 1
24 RTN

35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP

" " I'NOP35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01g NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 n NOP

R1 Used R4 Age in years "fit
R2 Rs Ht (em) Ra
Ra Rg Rg



CODE KEYS
23 LBL
11 A

41 I t
33 01 STO 1

83
02 2
05 5
71 x
24 RTN
23 LBL
12 B
41 t
83
07 7
05 5

34 01 RCL 1
71 x
24 RTN
23 LBL
13 C
41 t

35 09 9 Rt
51 -

33 02 STO 2
35 DB 9 R~

24 RTN
23 LBL
14 0

34 01 RCL 1
83
05 5
71 x

34 02 RCL 2
81
24 RTN

CODE KEYS
23 L8L
15 E
41 t
83
00 0
02 2

34 05 RCL 5
71 x
83
00 0
04 4

34 04 RCL4
71 x
51 -
02 2
61 +

33 01 STO 1
81
43 EEX
02 2
71 x
84 RIS

34 01 RCL 1
24 RTN

35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP

CODE KEYS
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
3501 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP .
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
.,~ n1 nNnp

R, Used R4 Age in years R7
R2 Used Rs Ht (em) Rs
R3 Rs Rg



CODE KEYS
23 LBL
11 A
41 t
35 9
06 ABS

35 23 9 x=y
33 05 ST05

24 RTN
02 2
83
05 5
04 4
71 x

33 05 STO 5
24 RTN
23 LBL
12 B

33 04 ST04
24 RTN. 23 LBL
13 C
41 t
83
00 0
04 4
05 5

34 05 RCL5
71 x
B3
00 0
02 2
04 4

34 04 RCL4
71 x
51 -

CODE KEYS
02 2
83
08 8
05 5
02 2
51 -
22 GTO
01 1
23 LBL
14 0
41 t
83
00 0
03 3
05 5

34 05 RCL5
71 x
83
00 0
02 2
05 5

34 04 RCL4
71 x
51 -
01 1 .
83
09 9
03 3
02 2
51 -
22 GTO
01 1
23 LBL
15 E
41 t

CODE KEYS
83
00 0
05 5
07 7

34 05 RCL5
71 x
83
00 0
03 3
06 6

34 04 RCL4
71 x
51 -
02 2
83
05 5
03 3
02 2
51 -
23 LBL
01 1

33 01 STO 1
81
43 EEX
02 2
71 x
84 RIS

34 01 RCLl
24 RTN

35 01 9 NOP

R1 Used R4 Age in years R7
R2 Rs Ht (em) Rs
R3 Rs Rg Used



CODE KEYS
23 LBL
11 A
83

1
07 7
06 6
02 2

34 05 RCL5
71 x
83
OB 8
01 1

3404 RCL4
71 x
51 -
06 6
83
02 2
09 9
51 -
22 GTO
01 1
23 LBL
12 B
83
00 a
02 2
04 4

34 06 RCL5
71 x
83
00 a
01 1
02 2

34 04 RCL4
71 x

CODE KEYS
61 +
02 2
83
06 6
03 3
51 -
22 GTO
01 1
23 LBL
13 C
01 1
07 7
04 4

34 05 RCL5
35 24 gx>V

01 1
61 +

35 07 gx~y
35 08 9 RJ.

83
• 00 a

07 7
08 8
71 x

3404 RCL4
43 EEX
02 2
81 "-
51 -
07 7
83
03 3
06 6
51 -
22 GTO

CODE KEYS
01 1
23 LBL
14 0
41 t
83
00 a
04 4
07 7

34 05 RCL 5
71 x
04 4
83
08 8
06 6
51 -
23 LBL
01 1

33 01 STO 1
81
43 EEX
02 2
71 x
84 RIS

34 01 RCL 1
24 RTN

35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP

R1 Used R4 Age in years R7
R2 Rs Ht (em) Ra
R3 Ra Ra Used



CODE KEYS
23 LBL
11 A
41 t

33 01 STO 1
B3
02 2
05 5
71 x
24 RTN
23 LBL
12 B
41 t
83
07 7
05 5

34 01 RCL1
71 x
24 RTN
23 LBL
13 C
41 t

35 09 9 Rt
51 -

33 02 ST02
35 08 glH

24 RTN
23 LBL
14 0

34 01 RCL1
83
05 5
71 x

34 02 RCL2
81
24 RTN

CODE KEYS
23 LBL
15 E
41 t
83
00 0
02 2

34 05 RCL5
71 x
83
00 0
03 3

3404 RCL4
71 x
51 -
05 5
43 EEX
42 CHS
05 5

34 04 RCL4
71 x

34 04 RCL4
71 x
51 -
01 1
83
03 3
61 +

33 01 STO 1
81
43 EEX
02 2
71 x
84 RIS

34 01 RCL1
24 RTN

CODE KEYS
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
3501 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 I 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP

