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INTRODUCTION 

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for 
the HP fully programmable calculator user. This service is designed to save you time and programming effort. 
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in 
terms of power and flexibility, but the real genie in the bottle is program solutions. HP's introduction of the first 
handheld programmable calculator in 1974 immediately led to a request for program solutions - hence the begin­
ning of the HP-65 Users' Library. In order to save HP calculator customers time, users wrote their own programs 
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs 
were accepted and made available. This overwhelming response indicated the value of the program library and a 
Users' Library was then established for the HP-67/97 users. 

To extend the value of the Users' Library, Hewlett-Packard is introducing a unique service-a service designed 
to save you time and money. The Users' Library has collected the best programs in the most popular categories from 
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting 
in substantial savings for our valued HP-67/97 users. 

We feel this new software service will extend the capabilities of our programmable calculators and provide a 
great benefit to our HP-67/97 users. 

A WORD ABOUT PROGRAM USAGE 

Each program contained herein is reproduced on the standard forms used by the Users' Library. Magnetic 
cards are not included. The Program Description I page gives a basic description of the program. The Program 
Description II page provides a sample problem and the keystrokes used to solve it. The User Instructions page 
contains a description of the keystrokes used to solve problems in general and the options which are available to 
the user. The Program Listing I and Program Listing II pages list the program steps necessary to operate the calcu­
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent 
information about data register contents, uses of labels and flags and the initial calculator status mode is also found 
on these pages. Following the directions in your HP-67 or HP-97 Owners' Handbook and Programming Guide, 
"Loading a Program" (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing I and 
Program Listing II pages. A number at the top of the Program Listing indicates on which calculator the program 
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult 
Appendix E of your Owner's Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97 
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but 
some differences do occur in the keycodes used to represent some of the functions. 

A program loaded into the HP-67 or HP-97 is not permanent-once the calculator is turned off, the program 
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card, 
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner's 
Handbook for full instructions. A few points to remember: 

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your 
program, review the status section and set the conditions as indicated before using or permanently re­
cording the program. 

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have 
recorded the program. This simple step will protect the magnetic card and keep the program from being 
inadvertently erased. 

As a part of HP's'continuing effort to provide value to our customers, we hope you will enjoy our newest concept. 
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Program Deserip'ion I 
Program Title 67 - Pulmonary Medi ci ne/Ma 1 e Spi rometry Standards 

Contributor's Name Ri chard C. Rodgers M. D. 
Address 2045 Oak Street Apt 3 
City San Francisco State CA Zip Code 94117 

Program Description, Equations, Variables Provides calculation of predicted & percent 

predicted values of the following for male subjects: 

Predicted values of: (Ht in cm, age in yrs.) 
VC = (O.58oHt)-(.025oAge)-4.24(liters) Vital capacity 

FEV = (.036oHt)-(.032oAge)-1.26(liters) Forced Expiratory Volume* 

MEFR = (.043oHt)-(.047oAge)+2.07(liters/sec) Max. Expiratory Flow Rate 

MVV = (.9oHt)-(l.5l oAge)+27(liters) Max. Ventilatory Volume ** 

RV = (.03oHt)+(.015 oAge)-3.75(liters) Residual Volume 

TLC (.094oHt)-(.015oAge)-9.l7(liters) Total Lung Capacity 

FRC = (.05l oHt)-5.05(liters) Funct. Residual Capacity 

FEF = (.02oHt)-(.04oAge)+2(liters/sec) Forced Expiratory Flow 

Actual FEF is = (.5oVC)/~t(liters/sec) (from 25% to 75%) 

25% VC = .25oVC 
75% VC = .75oVC 

* After one second 

** After twelve seconds 

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description 11. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING. USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(es) 

SampleProblem(s) Given Ht. = 72 in, Age = 28, measured VC = 5.2, calculate all 
predicted levels, % predicted for VC & FEF. (t25% = .4, t75% = 1.0 ). 

Solution(s) 72[CHS][A] 28[f][A] 5.2[B] ----> 5.67 9-, VC pred; 91.76% predicted 
[f] [B] --------> 4.43 9-, FEV, 

[C] --------> 8.62 9-/s, MEFR 
[f] [C] -------~~49.31 9-.MVV 

[0] --------> 2.16 9-, RV 
[flED] --------> 7.60 9-, TLC 

[E] -------- 4.28 9-, FRC 

Reference (s) 

[flEE] ---->4.549-/sFEFpRED ;1.30(display or y) 
.40[R/S] -->3.90(display only) 
1.O[R/S] -->4.339-/s,FEFAC . 

95.50% PRED. 

1) Morris, J.F., Koski, A., & L.C. Johnson, AM. REV. RESP. DIS., 57: 103 (1971) 
2) Bates et.ill ., RESP. FTN. IN DISEASE, Saunders (1971) 
3) HP 65 program #00189A. 

I, 



STEP 

1. 

2. 
3. 
4 

5. 

6. 

7. 

8. 

PULMONARY/MALE STANDARDS 
~1 Age(yrs) 
~ Ht(cm,-in) 

FEVl MVV TLC 
VC MEFR RV 

INSTRUCTIONS 
INPUT 

DATA/UNITS 

Enter sides 1 and 2 of card 
Input height • cm or -in 
Inout aQe yrs 
Tnnllt mp;I<:llrpn v;llllP (nntinn;ll' ;Inn r;llrlll;ltp' 

a) Predicted VC* 
b) Predicted FEV1* 
r' Jlr~rI ; r t-"!1iMJ:" J:"IL* 

d) Predicted MVV* 
e) Predicted RV* 
f) Predicted TLC* 
g) Predicted FRC* 

* Followed by % of predicted if measured value 
was inout initiallY. 

Input measured VC (not necessary if entered 
above) calculate oredicted FEF and disolay VC(£L-
25% VC 

Input time associated with this value from 
spirogram and display 75% VC t?t\'¥-. 

Input time associatedwith this value t75% 

Actual FEF is now displayed, 
followed by % Predicted 

FEF -+ % 
FRC 

KEYS 

c=J[ ~ 
[Dc=J 
LiJ[~1 
c=Jc=J 
r~=l [=:J 
r_I J [~_J 
[-t] l_--=J 
[(] [-~_ 1 
r Jj-ll- J 
[ - f_ ) l _<1-) 
[:Ll r- -] 
[ - ~ II J 
L __ J [. __ . I 
l ) [ - I 
r -) l J 
[ I [ I 
I f I [ el 
I IL -] 

[ .- . -I r----] 

r I [ - 1 
[ ) r J 
l R/sl [ I 
[ I [ 1 
I ~J l J 
[ J [_ J 
r R)S] [- 1 
r 

- I [ - I 
l_ J L_ I 
[ - _ J[-_ J 

[ ) L ) 

r I [ I 
r I [ I 
[ 

-

Il _ J 

l I [ ) 

I 1/ __I 

[ I [ I 
I I [ ] 
I I r I 
I Il J 
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OUTPUT 
DATA/UNITS 

cm 
vrs 

VC(£~ 
FEV 1(£)* 
MEFR(£/S~ 

~l~~ 
RV(£)* 
TLC(£)* 
FRC(£~ 

FEFnr(.QIS. \ 
25% vc 

75% VC 

FEF ac(£7ST 
% Pred. 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
8[i] ··i..E:LI-i .-, , 

11 Convert & store HT 857 Ji:LBLC 21 r MEFR routlne ~l 
,j 

Bi2i2 X> fi'~ 16-44 858 ~~CLe 36 BO 

I fie] ;;roo .;.-, {W B59 -62 ~.:. 

Bfi4 C:hS -La:.: B60 0 Bii 
805 L 62 861 4 B4 
t1[i6 -62 B62 :3 83 
BEl? .5 fjr. B6] .x: -35 ~, 

808 .:; l14 864 It:CLl 36 61 
0[19 )( ~r 

-62 -oj,.' B65 
8Hi *LBLO 21 8[1 B66 [1 flO 
£111 STOO 35 BO HT+(o) 867 4 84 
fH2 It: TN 24 Store age 86B ..- B7 
B13 ;;:LBLc\ 21 16 ; , 

-35 l. B'C! x t>_. 
814 ST01 35 81 Age +(1) 

870 -45 
815 HN 24 Ivc B71 " fl2 ~ 

B16 Ji:LBLB 21 12 routine 872 -62 
B17 ST02 35 62 IVC +(2) 

873 13 BO 
B18 ReLe 36 £18 B74 ? ff? 
819 -62 8?5 + -55 
82[1 0 86 876 P02 r 82 .:. 
821 5 85 8"" Ji:LBLc 21 16 13 MVV routine ,. ,-
8'='':' c' fl8 878 RCLe 36 fiB ~i- '-' 
823 }:: -35 879 -62 
B24 ~:cU 36 61 880 9 B9 B?r:; -62 f18i .": -35 
1326 e 88 882 It:CLl 36 81 
B27 c.: 82 B83 1 til 
828 r 85 884 -62 ~, 

fPC! .:..: -35 885 5 85 ~-' 

~33B -45 88£ 1 81 
ff31 4 B4 8E:? x -35 8"1':' -62 B88 -45 .. 'a:.. 

f13:3 2 fJ2 B89 2 fJ2 [134 4 84 896 ? 87 
835 -45 891 + -55 
B36 I;T02 ~.~: b2 8":" fT02 2" €I2 ~.:. 

~ routine FEV, routine -' ~ RV B3? Ji:LBLb 21 16 12 893 *LBLD 21 14 
838 RCLe 36 B€I 894 HL8 36 BEl 
839 -62 £195 -62 
&40 €I Bfi ft96 e; BO 
841 .3 83 897 3 B3 
f.l42 6 f16 B% ::.~ -35 
B43 ,x. -35 899 RCu 36 01 
844 It:CLl 36 IH 18e -62 
845 -62 101 [1 Bii 
846 e Be W2 81 
947 3' 83 10] r fl5 ~I 

fl4B " 82 184 .X: ~r "- -,j", 

B49 x -35 1115 + -55 
85e -45 leG -:; [;3 ~, 

1351 61 1[17 -62 
852 -62 lOE: 7 8(' 
853 ~, fj" 

169 5 135 "- ~ 

854 6 ~6 116 -45 
&55 -45 

I,ll GT02 22 &2 
856 P02 .-,.-. 82 ..1 a;~ 

REGISTERS • 1 2 3 4 5 6 7 8 9 0 
HT(CM) Age (yrs) VC actu 1 t Z5 % FEF pred 

83 84 85 86 87 88 89 
, 

80 81 82 
.~ 

A IB Ie D JE J 
't '. j 
:jli< 
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c:n:g K!=V ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

112 J#:L8LeJ 21 16 14 jI'LC rout~ne 168 ~ 85 ..I 

113 Ret9 36 8B 169 }:: -35 
114 · -62 1713 1<:,,'"$ 51 
115 e 88 171 ST03 35 83 t25t~(3) 

116 9 89 172 RCL2 36 82 
117 4 84 173 . -62 
118 x -35 174 7 B7 
119 RCLl 36 81 175 5 B5 
128 · -62 176 :x: -35 
121 8 BB 177 I<: .... s 51 1 ~,~, 
£.~ 1 81 178 RCLJ 36 83 

123 5 85 179 - -45 
124 x -35 188 RCL2 36 92 
125 - -45 IS1 . -62 
126 9 89 182 5 95 
j FJ~ -62 183 .x -35 ,&~( · 128 1 81 184 ;X;;y -41 
r'C! 7 €I? 185 -24 c._. I 

13e - -45 186 PJ<.'TX -14 
131 GT02 22 82 187 I<:CL4 36 B4 
17 -:< *LBLE 21 15 FRC routine 188 SF3 16 21 83 ~, ... 
133 peLe 36 Be 189 GT03 22 83 
134 · -62 198 *LBL2 21 8~' c. 
135 9 BB 14' -' . PRTX -14 
136 " 05 14':' *LBL3 21 f13 ..I _ .... 
137 1 ill 193 F3? 16 23 83 
13S x -35 194 GT04 22 84 
139 5 B5 195 RTN 24 
14e · 6'-' - L 196 *LBL4 21 84 
141 B 8B 147 _. I -24 
142 5 85 198 EEX -23 
143 - -45 199 2 B2 
144 GT02 oj_) B~' -35 ~ ... .: 28f1 x 
145 *LBLe 21 16 15 FEF routine 281 PInX -14 
146 RCL9 36 fiB 282 RTN 24 
147 · -62 2f13 R .... e: . ~. 51 
148 e 88 
149 2 82 
150 .":{ -35 
151 f;:CL1 36 B1 
152 · -62 
153 f1 Be 210 

154 4- 64 
155 .x -35 
156 - -45 
157 ~, 

.: fJ2 
158 + -55 
159 S704 35 .)4- FEF pred 
168 P~:TX -14 
161 F~'" ,j :' 16 23 83 
162 GT01 ~I'-I 91 .:.: 

163 f;:CL2 36 82 220 

164 *LBL1 21 81 
165 8T02 35 9:2 
166 · -62 
167 2 €I2 

LABELS FLAGS SET STATUS 
A 

HT B VC C MEFR D RV E FRC 0 
FLAGS TRIG DISP 

a b c d e FEF 
1 ON OFF 

AGE FEV~ MVV TLC 0 0 e9 DEG :u FIX ~ 
0 1 2 3 4 2 1 0 [1g GRAD 0 SCI 0 

2 0 [XI RAD 0 ENG 0 
5 6 7 8 9 3 

3 0 60 
n_2 __ 
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Program Deseription I 
67 - PULMONARY MEDICINE/ FEMALE SPIROMETRY STANDARDS 

Program Title 

Contributor's Name Richard C. Rodgers, M.D. 

Address 

City 

2045 Oak Street Apt 3 

San Francisco 

Program Description, Equations, Variables 

Predicted values of: 

VC= (.045 ·Ht) - (.024·age) 

FEV = (.035·Ht) - (.025·age) 1 . 

MEFR= (.057· Ht ) - (.036·age) 

MVV= (.762·Ht) - (.8l·age) 

RV= (.024· Ht) + (.Ol2·age) 

TLC= (.078·Ht) - (. Ol·age) 

State Calif. 

(Ht in em, age in yrs.) 

- 2.852 (liters) 

- 1. 932 (liters) 

- 2.532 (liters/sec. ) 

- 6.29 (liters) 

- 2.63 (liters) 

- 7.36 (liters) 

FRC= (. 047· Ht) - 4.86 (liters) 

Zip Code 94117 

Vital Capacity 

Forced Expiratory Volume * 

Max.Expiratory Flow Rate 

Max.Ventilatory Volume * * 

Residual Volume 

Total Lung Capacity 

Funct.Residual Capacity 

FEF= (.02·Ht) 
2 

- (.03·age) - (.00006·age ) + 1.3 (liters/sec.)Forced Expira 

Actual FEF= (.5 VC)/~t, where ~t = [t75% - t25%1 

25%VC 

75%VC 

. 25VC 

• 75VC 

*After one second 
**After twelve seconds 

Operating Limits and Warnings 

Flow (from 25% to 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. . 

ory 
5%) 

II 

. 
i 

, 
.fi-



Sketch(es) 

Sample Problem(s) Given Ht. = 60 in. L age = 28 yrs. I measured VC = 3.0 Ii ters~ 

t25"% = .4" t 75l!> = 1. 0, calculate all predicted level.s and % predicted values 

for VC & FEF. 

Solution(s) Load male spirometry card sides 1 & 2: 60 [CHS] [A] 28[f] [A] 

load female spirometry card sides 1 & 2: 3[B] + 3.3~., VC d 89.98% predicted 
pre ; 

[f] [B]+ 2.709., FEVI 
[C]+ 5.15R./s, MEFR [f] [E]+3.469,./s, FEFpred7 ~:? 5 (di:;playoll!y 

[f] [C] +87 .16g, MVV .40 [R/S]+ 2.25 (display on!y) ___ _ 

[D]+ 1. 36R., RV 1.0 [R/S]+ 2.50 9,./s, FEFac 

[f] [D]+ 4.259., TLC 72.23 % predicted 

[E]+ 2.30R., FRC 

Reference(s) 1) Morris et a1. r AM. REV. RESP. DIS., 57: 103 (1971). 

2) Bates et al., RESP FTN. IN DISEASE, Saunders (1971). 