Rt Used R4 Age in years R7
R2 Used Rs Ht (em) Rs
R3 Rs Rg



CODE! KEYS
23 LBL
11 A

33 01 STO 1
24 RTN
23 LBL
12 B

33 02 ST02
24 RTN
23 LBL
13 C

33 03 ST03.
24 RTN
23 LBL
14 D

33 08 ST08
24 RTN
23 LBL
15 E
41 t
83
00 0
08 8
04 4
71 x

34 08 RCL8
81

34 02 RCL2
41 t

34 01 RCL1
81
23 LBL
01 1
83
03 3

34 03 RCL3

CODE KEYS
81
71 x
31 f
07 LN
71 x
24 RTN

35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
3501 gNOP.
35 01 9 NOP
3501 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
3501 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
3.5 01 gNOP
35 01 gNOP
35 01 gNOP

CODE KEYS
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
3501 9 NOP
35 01 gNOP
3501 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
3501 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
b501 NOP

R
'
F,CAR R4 R7

R2FACAR Rs Rs tBH

R3FACO RS Rg



CODE KEYS
23 LBL
11 A
00 0

35 07 gx~y
35 24 9 X>y
33 08 ST08

24 RTN
03 3
02 2
61 +
01 1
83
08 8
42 CHS
81

33 08 ST08
24 RTN
23 LBL
12 B

34 08 RCL8
02 2
07 7
03 3
61 +

33 02 STO 2
35 9
04 'Ix

33 01 STO 1
07 7
83
05 5
02 2
02 2
04 4
06 6

r \
I

CODe KEYS
07 7
41 t
01 1
02 2
02 2
03 3
83
03 3
01 1

34 01 RCLI
71 x
51 -
02 2
02 2
02 2
06 6
01 1
03 3
83
07 7

34 01 RCLI
41 t
71 x
71 x
51 -
01 1
02 2
03 3
02 2
03 3
04 4
03 3
02 2

34 01 RCLI
71 x

CODE KEYS
34 01 RCL 1

41 t
71 x
71 x
61 +
32 f·'
08 LOG

33 08 ST08
24 RTN

35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
3501 9 NOP

35 01 I 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 nNOP

R1 lIT (K-1) R4 R7
R2 TIKI Rs Rs T (Cl, PHzo .
R3 Rs Rg Used



CODE KEYS
23 LBL
11 A

33 01 STO 1
24 RTN
23 LBL
12 B
31 f
61 TF 1
22 GTO
01 1

3304 ST04
34 02 RCL2
34 01 RCLI
3408 RCL8

23 LBL
04 4
51 -
81 .,.
81
B3
03 3
05 5
09 9
02 2
71 x

33 03 ST03
3404 RCL4

24 RTN
23 LBL
01 1

3403 RCL3
3402 RCL2
34 01 RCL1
34 08 RCL8

23 L8L

CODE KEYS
03 3
51 -
81 .,-
71 x
02 2
83
07 7
08 B
04 4
71 x
32 r1

51 SF 1
24 RTN
23 LBL
13 C
31 f
61 TF 1
22 GTO
02 2

3304 ST04
03 3
01 1
00 0

34 01 RCLI
04 4
07 7
22 GTO
04 4
23 LBL
02 2

34 03 RCL3
03 3
01 1
00 0

34 01 RCL 1

CODE KEYS
04 4
07 7
22 GTO
03 3
23 LBL
14 0
32 f-I
61 TF 1

33 03 ST03
24 RTN

34 03 RCL3
32 r1

51 SF 1
24 RTN
23 LBL
15 E
31 f
51 SF 1
24 RTN

35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
3501 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP

R1 PeAR R4 Used R7
R2 T(K) Rs Re PH,O
R3 VSTPO Rs Rg



CODE KEYS
23 LBL -
11 A
00, 0

35 071 9 x-':'y
35 24 9 x>y
3306 STO 6

24 RTN
02 2
83
02 2
42 CHS
81

33 06 STO 6
24 RTN
23 LBL
12 B

33 03 ST03
24 RTN
23 LBL
13 C

33 08 ST08
24 RTN
23 LBL
14 0
00 0

34 03 RCL3
35 23 9 x=y

22 GTO
01 1
23 LBL
02 2
08 8

34 06 RCL 6
35 22 9 x<:.y

22 GTO

CODE KEYS
03 3
02 2
04 4
09 9
41 t
06 6
01 1
22 GTO
04 4
23 LBL
03 3
01 1
09 9
03 3
41 t
01 1
02 -2
04 4
23 LBL
04 4

34 06 RCL6
31 f
08 LOG
71 x
61 +
43 EEX
02 2
81
32 f-1
08 LOG

34 08 RCL8
81

34 06 RCL6
02 2
83

CODE KEYS
02 2
71 x
61 +

33 01 STO 1
24 RTN
23 LBL
01 1
02 2
03 3

34 06 RCL 6
35 22 9 x~y

22 GTO
02 2
02 2
07 7
02 2
41 t
04 4
04 4
83
02 2
22 GTO
04 4
23 LBL
15 E

34 01 RCL 1
61 +

33 01 STO 1
24 RTN

35 01 9 NOP

R1 TV R4 ,R7

R2 2.2 Rs Ra Rate (B/min)
R3 Sex Ra Wt (kg) Rg Used



CODE KEYS
23 LBL
11 A
00 a

35 07 9 x~y
35 22 9 x<'y

22 GTO
01 1
01 1
83
08 8
71 x
03 3
02 2
61 +
42 CHS
23 LBL
01 1
42 CHS
09 9
09 9
51 -
00 a

35 24 gx>y
34 01 RCL1

24 RTN
61 +
83
00 a
05 5
71 x

34 01 RCL1
71 x

34 01 RCL1
61 +

33 01 ST01

CODE KEYS
24 RTN
23 LBL
12 B
00 a

35 07 9 x-;;'y
35 22 9 x<'y

22 GTO
02 2
03 3
83
02 2
08 8
42 CHS
71 x
23 LBL
02 2
42 CHS
02 2
43 EEX
03 3
81

34 01 RCL1
71 x
83
00 a
05 5
7) x

34 01 RCL1
61 +

33 01 STO 1
24 RTN
23 LBL
13 C

34 01 RCL1
83

CODE KEYS
01 1
71 x

34 01 RCL1
61 +

33 01 STO 1
24 RTN
23 LBL
14 0

34 01 RCL 1
34 06 RCL6

01 1
83
01 1
71 x
51 -

33 01 STO 1
24 RTN
23 LBL
15 E

34 01 RCL1
83
02 2
71 x

34 01 RCL 1
61 +
24 RTN

35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP

R1 TV (ml) R4 R7
R2 Rs Rs
R3 Rs Wt (kg) Rg Used



CODE KEYS
23 LBL
11 A
00 0

35 07 9 x"2.y
35 24 gX>V
33 06 ST06

24 RTN
02 2
83
02 2
42 CHS
81

33 06 ST06
24 RTN
23 LBL
12 B

33 01 STO 1
05 5
51 -

33 08 ST08
34 01 RCL1

24 RTN
23 LBL
13 C

33 OB ST08
24 RTN
23 LBL
14 D

33 07 ST07
24 RTN
23 LBL
15 E

34 06 RCL6
01 1
83

CODE KEYS
04 4
07 7
71 x
61 +

34 07 RCL 7
35 07 9 x"t'-y

51 -
04 4
00 0

34 01 RCL1
34 08 RCL8

51 -
51 -
81
04 4
00 0

34 01 RCL 1
51 -
71 x
24 RTN