3) HP-65 program #00190A 

7 



8 

PULMONARY/FEMALE STANDARDS 

FEV. MVV 
VC MEFR 

STEP INSTRUCTIONS 

1 Enter sides 1 & 2 of "Male Spirometrv 

Ic::;t-;:,nn;:,rr'l<:::" ..,' ·~,.... .... n 
~ J 

.., IT 1- •• 1-. ..,..~, ." ... ~ 
3 In2ut ~~e 
4 Enter sides 1 & 2 of "Female Standards" program 

5 Input measured value (optional)and calculate: 
a) predicted VC* 
b) predicted FEVl* 

c) predicted MEFR* 
d) predicted MVV* 

e) predicted RV* 

f) predicted TLC* 

g) predicted FRC* 

*followed by % of predicted if measured value 

waf:: inDllt init-irlll" 

6 Input measured VC (not n"~"C'''larv if inDllt abovp 

under Sal, calculate predicted FEF and 
Display 25% VC 

7 Input time associated with this value (from 

spirogram) and display 75% VC 

8 Input time associated with this value 

9 lAr.tllrll FEF iF; nnw t'liF;nlrlvPt'I fnllnwpt'l hv 

% predicted 

TLC 
RV 

INPUT 
DATA/UNITS 

cm or -in 

~rs 

VC (£) 

t2S& 

t7<;g, 

FEF-+% 
FRC 

KEYS 

CJ [=-:J 
c=J c::=J 
[- A J l_--=-I 
CU L_~~ 
[---,~ [=~ 
ll[~~ 
C~] [==-=-J 
[ il [jO 
[=-~Z1 [ __ = 'l 
[~J [~c~ 
L:-nJ C~ 
CEil!) ] 
1'-E J L~ __ ---:J 
l'~ [_ J 
[=_, J C-- I 
r :=J [_ J 
Lf_1 U--] 
1'~J L-----=:J 
[ -J[~ 

[R/sl [_=l 
['--] ~~ 
--- ---

litRJ [ '-=:::J 
[ -J ['l 

- ---- -- -----

I ==-~ l ===:1 
l =_-:=J L_---=:J 
r'~~ [,~ 
[=,ICJ 
L--] C-=:J 
[-=-1 L=l 
[-J [-J 

. --- - -----

," .l L= I 
[ __ :=J l"_-.::J 
r 1 C __ J 
[_J [=- ] 
[- JL~ 

-- ------- -r- I l_'--:::J 
I -] L __ -'I 
I . -. I [==J 
r 

-

JL J 

, 
OUTPUT 

DATA/UNITS 

cm 

yrs--,-

~£)* 
FEVl (£) * 

MEFR(.Q,~ 

MVV(£)* 

RVC£) * 

TLC(£)* 

FRC(Q,)* 

%pred. 

FEF ... ~ (£Is 
25%VC 

~. , 
{;.'t 

75% VC I 
"1 

FEFa~( Q,fS) 
, I 

%pred. 



) 

971)r()~r8m I~is.in~ I 
9 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
8el :+:..BLf 21 ~ .-, VC routlne 857 - -45 J.': 

Of12 srOL ~I:" rJ?· VC-+ (2) 858 2 82 ';'J~I ~i':' 

8[1] H:Lf 36 fI(j 959 · -62 
8fi4 · -62 86ft 5 85 
805 0 eo 861 3 fl3 
€Ift6 4 fl4 962 2 02 
BO? c:: as fl63 - -45 .' 
8Be x -35 864 GT02 22 82 
8£19 PCLl 36 tll 865 *LBLc: 21 16 13 MVV routine 
810 -62 966 RCL8 36 98 
£111 0 f1(j B67 · -62 
£112 2 tP ... 868 7 87 
fH3 4 84 869 6 86 
B14 x -35 87£1 ~, 

.::. 8~' .: 
[115 - -45 871 x -35 
fl16 2 8:' ... 8"~' (.;;. RCLl 36 f11 
017 · -62 873 · -62 
til t; c' 08 874 8 fl8 '-' 

B19 c 65 ..J 875 1 81 
826 2 62 fI"~ (b x -35 
821 - -45 

I 
9"'''' - -45 ,. ; 

8~'~' GT02 .,., 82 878 6 86 LL .:.::. 
I 823 *LBL" 21 16 12 ,FEV, routine 879 -62 · 824 ReL8 36 8fl 888 ~, &2 .: 

825 · -62 881 9 89 
826 (I f;fj 9",r, b.::. - -45 er ,., 3 03 983 GT02 22 82 routine 

L( 
RV 828 5 B5 984 tLBLD 21 14 

029 ::{ -35 885 ~:CL8 36 88 
83[1 F:CLl 36 fll 986 · -62 
831 · -62 887 8 fltl 
8'v 
-'~ 

(1 13e 888 2 82 
8.j';, 2 if2 889 .; fl4 
12134 5 85 89(1 x -35 
835 .={ -35 891 RCLl 36 &1 
036 - -45 892 · -62 
8~~ .j{ 1 131 893 8 80 
838 · -62 894 1 81 
839 9 (:19 995 2 92 
841;) 3 83 896 x -35 
1341 2 B2 897 + -55 
842 - -45 898 -, 82 .: 
843 1;'T02' ·-'--1 &2 899 -62 '-.:. 
844 *LBLC 21 13 MEFR routine 18£i 6 86 
845 f<:CL0 36 &0 101 .3 83 

I 846 -62 182 - -45 I · 847 fI till 183 GT02 22 8~' .: 
1348 5 B5 1f14 tLBLd 21 16 14 TLC routine 
e49 7 &7 185 RCL8 36 88 
1215(1 .:4. -35 186 1 81 
851 peL1 36 &1 187 (' 87 
852 · -62 188 4 84 
853 f1 8fl 189 X:)' -41 
e54 ~ 83 118 X.>Y? 16-34 -~ 
855 6 86 111 GT05 22 85 
856 x -35 I I 

REGISTERS 
0 1 2VC actua!t3 

4 5 6 7 8 9 HT (em) AGE (yrs) t 25 % FEF prec 

50 51 52 53 54 55 56 57 58 59 

A 
A IB Ie 0 IE r 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
- 112 >:tl" -41 168 [HS -22 

113 CUi -51 169 .l{ -35 
114 *LBL6 21 86 178 - -45 
115 + -55 171 1 Bl 
116 0 -62 172 0 -62 
117 6 9fi . .,~ 

li.j ~ 83 
118 7 87 174 + -55 
119 8 B8 175 ST04 35 84 FEF pred 
120 x -35 176 PRTX -14 
121 RCLl 36 Bl 177 F3? 16 23 83 
1 ~,~, 

~.:. 0 -62 178 GTOi 22 81 
123 €I Bfi 179 RCL2 36 82 
124 1 Bl IBe *LBLl 21 81 
125 x -35 181 ST02 35 B2 
126 - -45 182 0 -62 
1 ~,", 
~,. 7 €I"' .- 183 ~, 82 ~ 

128 . -62 IB4 5 fiS 
pC! 
_J 3 B3 185 x -35 

138 6 86 186 R--'-S 51 
131 - -45 187 ST03 35 83 t25% -+(3) 
132 GT02 22 B2 188 RCL2 36 f12 
133 *LBL5 21 85 189 0 -62 
134 X;i' -41 198 ., ,. B""' .-
135 CLX -51 191 5 85 
136 1 B1 192 x -35 
137 GT06 22 B6 lCj~ -- ~ p/s 51 
138 *LBLE 21 15 FRC routine 194 F:CL3 36 83 
139 RCLfI 36 8ft 195 - -45 
14ft 0 -62 lCj~ _-b RCL2 36 fr' .: 

141 8 BfI 197 0 -62 
142 4 B4 198 5 85 
143 ., 87 199 -35 ( .-\ 

144 x -35 298 x .. · .. , .. 1 -41 
145 4 84 281 ...... .f 

-",-'t 

146 . -62 282 PF.:TX -14 
147 8 B8 2€13 f.'CL4 36 B4 
148 6 B6 2B4 SF3 16 21 83 
149 - -45 285 P03 22 ff' ,:, 

158 GT02 ~'''I 82 286 *LBL2 21 82 "'-"'-
151 *LBLe 21 16 15 E'EF routine 287 PRTX -14 
152 RCL8 36 8fi 288 *LBL3 21 B3 
153 0 -62 289 n? 16 23 83 
154 €I Bf! 218 GT04 ?~, 

-"'- 84 
155 ~, 

.:. B2 211 RTN 24 
156 ):" -35 212 *LBL4 21 84 
157 RCL1 36 81 213 - -24 
158 -62 214 EEX -,.,. 

0 _oJ 

159 8 BfI 215 ~, 82 .:. 
i 16[1 ? 83 216 x -35 .' 

1""1 b. x -35 217 PF.:TX -14 
162 - -45 218 RTN 24 
163 RCLI 36 81 219 R---C-.. - .... 51 
164 X~ 53 
165 6 86 I 
166 EEX -23 
167 5 85 

LABELS FLAGS SET STATUS 
A B VC C MEFR 0 RV EFRC 0 

TRIG DISP FLAGS 

, 
a b FI::V, c 

MVV 
d e FEF 

1 ON OFF 
TLC 0 0 19 DEG :&J FIX OJ: 

0 1 2 3 4 2 1 0 Kl GRAD 0 SCI 0 

5 6 8 9 3 
2 0 XJ RAD 0 EN~ 0 

7 
3 0 jfl 

n __ 



PULMONARY PROGRAM SERIES 

The following programs may be used in a series to carry out the 

many calculations in a particular medical procedure. The following is an 

example from a respiratory intensive care unit. This example is fairly 

complicated. Before attempting it,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. 

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 parameters and it is assumed that 

02 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. 02 saturation and content is calculated before 

temperature correction. 

PROGRAM 

VENOUS BLOOD: 
BLOOD ACID - BASE STATUS 

INPUTS 

PC02=44 mmHg; pH=7.375; 
H9:b=15 gm/IOO ml 

P02=40 mmH9:; (PC02); (pH): 

OUTPUTS 

TC02=26.22 mmol/t 
BE=O. 01 mEq/t 

VP02=34.64 mmHg 

11 

VIRTUAL P02 & 02 SATURATION 
& CONTENT BT =39°C 

(VP02); (Hgb) 
(in display, reg.) 

Est. Sat. =66.54%; 

ANAEROBIC PC02 & pH CHANGE 

ANAEROBIC P02 CHANGE 

ARTERIAL BLOOD: 
BLOOD ACID-BASE STATUS 

VIRTUAL P02 & 02 SATURATION 
& CONTENT 

ANAEROBIC PC02 & pH CHANGE 

ANAEROBIC P02 CHANGE 

(PC02); (pH); (BT) 

(SAT); (P02); (BT) 

PC02 = 4OmmH9:; pH=7ft; 
(Hgb) 

P02 = 90mmHg; (PC02); (pH); 
(BT) 
(VP02); (Hgb) 

(PC02); (pH); (BT) 

(SAT); (P02); (BT) 

SvQ2 = 13.48 Vol.% 

PC02 =48D2 mmHg; pH 7.35 

P02 =46.15 mmHg 

TC02 =25.18 mmol! t 
BE = -0.04mEq/ t 

VP02 = 80.59 mmH9: 
(in display reg. ) 

Est. Sat. =95.91% 
Ca0 2 =19.53 Vol. % 

PC02 =43.65 mmH9:; pH=7.37 

P02 =102.19 mmH9: 
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VENTILATION/PERFUSION: 

DEAD SPACE FRACTION 

ALVEOLAR-ARTERIAL OXYGEN 
TENSION DIFFERENCE 

VC02 =240 ml/min; 
V0 2 = 300 ml/min; (Pa C02 ); 

VE = 7.4 R,lmin 

PI02 =200 mmHg; (Pa 0 2 ); 
(p aC02); (~) 

R
O 

= 0.80; VA 

VD/VT = 0.36 

4.74 R/min; 

A-a Diff =46.12mmHg; 
~ = 148.31 mmHg 

(in display reg.) 

VIRTUAL P02 & 02 SATURATION Sat. 98.91% 
CA0 2 =20.34 Vol. % 

PHYSIOLOGIC SHUNT & FICK (CA0 2); (Ca 0 2); (Cv02); 
(\7°2) 

(in display reg.) 

CO = 4.96 Q,/min; 
SHUNT = 11.85% 

BODY SURFACE AREA (Dubois) Ht = -69 in.; Wt =52kg 
(CO) 

Ht =175.26 cm; BSA = 1.63 m2; 
C~ = 3.04 Q,/min/m2. 

For repetitive series of 
the entries and results, 
that programs are run in 
calculations completed. 
patient's record. 

calculations we recommend that you make up a work sheet for recording 
and make copies of it. This will not only serve as a guide to insure 
the correct sequence, but it will also serve as a record of 
It should be in a format which will permit direct inclusion in the 



Program Deserip'ion I 
Program Title LUNG DIFFUSION 

Contributor's Name Hewlett Packard 

Address 1000 N. E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables This program evaluates the equation to calculate the 

lung diffusion capacity (DLCO) using the single breath method. 

Equation Used: 

DLCO= 
VA(0.084) 

Note: 

The initial concentration of carbon monoxide (FICO) is assumed to be 0.3%. If a 

different standard value for FICO is desired, it may be entered for use as 

desired by pressing [f] [A]. 

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description 1/. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN· 
TlAl DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

13 
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Sketch(es) 

Sample Problem(s) 

1) In this example, the carrier gas is helium. Calculate the lung diffusing capacit 

using an initial helium concentration of 10%, an alveolar helium concentration of 

8%, an alveolar carbon monoxide concentration 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. 

2) For same data; calculate lung diffusing capacity assuming an initial carbon 

monoxide concentration of 0.45%. 

Solution(s) 

1) 10 [A] 8[B] .159 [C] 10 [D] 4930 [E] ~ 17.05 ml CO/min./mmHg 

2) If problem 1) has already been run: 

.45 [f] [A] 4930 [E] ~33.84 ml/CO/min/mmHg. 

If problem 1) has not been run then do: .45 [f] [A] and return to l)~ 

Reference(s) This program is a modification of the Users I Library program #0019lA 

submitted by Hewlett Packard. 

Comroe, et.al., The Lung, Year Book Medical Publishers Inc., 1962. 



LUNG DIFFUSION 

STEP INSTRUCTIONS 

1 Enter program 

I' Optional: if F CO other than 0.3% is to be 
.L 

,,::,,::'n ",nt-",,,. it-
2 Input in an~ order 

FTCAR 

and FnCAR 

and F CO 
n. 

and t 
on 

3 Input V.,. and calculate DLCO .. 
Detailed User In!'ltructions· 

'T'h", ."."'rTn; ·"'co ~;., it:~m5=: of innnt-
information. They may be input in any order 
with the exception of the alveolar volume 

which must be input last. The proararn is 
operated as follows: Input initial 

It-,,.~t:ion of I";,,,.,,.i "'". in n"''''I''",nt- (F'TCAR) 
~ ~ 

press [A] . Input alveolar carrier :rati 

in 1+ (Ti' I"'n'Q)' press [B] • Input alveolar 

carbon 
.A 

monoxlde concentration in percent 

(F CO) Dress fCl TnDnt- hr~~th holn t:im~ in 
se~onds (t ) , press [D] . Input alveolar 

volume in milliliters (V ) press fEl and 
M. 

t-h", ni",nl",,, ",hnl.J'" +h", 1 1'Y'T ":H ~f'11 "'; nrT ,...:. n:. r'; +" 
-J -~ 

(DLCO) . 

INPUT 
DATA/UNITS 

FTCO,% 

% 

% 

% 

seconds 

V (ml) 
n. 

m 

VA-+ 
DLCO 

KEYS 

CJ[:=J 
c=:J c=J 
[f J [-i-J 
c=J [ J 
[A~ [_] 
[~_J c=J 
c:-] [--~-I 
G~-

L:n=J CJ 
[l] C~-~l 
L - -_I L --~ 
L -] [-] 

---- ---

[-~~I r-=-l 
[----=J ,- -~1 

I ---1 [ -J 
- -- ------

[-- - J [---] 
---- ---- -

[ 1 r __ 1 
[=~~_] L-~l 
[--j [~-=J 
[--JCJ 
L J [ - J 
[- ----:J [~ --] 

----- -----L ---] [----] 
-- -- -- ---

L ___ ~ J [ -~] 

L-~~ L~-~ 

[--J [-] 
--------- ------

[-~-~l L=] 
[ __ ~ [----=-1 
L __ l L ___ J 
[~~-=] [ ~] 

l-~C~ 
r--~~-l [=J 
r---l L --=:] 
---- -

1---:--] [~ 
[ - JC~ 
[ __ J L~ 
L -_-~.J [-~_-~~ 
l_J [=-J 
[- -.J [-] 
---- -_.-

'--]L] 

15 

OUTPUT 
DATA/UNITS 

F CO% 
.L 

FTCAR 

F CAR 
~ 

F CO 

t
A 

OLe 

DLCO 



16 97 I)r()~ram I ... is'in~ I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

8ell *LBLo. 21 16 11 Store FICO (%) 
882 ENTt -21 
883 ENH -21 
884 -62 060 · 985 .3 83 
886 - -24 
887 ST04 35 84 Sto modified FICO 

88B SF8 16 21 8B 
B89 RJ· -;i1 Display FICO 
81£1 R1N 24 
811 *LBLA 21 11 Input FICAR 
812 S101 35 81 
813 RTN 24 
814 *LBLB 21 12 070 

815 ST02 35 82 
Input FACAR 

816 RTN 24 
817 *LBLC 21 13 Input FACO 
818 ST03 35 83 
819 RTN 24 
828 *LBLD 21 14 Input tBH 
821 STa8 35 88 
822 RTN 24 
823 ,:LBLE 21 15 Input VA & calculate 
824 ENTt -21 DLCO 080 

8"~ -62 i 
':~I · 826 f:I 8B 

8"" '-, 8 88 
828 4 84 I 

8';.'" -35 I 

~-' 
x 

83fl RCL8 36 88 
831 -24 
832 RCL2 36 82 
833 ENTt -21 
834 RCLl 36 81 I 090 

i 

835 -24 I -
836 6" I · - .: 

I B37 3 83 
838 Fe? 16 23 8B Was FICO stored, 
839 1;"881 23 81 :Yes 
848 RCL3 36 83 I 

I 841 - -24 
842 x -35 
843 LN 32 
844 x -35 100 

845 PRTX -14 DLCO 
B46 RTN 24 
847 tLBLl 21 81 Recall reg 4 & 
848 RCL4 36 84 ,calc. FICO 
849 .~ -35 
B58 PTN 24 FLAGS - SET STATUS 

851 R.·'·S 51 o FICO 
FLAGS TRIG OISP 

1 ON OFF 
0 0 ~ DEG ~ FIX ~ 

110 2 1 0 ~ GRAD 0 SCI 0 

3 2 0 iii RAD 0 E~ 0 
3 0 ~ n_2-

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

F CAR 
...I F:n CAR F:nCO F

T
CO/.3 ~ 

SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A lB lC 0 
IE r 
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Program Deseripfion I 
Program Title WATER VAPOR PRESSURE AND RESPIRATORY GAS CONVERSIONS 

Contributor's Name Users I Library, Hewlett-Packard Company 

Address 1000 N.E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables This program allows the user to convert among three 

commonly used systems of respiratory gas volume measurement. The first part 

calculates water vapor pressure at a given ambient temperature; the result is used 

in converting to or from ambient conditions. It may be used alone if only the 

partial pressure of water vapor is desired. The balance of the program is used for 

the actual conversion of the gas volumes. 

Equations Used: 

where 

TA 

a 

b 

c 

d 

+ cT -2 
A 

ambient temperature, 

7.522467 

-1223.31 

-222 613.7 

12 323 432 

PH 0 2 water vapor pressure, 

Operating Limits and Warnings 

K 

torr 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

17 
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Program Deseripfion I 
Program Title WATER VAPOR PRESSURE AND RESPIRATORY GAS CONVERSIONS 

Contributor's Name 

Address 

City State Zip Code 

Program Description, Equations, Variables 

ATPS 

BTPS 

STPD 

PEAR 

V 

P -P 
V 

BAR H2O 273 
STPD TA 

V
ATPS 760 

V
STD 

(PBAR -47 
V

BTPS 
273 

310 
760 

T 
V A 

V 760 ATPS (P -P ) STPD 
BAR H2O 273 

BBTPS 
310 

V 760 
(P

BAR 
-47) STPD 

273 

Ambient temperature and pressure saturated witt water vapor: 

P=P -P T=T 
BAR H20, A 

Body temperature and pressure saturated with water vapor: 

P 
H20 =47mmHg, T=310K 

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

Barometric pressure, mmHg or torr 

Volume at condition indicated by subscript 

... 

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



, e Skelch(es) 

Sample Problem(s) 

1. Convert 4.3 liters BTPS at a barometric pressure of 743 mmHg to the equivalent 

volume at STPD. 

2. Convert a volume of 4.81 liters ATPS at 83 0 Fahrenheit and a pressure of 

765 mmHg to BTPS. 

Solution(s) 

l. 

2. 

743 IA] 4.3 IC] [E] [D] ~ 3.47 liters, STPD 

83 [CHS] If] [A] ~ 28.94 mmHg, P 
H20 

765 [A] 4.81 [B] [E] [C] ~ 5. 07 liters, BTPS 

Reference (s) This program is a modification of the Users' Library program # 00192A 

submitted by Hewlett-Packard. 

19 

1 
The water vapor pressure program is an approximation to the water vapor pres sur 

table in Scientific Tables published by Ciba-Giegy Limited, 7th Edition, 1970, and 
is valid for temperatures T, such that O<T ~lOO°C. 

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

1 

2 

':l 

4 

5 

WATER VAPOR PRESSURE AND RESPIRATORY GAS CONVERSIONS 

TEMP+ P 
H

2
0 

PBAR ATPS BTPS STPD 

INSTRUCTIONS 
INPUT KEYS 

DATA/UNITS 

Load side 1 and side 2 CJCJ 
If conversion between BTPS and STPD only is c=JCJ 
needed go to 3; otherwise go to 2. [- --] 1 _____ J 
Input ambient temp and calculate water c=Jc=J 
,,;,nnr nrAC::~llre °C or -OF [-~£J [-A-] 

(mmHc) r- _AJ l ] Input Pl'I1l.P P uA 
and volume at ATPS volmne [ _;-1 [=~ 
or volume at BTPS volume [-cJ L-=-] 
or volume at STPD volume [-=:DJ [--1 

Calculate desired volume at [- I L~~~_-] 
ATPS [~J [B-1 
BTPS [ 1 1-- J E -.-C--

STPD [=-E J 1.J2~ 
For a new case with same water vapor conditions 

l ___ ~~] l -] 

(Tn rn e::rAn ':l nrhArt.'; e::A (Tn rn e::rAn ? I --I l ____ J 
J L e- li --] 

I ---1 [ -l Detailed User Instructions: 
---------

In order to convert between BTPS volumes and [=-=~I r--=J 
C:'T'pn "n111mAe:: nn1v e::rAne:: ':l f;, ;1 nAAt'! hA .e::At'! [ ____ ] L __ ~J 
In such a case input the barometric pressure [-__ =- J I-~] 

in millimeters of mercury and press [A] . I _ J [_ I 
Next input the volume of the cras in either I ] C- I 
BTPS units or STPD units, and press either [-- II ---1 
[C] or [D] to define the volume system. [ J L ___ I 
Next Dress [El and then either fDl or [Cl [ 1 [ __ ~ 
dependinq on the conversion desired. r =- ---] L_-J 

[ ____ -~J l-j 
If conversion is desired to or from ATPS [ _____ 1 [ 1 
conditions the entire proqram must be used. To I ll-= ___ J 
do this, input the ambient temperature 

L ---] L ___ ] 

(Do~itive for °C neqative for OF) and press I 1 L~=~_J 
rf.Llli] . Next, in2ut the barometric pressure i1 I _l [--l 
millimeters of mercury and press [A] . Then, I 

- -1 r-~-.J 
-- -- -- -

input the volume to be converted, followed [ J [=--1 
bv the units of volume. (For example if 5 [ 11_=] 
, ; rAre:: C:'T'un ; e:: rn hA ,",,",THT,,,rr,,,t'! n,...",e::e:: rC;l rh"'n [ II _J 
press [D] . ) Next press [E] then press the I 1 [ __ J 
kAV f"'nrrAe::nnnt'!inn to the cuc' = .... in which the I I [--- I 

__J 

volume is desired. [ J[ J 

OUTPUT 
DATA/UNITS 

P (mmHa 
n2v 

pp.1I.p(mmHq) 

volume 

volume 

volume 

volume 

volume 

volume 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

f101 ':LBLv, 
~, ~ 16 11 8~:" 4 84 .::.. 

~I 

002 ,\,:'0';' 16-44 Input temperature & 858 3 83 
€lIE Gi00 .- .-. 00 if in of, convert tc 859 'J 82 c:c: .. 
004 7 03 °c 860 RCLl 36 81 ~, 

f105 2 8'=' 861 x -35 .. 
0136 + -55 862 RCU 36 81 
0117 1 £11 863 ENTt -21 
B0E: · -62 B64 ,x: -35 
809 8 88 865 x -35 
f1W CHS -22 866 + -55 
811 - -24 867 lfji! 16 33 
€I12 *LEiLe 21 8@ 868 STUB 35 88 
813 2 82 869 PRT:x. -14 Store & print water 
814 7 07 87e RTN 24 \Tapor pressure 
015 7 83 I 871 tLBLfI 21 11 ~, 

1 0 K 816 + -55 = °C + 273 872 STOl 35 81 Store P
BAR 817 ST02 35 82 i 873 RTN 24 

01t: l/X 52 874 tLBLB 21 12 
819 STDI 35 81 Calculate water 875 F1? 16 23 81 Input or output? 
£120 ? 87 876 Gr01 22 81 , 
€I') i -62 vapor pressure 8"'" Sr04 35 84 ~. · ( i 

Convert ATPS to STP[ f1~"-' 5 85 878 RCL2 36 82 £.L 

Bn ~, 

.::. 82 879 RCU 36 81 
024 2 B2 888 RCL8 36 88 
8';'" 4 04 881 *LBL4 21 84 
826 6 86 8B2 - -45 
8?'''' £.! 7 07 883 -24 
828 ENH -21 884 - -24 Fonvert to STPD 
f!l29 1 €II 885 6?' . - £. 

030 2 82 886 3 83 
031 2 £12 087 5 85 
032 

.., 

.j 83 888 9 89 
€I33 · -62 , 889 2 82 
034 3 83 898 x -35 
835 1 81 891 S103 35 83 
836 F:CU 

.., r 

/11 8Q ?' RCL4 36 84 .jb ~£. 

8.:, { )( -35 893 I<:TN 24 
83B - -45 894 *LBLi 21 81 
839 2 82 895 ReD 36 83 ~onvert STPD prev-840 2 8?' 896 ReL2 36 82 Co 

p..ously stored to fN1 r, iF 8Q ? ReLi 36 81 .::. .. - , ~TPS 842 6 86 898 ReLE; 36 88 
843 1 81 899 tLBD 21 83 
844 .j 83 188 - -45 
045 · -62 181 -24 
846 7 8'" i If12 x -35 
847 RCLl 36 f11 183 2 82 
04B ENTt -21 184 . -62 
f149 x -35 185 7 87 
0511 x -35 186 8 88 
f151 - -45 187 • 4 84 
f152 , 81 188 x -35 • 

~rint result 053 2 82 189 PRTX -14 
854 3 83 118 CFl 16 22 81 pear flag 
855 2 82 111 RTN 24 
856 3 83 112 ·'LEL~- ::. 1 13 REGI!..,· ... n.:> 

_. 
0 1 I/T,P

BAl 
2 3 4 5 6 7 8 9 

T (K) P H2O 
50 51 52 53 54 55 56 57 58 59 

A IB Ie D IE r 



22 97 Pr('~ram I~is.in~ I I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

-- 112 Ci'-· .. - 01 , i.: .tw ';'.j 

11& ,-·Tr,-:· .~.: 02 '':' j '-'':'' .:...:.. 170 

115 ST04 ~r 
.j .. i 04 

116 "7 &7 .' '''; 

117 ! [<I Set stack for .~ 

lIE !? 80 conversion from BTPE 
119 peL! '7: at to STPD and to 4 ... ''-' go 
126 4 04 
'" -:' ~ 07 .i.':".i. 

122 GT04 22 64 
123 :+:LBL2 .-, of fi2 ~J. 

124 RC1..3 ~,b 03 180 

l':'r .., OJ .:.. ... ' .;, 

12f f 131 " 
1':'''' e fi0 Set stack for conv-

':"1 

126' RCL1 36 01 ersion from STPD to 
pC! 
'-- 4 04 BTPS 

1:30 ! fi7 
p'f -.' .... GTO."3 22 03 
1:32 :+:LBLD 21 14 
133 F' ,-, l : 16 23 01 
134 GTOe .-,.-, BD 190 .:..:. Input, output? 
135 C-Tr':'7 35 OJ ..", .... \". 

1J6 RTN 24 Store STPD 

137 :+:LBLC 21 00 
138 RCL3 J6 OJ 
139 PRTX -14 

!Recall and print 140 CFl 16 . .,.., 
01 ;;.,;;. 

I 141 RTN 24 STPD 

142 :t:LBLE ·-'of .r iClear flag 
L.i i.1 

143 SFl f .- -:d 01 .. t "'.L 
144 RTN 24 ,set flag for cal cuI 200 

145 P·'S r, 
ations .JJ. 

150 

210 

160 

220 

LABELS FLAGS SET STATUS 
A P

BAR B ATPS C BTPS DSTPD Ecalculate 0 
FLAGS TRIG DISP 

a 
T+P TT ~ 

b c d e 1 ON OFF 
calculatE 0 0 ~ DEG ~ FIX ~ 

0 -2 1 2 3 'tTPD 
2 1 0 [gJ GRAD 0 SCI 0 

cbnst const calc 
5 6 7 8 9 3 

2 0 ~ RAD 0 EN~ 0 
3 0 [gJ n __ 



Program Deseripfion I 
Program Title VENTILATOR SETUP AND CORRECTIONS (RADFORD) 

Contributor's Name Users' Library, Hewlett-Packard Company 

Address 1000 N.E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables This program calculates the initial tidal volume for 

a ventilator patient. The first part calculates an approximation to the Radford 

nomogram tidal volume with correction for ventilator dead space only. The 

second part corrects the tidal volume for altitude, patient's temperature, 

daily activity, use of a tracheoto~ tube, and metabolic acidosis in anesthesia. 

Equations Used: 

TV 
bas 

TV 
corr 

where 

r 

Alveolar minute volume =10 (C1LOG WT+C2)/100ml/min. 

Alveolar tidal volume = 

Basal tidal volume (VT + Wt (lbs) ) ml 
A 

Basal tidal volume + ventilator dead space 

Breathing rate (breaths per minute) 

Operating Limits and Warnings 

Warning: 

This program yields an approximation to the Radford nomogram. The nomogram 

may not be applied with confidence to patients with muscular activity or 

abnormal lung function. 

Apply only the corrections which pertain to the patient for whom the program 

is being run. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
flPon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

23 
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Program Deseripfion I 
Program Title MEDICAL: VENTILATOR SETUP AND CORRECTIONS (RADFORD) 

Contributor's Name 

Address 

City State Zip Code 

Program Description, Equations, Variables 

For females: 

For males: 

124; W~8kg 

6l;8kg<W~23kg 

44.2;Wt>23kg 

193;Wt~8kg 

249;8kg<Wt~23kg 

272;Wt>23kg 

l24:Wt<8kg 

6l;Wt>8kg 

193;Wt~8kg 

249;Wt>8kg 

Operating Limits and Warnings 

Corrections: 

Temperature:+5% per OF above 99° (recta] 

Altitude: +5% per 2000' above sea level 

Activity: +10% 

1. 
Tracheotomy:- 2 body weight in pounds 

Metabolic acidosis in anesthesia:+20% 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Sketch(es) 

Sample Problem(s) 

Example: 

1) 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 milliliter-sr 

fever of 101 0 Fahrenheit, who is located 500 feet above sea level. 

2) What would be the corrected tidal volume if this patient wex-e ~n metabolic 

acidosis? 

S I t" () 1) 170 [CHS] [A] l[B] 15 [C] [D] -+462 .15ml, Basal Tidal Volume o U Ion s 

25 [E]-+487.15ml, Tidal Volume Corrected for Deadspace 

101 [CHS] [f] [A] -+535.86ml, TVcorr (body temp corr.) 

500 [CHS] [f] [B] -+542. 56ml, TVcorr (altitude corr.) 

2) [f] [E] -+651.07ml, TVcorr. for metabolic acidosis 

Reference(s) This program is a modification of the Users' Library Program jQQ193A 

submitted by Hewlett-Packard. 

Radford, Edward P., "Ventilation Standards for Use in Artificial Respiration," 

Journal of Applied Physiology, 7:451, 1955. 

25 



26 

STEP 

1 

? 

3 

4 

5 

6 

7 

8 

9 

VENTILATOR SETUP AND CORRECTIONS (RADFORD) 

~1 
~ 
~ 

TEMP ALT ACTIVE TRACH 
WT SEX RATE 

INSTRUCTIONS 
INPUT 

DATA/UNITS 

Load sides 1 and 2 

Tnr",t- 'W<>; nht- (.j..l(n f"\'" _, h \ Kg or -lb 
~ ~ ~ 

Input sex (0 for female, 1 for male) O=F l=M 

Input breathinq rate BR/min 
Calculate basal tidal volume 

Input ventilator dead space )S ml 
v 

Input patient t-<>m.-.o ... ,.ture (+oC OF) Or ,.., ... _0]<, 

Input altitude (+meters -feet) m or -ft 

For minor daytime activity 

(non comatose) 
or, for tracheotomy 

or, for metabolic acidosis durinq anesthesia 

Detailed User Instructions: 

To calculate the tidal volume required bv a 

nrlt-;Ant- ] nrln t-ho .; ... ~. , , 
" ~ 

Then input patient's weiqht in kiloqrams will 

be displaved Next innut: nat:iAnt-_'!=; !=;AX· rol 
for female, or [1] for male, and press [B]. 

Input breathinq rate at which the patient will 
be ventilated and press [C] • To calculate 

basal tidal volume (1 :ted) Dress rDl 

This value is the tidal volume approximation 
to the Radford nomogram. 

Next, input ventilator dead space, followed 

by [E] , giving the tidal volume corrected for 
the ventilator dead space. 

The remainder of the program applies the 

corrections specified in the Radford nomogram. 