35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP

CODE KEYS
3501 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP

Rl PaCO, (mmHg) R4 R7 TV (ml)
R2 Rs Rs PECO, (mmHg)
Ra Rs Wt (kg) Rg Used



CODE KEYS
34 05 RCL5

43 EEX
02 2
81
84 R/S
23 LBL
11 A
43 EEX
02 2
71 x
31 f
83 INT

34 05 RCL5
32 j-l

83 INT
61 +

33 05 ST05
34 06 RCL6

43 EEX
03 3
81
24 RTN
23 LBL
12 8
43 EEX
03 3
71 x
31 j

83 INT
34 06 RCL6

32 rl

83 INT
61 +

33 06 ST06
34 RCL

CODE KEYS
09 9
24 RTN
23 LBL
13 C
33 STO
09 9
24 RTN
23 LBL
14 0

34 06 RCL6
43 EEX
03 3
81

33 01 STO 1
06 6
83
01 1
01 1
51 -
32 j-I

08 LOG
34 05 RCL5

03 3
02 2
05 5
07 7
81
71 x

33 08 ST08
35 00 9 LST X

61 +
24 RTN
23 LBL
15 E
34 RCL

CODE KEYS
09 9
01 1
83
06 6
03 3
71 x
09 9
83
05 5
61 +

34 01 RCLI
07 7
83
04 4
51 -
71 x

3408 RCL8
61 +
02 2
04 4
51 -
01 1
34 RCL
09 9
07 7
00 0
81
51 -
71 x
24 RTN

R, Used R4 R7
R2 R5 Used Rs Used
R3 Rs Used Rg Hgb



CODE KEYS
23! LBL

111 A
34 05 RCL 5

32
1 f-

I

83 INT
43 EEX
03 3
71 x
24 RTN
23 LBL
12 B
43 EEX
03 3

33 08 ST08
81

33 01 STO 1
34 05 RCL5

43 EEX
02 2
81
24 RTN
23 LBL
13 C
43 EEX
02 2
71 x
31 f
83 INT

34 01 RCLI
61 +

33 05 ST05
34 06 RCL6
34 08 RCL8

81
24 RTN

CODE KEYS
23 I LBL
14 0

34 08 RCL8
71 x
31 f
83 INT

33 01 STO 1
34 06 RCL6

32 f-1

83 INT
34 08 RCL8

71 x
24 RTN
23 LBL
15 E
41 t
41 t

34 08 RCL8
81

34 01 RCL 1
61 +

33 06 STO 6
34 08 RCL8

81
07 7
83
04 4
51 -
04 4
08 8
71 x

35 07 9 x;;'y
03 3
07 7
51 -

CODE KEYS
02 2
83
04 4
71 x
51 -
04 4
43 EEX
03 3

34 05 RCL5
81 ~
31 f
08 LOG
06 6
71 x
61 +
43 EEX
02 2
81
32 f-1

08 LOG
11 A
71 x
24 RTN

35 01 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 9 NOP
~" n1 ."1'\0

R, Used R4 R7
R2 Rs Used Rs 1000
R3 Rs Used Rg



CODE KEYS
23 lBl
11 A

33 01 STO 1
41 t
71 x

33 08 ST08
41 t
71 x

34 08 RCl8
34 01 RCl1

71 x
01 1
05 5
71 x
51 -
41 t
41 t

3408 HCl8
02 2
04 4
00 0
00 0
71 .x
61 +

35 07 9 x~y
34 08 RCl8

02 2
00 0
04 4
05 5
71 x
61 +

34 01 RCl1
OZ 2
43 EEX

CODE KEYS
03 3
71 x
61 +

35 07 9 x~y
34 01 HCl1

03 3
01 1
01 1
00 0
00 0
71 x
51 -
02 2
04 4
43 EEX
05 5
61 +
81
43 EEX
OZ 2
71 x