Input patient's tem..J;illrature. in nAcr1':"ee~ (CAl!=;; I!=; 

or in degrees Fahrenheit neqatively and press 

[f] [A] to obtain the tidal volume corrected 

for patient temperature. Next input altitude 
in meters or in feet negatively and press [f] 

rBl t-n nht-<9.in tidal volume .:l for 

altitude. To correct tidal volume for minor 
daytime activity of a non-comatose patient, 

MET ACID 
DSV-+TVC 

KEYS 

CJ c:=J 
CLJ c:=J 
~C I 
cc=J r=J 
[_D-l [_ .1 
r--~J [_-=--J 
r-f~J l_A] 
[~(J [ ___ -13 J 
C- -1 r-=- ] 

-- ----

[ -. f"_J [ .c] 
l.£J [oJ 
[ ----l r-----;] 
-f--E 

[-_-=J [] 
[-~~_l [-_] 
[ -- __ ] L --I 
[ lr-_J 
I --___ J L --l 
[_I L~l 
[~~_j ,---=-J 
[- I [-==-J 
[-----J [--] 
------ ---

L ___ -=-l [ -~ 
[ ---J l ---1 

---- ------

[~-=~J l~ 
L~ L---:J 
l_--:=J [~ 
r--] [ ___ -1 
[-_J CJ 
C.J C=-J 
L-J L.=J 
[-- I [U-] 
[-] [---.:::J 
------- -

[ 
--l [ ____ 

I 
[ _] [-_J 
[-- J l--] 
- -- --- --- ----

[- __ J [~ 
L _ _ I [~-=~ 
I __ J [ . ] 
I 

-- J[ l 

OUTPUT 
DATA/UNITS 

Wt, (Kg) 

2=F,1=M 

BR/min 

trvbas (ml) 
~ -, 
l'V r'f"\ ...... {ml) 

!rV,.,n ...... (ml) 

Irv corr (ml) 

rvcorr (ml) 

trv r.n ...... (ml) 

trv, (ml) 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

Detailed User Instructions: con't c=J c=J 
c=J c=J 

Press rfl rel. If patient is fitted with a c=J l __ I 
I i-r;"-.h",ni-,,mu nr ",nt'lni-r,.,...h",,. 1 i-,,' ~ .~~ r~1 r,..,1 c:=JCl . "" I~_=J l~ to obtain the corrected tidal volume. If the 

ventilator is being used during the administ- I=J [~l 
ration of anesthesia and the patient exhibits 

1-- -] [-j 
-- ----

Im",i-,.hn1;,... ,.,...;t'lnc;c n..-",cc r-Fl rl<'l to obtain C~[-=I 
"" [=_~ll- ] ,..."rr",,...i-,,,t'l i-;t'l,.1 ",....1"m", 

[ 
-

J L __ ~~] 
C __ J [----] 

Note: [ -]1--=] 
Apply only the corrections which pertain to 

~- --J [--I 
- -----

I T_hA nrlT; AnT fnr whnm i-hA nrnnr",m i co h",i nn r" ... 
l- lr- I 
[ II ] 
r 

--

J r -J 

I J r- -_-I 
[ -.- _J l-__ ~~] 
[--~] C __ --] 
[ I r ] 
r -J[ I 
l ~ __ I [- I 
I II J 
I 

-

Jl l 
L---

J I 
---

I 
I_J I I 
I Il 

- . 

I 
I I [ I 
l - -

I L- I 
I _I L _I 

r 1 [ __ I 
I I L 

-

] 
[ 1/ _J 
I J [ l 

I 
I ] r _I 

[ I [ --- J 

I I [ __ =_1 

I I [_ -_ J 
I JL I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

9lil lLE:Ui 21 ; ; 

857 r, 82 ~l ~ 

882 X<€I? 16-45 858 x -35 
€Iff! GSB@ 23 f:I€J 859 + -55 
884 ST06 ~~ 

,j.J 86 Store wt as Kg 86@ ST01 35 81 
985 PTN 24 861 PRTX -14 
886 ,LBLfI 21 88 Convert LB to Kg 862 PTN 24 
8e? 2 82 863 *LBLI 21 81 Tidal volume for geB . -62 864 2 82 females ge9 r, 82 865 ';' 83 ~ ~, 

81e CHS r' - ~ 066 PCL6 36 86 r'onstant inputs 
ell - -24 9r~ b{ X~}"? 16-35 
912 ~.'1N 24 868 I;T02 22 82 
813 *LBLB 21 12 869 r, 82 ~ 

814 S103 35 83 Store sex 87(1 7 B7 
915 HN 24 8?1 2 82 
816 *LBLC 21 13 8",r, 

;~ fNTT -21 
817 S108 35 88 Store heart 877 4 84 rate ' ~, 
918 RTN 24 8?4 4 84 , 
819 *LBLD 21 14 875 . -62 
82(f I<:CU 36 83 876 r, 82 ~ 

821 X=8? 16-43 Male or female? 877 GT04 22 B4 
i 822 (;TO 1 22 B1 8"'" *LBLE 21 15 ~alculate DSv ( .. ' 

823 *LBL2 21 82 Tidal volume for 819 I<:CL1 36 81 
824 S 88 male 88(1 + -55 
8r,~ 
~~, RCL6 36 86 Constant inputs 081 S101 35 81 

(126 ,~:,l~y? 16-35 882 FRTX -14 i 
€I':'"? P03 22 83 883 F..'TN 24 I '-, 

~em~erature 828 .) 82 884 *LBLo. 21 16 11 correct .. '-

829 4 84 885 X>8? 16-44 ! l.on 
83(1 9 89 886 GT08 22 88 ! 

831 ENH -21 881 GrOl "., .... , 
~~ 81 

832 6 86 888 nBL(I 21 88 ~onvert °c to OF 
833 1 81 889 1 81 
834 ';T04 22 84 89f1 . -62 
835 *L6U 21 83 891 S 88 
836 1 81 8Q :) 

-.~ 
X -35 

837 9 89 893 :3 83 
838 3 83 894 2 82 
839 ENH -21 895 + -55 
848 1 81 fJ96 CHS -22 
841 2 82 897 *LBLl 21 81 
842 4 84 898 CHS .... ,.-, 

-~~ 

843 *LBL4 21 84 ~ommon male/female 899 9 89 
844 RCL6 36 B6 calc. 18(1 9 89 
945 LOG 16 32 leI 1 - -45 
846 X -35 lf12 (I 8tl 
B47 + -55 1ff3 x) ~I? 16-34 Is temp <99°F? 
84E: fEX -23 184 1;10(1 :;. .... : 

-~ 86 Yes, no correction 
849 r, 92 185 + -55 ~ 

85(1 - -24 leG . -62 Do temperature 
851 Hr' 16 33 If17 €I 88 correction 
852 RCLS 36 88 WE: 5 85 
853 - -24 189 x -35 
854 I<:CL6 36 86 11 (I F..'CLl 36 81 
855 2 8r, 

~ 111 x -35 
856 . -62 I 1 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

TV SEX ~ (1(,..,) RATE 
50 51 52 53 54 55 56 57 58 59 

A J lC 0 
lE r 



II 
971)rf)~r8m I.Jis.in~ I I 29 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
- 112 PCL1 36 81 

r 
167 *LBLe 21 16 15 

113 + -55 16t: peLl 36 81 ~etabolic acid 

STOl 35 81 16~ -62 correction of +20 
114 I . 
115 P~'T>i -14 1713 ~. 82 '" 
116 PTN 24 171 x -35 
117 *LBU1 21 8t1 1"'-' (" PCLl 36 81 
118 HL1 36 8i 173 + -55 
119 PTN 24 174 PRTX -14 
12e *LBLb 21 16 12 Altitude correction 175 RTN 24 
121 .'x:<f1? 16-45 Meters or feet 176 ';"/5 51 
1 ~.~. H02 ~,,-, 82 I:.t:.. '"'" 123 7 83 ~. Convert meters to 180 

124 · -62 feet if necessar\ 
r·r ~. 82 ,c ... ' '" 126 8 88 
1···.., CHS ~ .. -: 

C,.( -,<-
12B x -35 
129 *LBL2 21 82 
1313 CHS ,-,,-= 

-~'-

131 2 82 
17 ':' ....... EEX -23 Do altitude correct 
133 3 83 ion 190 

134 . -24 
135 F.~CLI 36 81 
136 x -35 
137 · -62 
138 8 8e 
139 5 85 
14[1 )( -35 
141 F:CLl 36 81 
142 + -55 
143 ST01 35 81 200 

144 PPTx -14 
145 inN 24 
146 *LBLc 21 16 13 
147 PCL1 36 81 
148 · -62 Activity addition of 
149 1 81 +10% 
15@ :x: -35 
151 RCLl 36 81 
1 r-:· __ J~ + -55 
153 ST01 35 81 210 

154 PF.:TX -14 
155 PTN 24 
156 *LBLd 21 16 14 
157 PCLl 36 f11 rrach. correction 
1St: RCL6 36 86 
159 1 81 
1613 · -62 
161 1 81 
162 }~ -35 
163 - -45 220 

164 SrOl 35 81 
165 PF.:TX -14 
166 PTN 24 
I I I 

LABELS FLAGS SET STATUS 

I A B C D E 0 
WT SEX RATE TV02\.C: DSu"'~ FLAGS TRIG DISP 

a b c d e .... 1 ON OFF 
TEr-:P ALT ACTIVE MET ACID 0 0 Q! DEG Q FIX ~ 

0 
1 USED 2 USED 3 CONST . 4 2 1 0 rn GRAD 0 SCI 0 

USED CALC. 2 0 Ga RAD 0 EN~ 0 5 6 7 8 9 3 
3 0 ~ 

n __ 
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Program Deseripfion I 
Program Title ARTERIAL CO

2 
NORMALIZATION 

Contributor's Name Hewlett-Packard 

Address 1000 N. E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97:no 

Program Description, Equations, Variables The Arterial CO2 Normalization Program calculates 

the additional dead space (DS
ADD

) needed in a hypocapnic ventilator patient's 

breathing circuit to raise the arterial CO
2 

partial pressure (P
a

C0
2

) to 40 

millimeters of mercury (mmHg). 

Equations Used: 

IIp 2 co 

TV-DS 
4o-11p 2 

co 

TV-DS=TV - [1.47Wt(kg)+DSp ] 

Operating Limits and Warnings 

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 CO2 partial pressure if lung function is 

abnormal. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Skelch(es) 

Sample Problem(s) 

Calculate the c;tdditional dead space required by a 50 kilogram patient with a PaCOZ 
of 25 mrrtHg_ with normal lung status having a tidal volume of 900 ml and a present 

dead space of 25ml. 

Solution(s) 

50 [A] 25[B] 900[D] 25[E]~343.50ml, additional dead space 

Reference (s) This program is a translation of the HP-65 Usp.rs' Library l'rogram _ 

#00l94A, submitted by Hewlett-Packard. 

Suwa, Kunio; Geffin, Bennie; Pontoppidan, Hennigg; Bendixen, Henry; "A Nomogram for 
Dead Space Requirement During Prolonged Artificial Ventilation," A_ne_sthesiology, 

v 29, 1968 Nov-Dec. 

31 
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ARTERIAL C02 NORMALIZATION 

WT TV 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

I Enter proqram CJCJ 
? Tnnllt- n",t-;"'nt- ",,,,;rrht- lut~-lh ~ c::=J Wt(kq} 

J J 

~LJ 3 Inout P,CO" mmHq P",CO? (mmH 

4 If oatient lllna !'ltatll!'l ;!'l nnrmal an t-n !'It-,,,n <; c=J L ] 
Otherwise input P",CO') mmHa l-G-_J C] 2·nC'O.., 

5 Input present tidal volume TV (ml) LD-=--J C-=:J TV (ml) 

6 Inout oresent dead soace and calculate addit- C~[_' -] 
ional dead space. DSlmll ~~[- J 12S (mU 

[~-l C-] auu 

Detailed User Instructions: C] [._~J 
To calculate the additional dead space for the 

[~ r- _____ J 
Ihvoocaonic oatient fjr!'lt- ;nnnt- t-h", nrit-;",nt-'c::: c::=] r · __ .-l 
It..,Q;,..,.ht- ;n]C;1 '" ;~ ,.... .~ -1'",,11 .:I 'L 

[_~ C--- J 
'J 0' J:" '..l l "l r= -J [CHSl • Press rAl to disolav the pati~nt'!'l 

weight in kilograms. Next, input the patient's 
[--j f ___ l 

---] 

P",C02 in mmHg and press [B] • [-'] C' I If the patient's ------ ----

lunq status is abnormal the mixed exoired L-~_J ~~ 

CO? partial pressure (¥O?) must be measured [-_..J L~] 

lann inollt fnlln"'~n hv rC'l Tf' t-h", nrit-;",nt-'", [ 'J C..=J 
lunq function is normal this step mav be L=J [_.~~l 
bypassed, and the ¥O., is assumed to be 5 [~ lc=J 
millimeters of mercury less than the P CO? [- Jc=J 
Next. immt the patient's present tidal volume [~J l_ ~J 
in milliliters, and press [D] . Finally, input L .] [ -] 

the present ventilator dead space in milliliters l-_J r=J 
::Inri nrQC!C! rlO'l The display. now contains the C_,l~ 

additional rebreathina dead soace which must h~ [_~ [--=:J 
added to the patient's circuit to achieve L"'J C._J 
P CO') normalization. [-.. -:l C-' 1 
~ 

[ _ J l=:=J 
l-_J CJ 
L_.l [:...J 
[ __ J [....:..J 
[~-lL~ 

r _==] c=l 
[ _=-~ll--] 
[ -] C· 1 
[ ___ .= 1 [~~ 
[~J l'-] 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 *LE:LH 21 11 Input weight 
882 ,:.::<B? 16-45 Lb? 
8e:; G581 23 81 Yes 

060 8f14 ST06 35 86 Sto wt in Kg 
8f1.5 RTN 24 
886 nBL1 21 81 Convert lb. to Kg 
8ft? ~. 

.: 82 
888 . -62 I 
889 2 8'-' .: 
81(1 CHS -22 
€Ill -24 
B12 ~:TN 24 
813 *LBLS 21 12 

Input PaC02 & 

814 ST01 35 81 
calculate PEC02 070 

815 5 85 
816 - -45 
817 Bro8 35 88 
818 RCL1 36 81 
819 RTN 24 
828 *LBLC 21 13 Store P EC02 8:"1 STa8 35 88 .. 
822 RTN 24 
823 *LBLD 21 14 Store TV 

I ST07 35 8""' 080 824 .-
825 RTN 24 
826 tLBLE 21 15 Calculate additional 

827 ~:CL6 36 86 dead space. 

828 1 81 
829 . -62 
838 4 84 
831 7 8? 
832 x -35 
833 + -55 
834 RCL7 36 €I? 090 

835 X;)' -41 
836 - -45 
837 4 84 
838 8 8b 
839 RCLl 36 81 
840 RCL8 36 88 
841 - -45 
842 - -45 
843 - -24 
844 4 84 100 

845 8 88 
846 RCL1 36 81 
847 - -45 
848 x -35 
849 F'Rn< -14 
858 RTN 24 SET STATUS 
851 R/S 51 

FLAGS TRIG OISP 
ON OFF 

110 0 0 Xl DEG KI FIX ~ 

,1 0 it] GRAD 0 SCI 0 
2 0 jfl RAD 0 ENG 0 
3 0 Xl n_2_ 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

P...aC0;:1 Wt. TV P CO USED 
80 81 82 83 84 85 86 87 88- ~ 89 

A 

1
8 t 0 E 

II 
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Program Deseripfion I 
Program Title BLOOD ACID-BASE STATUS 

Contributor's Name Users' Library, Hewlett-Packard Company 

Address 1000 N. E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables This program computes total plasma CO2 and base 

excess from PC02 , pH and hemoglobin concentration. 

Equations: 

Total plasma CO2 is calculated from the Henderson-Hasselbalch equation: 

where 

TC02 = s. PC0
2 

[1+10 pH-PK] 

total CO2 in plasma, mmol/~ 

solubility of CO2 in plasma, mmol/~ (taken to be 0.0307) 

partial pressure of CO2 in the blood, mmHg 

6.11 

This does not take into account the small temperature dependence of both g 

and pK, nor the pH dependence of pK. For this reason the :f;ormula for TC0
2 

will be most accurate if 37° C values for PC0
2 

and pH are used. 

Operating Limits and Warnings 

While Thomas has shown that this equation may produce large errors for very 

abnormal conditions, it matches the Siggaard-Andersen nomogram :f;or IBEJ
b

, to 

within + 1 mEq/~ in most cases. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING. USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Program Deserip'ion I 
Program Title BLOOD ACID - BASE STATUS 

Contributor's Name 

Address 

City State Zip Code 

Program Description, Equations, Variables 

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

where 

[BE]b 

Hbg 

(1-0.0143 Hgb) • ([HC0
3

] - (9.5 + 1. 63 Hgb) (7.4-pH) -24) 

Base Excess in m Eq/£ of blood 

Hemoglobin concentration in g/IOO ml 

and plasma [HC0
3

] is calculated from the Hendersen-Hasselbalch equation in the 

form 
[HC0

3
] = s • PC0

2 
• 10 pH - pK 

35 

Siggaard-Andersen used 38°C values for PC0
2 

and pH. Only small errors will result 

from 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, the "Anaerobic PC0
2 

and pH change" program may be used to 

correct them back to 37°C. (See special instructions for that program). 

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE liABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(es) 

Sample Problem(s) 

PC02 
pH 
Hgb 

I)rf)~ram I)~s(-rip.if)n II 

45 mmHg 
7.35 
16 g/lOO ml 

Solution(s) 45 [A] 7.35 [B] 16 [C] [D] -+ 25.39 mmo1/Q, TC02 

[E] -+ -1. 36 mEq/Q" [BE] b 

[f] [B]-+ 24.01 mmol/Q" HC03-] 

Reference(s) This program is a translation of the HP-65 Users' Library Program 

# 00195A submitted by Hewlett-Packard Company. 

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 Selected 

Blood Acid-Base and Blood Gas Calculations," J.Appl.Physiol. 33: 154-158, 1972. 



. STEP 

1 

2 

3 

4 

5 

6 

7 

8 

BLOOD ACID-BASE STATUS 

~1 RCL PC0
2 

[HCO)] 

~ 
~ PC02 pH Hgb 

INSTRUCTIONS 

Load side 1 of card 

Recall PC02 if previously stored 

Input PCO.., 

Input pH 

Input Hgb 

Calculate TCO 
Calculate BE L. 

Recall [HC03-] 

Detailed User Instructions 

If PCO, has been Drevionslv sr.orpn it- mrlv h", 
,c. 

..-",,..,,,11,,,r! "-F+-,,, "'~+-Q""~~~ "J... .:I 
"", x- J' '.L 

[pressinq [f] [A]. If not input pco and 
L. 

In..-",""",, rnl 'Ph", nl-l :.7; 11 h", ..-"',..,,, 1 1 ",r! ;-F 

[previously ..:J Tf not- innnt- nH r1nn 

1,..,..-",.,., ru1 The Hgb will be recalled if 

[previously input. If not, input Hqb and 

In ... ",,,,,,, rrl 

Press [0] to obtain TC02 in mmol/Q,. Press 

[E] to obtain [BE]t. in mEq/ Q,. [0] must be 
~ 

iDressen ~, r F.l 'PhI" nlrlsmrl rHrna.:.J may be 
obtained by pressing [f] [B] • 

-+ BE 

INPUT KEYS 
DATA/UNITS 

CJCJ 
c=JCJ 
LLJ [--A--I 

PCO.., mmHq c:=J c::::::J 
nH 

[=--SU] [] 

Hab(am/1OO 1)[~c=J 
LQ~[~~ 
CLJC_J 
L£uJ G~l 
r'" ~ J r ___ =.J 
L_=l l_..=J 
L-~ r=J - r-=- --] [-_-] 
[-.--] [- J 

-- ---- -----

e--l [U~ 
- - - -----

[ 
._, 

1 [ ._ J 

1_-=-_] L_-J 
[,._J~~ 
[U~ C--] 

-- ------ -

l_ lr~~ t U- -] [.- ] 
-- - --- ------ -- -" 

l~ _____ ~ C' '] 
L --I [--] 

----- ------[ .. ~ [ ... --J 
- - - ---_.- -
[U~~ [ ___ ] 

C:=J L-=~ 
L ___ J [ ] 
L.=J e.::J 
C ___ .=J L=-~ 
[ uJ Lu..=J 
[-'_ll--] 
r-_-_

u:] [=:J 
[~ [=-.J 
[_' _- J L=::J 
[~=J CJ 
[U_~] [~~ 

[n.] L_J 
[ .. J C--] 
------- --

I---~ C] 
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OUTPUT 
DATA/UNITS 

PCO"mmHg 

bHCif stor4 
aqb(if sto 

aqb(gm/1OOI 

d) 

ed) 
1) 

IrCO., (mmol/ Q, ) 

[BE] b (mEq/ Q, 
f----- I 
HCO'3 (mmol/ Q. 
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KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS STEP 

B@l ~:LBL,\ 21 16 11 857 PRTX -14 8ez RCL5 36 B5 Recall PC0
2 85E: RTN 24 Be] EEX -23 

859 *LBLE 21 15 f-.alculate base exces 884 r. 82 
86B ~:CL9 36 B9 

~ 

80S -24 
861 1 81 B86 RTN 24 B62 · -62 887 *LBLA 21 11 Input PC02 863 6 86 B8E: EEt: -23 864 3 83 889 ~. 82 865 x -35 

~ 

fJ1fj )( -35 
866 9 89 Bll INT 16 34 
867 · -62 812 PCL5 36 85 
868 5 85 813 FRC 16 44 
869 + -55 814 + -55 
B7B ~:CL1 36 81 815 8T05 35 85 Store pco2 871 7 87 816 PCL6 36 86 Recall pH 872 · -62 817 EEX -23 
873 4 84 B18 3 83 
874 - -45 819 - -24 
875 x -35 828 ~:TN 24 
876 ReLE: 36 88 821 *LBLB 21 12 
f;(='7 + -55 i I 022 EEX ,,~ 

2 92 
-..:,j B7C· II..' 923 3 83 

879 4 84 824 x -35 88Et - -45 825 INT 16 34 
Input pH 881 1 81 826 RCL6 36 86 B82 ~:CL9 36 99 827 FRC 16 44 883 7 97 B28 + -55 

884 8 98 B':'Q ST06 35 96 
985 -24 "--' 

83€! ~:CL9 36 89 Recall Hgb 886 - -45 B31 RTN 24 
fJ87 )( -35 832 *LBLC 21 13 Input Hgb 88E: PRT.ic; -14 833 ST09 35 89 
889 RTN 24 834 PTN 24 
89f1 *LBLh 21 16 12 Recall [HC0:3 -] B35 *LBLD 21 14 Calculate TC02 891 PCLS 36 88 836 RCL6 36 86 8Q -' PRT.'x: -14 ~~ 937 EE."; -23 
893 RTN 24 938 3 B3 894 f:/S 51 839 -24 

848 5TOl 35 81 ,---- -
841 6 86 
842 . -62 
843 1 B1 
944 1 91 100 

94S - -45 
846 HP: 16 33 
947 /t.'CL5 36 B5 
84E: .3 83 
B49 ~. 82 ..: 

85Et 5 95 SET STATUS 
B51 7 87 
B52 -24 FLAGS TRIG OISP 

ON OFF B53 x -35 0 0 [Z DEG ~ FIX ~ B54 STCr8 35 88 110 
1 0 ~ GRAD 0 SCI 0 

955 LSTX 16-63 2 0 ex RAD 0 ENG 0 
956 + -55 3 0 ex n_2_ 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

USED PCO?PO .... pH.BT HC03 Hgb 
SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A IB Ie 0 E I I 



Program Deseripfion I 
Program Title VIRTUAL P02 AND 02 SATURATION AND CONTENT 

Contributor's Name Hewlett-Packard Company 

Address 1000 N. E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables The first part of this program computes virtual 
P02 for use in estimating 02 saturation. Generally, it will be more convenient 
to calculate venous values first, as arterial values are frequently needed 
in other programs and, thus, will be left in the storage registers after both 
calculations. 

The equation solved is 
VPO = PO . 10[O.024(37-BT) + O.48(pH-7.4) + O.06(logPC02)] 

2 2 

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

The second part of the program estimates 02 
P0

2 
and computes 02 content. If the actual 

may be computed directly. 

saturation of blood from virtual 
02 saturation is known, 02 content 

Equations: 

The part of the program for estimating 02 saturation is based on the 
polynomial curve fit of Thomas, where VP02 is in mmHg. 

(VP02)4 - l5(VP02)3 + 2045(VP02)2 + 2000(VP0 2) 
02 Sat = ~~-=~----~--~----~~~~~----~~~---~-------------

(VP02)4 - l5(VP02)3 + 2400(VP02)2 - 31,100 (VP02) + 2,400,000 

This calculation assumes that the oxygen dissociation curve for the 
hemoglobin is normal. The 02 content is computed from 

Cx02 (Vol.%)= 1.34· SAT(%). Hgb(g/lOOml) + 0.0031 P02 (mmHg) 
100 

Operating Limits and Warnings Virtual P02 is not in any way a real physiologic P02 . Its 
only function is for use in estimating 02 saturation, and it should never be 
confused with P02 corrected to body temperature. Furthermore, it must alway~ 
be calculated from blood parameters measured at or corrected to 37°C. 
The calculation 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 conditions. The results of the estimation and any 
subsequent calculations based on it, should be viewed with caution unless the 
dissociation curve has been previously established to be normal. If both 

39 

P02 and 02 saturation are measured, the program may be used as a convenient mean 
to ~heck for the normality of the dissociation curve. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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DETAILED USER INSTRUCTIONS: 

Input POZ, PCOZ, and pH measured at 37°C. Input body temperature in degrees 
C. If POZ has been previously input, recall it by pressing If] [A] then 
press If] [B]. Otherwise, input POZ and press If] IB]. For each variable 
after POZ' 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 POZ. Errors, especially in body temperature, can result in 
large errors in VPOZ and, hence, estimated saturation. PCO Z has relatively 
little influence. Press the buttons from left to right and do not skip any. 
The virtual POZ remains in the display for immediate entry in calculation 
of 0z saturation and content. It is not stored in place of the measured 
POZ. The POZ' PCO Z' and pH remain in memory. Note that separate storage 
registers are not maintained for arterial and venous values, only the most 
recent ones will be stored. 

To compute 0z content, input the POZ, 0z saturation, and hemoglobin conc­
entration. After POZ is input, an estimated 0z saturation is calculated, 
based on a standard dissociation curve. This will only be meaningful if 
a virtual POZ (VPOZ) from the first pait of the program is input. The 
estimated 0z saturation may be accepted simply by pressing [B], or a 
measured value can be input. If Hgb was previously input, it will be 
recalled. If the calculated 0z 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, Ca02 is left in the display for convenience in case 
the ANATOMIC SHUNTS program is to be run next. 

If 02 saturation of blood is to be estimated from P02, it is important to 
input the virtual POZ calculated in the first part of the program. A large 
error can result from inputting measured P02 without the corrections. The 
program may be used to compare estimated 0z saturation with measured 02 
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 of 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 02 content includes both the dissolved oxygen and the hemo­
globin bound oxygen. If only 02 saturation was measured, and not POZ' an 
estimated POZ should be input to obtain the maximum accuracy in the content 
calculation. The estimate for P02 need only be rough as the effect is very 
small, unless the patient is breathing an oxygen-enriched atmosphere and 
POZ is well above 100 mmHg. 

To compute equivalent alveolar blood 0z content, enter the equivalent PAOZ, 
rather than the virtual POZ. The PAOz can be calculated by the A-a02 
DIFFERENCE program. In this case, the resulting 0z content should not be 
stored as either arterial or venous, but simply left in the display register 



for use at the beginning of the PHYSIOLOGIC SHUNT AND FICK programs 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 may then be run without having 
to enter any new O2 content data. 

41 
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Sketch(e5) 

Sample Problem(5) 

1) For the following patient data calculate virtual P02 and from it estimated 

02 saturation and 02 content. Store the value as venous 02 content. 

P02 75 nnnHg 

PC02 45 mmHg 

pH - 7.35 

BT ... 40°C 

Hgb ... 16 gm/100 m1 

2) Calculate est. 02 saturation and 02 content assuming the P02 was actually 

75 mmHg. 

Solution(5) 1) 75 [f) [B) 45 [f) [C) 7.35 [f) [D) 40 If] [E) -+ 59.71 mmHg VP02 

[A] -+ 90.92 est. SAT% 

[B] 16 [C) -+ 19.68 02 Content % 

[E] -+ 0.00 

2) [f) rA] rA] -+ 95.08 est SAT% 

cal [cl -+ 20.62 02 Content 

(19.68% stored as venous 02 content. 
No previously stored arterial 02 
content is present.) 

Reference (5) Thomas, L,J. Jr., "Algorithms for Selected Blood Acid-Base and Blood 
Gas Calculations," J. Appl. Physiol. 33: 154-158, 1972 

Kelman, G. Richard, "Digital Computer Subroutine for the Conversion of 
Oxygen Tension into Saturation," J. App1. Physio1. 21: 1375-1376, 1966. 

This program is a modification of the Users' Library Programs 
# 00196A and # 00197A submitted by Hewlett-Packard. 



~1 VIRTUAL P02 AND 02 SATURATION AND CONTENT 

~ P02 PC02 
~ SAT H b-+Cont 

INPUT 
STEP INSTRUCTIONS DATA/UNITS 

1 Load side 1 and side 2 PO 

2 If P02 was previously input, recall it 
3 INPUT P02 if not recalled in step 2 PO?UnmHcl 
4 INPUT PC02 if not recalled in step 3 PC02immH-.&2 
5 INPUT pH if not recalled in step 4 pH 

6 INPUT BT if not recalled in step 5 

and calculate virtual P02 BT _ecl. 
7 INPUT virtual P02 from previous step or 

alveolar PA02 VP02orPA02 

8 INPUT est.SAT% from step 2 and recall Hgb 
if previously stored (use actual SAT 

if known) est SAT% 
9 INPUT Hgb Hgb(g/10On: 

10 If calculated O? content is to be stored 
as arterial CaO? (Vo1%) 
or as venous Cv02(Vo1%) 

KEYS 

CJC~ 
[TI [LJ 
[--f J [~_ I 
c:::o [C~ 
r~_(1 [IL] 
[- =-~J r __ J 
CJ_J I E----=J 

[----=] [ _-_I 
I-A -I [ 1 
[-- -

J ,-J 
[ -~- ] [- -I 
[ B ILl 

) r----~J [- --I 
I- I [ -- J 
[ _D ][- J 
[ E I [ __ I 
1--] L --] 
l J [-~.J 

[ ) [---j 

[ ] [ ___ I 
I _ I [_=- I 
I ) 1_ -I 
I 

-

I [ --l 
- -

I I I_ I 
[ I L_-J 
[~--ll. -J 
r ___ I [--_-~l 
1_ ] l ._] 
[ _ ] L~ __ I 
I J[--] 

I II J 
I I L ] 
[- I [ .-.J 
[ J [-_ ~ 

[ IL-=l 
[ I [ -~ 
I 11.=1 
I J[ - J 
I J[ J 
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OUTPUT 
DATA/UNITS 

PO? (mmHg) 

PCO? (if stb 

pH(if stor~ 

BT(if stOle 

est; SAT(%) 

Hgb(if sto 

Irvo" (Vnnl\ 
L 

CaO?(Vo1%) 
Ca02(Vol%) 

red) 

d) 

d) 

ed) 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

Ei01 .t:LFLo. 21 16 11 8r~ ..;( 
)., -35 

862 F.'CLS 36 85 Recall P02 858 l~t::'ll -41 
8Et] n:c 16 44 1359 3 93 
884 EE.\ -,:.,:, ",..; 8613 7 87 
805 .3 03 861 - -45 
886 ;.,' -35 862 'j 82 <-

88? PN 24 863 . -62 
888 J;·LBU:. 21 16 r' .:. 864 4 84 
989 EEX ~.~ 

-~.j 865 .":\' -35 
810 

., 83 866 - -45 ~. Input P02 
011 E:T08 ~r 88 067 4 84 ,:,,) and recall PC02 
012 - -24 868 EEX -23 
013 STOl 35 81 865 3 83 
814 RCL5 36 85 878 f'CL5 36 85 
€.tiS EEX -23 tF1 I • -24 
816 2 02 f:(,~' (L LOG 16 32 
€.tli' - -24 873 6 86 
£.118 RTN 24 874 x -35 
819 nBLe 21 16 13 8?5 + -55 
828 EEX -23 Input PC02 876 EEX -23 
t121 ~. 82 877 ~. 8~' .<: and recall pH .:. .:. 
8~'~' -35 878 -24 a:. a:. ;':, -
823 INT 16 34 879 lei( 16 33 
824 RCU 36 81 886 GSB", 23 16 11 
825 + -55 8S1 .l( -35 
826 Br05 ~r 85 882 PRTX -14 VP0 2 

,j,) 

f1?7 1<:CL6 36 86 883 RTN 24 ~I 

828 RU8 36 88 884 J;LBLA 21 11 
829 -24 885 not 35 81 Input VP0 2 8313 RTN 24 886 ENIt -21 and calculate 
831 *LBLci 21 16 14 087 .~ -35 estimated SAT 932 RCLS 36 88 888 8708 35 88 -
033 -35 889 ENT1- -21 x Input pH 
834 INT 16 34 890 .:, -35 
835 STOI ~r ,:,,) 91 891 RCL8 36 88 
836 ReL6 36 86 892 RCL1 36 81 
837 FRC 16 44 893 x -35 
838 RCL8 36 88 894 1 81 
839 x -35 895 5 85 
8413 RTN 24 896 x -35 
841 *LBLe 21 16 15 B97 - -45 
842 ENH -21 898 ENH -21 
843 ENIt -21 899 ENH -21 
844 1<:CL8 36 88 180 RCL8 36 98 
845 -24 181 2 92 
846 RCLl 36 81 182 4 84 
847 + -55 183 €I 88 
848 ST06 35 86 - 104 f1 80 Calculate VP0 2 849 RCLS 36 B8 185 x -35 
850 -24 186 + -55 
851 7 87 1137 \.11- .... 

r'\~ , -41 
852 . -62 188 ReLS 36 88 
853 4 84 189 ~. 82 .<: 

854 - -45 11 Ei Ei 86 
055 4 84 111 4 84 
856 8 B8 112 5 85 

REGISTERS 
0 '~2 3 4 5 6 7 

~ 
9 

\ P02 Cv02 Ca02 Used Used Hgb 
50 

1
51 52 53 54 55 56 57 58 59 

A IB Ie 0 IE I I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 ::< -35 169 ST03 35 B3 Store Cv02 
114 + -55 178 RCL4 36 84 Recall Ca02 
115 Hi1 36 81 1"1 PN 24 , , 
116 2 82 1"'~' fL R ... ·S 51 
117 EE.~·:: -23 

,----

118 3 83 
I' Q J-. x -35 
126 + -55 
j':'; i • ..,li -41 "', ,'i .. l 

122 RCLl 36 81 
123 3 tB 
124 1 81 180 

125 l 01 
126 0 8[1 
1 ~ . .., 

':'1 6 88 
128 )( -35 
pC! - -45 '--' 

Be 2 02 
131 4 04 
P~' "'''' EE>; -23 
133 5 85 
134 + -55 190 

135 -24 
136 EEX -23 
137 2 B2 
138 )< -35 
139 ST08 35 fiB Est. SAT 
146 PRT.\ -14 
141 UN 24 
142 *LBLB 21 12 Input SAT 
143 STOB 35 B8 
144 RDL9 36 B9 200 

145 RTN 24 
146 *LBLC 21 13 
147 ST09 35 89 Calculate Content 
148 ~:CL8 36 fl8 
149 1 81 
156 3 (13 

151 4 84 
152 }:: _7':: 

'lJ,-' 

153 x ~r -"' ... ' 
154 PCL1 36 €il 210 

155 ~, 83 
156 1 01 
157 •.... -35 •... 