33 08 ST08
24 RTN
23 lBl
12 B

33 08 STOB
34 RCl
09 9
24 RTN
23 lBl
13 C
33 STO
09 9

34 08 RCl8
01 1

CODE KEYS
03 3
04 4
71 x
71 x

3401 HCl1
03 3
01 1
71 x
61 +
43 EEX
04 4
42 CHS
71 x
24 RTN
23 lBl
14 0

33 04 ST04
24 RTN
23 L8l
15 E

33 03 ST03
34 04 RCl4

24 RTN
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
?c n, • hinD

R, POZ R4 Ca02 R7

R2 RS Rs (pOz)2, SAT
R3 CvO, Rs Rg Hgb



CODE KEYS
23 LBL
11 A

34 05 RCL5
43 EEX
02 2
81 -'"
24 RTN
23 LBL
12 B
43 EEX
02 2
71 x
31 I
B3 INT

34 05 RCL 5
32 I-I
83 INT
61 +

33 05 ST05
34 06 RCL 6

43 EEX
03 3
81
24 RTN
23 LBL
13 C
43 EEX
03 3
71 x
31 I
B3 INT

34 06 RCL6
32 I-I
B3. INT
61 +

CODE KEYS
33 06 ST06
35 OQ 9 LSTX

43 EEX
03 3
71 x
24 RTN
23 LBL
14 D
03 3
07 7
51 -

33 01 STO 1
B3
00 a
01 1
09 9
71 x
32 I-I

08 LOG
34 05 RCL 5

71 x
31 I
83 INT

34 05 RCL 5
32 I-I

B3 INT
61 +

33 05 STO 5
43 EEX
02 2
81
24 RTN
23 L8L
15 E

34 01 RCL 1

CODE KEYS
03 3
07 7
61 +
43 EEX
03 3
81

34 06 RCL6
34 01 RCL 1

01 1
04 4
B3
06 6
71 x
51 -
31 I
83 INT
61 +

33 06 STO 6
43 EEX
03 3
81
24 RTN

35 01 gNOP
35 01 gNOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP

R, 6T R4 R7
R2 RS Used Rs
R3 RS Used Rg



CODE KEYS
23 LBL
11 A

34 08 RCL8
24 RTN
23 LBL
12 B

33 081 ST08
34 05 RCL 5

15 E
24 RTN
23 LBL
13 C
43 EEX
03 3
81

34 05 RCL 5
31 I
83 INT
61 +

33 05 STO 5
34 06 RCL6

15 E
24 RTN
23 LBL
14 0

33 01 STO 1
43 EEX
03 3
81

34 06 RCL 6
31 I
83 INT
61 +

33 06 ST06
34 08 RCL8

CODE KEYS
34 081 RCL 8

71 x
83 •
03 3
01 1
02 2
00 a
00 a
08 8
71 x

34 08 RCL 8
06 6
02 2
83
05 5
71 x
51
03 3
01 1
03 3
00 a
61 +

34 08 RCL8
34 08 RCL 8

71 x
09 9
83
09 9
03 3
0·1 1
03 3
71 x

34 08 RCL 8
01 1
09 9

CODE KEYS
09 9
03 3
71 x
51 -
43 EEX
05 5
61 +
81

34 01 RCL 1
03 3
07 7
51 -
71 x
32 t-I

08 LOG
34 05 RCL 5

15 E
71 x
13 C

34 05 RCL 5
15 E
24 RTN
23 LBL
15 E
32 I-I

83 INT
43 EEX
03 3
71 x
24 RTN

R1 BT lOCI R4 R7
R2 Rs Used Rs SAT
R3 R6 Used Rg



CODE KEYS
23 LBL
11 A
31 I
51 SF 1

33 01 STO 1
34 02 RCL 2

24 RTN
23 LBL
12 B
31 I
71 SF 2

33 OS ST08
32 1-1

61 TF 1
44 CLX
24 RTN

34 01 RCL 1
35 07 9 x-::'y

81
24 RTN
23 LBL
13[ C
32 1-1

61 TF 1
22 GTO
01 1
31 I
81 TF 2
22 GTO
02 2

3401 RCL 1
35 07 9 x1:.v

81
33 08 STOB

23 LBL

CODE KEYS
02 2

34 01 RCL 1
43 EEX
04 4
81
32 1-1

B3 INT
34 08 RCL8

31 I
B3 INT
61 +

33 02 STO 2
32 1-1

51 SF 1
32 1-1

71 SF 2
34 05 RCL 5

43 EEX
02 2
81 -'-
24 RTN
23 LBL
14 0

34 01 RCL 1
B3
OS 8
06 6
03 3
71 x

35 07 9 x-::'y
81

35 00 9 LSTX
43 EEX
02 2
71 x

CODE KEYS
31 I
83 INT

34 05 RCL 5
32 1-1
83 INT
61 +

33 05 STO 5
35 OS 9 RJ,
33 01 STO 1

24 RTN
23 LBL
15 E
41 t
41 t

34 01 RCL 1
51 -

35 07 9 x-::'y
81
24 RTN
23 LBL
01 1
32 I-I
81 TF 2
44 CLX
81

34 OS RCL8
71 x

33 01 STO 1
22 GTO
02 2

R, "'C02• VA R4 R7
R:! Used Rs Used Rs 'V02
R3 Ra Rg .



CODE KEYS
23 LBL
11 A

33 08 STO 8
34 05 RCL5

32 I-I

83 INT
43 EEX
03 3
71 x
24 RTN
23 LBL
12 B
43 EEX
03 3
81

34 05 RCL 5
31 f
83rlNT
61 +

:33 05! STO 5
43 EEX
02 2
81
24 RTN
23 LBL
13 C

33 01 STO 1
43 EEX
02 2
71 x
31 f
83 'NT

34 05 RCL 5
32 I-I

83 INT

CODE KEYS
61 ' +

3305!ST05
34 RCL
09 9

34 02 RCL 2
32 f-I

83 INT
34 02 RCL 2

31 f
83 INT
00 0

35 23 9 x=y
22 GTO
01 1

35 08 9 R,J,
43 EEX
04 4
81
81
23 LBL
01 1

35 09 9 Rt
33 STO
09 9

35 08 9 R,J,
24 RTN
23 LBL
14 D

34 01 RCl1'
42 CHS

35 07 9 x~y
81

35 00 9 LST X
35 9
04 I/x

CODE KEYS
01 11
51, -

34 01 ' RCL 1
71 x

34 08 RCL 8
07 7
06 6
00 0
81
71 x
61 +

3408 RCL 8
61 +

33 01 STO 1
34 05 RCL 5

32 I-I
83 INT
43 EEX
03 3
71 x
51 -
24 RTN
23 LBL
15 E

34 01 RCL 1
24 RTN

35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP

R1 PaC02, PA02 R4 R7
R2 Used Rs Used Rs P,02
R3 Ra Rg Hgb



PHYSIOLOGIC SHUNT AND FICK

CODE I KEYS

35 01 I 9 Nap
35 01 i 9 Nap
35 01 i 9 Nap
35 01 ! 9 Nap
35 01 ! 9 Nap
35 01 j 9 Nap
35 01 I 9 Nap
35 01 I 9 Nap
35 01 i 9 Nap
35 01 f 9 Nap
35 01 i 9 Nap
35 01 I 9 Nap
35 01 II 9 Nap
35 01 9 Nap

35 01 I· 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 i 9 Nap
35 01 I 9 Nap
35 01 I' 9 Nap
35 01 9 Nap
35 01 • 9 Nap
35 01 i, 9 Nap
35 01 I 9 Nap
35 01 I 9 Nap
35 01 ' 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap

CODE' KEYS

23 LBL
11 A

33 01 STO 1
34 04 RCL 4

24 RTN
23 LBL
12 B

33 04 STO 4
34 03 RCL3

24 RTN
23 LBL
13 C

33 03 STO 3
34 02 RCL 2

24 RTN

~~
LBL
D

31 f
83 INT

34 02 RCL 2
32 f-I

83 INT
61 +

33 02 STO 2
34 04 RCL4
34 03 RCL3

51 -

) 81
j 01 1

00 0
81

"\ 33 08 ST08
43 EEX
02 2
71 x

CODE I KEYS
31 I
83 iNT

34 07 RCL 7
32 I-I

83 iNT
61 +

33 07 STO 7
34 08 RCL 8

24 RTN
23 L8L
15 E

34 01 RCL1
34 04 RCL 4

51 -
34 01 RCL1
34 03 RCL 3

51 -
81
43 EEX
02 2
71 x
24 RTN

35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap
35 01 9 Nap

R, CA02 R4 Ca02 R7 Used
R2 Used Rs Ra CO
R3 ev02 Rs Rg



CODE KEYS
23 LBL
11 A
00 0

35 07 gx:t.y
35 24 gx>y
33 05 ST05

24 RTN
42 CHS
02 2
83
05 5
04 4
71 x

33 05 ST05
24 RTN
23 LBL
12 B
00 0

35 07 gx-:t.y
35 24 gX>y
33 06 ST06

24 RTN
42 CHS
02 2
83
02 2
81

3306 ST06
24 RTN
23 LBL
13 C

34 05 RCL5
83
07 7
02 2

CODE KEYS
05 5
35 9
05 y'

3406 RCL 6
83
04 4
02 2
05 5
35 9
05 yX
71 x
01 1
03 3
09 9
83
02 2
81

33 01 STO 1
43 EEX
02 2
81

34 07 RCL 7
31 I
83 INT
61 +

33 07 ST07
34 01 RCL 1

24 RTN
23 LBL
14 D

3407 RCL 7
43 EEX
02 2
81 .,-
24 RTN

CODE KEYS
23 LBL
15 E
43 EEX
02 2
71 x
31 I
83 INT

34 07 RCL 7
32 I-I
83 INT
61 +

33 07 ST07
35 00 9 LST X

81
43 EEX
04 4
81
24 RTN "!"'''''

35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
3501 gNOP
3501 gNOP
35 01 gNOP
35 01 gNOP
35 01 gNOP

~"~-1

35 01 gNOP
35 01 gNOP

R1 BSA R4 R7 Used

R2 Rs Ht Rs
R3 RS Wt Rg Used



CODE KEYS
23 LBL
11 A
00 0

35 07 9 x":?:-v
35 24 gX>y
33 05 ST05

24 RTN
42 CHS
02 2
83
05 5
04 4
71 x

33 05 STO 5
24 RTN
23 LBL
12 B
00 0

35 07 gxt:y
35 24 gX>y
33 06 ST06

24 RTN
42 CHS
02 2
83
02 2
81

33 06 ST06
24 RTN
23 LBL
13 C

3405 RCl5
83
03 3
35 9

CODE KEYS
05 yx

34 06 RCl6
43 EEX
03 3
71 x
41 t
31 f
08 LOG
83
00 0
01 1
08 8
08 8
71 x
83
07 7
02 2
08 8
05 5
51 -
35 9
05 yx
81
03 3
01 1
01 1
08 8
81