158 + -55 
159 EE.'>=: -23 

I 16f1 4 84 
161 CHS -22 
162 ):. -35 
163 FRTX -14 
164 UN 24 220 

165 :nBLD 21 Jot Store Ca02 
166 5T04 ~c 84 ,j,J 

167 ~:TN 
•• , .<t 
.c.'t 

168 *LKE 21 15 
LABELS FLAGS SET STATUS 

A 
PO? 

B 
SAT C 

Hgb 
0 

CaO? 
E 

CvO? 
0 

FLAGS TRIG OISP 
a POa 

b P0 2 
c PC02 d pH e VP0 2 

1 ON OFF 
0 0 rn DEG Ol FIX QQ 

0 1 2 3 4 2 1 0 ~ GRAD 0 SCI 0 

5 6 7 8 9 3 
2 0 ~ RAD 0 ENG 0 
3 0 ~ 

n_2 __ 
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Program Deseripfion I 
Program Title ANAEROBIC PC0

2 
and pH CHANGE 

Contributor's Name Hewlett-Packard 

Address 1000 N. E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables 

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 erro~ except at extrem 

conditions of acid-base status and large temperature shifts. For example L at a 

pH of 7.2 or 7.6, the error is 0.0013 pH units per DC. 

Equations Used: 

PC02 (BT) 

pH (BT) 

PCO (37) . 100.019(T-37) 
2 

pH(37) - 0.0146 (T-37) 

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN· 
TlAl DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Skelch(es) 

Sample Problem(s) 

PC0
2 

45 mmHg 

pH 7.35 

BT 40°C 

Solulion(s) 

45[B] 7.35 [C] 40[D] + 51.31 mmHg, PC0
2 

[E] + 7.31 pH (BT) 

Reference(s) This program is a translation of the HP-65 Users' Library Program 

#00198A submitted by Hewlett-Packard. 

Severinghaus, John W., "Blood Gas Calculator," Journal of Applied Physiology, 

May 1966. 
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STEP 

1 

2 

3 
4 

5 

6 

ANAEROBIC PC02 AND pH CHANGE 

BT+PC02 
(BT) 

INSTRUCTIONS 
INPUT 

DATA/UNITS 

Enter program 

If PCO.., was oreviouslv stor~d r~rI' 1 iT. 

InQut PCO.., (37°) PCO..,(mmHa 
~ 

Input pH (37°) pH (37°) 

Inout BT and calculate P~ 
(BT) BT (OC) 

Compute pH(BT) 

Detailed User Instructions: 

If Sat. was previously stored in memory, it can 

lbe T~""'" ~d b'\L ~a"'''' inn r1l.' Tf nr.t- 5lkin _rA1 

and input Sat. press [B]. If PO (37°) was 
G 

previously stored, it will appear. If not, 

in~ut it. Press rCl If bodv b It:'lr~ 

was previously stored, it will appear. If not 

linn11T it- in or P ... <>",,,, rn1 pn 10'1') ,i 1 1 

'" appear and be stored in memory. 

Inn fo'Tl' replaces the 37°C value in memory with 

ITh~ hodv .T ITP "'" 111P rrhpT<>fr.T<> 
calculation based on the 37°C values in 

Iproqrams for virtual PO~ and O~ saturation & 

content should be accomplished before this 
.~ ,~~~w is. _Tun Tf O. l':rlt:nrrlT.i on hrll': nnT. hppn 
measured, it should b~ estimated by using 

'oroar am. for "Virt· IrI' PO and 0 !::aturation & 

Content. " 
, 

'" 

This program may also be used to convert P02 

between any two temperatures, for example, from 

body temperature to 37°C. To do this, first 
-, Ii np wh",t- t-h<> t'l<>o:::i T<>t'l t-<>mn<>-Ia:l:::JJ.re. roh",nn<> ; 

in °c. Add this to 37°C alqebraically and 
enter the result as BT. For example, suppo_se 

Iva' les known at 4' or. aT~ T.o h~ ".Pn TO 

37°C. The temperature chanqe is -4°C. Add thi~ 

I+-r. ":1.7°("' .,..",,,,,,1+-;1'\1"1' in ."Or F.~p(,11t-ina t-hp 
Iprogram with BT=33°C will then result in the 
37°C value for P02 • 

-+pH 

(BT) 

KEYS 

c=JC~ 
CU c:=J 
[-13-] L J 
~c=J 
[-~_~ c=:J 
lu_J [~ 
LE=:J L_~ 
[-_ =:J [~ ______ J 

CJ [_~-l 
[-=Jl-~ 

C=-l L~~ 
r-=lCJ 
L~ [~:=J 
[-~ l [_--l 
[-=-=-] 1=-1 
[_JLJ 
l--_] r-=-~l 
[---=--_] L_-:J 
l __ I r ___ -· J 
C] C~=-] 
l_.=J [=J 
L. --.::J ~ 
[- JL~ 

-- -- , -----

[-=-~ C'] 
[ .• ':=J [_~ 
I --.J C---=-j 
C~ L-----::::J 
L-] C~J 
[_=-.J C' --] 
[=--=1 [ - I 
l_=-] CJ 
L~ L---=.J 
~]r=J 
[=~ [--.. ~ 
L _____ J L_J 
1- ] C-l 

- - - ----- . 

l ~[~ 
[--- J[~~ 
[~ J C-] 

OUTPUT 
DATA/UNITS 

PCO? 
pH (if sto 

BT(if sto 

PCO? (mmHg) 
pH (BT) 

ed) 

ed) 
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STEP KEY ENTRY KFY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 :,:LBLR 21 11 Recall PC02 
857 RTN 24 

802 RCL5 36 85 858 tLBLE 21 15 
883 EEX -23 859 RCLl 36 81 
Oft 4 2 B2 86ft 3 83 Calculate pH 
lW5 -24 861 7 87 , 

8@6 RTN 24 Display PC02 862 + -55 
887 *LBLB 21 12 Enter PC02 863 EEX -23 
ft8B EEX -23 864 3 83 
8@9 ~ . 

.::. 82 865 -24 
8W .1:: -35 866 RCL6 36 86 
811 INT i6 34 867 RCLI 36 81 
812 RCL5 36 85 86B 1 81 
813 FRC 16 44 8~Ci b_· 4 84 
814 + -55 878 . -62 
815 BT05 35 85 871 6 86 
816 RCL6 36 86 8"~' ia: x -35 
817 EEX -23 873 - -45 
818 3 83 874 INT 16 34 
819 -24 875 + -55 
82@ RTN 24 Display pH 876 ST06 35 86 
821 nBLe 21 13 877 EEX -23 Enter pH ' , 
822 ED: .... ~ 87e• 3 83 -£~ , .... 
8~'" ,;.~. 3 83 879 -24 
024 x -35 88ft PRTX -14 
825 INT 16 34 881 ~:TN 24 
826 ~'CL6 36 86 882 ~'/S 51 
8~'''' Li FRC 16 44 
828 + -55 
829 ST06 35 86 
836 LSD:: 16-63 
831 EEX -23 
87 ':' __ 'i.. 3 83 
833 i( -35 
834 UN 24 iDisplay BT 090 

835 *LBLD 21 14 )Enter BT 
836 ~. 83 
837 7 87 , 

~alculate 838 - -45 pco
2 

839 STOl 35 81 I 

840 . -62 
841 €I 8f1 
842 1 81 
843 9 89 
844 )( -35 100 

845 18:' 16 33 
846 PCl5 36 85 
847 .:, -35 
848 INT 16 34 
849 PCl5 36 85 
@5fl FH; 16 44 SET STATUS 

851 + -55 I FLAGS TRIG DISP 
852 BT05 35 85 

I 

ON OFF 
853 EEX -23 0 0 ~ DEG g] FIX ~ 

854 ~ . 82 I 

110 1 0 IKl GRAD 0 SCI 0 .::. 
0 iii RAD 0 ENG 0 855 -24 I 2 

n_2_ 3 0 Kl 
856 PF<:TX -14 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

6T PCO~· P0--'L ~.BT 
50 51 52 53 54 55 56 57 58 59 

A IB Ie 0 IE f 



50 

Program Deseription I 
Program Title ANAEROBIC P0

2 
CHANGE 

Contributor's Name Hewlett-Packard 

Address 1000 N.E. Circle Boulevard 

City Corvallis State Oregon Zip Code 9]330 

Program Description, Equations, Variables 

This program corrects P0
2

, measured at 37°C, to Body Temperature. 

Equation Used: 

Correction of P02 for anaerobic temperature change is calculated taking into 

account the exchange of oxygen between Hgb02 and the dissolved state at high 

saturation. Below 80% Sat., the relation is approximately 

0.031 

This factor falls at higher saturations, approaching 0.006 at 100% Sat. The 

curve given by Severinghaus has been approximated by the following equation in 

this program. 

Operating Limits and Warnings 

3130-62.5 Sat + 0.312008 sat2 

lOO,OOo-1993Sat+9.9313Sat2 

This program has been verified only with respect to the numerical example given in Program Description 1/. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



" I Skelch!e.) 

, 
I 

Sample Problem(s) 
Sat. =90% 

Solution(s) 

P02 =75 nunHg 

BT =40°C 

90 [B] 75[C] 40[D]~92.31nunHg, P0
2

(BT) 

Reference (s) Severinghaus, John W., "Blood Gas Calculator," J.Appl. Physiol., 

21 (3): 1108-1116,1966. 

This program is a translation of the HP-65 Users' Library Program #00199A 

submitted by Hewlett-Packard. 

51 
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STEP 

1 

2 

3 

4 

5 

r--

r--

ANAEROBIC P02 CHANGE 

-+RCL 
SAT SAT BT-+P02 

(BT) 

INSTRUCTIONS 
INPUT 

DATA/UNITS 

Enter program 

If it was previously stored recall SAT 
Input SAT% SAT% 

Input PO? (37°) PO,) (rnmHa) 

Input BT and comoute PO') (BTl R'T' (0("') 

Detailed User Instructions· 

I m" ~ ~ 1V..,. ... and pH measured at 
• ~ '2 

117°r t-~n hnnv t-AmnAr;,t-llrA Tt- ro .... '",,,o,,, <7°("' 
values in memory with the body temperature 

values. Therefore. calculatinn h;,sed on the <7 Pr 

values in programs for "Blood Acid-Base Status" 

3.nd "Virtual P02 " should be accomplished before 

f-- this program of "Anaerobic P02 Change" is run. 

If PCO') (37°) was previously stored in memorv i 

.~'" h= ... = .... ~,,=rI h" ~ ... ~~~~"'~ r7\l T-I= ~ ~t,~~ 
'.L r -r 

[A) and input PCO')(37°). Press [B) ; if pH 

(37°) was previously stored it will appear. 

TF n,...,t- i",r.·,t- it- 'Dr=",,,, r("'l iF h~rlu 
-.c- -.L 

-, ~ . , , 
~. . .... ~ ...... '" ''''-OJ 'p.L'" ,-'-v ..... OJ.L.l' OJ~V.L"'U, .L'-- W.L.L.L 

appear. If not, input it in DC. Press [D); 

pca ..LBTlwi 11 rlODArlr rlnn bE> ~tnrAn in .. 
L. 

Press [E]' pH (BT) will appear and be stored in 

-.L 

This program may also be used to convert PCO? 

land pH between anv two temperatures for exampH'! 

-1=. ,~ rI" ~~~~ ,= .,..,0,--. '" ""~ .... 'h~~ 
-.L "r 

first determine what the desired temperature 

.... h"'nn= i '" i '" DC. Add this to 37°C algebraicall IY', 

and inout the result rlS BT. For examole suooe se 

values known as 4loC are to be converted to 

37°C. The temperature chanae is -4°C' this 

when added to 37°C, results in 33°C. Executinq 

~the RrOqram with BT=33° will then result in 37° 

" =~ Fl'U". 'Dr() and pH. 
L. 

KEYS 

CJLJ 
CUCJ 
ULJ l __ -=-J 
c::c=J C---=:J 
[-D_I r-=-J 
l--=J [~ 
[---=:J I ~=-j [ ____ ~ [~----I 
[ __ -l [--l 
[ ____ ~J [ ____ =--_J 
[_~l L~_-J 

[ ~-=~ 1[= ] 

i---=:J [~-=-= I 
[~-l L ~---J 
[_=~ 1 [=--_ ] 
[- -][ :~=l 
1-=-_1 [--l 
[ -=:=J I= __ l 
[-- l L_---=-J 
l -] l-~:~ 
I~=l L-] 
L=_ J [_ -] 
I-=-J 1 ____ .1 
1_ ][ ~~:=J 
I --=-_J [~-l 
l~_-=-l L--l 
[ ~ L-=--] 
[--_J [ ___ =:1 
[ __ 1 L_-] 
L_-~ J C---= __ J 
I 

-- ~ 

ll_~ 
r __ ~ L ___ J 
l --J l----:-...=J 
L_-I L_~~ 
[~J l-~ 
r-- ll::J 
I 1 [_-l 
1 _J [--_- I 
I 

---

IL J 

OUTPUT 
DATA/UNITS 

SAT (%) 

PO (if sto 
.£. 

BT(if stor 
j?o? (rnmHg) 

ed) 

d) 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
8et1 *LHA 21 11 Recall Sat IT stored 957 1 81 
B82 ReL8 36 88 858 3 83 
Be3 RTN 24 859 x -35 
884 *LBLB 21 12 Enter Sat. 868 RCL8 36 88 
885 H08 35 88 861 1 81 
8Et6 f'CL5 36 85 Display P02 

862 9 89 
887 GSBE 23 15 863 9 89 
888 RTN 24 Enter P0

2 
864 3 83 

8Et9 *LBLC 21 13 865 x -35 
8le, EEX -23 866 - -45 
811 3 83 Entangle with PC02 867 EEX -23 
012 -24 in RS 868 5 85 
813 RCL5 36 85 8~Q + -55 b~ 

814 INT 16 34 878 - -24 
815 + -55 871 RCL1 36 81 
816 ST05 35 85 872 3 83 
817 F,'CL6 36 86 Display BT 

873 ., 87 I 

818 GSBE 23 15 874 - -45 
819 RTN 24 I 875 x -35 
828 *LBLD 21 14 Enter BT 876 18)( 16 33 
821 STOl 35 81 877 RCL5 36 85 
822 EDi -23 878 GSBE 23 15 
823 ., 83 879 x -35 ~, 

824 -24 888 GSBC 23 13 
825 RU6 36 86 881 RCL5 36 85 
826 INT 16 34 Calculate P0

2 882 GSBE 23 15 
827 + -55 883 PRTX -14 Display P0

2 828 ST06 35 86 
! 884 RTH 24 

829 I':CL8 36 88 885 _LBLE 21 15 Subroutine 838 x~ 53 886 FRC 16 44 
831 · -62 887 EEX -23 
832 3 83 888 3 83 
833 1 81 889 x -35 
834 2 92 998 RTH 24 
835 B 8f; 891 R/S 51 
836 ft 9f; 
837 8 88 
838 x -35 
Et39 ~'CL8 36 88 
Et48 6 86 
841 2 82 
842 · -62 
843 5 85 
844 x -35 100 

845 - -45 
Et46 3 83 
847 1 81 
848 3 83 
Et49 8 88 
858 + -55 SET STATUS 

i 
851 RCL8 36 88 FLAGS TRIG OISP 

I 852 ;r;~ 53 ON OFF 
853 9 89 0 0 [J DEG ~ FIX :u 
854 -62 110 1 0 ~ GRAD 0 SCI 0 · 0 RAD 0 ENG

2
0 855 9 99 2 ex 

3 0 EX n __ 
856 3 83 

REGISTERS 
~-

0 1 2 3 4 5 6 7 8 9 
BT(OC) PCO .... P() ... pH.BT SAT. 

so 81 82 83 84 85 86 87 88 89 

A IB Ie 0 E 
II 
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Program Deseripfion I 
Program Title DEAD SPACE FRACTION 

Contributor's Name Hewlett-Packard 

Address 1000 N.E. Circle Boulevard 

City Corvallis State Oregon Zip Code 9 73J9 

Program Description, Equations, Variables 

This program calculates respiratory exchange ratio, alveolar minute volume, and 

ratio of dead space to tidal volume. 

Equations Used: 

Respiratory exchange ratio, 

VC02 (ml/min STPD) 
V0

2 
(ml/min STPD) 

Alveolar minute volume, 

VA CUmin BTPS) 
0.863 VC02 (ml/min STPD) 

PaC02 (mmHg) 

Ratio of dead space to tidal volume, 

V -V 
E A (~/min BTPS) 

VD/VT VE(p,/min BTPS) 

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

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Sketch(e5) 

Sample Problem(5) 

VC0
2 

=266ml/minSTPD 

V0
2 

=28Oml/min STPD 

P
a

C0
2

=45 mmHg 

V
E 

=7 ~/min BTPS 

266 [A] 280[B] +0.95, RQ Solution(5) 
[C]45[D] +5.10~/min, BTPS 

7 [E) +0.27,V
D

/VT 

or if desired: 

280 [B) .95 [C) 

45 [D) +5.10~/min, BTPS 

7 [E) +0.27, VD/VT 

or, if RQ is not desired: 

266 [A] 45 [D) +5.10~/min, BTPS 
7 fEl+ n 27 v IV 

Reference (5) Otis/ A.B., Handbook of Physiology/ VOL 1, Sec 3/ P.681-698. 

This program is a translation of the HP-65 Users' Library Program #00200A 

submitted by Hewlett-Packard. 
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STEP 

1 

2 

3 

4 

5 

6 

~1 .DEAD 

~ VC0
2 

SPACE FRACTION 

~ 

INSTRUCTIONS 

Enter program 

Input VC02 

IInput VO .... 
~ 

Input R if not displayed 
Input p~CO .... and calculate V~ 

'" ~ = 
Input V and calculate V~ !Vm 
Detailed User 

~ ~ 

Instructions: 

RQ 

('0.., rmr.Dnt: ('\7('0..,) ~nn 0.., IlPt:akE' ("0 ... ) ~rR 
~ 

input in milliliters per minute, STPD. If the 

experimental values are not measured in STPD, 

they should be converted prior to input. The 

H£-67L91 m~v h", used as.a four-funct; on r.al-

,1 '- ~, .~ 
~ .. . .~ 

unit conversion. If a separate proqram is to 

h'" 11,::",n for :; on rh", ''::; on ,::hOI1 1 n h", 

-'- ' .c 
I.t:'L~vL ~v L ..... UU~U':1 ~u~~ ~~L~'""~ VL .t:'LV':1L~"~' ..... ~ 

some patient data mav be lost from memorv. . 
I",}'", values of VCO? and VO are stored in memory 
for use by later programs~ If V02 has been 

previously stored by the Fick calculation 

Iproqram. it will be recalled automatically. 
After R..o appears, press [C] to store 'VC02 and . 
va?~ PCO? will appear if previously stored. 

The V ;,:: Ol1rnllr (n; ,::nl ~yed} in liters Del: 

minute BT~S. If, after computing VlI.' it is 

desired to calculate the ventilation/perfusion 
ratio (V A/Q) , and Q(CO) is already known, 

simply enter Q, press [.;- 1 , and the v.,./Q ratio 

will be dis.J2layed. Input total ventilation, 
VT<' in £/min. BTPS. The Vn/V~ratio will appear. 

To compute actual dead space, utilize the 

HP 67/97 as a four-function calculator and 
either multiply by tidal volume, if known, or 

enter V again, divide by respiratory rate to 
obtain tidal volume, and then press [Xl to 

obtain actual dead space volume. 

It is possible to input R and either VCO .... 
or va?, rather than both VCO?~and 'V0

2
. When ~ 

doing this, press only the button for which dat;t 

INPUT KEYS 
DATA/UNITS 

r=J[~ 
VCO? (mil/II inClLJ c=J 
VO .... (ml/mir ) [-13-J L_J 

~ 

[LJL~ R 
P CO~(rrtITlH ) LiLJ L~ 

VT<'(£/min [~E-J L~~ 

[-~[~~ 
L-~ [_-~ 

l~~ r---l 
C:::-_l L-~ 
[--:] [-] 

[_.~1 L_l 
C~J L=--l 
l. ~~ L~~~J 

non", L __ I C~_l 
[~::=J [ .::.=J 
I __ l L~-l 
[ =-~ r-=_J 
[~JL~ 

r-~~:=J [ ____ :::-J 
[--] C 
--- --- J 
CJ[--:J 
CJ[ __ J 
C-J L~~ 
C] C=:l . ----

Cl C~ ___ ] 
[.-:=J r=J 
[----=:J l-----=:J 
C_JL~ 
L=:J L~ 
l~---=J [=-~ 
L ____ =:l L-=:J 
[ ---=:J [-----:----=:J 

l - J l-=:=J 
L ___ J [~ 
[ ___ ] l· :-=:J 
L_~ J Cl 
I __ :=1 [----=:J 
I-~~J LJ 

(con't) 

OUTPUT 
DATA/UNITS 

va? (if st( red) 

R" 
P~CO::>(if 

r-
tored) 

V.,. (Q,/min) 
= 

Vn/V", 
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DEAD SPACE FRACTION 

RQ Pac02+VA 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

r----
CJ [ :=J 
c=J c:=J 

is being input. For example, input V02 , press L=:J L_ 1 
[B] , input R", press [C] • The HP 67/97 will c:=J C 1 

~ . 
[~~=l [~ calculate the missinq VCO and store both . ... r- ~=-J [~_] VCO., and VO., . - . - [---=~ l_~ Since VO is not needed in the calculation 

of V
1l 

and Vn7v'T" it need not be input if RJ't is not L __ -=:J [-~= 1 
desired. In this case, input VCO , press [A] [ __ 1[--- -I 

. ... [--- -I [ --I input P aC02' press [D], lnput V
E

, press [E] • 
-- - - - - -----

VCO., will not be stored in memory in this case. [ ~ .--1 [- --I 
[-- ~-1 r -... J 
L_J[~_ I 
[ -] r -_. I 
l ] [ ] 
I J r _ I 
I 

-

II __ I 
[ _ .• _.1 [ _. ] 
[- - ---I L_ __ I 
[ 

-
I [ .. 1 

[ 1 [ 1 
I I [ I 
[ II I 
[ J 1_ -] 

[ J I 
.-. 

I 
[- ~_J I . l 
[--II J 

L II -] 

r J [. J 
[ -I L 1 
[ I [ 

-. I 
[ I L J [- _. I [ _I 
[ J [- -l 
[ I [ _I 
[ I [ -] 

I ] [_- I 
I I [ ] 
I .. -J L ] 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 .;:LBLA 21 11 Enter VC02 857 EE.l( -23 
~ntangle PaC02 882 SFO 16 21 9B 958 2 82 

883 STOl 35 81 059 x -35 with P02 in RS 
884 RCL2 36 82 Display stored V02 868 INT 16 34 
885 F.: TN 24 861 RCL5 36 85 
886 ,LBLS 21 12 Enter V02 862 FRC 16 44 
887 SFi 16 21 01 863 + -55 
088 STDB 35 88 864 STD5 35 85 
089 F8? 16 23 88 If VC02 entered cal- 865 R-l- -31 
818 GTD8 22 88 cuI ate ~ 866 STOl 35 81 
811 CLX -51 Else display ° 867 PRIX -14 pisplay VA 
812 PTN 24 86B RTN 24 
813 *LBlB 21 88 Calc. of ~ 869 ,:tBLE 21 15 f;nter V

E 814 RCLt 36 81 878 ENTt -21 
815 xt'y' -41 871 ENTt -21 
816 -24 8"'-;' RCLt 36 81 ""'ale. VD/VT I ~ 

817 PPTX -14 873 - -45 
818 PTN 24 874 ,'>;tY -41 
819 *LBLC 21 13 Enter RQ 875 . -24 

bisplay VD/VT 82f1 F8? 16 23 88 Was VC02 entered fl76 PRTX -14 
821 Gr08 22 88 Yes 877 RTN 24 
822 (;TO 1 22 81 No, calc. VC0

2 878 *LBLl 21 81 t:;alculate VC02 823 tlBl8 21 88 879 Fl'? 16 23 81 ~as V02 input? 
824 F1? 16 23 81 Was V02 entered 888 GTD8 22 88 ties, go to 0 
825 t;T02 22 82 Yes, go to 2 , 881 CLX -51 ~o, error 826 ~:Cl1 36 81 No, calc. V02 882 . -24 
827 Xty -41 883 1<: TN 24 
828 · -24 884 tLBL8 21 88 
B29 ST08 35 88 

Save V02 885 RCL8 36 B8 
838 *LBL2 21 82 886 x -35 
B31 ReLl 36 81 887 STDl 35 81 e":,,:' EEX -23 B88 GT02 22 82 --'';'' 

Entangle V02&VC02 1333 4 84 889 R,"S 51 
834 · -24 
835 FRC 16 44 
836 RCL8 36 88 
B37 INT 16 34 
838 + -55 
839 ST02 35 82 Store in R2 
84f1 [FB 16 22 8B 
841 CF1 16 22 B1 
842 RCl5 36 85 
843 EEX -23 
844 2 82 100 

845 · -24 
846 RTN 24 Display P CO2 847 *lBLD 21 14 

IEnter P a c82 848 RCLl 36 81 
849 . -62 
85B 8 88 FLAGS SET STATUS 
851 6 86 o vco.., ? FLAGS TRIG OISP 
852 3 83 STPD -rBTPS 1 • ON OFF 
853 x -35 VO~ ? 0 0 g] DEG ~ FIX tiC] 

854 XtY -41 110 2 1 0 Kl GRAD 0 SCI 0 
2 o ~ RAD 0 ENG 0 855 -24 Calc. VA 3 
3 o 0 n~ 856 lSTX 16-63 

REGISTERS 
1 2 3 4 5 6 7 8 9 0 

VC02/VA vo2 ·vco2 P"C02· P 2 V02 
SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A 

1
9 Ie 0 E JI 
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Program Deserip'ion I 
Program Title· ALVEOLAR-ARTERIAL OXYGEN TENSION DIFFERENCE 

Contributor's Name Users I Library, Hewlett-Packard Company 

Address 1000 N. E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97130 

Program Description, Equations, Variables 

This program calculates the difference between alveolar and arterial oxygen 

concentration. One approximation has been made in the equation for PA0
2

. In 

the third term, which is a small correction factor, the F
I
0 2 has been derived 

by dividing the Pr0
2 

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. 

Equations Used: 

where 

F
l

O
2 P

l
O

2 100 

RQ 
VC02 
V02 

(%) 
P 

• P
a

C0
2 

. 
I-R 

Q 

Barometer 
(mmHg) 

(ml/minSTPD) 
(ml/min STPD) 

(mmHg) 

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(es) 

Sample Problem(s) 

Pl 02 = l50rrunHg 

Pa 0
2 

=lOOrrunHg 

P
a

C0
2 

= 45rrunHg 

R =0.95 

Solution(s) , 

150 [A] 100 [B] 45[C] .95[D] +3.10 rrunHg, A-a diff. 
[E] + 103.10 rrunHg, P

A
0

2 

Reference (5) This program is a translation of the HP-65 Users' Library Program 

#0020lA submitted by Hewlett-Packard 

West, John B., "Ventilation/Blood Flow and Gas Exchange", 2nd ed., Blackwell 

Scientific Publication, Oxford, 1970. 



STEP 

1 

? 

3 

4 

5 

6 

, 

~1 A-a0
2 

TENSION DIFFERENCE 

~ P 1 ° 2 P a ° 2 P a CO 2 RQ+A-a -+P ° A 2 

INSTRUCTIONS 
INPUT KEYS 

DATA/UNITS 

Enter program CJ c:=J 
TnnllT P ° * P,O.,(nunHg ~c::=J 

.l ~ 
(nunHq: ~l ___ 1 Input P ° P ° a L. 0. L. 

~C-J Input P CO P CO (nunH ) 
a L. a L. [--;] [_J Input R and calculate A-a R 
~ ~ r -E J [=] Calculate P"O., r ___ ~ [_~_J 

* The stored PO? will be recalled. If this is [-_~] [-=J 
the arterial P O~, simplv press [B) • OtherwisE [ 11 -1 

u. L. , [- --u __ 1 input the value ;,nt'l n..-",c:c: r"Rl "Rpnprlr for 

PCO?, using [C) . If C02 output and 02 uptake L_ ---1 [- l 
were previouslv input ~ will be computed and I .. ---I I~~_ J 
recalled. Otherwise, ,'" lnput R~ and press [D) . 1 __ 11 - -

-I 
~ I II I The A-aO., difference will now appear on the 

display. To derive Pn0., press [E) . This 1 I [ 1 
value is left in the display reqister and is L JI 1 
ready for input intd'Virtual P02 & 02 Saturati )n & Conte til ~f I 1 - ---I 
alveolar 02 content and physiologic shunt are [ 

- Il 1 
I 

--

][ J to be calculated. 

I ][ - 1 
l Il I 
1_ .11 1 
I 1 [ I 
[ II I 
I - JL I 
[ __ J L_ 1 
[ I [----1 
L It J 
r- .1 L ___ I 
[ 

.-

I [- 1 
[ I I I 
[ II J 
[--- I [. J 
[ I [ l 
I I [ --I 
[ I [ 

.. 

J 
I I r .••• ~_ I 
[ ] [ I 
I - J L. 1 
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OUTPUT 
DATA/UNITS 

PO.,(if sto 

PCO~ (if stc ... 
R,,(if sto 

'" A-aO? (nunHc 

P"O?(nunHg) .. 

ed) 

red) 

ed) 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

t1iJi ;LL.I-f .:" J. il Enter P
l

0
2 057 -45 i 6£1~ ~';C!& 3S fiB 1158 /<'[::..1 36 fH i Oft? F.'C:~ :- 36 if5 659 x -35 ~ l tie.:; FRC 16 44 06€i ,~CLB 36 88 [1,-;;<:: eel:/ -23 Untangle P02 061 7 €I? 

@(16 ~ 03 t.62 t t16 
tit'? ){ -35 8£3 8 86 
afiE' Pr4 24 [;64 -24 
865 *-LBLf: 21 12 Enter Pa02 ('165 -35 
[11 f< EJ:"-:' _?7 

-55 .... i" -" 066 + 
€Ill ."3 03 Entangle with PC02 06? peLf: 36 88 
[:11:: -£'4 in P02 [tfB T -55 
€IE RCL: 36 115 t163 ::'1' r11 35 81 __ '. ' ... 'J. 

€114 INT 16 ~ .. 
8":£1 F{CL5 36 05 ~'t 

1315 + -55 871 F1t:C 16 44 ~ompute A-a diff. eU6 i· ..... C' 35 li5 .:, , (..1 •• ) 
(F'~' ED, -23 ! .... 

017 E~" -23 Untangle PC02 ."3 83 c .... €C3 
[Jl ;:. - 82 1174 .:,:" -35 f/;':' -24 €If'S -45 .. ~-' 
020 i?TN 24 fli'e P~:jl\ -14 
[121 *LELC 21 13 Enter PaC0

2 
eC? PIN 24 

£;22 STD1 35 131 87e *LBLf 21 IS pisplay P
A

0
2 822 EEX -23 :Entangle with Pa0 2 f17S. ~'CLl 36 111 

824 2 82 in RS 68£' F'PTx -14 e,.-·r:: x -35 eBl FTN 24 .; ".) 

026 INT 16 34 [182 ~~./S 51 
lilY' peL5 36 €IS '-, 
~)28 FI;:C 16 44 
fl2S + -55 
836 8r05 ,jJ tiS 

~ 1131 F..'CL9 36 89 Save Hgb 
63::' ~'C:"'2 36 €I2 
833 F'.:C 16 44 
e:?4 F'C·L2 36 82 090 

ilj5 WI 16 34 
1i13f (1 BB 
B3? ';':)''1' 16-33 
({n. 

-..J~' 
r T:-. T 
I':: f '_'.I. 22 111 

"3~ R~ -31 
€f4f EEX -23 Compute ~ €I41 4 84 
642 -24 
€I43 -24 
844 *-i..Pi...l 21 81 100 

Restore Hgb 
845 ~·t 16-.31 
f14f ST09 35 €t9 
f14 (' F:.t. ~, Display ° or RQ -~·i 

f148 FYN 24 
845 l/':"'BLD 21 14 Enter RQ 

SET STATUS OS!1 1<[:L.1 36 &1 Compute P
A

0
2 

€f51 tHE: -?-:, FLAGS TRIG OISP -.:. 
t1r::-. 

",;: X:I' -41 ON OFF 
(153 -24 0 0 XJ DEG Kl FIX ~ 

110 1 0 XJ GRAD 0 SCI 0 854 LSTX 16-63 
2 0 jfJ RAD 0 ENG2 D 1155 ; ... ~.;I ~r, 

~&. 3 0 XJ n __ 
[156 111 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 -P ",C02/PaC °2 USED USED P..I.0 ., Hgb 
50 51 52 53 54 55 56 57 58 59 

A IB Ie 0 E II 
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Program Deserip'ion I 
Program Title PHYSIOLOGIC SHUNT AND FICK 

Contributor's Name HEWLETT-PACKARD 

Address 1000 N.E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables 

The Fick cardiac output and physiologic shunt fraction are calculated from 

arterial, venous and alveolar oxygen concentration and oxygen intake. 