33 01 STO 1
43 EEX
02 2
81

34 07 RCL 7
31 f
83 INT

CODE KEYS
61 +

33 07 ST07
34 01 RCL 1

24 RTN
23 LBL
14 D

34 07 RCL 7
43 EEX
02 2
81
24 RTN
23 LBL
15 E
43 EEX
02 2
71 x
31 f
83 INT

34 07 RCL 7
32 f-1

83 INT
61 +

33 07 STO 7
35 00 9 LST X

81
43 EEX
04 4
81
24 RTN

35 01 gNOP

R1 BSA R4 R7 Used
R2 Rs Ht Ra
R3 Rs w.t Ra Used



CODE KEYS
.23 LBL
11 A
31 I
43 REG

33 07 ST07
24 RTN
23 LBL
12 B
35 g
B3 DSZ
33 STO
61 +
01 1

34 02 RCL 2
35 24 gx>y

22 GTO
01 1

35 07 gx:t.y
33 02 STO 2
35 07 9 x-::'y

32 1-1
51 SF 1
23 LBL
01 1
31 I
61 TF 1
22 GTO
02 2
B3
06 6
05 5
71 x

35 24 gX>y
22 GTO
03 3

CODE KEYS
34 08 RCL8

42 CHS
24 RTN
23 LBL
03 3

35 07 gx~y
33 03 ST03
34 OB RCL 8
33 04 ST04

31 I
51 SF 1
24 RTN
23 LBL
02 2
83
04 4
05 5
71 x

35 22 g x<,y
34 08 RCL 8

24 RTN
35 OB g R~
33 02 STO 2
3404 RCL4
3408 RCL8

51 -
3403 RCL3
34 02 RCL 2

81
31 I
07 LN
81
B3
05 5
51 -

CODE KEYS
71 x

34 01 RCL 1
61 +

34 07 RCL 7
71 x
32 1-1

51 SF 1
33 02 5102

24 RTN
23 LBL
13 C

34 02 RCL2
71 x

33 02 STO 2
24 RTN
23 LBL
14 0

3402 RCL2
81
06 6
43 EEX
03 3
71 x
31 I
B3 INT

33 07 STO 7
43 EEX
02 2
81
24 RTN

R, SO R4 -N65 R7 aT. lOOCO
R2 Used Rs Cleared Ra -N. -N45

R3 065 Ra Cleared fle Used



CODE' KEYS
34 04 RCL4

84 RIS
23 LBL
11 A

33 04 ST04
34 03 RCL3

24 RTN
23 LBL
12 B

33 03 ST03
34 02 RCL 2

24 RTN
23 LBL
13 C
31 I
83 INT
41 t
41 t

34 02 RCL 2
32 1-1

B3 INT
61 +

33 02 ST02
44 CLX

3404 RCL4
3403 RCL 3

51 -
81
01 1
00 0
81

33 01 STO 1
43 EEX
02 2
71 x

CODE KEYS
31 I
B3 INT

34 07 RCL 7
32 I-I
83 INT
61 +

33 07 STO 7
34 01 RCL 1

24 RTN
34 07 RCL 7

32 I-I
B3 INT
43 EEX
02 2
71 x
84 RIS
23 L8L
14 D

33 08 ST08
43 EEX
02 2
81

34 07 RCL 7
31 I
83 INT
61 +

33 07 STO 7
43 EEX
02 2
81

34 DB RCL8
81
24 RTN
23 L8L
15 E

CODE KEYS
34 07 RC~ 7
35 07 9 x~y

81
01 1
00 0
71 x

33 01 STO 1
24 RTN
23 LBL
01 1

34 07 RCL7
32 I-I
83 INT
43 EEX
02 2
71 x
81 "'"
42 CHS
84 RIS

34 01 RCL 1
84 RIS
22 GTO
01 1

35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP
35 01 gNOP
35 01 9 NOP
3501 aNOP

R1 CO,SV R4 C.02 R7 Used
R2 Used Rs Rs BSA
Ra Cy°2 Rs Rg



COPE KEYS
23 LBL
11 A
33 STO
09 9
32 f-1

51 SF 1
24 RTN
23 LBL
12 B
32 f-1

61 TF 1
22 GTO
01 1
33 STO
61 +
01 1
35 9
83 DSZ

34 08 RCLB
42 CHS
24 RTN
23· LBL
01 1

33 01 STO 1
31 f
51 SF 1
01 1
42 CHS

33 08 ST08
01 1
24 RTN
23 LBL
13 C

34 01 RCL 1
34 OB RCL8

COPE KEYS
42 CHS
81
32 f-1

51 SF 1
33 01 STO 1

24 RTN
23 LBL
14 D
34 RCL
09 9

35 07 gx~y
81
06 6
00 0
71 x

33 08 ST08
34 07 RCL 7

43 EEX
02 2
81
24 RTN
23 LBL
15 E
41 t
41 t
43 EEX
02 2
71 x
31 f
83 INT

3407 RCL 7
32 f-1

83 INT
61 +

33 07 ST07

COPE KEYS
35 08 9 RJ-
34 08 RCL8

81
83
00 0
04 4
04 4
05 5
81 .,.

3401 RCL 1
31 f
09 ~
81 .,.
32 f-1

51 SF 1
33 08 ST08

24 RTN
23 LBL
02 2
83
07 7

.
81 ",

42 CHS
84 R/S

34 08 RCL8
84 R/S
22 GTO
02 2

35 01 gNOP
35 01 aNOP

Rl ~ap,LiP R4 R7 Used
R2 Rs Rs -N.S/M. A
R3 Rs Rg T



CODE KEYS
23 LBL
11 A

33 01 STO 1
33 08 ST08

24 RTN
23 LBL
12 B

33 02 ST02
33 08 ST08

24 RTN
23 LBL
13 C

33 05 STO 5
33 08 STO 8

24 RTN
23 LBL
14 0

33 06 ST06
33 08 STOB

24 RTN
23 LBL
15 E
35 9
83 DSZ
22 GTO
01 1

34 05 RCL 5
34 06 RCL6

51 -
34 05 RCL 5
34 01 RCL 1

51 -
81 ~
43 EEX
02 2

CODE KEYS
71 x
41 t
35 9
06 ABS

35 23 9 x=y
42 CHS
24 RTN
44 CLX
24 RTN
23 LBL
01 1
01 1

33 08 ST08
34 02 RCL 2
34 01 RCL 1

51 -
34 05 RCL 5
34 01 RCL 1

51 -
81
43 EEX
02 2
71 x
41 t
35 9
06 ABS

35 23 9 x=y
24 RTN

35 01 9 NOP
44 CLX
24 RTN

35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP

CODE KEYS
35 01 9 NOP
3501 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 I 9 NOP
35 01 9 NOP
35 01 I 9 NOP
35 01 gNOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 9 NOP
35 01 a NOP

R, R-SYST R4
. R7

R2 R-Pul Rs L-Pul Ra Toggle
R3 Rs L-SYST Rg Used



CODE KEYS
23 LBL
11 A

33 06 ST06
44 CLX

33 Ot STO 1
33 03 ST03
3304 ST04
33 05 ST05
34 06 RCL 6

21 DSP
83
03 3
24 RTN
23 LBL
t2 B
21 DSP
83
01 1

34 01 RCL 1
35 07 9 x:t.y
3301 STO 1
35 07 9 x-:t.y

00 0
35 23 9 x=y
a501 9 NOP

24 RTN
35 08 9 Rt

51 -
41 t
41 t

34 06 RCL6
81

34 03 RCL3
35 07 gx-:t.v
35 24 gx>y

CODE KEYS
33 03 ST03
35 01 gNOP
34 01 RCL1
35 09 9 Rt

02 2
81
51 -

33 08 ST08
81

33 02 ST02
34 04 RCL4
35 07 gx-::'y
35 22 9 x';;'y

24 RTN
3501 9 NOP
33 04 ST04
35 00 gLSTX
33 05 ST05
3508 9 Rt

24 RTN
23 LBL
13 C

34 03 RCL3
21 DSP
83
00 0
24 RTN
23 LBL
14 D

3404 RCL4
21 DSP
83
01 1
24 RTN
23 LBL

CODE KEYS
15 E
21 DSP
83
02 2

34 08 RCL8
34 04 RCL4

71 x
34 05 RCL5
34 02 RCL2

71 x
51 -

34 08 RCL8
34 05 RCL5

51 -
00 0

35 23 9 x=y
24 RTN

35 01 9 NOP
35 08 9 Rt

81
03 3
00 0
81
24 RTN

35 01 9 NOP
35 01 9 NOP.
35 01 9 NOP
35 01 9 NOP
35 01 gNOP
35 01 gNOP

R1 PN R4 Max dP/dt/P R7
R2 dP/dtlP Rs PM Rs Pp

R3 Max dP/dt R6 t.t Rg Used



CODE KEYS
23 LBL
11 A
32 1-1
61 TF 1
22 GTO
01 1
33 STO
61 +
01 1
35 9
83 DSZ

3408 RCL'S
42 CHS
24 RTN
23 LBL
01 1

33 01 STO 1
01 1
42 CHS

3308 ST08
31 f
51 SF 1
01 1
24 RTN
23 LBL
12 B

34 01 RCL 1
3408 RCL8

42 CHS
81

33 01 STO 1
32 1-'
51 SF 1
24 RTN
23 LBL

CODE KEYS
13 C

33 08 ST08
34 07 RCL 7

43 EEX
02 2
81 ~
24 RTN
23 LBL
14 0
41 t
41 t
43 EEX
02 2
71 x
31 f

< 83 INT
34° 07 RCL 7

32 r'
83 INT
61 +

33 07 STO 7
35 08 9 Rj.
3408 RCL8

71 x
06 6
00 0
81

34 01 RCL 1
71 x
01 1
03 3
83
06 6
71 x
33 STO

CODE KEYS
09 9
32 r'
51 SF 1
24 RTN

34 07 RCL 7
32 1-1

83 INT
43 EEX
02 2
71 x
84 R/S
23 LBL
15 E

3301 STO 1
43 EEX
02 2
81

34 07 RCL 7
31 f
83 INT
61 +

33 07 ST07
34 RCL
09 9

34 01 RCL 1
81
24 RTN

3501 gNOP
35 01 gNOP
3501 gNOP

R1 ~P, P, BSA R4 R7 Used

R2 Rs Ra -N, R-R
R3 Ra Rg SW
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