Equations Used: 

V02 (ml/minSTPD)· 100(%) 
co (.e,/min) 

• 1000 (ml/Q,) 

Phys. Shunt 

These are the standard Fick cardiac output and physiologic shunt equations. If 

measured O2 saturations are used, these equations will be accurate. 

Operating Limits and Warnings 

If the content values have been derived from saturation estimates on P0
2 

measurements for arterial and venous blood, the results should be viewed with 

caution unless the patients oxygen dissociation curve ha~ been established to 

be normal. 

This program has been verified only with respect to the numerical example given in Program Description 11. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(e5) 

Sample Problem(5) 

CA 02 20 vol. % 

C
a

0
2 

18 vol. % 

C
V

0
2 

15 vol. % 

V0
2 

250 ml/min. STPD 

Solution(5) 

20 [A] 18 [B] l5[C] 250 [D] -+ 8.33 i/min (CO) 

[E] -+ 40.00% (SHUNT) 

Reference (5) This program is a translation of the HP-65 Users I Library Program #00202A 

submitted by Hewlett-Packard. 

Comroe, Julius H., Jr.,et ale The Lung, 2nd ed., Year Book Medical Publishers, Inc. ~ 
Chicago, 1962, p.345. Yang, Sing San, et aI, From Cardiac Catheterization Data to 

Hemodynamic Parameters, F.A.Davis Co., Phil., 1972, p.2l. 



STEP 

1 

2 

3 

4 

5 

6 

, 

PHYSIOLOGIC SHUNT AND FICK 

C ° a 2 
V0

2
-+c0 

INPUT 
INSTRUCTIONS DATA/UNITS 

Enter program 

Input C"O" ~ ° (Vol. % 
~ ~ H L. 

Input C",O? ~ 0..., (Vo~ % 

Input C~p? ~~ 
Input va? and calculate CO va? (mlLmi 

Calculate shunt % 

Detailed User Instructions: 

If arterial and venous 02 contents have been 
previously calculated and stored, and if 

"Virtual P02 & 02 Saturation" has been used imm 8diatel~ 
previous to calculate equivalent alveolar conte pt 

then it will not be necessary to re-enter any 

content values. The C 0" will be in the displa~ 

register ready for entry. If the values are 
not stored, they may simply be entered. The . 
VO..." osygen uptake, will be recalled if prev-

iously entered. If not, it should be entered 

in ml/min. STPD. The Fick cardiac output 

results from pressinq rD1. Pressinq rE1 will 
cause the physiologic blood shunt to be 

displayed, expressed as a percent. 

After cardiac output is calculated, stroke 

volume may be calculated by heart rate and 
multiplying by 1000 (to convert from 1 to ml). 

Alternatively, cardiac index may be calculated 

by dividing by body surface area. 

If the program is to be used to calculate outpu 

only, it is not necessary to input CJ'.0')' Howeve , 
[A] should be pressed to start the ~ro~ram 

anyway. 

-+ SHUNT 

KEYS 

CJ [ :=J 
CLJ[ I 
~[-- 1 

LLJCl 
) [=0 -I [~-=:-J 

[ - 1 [=--=-J 
[ - _II_J 
I -11-___ -1 
[-

--

Ii -I 
[ j [ 

-

I 
[_--] r- -I 
I 1 r-] 
[ __ ~J [-_ I 
[ II - I 
I 1 I ] 
I I [ I 
I I [ -I 
[ II I 
I I [ I 
[ II - I 
[ I [ 1 

I ) [ I 
[ II 1 
I 1 [ 1 

I J l_ J 
I-I [ ] 
I -- - I [ I 
L JL I 
I ___ I [ I 
[ IL _I 

I ) I I 
I II I 
[ II I 
I I [ 1 
I II -I 
I I [ ----I 

I 11 1 

I II I 
I II ] 
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OUTPUT 
DATA/UNITS 

C O?(if s 
0-

C,,.() .... (ir '" 

VO...,(if st< 

CO (QJmin) 

ored) 

ored) 
red) 
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STEP KEY ENTRY KEY CODE 

o 

80 

A 

fifi 1 :~:L ~L ri 
(It::' ~T ell 
€T«? .~,t~.q 

86'2 .<.ELf: 
[tet STD4 
0[(' ~.Ci.. 3 
flaE FTr~ 

Bf9* ... BL:: 
61[1 BTG7-
t.~l~ j~'CL2 

612 FiN 
111:; .tLBLD 
i114 IN~ 
61 ~ ~.'C~2 

fll":- F~C 
(11 ;:' 

€IE ;;iD2 
01S PCL'; 
e2E' r<.1..3 

622 
ft2;? 
£124 
[i25 
2126 
(1a 

ij;2E 
/j:: C 

5;08 
EEx 

2 
.:.;" 

ti38 I NT 
l13i FCL.:" 

832 FPC 

e34 .:. i Ut 

€135 ~.'CLE 

ft36 FRT.\ 
[lJi PN 
638 :+:thE 
035 RL .. 1 
846 PCL4 

&4.2 ~'CL 1 
64.3 FCd 
@44 
ft45 
;)45 
fH? 
fI.:. :=: 

EE.\ 

[j 4 9 P~:T,:':' 

115[; F. T;4 

1 C ° A 2 
81 

21 11 
35 ill 
36 @4 

24 
21 12 
35 €f4 
.:>t· ~3 

24 
21 13 
35 B3 
36 f:i2 

24 
21 14 
16 34 
:.6 €I.:: 
16 44 

-55 
35 €f2 
,;10 B4 
36 €I::: 

-45 
-24 

t;1 

/30 
-.24 

35 eB 
-23 

f12 
-35 

16 34 
36 B? 
16 44 

-55 
35 Bf 
36 es 

-14 
24 

21 15 
36 81 
36 f14 

-45 
36 01 
36 &3 

-45 
-24 
-23 

-35 
-14 
24 
51 

2 USED 

82 

97 I·rc)~ram Ilis'in~ I 
COMMENTS 

Enter C
V

0
2 

Display V02 

Enter V0
2 

Display CO 

Compute shunt 

83 84 

STEP KEY ENTRY KEY CODE 

060 

070 

080 

090 

100 

FLAGS 
ON OFF 

~:----+ ____ -+_OOl9 
1-1.....:10~---4 ____ -+-_ 1 0 KI 
1---_-+ ____ -+-_2 OK] 

3 0 l£l 
REGISTERS 

5 6 

85 86 87 

D E 

COMMENTS 

SET STATUS 

8 

TRIG 

DEG ~ 
GRAD 0 
RAD 0 

('0 
88 

9 

89 

DISP 

FIX ~ 
SCI 0 
ENG 0 
n....2...-
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Program Deseripfion I 
Program Title BODY SURFACE AREA FOR CARDIO PULMONARY 

Contributor's Name Hewlett-Packard Company 

Address 1000 N.E. Circle Boulevard 

City Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables This program calculates body surface area by 

either the method of DuBois or the method of Boyd. In both cases, the 

required inputs are height and weight, which may be input either in ~etric 

(em, kg) or English (in., lb.) units. Quantities in English units should be 

input as negative numbers. If cardiac output is given, the cardiac index 

can also be calculated. 

Equations: 

Let Ht be height, Wt be weight, and BSA be the body surface area in m2 . 

Ht (em) = 2.54 Ht (in.) 

Wt (kg) = 0.45359237 Wt (lb.) 

DuBois: 

BSA (m2) Ht (cm)0.725 • Wt (kg)0.425 • 7.184 X 10-3 

Boyd: 

BSA (m2) = Wt (g)0.7285 - 0.0188 log Wt) • Ht (cm)0.3 . 3.207 X 10-4 

CI CO (l/min) 
BSA (mZ) 

Operating Limits and Warnings The Du fuis formula for BSA is undefined for children 

with a BSA less than 0.6 m2 • In such cases BSA should be calculated by the 

Boyd formula. 

This program has been verified only with respect to the numerical example given in Program Description 11. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(es) 

Sample Problem(s) 1) Patient is 176 cm. in height and weighs 63.5 kg. What is his 

body surface area by both the DuBois and Boyd methods7 

2) A patient 60 inches in height and 100 pounds in weight has a 

cardiac output of 5 l/min. Calculate the body surface area and cardiac index 

by DuBois. What is the cardiac index using the Boyd BSA? 

Solution(s) 19 176 [A] 63.5 [B] [C] -j. 1. 78 m2 (DuBois) 
[D] -j. 1. 76 m2 (Boyd) 

2) 60 [CHS] [A] 100 [CHS] [B] [C] -j. 1.39 m2 (DuBois) 
5 [E] -j. 3.59 l/min m2 (Cr, DuBois) 

[D] -j. 1. 40 m2 (Boyd) 

[f] [E] -j. 5.00 (Recalls CO, Stored above) 
[E] -j. 3.57 l/min m2 (CI, Boyd) 

Reference(s) D. DuBois and E.F. DuBois, C1in. Cal. 10, Arch. Int. Med., 12,863,1916. 

Edith Boyd, Growth of the Surface Area of the Human Body, U. of Minnesota 

Press, 1935, p. 132. 

This program is a modification of the Users' Library Program~ # 00203A and 

# 00204A submitted by Hewlett-Packard. 
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STEP 

I 

2 

3 
4 

S 

6 

BODY SURFACE AREA for CAROIO PULMONARY 

Height Weight DuBois Boyd 

INSTRUCTIONS 
INPUT 

DATA/UNITS 

Load Sides I and 2 

RCL CO 
CO -+ CI 

KEYS 

CJc=1 
Input Patient Height Ht(+cm or -in) :LJ [ I 
Inuut Patient Weight Wt(+k.g or -lb) ~[- I 
Calculate BSA: By DuBois I C I [ __ ~ 

Bv Bovd [D_-I[~ 
l-{ J [ E --I Recall cardiac outuut (if previously stored) 

Input CO and calculate CI CO (l/min' fE-[ [ - J 
[--I ~_ -- I r- -- J 1 ] 

-- --- - ---

[ I [ I 
n R1' A TT, Rn TIS RR NS' '1l11( 'TONS 

1- -] [ ~ 
--- -----

[ [ I -- --I 

The height and weight may be inuut in eit er metric [-~[ 1 
or English units. If English units are used they l 1 r ] 

must be input as negative values. This is ac omplished [ IL I 
bv pressing fCHSl after the number is inuut ut before r [ I J 
rha h-,rrnn ; c T\,..acca,l 'I'ha mar,..;,., an ';"<llanr I I L_I 

~ -~ ~ . 
l I [--J 

will auuear in the disulav 
Press fCl or fDl to obtain body surface a ea [ --I L__] 

which will also be stored in the calculator's memory 
[- II I 

If cardiac outuut has been ureviouslv c.alc.ula led it [ I [ I 
may be recalled by pressing [f] [E]. Alterna ively, [ I [ I 
it may be :input. In either case, pressing [E will [ Il I 
yield cardiac index by means of the last body surface [ Il_1 
;:!rp;:! (';:tlC'll;:!tpn [ J I _ I 

I -] [ I 
[- - II I 
I JL I 
[ II 1 
[ 1 [ I 
[ II I 
I II J 
I I [ J 
[ II 1 
I II ___ I 
I I [ I 
I 1 [ J 

I I [ -1 
I JL J 
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OUTPUT 
DATA/UNITS 

Ht (cm) 

Wt (kg) 

BSA (m2 ) 

BSA (m2 ) _o-
CO (l/min) 

CI(I/min u 
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STEP KEY ENTRY 

o 

so 

A 

u0: ~LBUI 

00:: X>0? 
130.? GTD1 
004 CHS 
ee.:: 2 
13fi6 
1307 5 
0eE 4 
0e9 x 
e10 fL.BU 
ell ETOS 
@f::' PTN 
aE :+LE'LB 
@14 :>=:.>13? 
e15 Gr02 
@16 CHS 
017 2' 
1318 
a19 2 
02e 
a2l :~LBL2 
822 ST[l6 
en PHi 
024 *LBLC 
025 RCLS 
0iE 
fl2? 7 
@2B 2 

03i3 
031 
0J2 
03.: 
B34 
035 
836 
e3? 
03B 
039 
B40 
041 
042 
042' 
1344 
845 
846 
847 
B48 
849 
850 
B51 
852 
853 
054 
0S5 
856 

ReL6 

4 
. ., 
.c. 
5 

3 
9 

. .., 
.c. 

STDI 
EEX 

2 

ReL7 
INT 
+ 

STO? 
RCL! 
PRTX 

RTN 
.;.LBLD 

PCLS 

BSA 
S1 

KEY CODE 

21 11 
16-44 
22 131 

.-,.-, 
-c.~ 

62 
-62 

0S 
04 

-35 
21 81 
35 05 

24 
21 12 
16-44 
22 82 

02 
-62 

02 
-24 

21 82 
35 06 

24 
21 13 
36 0S 

-62 
87 
132 
05 
31 

36 06 
-62 

134 
02 
0S 
31 

-35 
01 
83 
09 

-62 
02 

-24 
3S 81 

-23 
82 

-24 
36 137 
16 34 

-55 
35 67 
36 81 

-14 
24 

21 14 
36 135 

2 

S2 

97 IJrc'~ram I~is'in~ I 
COMMENTS STEP KEY ENTRY 

Enter Ht. 
If cm store 

If inches, convert 
to cm and store 

store Ht. 

Enter Wt. 
If kg store 

If lbs., convert 
to kg and store 

Store Wt. 

Calculate BSA 
by DuBois 

Tangle with CO 
and store as 
100 CO + .01 BSA 

Calculate BSA 
by Boyd 

REGI51~H::> 

3 4 

S3 S4 

5 
HT. 

S5 

o 

85? 
05f 7 

0' 

0C:Q '/x 

06f1 I?CL6 
061 EE,\ 
062 3 
fl62'··, 
864 ENH 
86.5 LOG 
866 
867 0 
868 i 
069 8 
;;'717' 
t,.1, _" 

8?1 
8?2 
0?2' 7 

B?4 
B?5 
8?6 
B?7 
B7S' 
0?9 
1380 
081 
882 
083 
084 
085 
086 
88 7 

088 
889 
090 
891 
0Q ::· 

093 
894 
1395 
09f 
B9? 
098 
899 
108 
WI 
HE 
I0J 
104 
105 
186 
Ie? 
108 
109 
116 
111 
112 

2 
8 
5 

7 
0' 

1 
1 

ST01 
EEX 

2 

PCL? 
INT 
+ 

STD? 
I':CL1 
PRTX 

PTN 
*LBLe 21 

PCL? 
EEX 

2 

RTN 
*:LBLE 

ED'; 

6 

2 
:~( 

INT 
RCL? 

FPC 
+ 

SID? 
LSTX 

WT. 
S6 

KEY CODE 
-62 
03 
31 

36 06 

-35 

16 32 
-62 

8B 
01 
8e 
8e 

-35 
-62 

fI? 
02 
08 
85 

-45 
31 

-24 
03 
131 
01 
08 

-24 
35 01 

-23 
02 

-24 
36 B? 
16 34 

-55 
35 B? 
36 01 

-14 
24 

16 15 
36 B? 

-23 
02 

-24 
24 

21 15 

132 

16 34 
36 0? 
16 44 

-55 
35 0? 
16-63 

-24 

COMMENTS 

Tangle with CO 
and store as 
100 CO + .01 BSA 

Untangle and 
recall CO 

Calculate CI 
untangle CO with 
BSA and store 

7 8 9 

Used 
S7 S8 S9 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 EEX -23 
114 4 84 170 

115 -24 
116 PPTX -14 -
117 EN 24 
118 I=>··S 51 

120 

180 

130 

190 

140 

200 

150 

210 

160 

220 

LABELS FLAGS SET STATUS 
A B C D E 0 

Ht Wt. DuBois Boyd CI FLAGS TRIG DISP 
a b c d e 1 ON OFF 

RCL CO 0 0 ex DEG IX FIX ~ 
0 1 Sto. Ht. 2 Sto. Wt. 3 4 2 1 0 [J{ GRAD 0 SCI 0 

5 6 7 8 9 3 
2 0 ~ RAD 0 EN~ 0 
3 0 [X 

n __ 
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Hewlett-Packard Software 
In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully 

programmable calculators is nearly limitless. And in order to see the practical side of this potential, 
we have several different types of software to help save you time and programming effort. Everyone of 
our software solutions has been carefully selected to effectively increase your problem-solving poten­
tial. Chances are, we already have the solutions you're looking for. 

Application Pacs 
To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex­

tensive library of "Application Pacs". These programs transform your HP-67 and HP-97 into specialized 
calculators in seconds. Each program in a pac is fully documented with commented program listing, 
allowing the adoption of programming techniques useful to each application area. The pacs contain 20 
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder. 
Every Application Pac has been designed to extend the capabilities of our fully programmable models 
to increase your problem-solving potential. 

You can choose from: 

Statistics 
Mathematics 

Electrical Engineering 
Business Decisions 

Clinical Lab and Nuclear Medicine 

Users' Library 

Mechanical Engineering 
Surveying 

Civil Engineering 
Navigation 

Games 

The main objective of our Users' Library is dedicated to making selected program solutions contri­
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users' Library, you'll have 
at your fingertips, literally hundreds of different programs. No longer will you have to: research the 
application; program the solution; debug the program; or complete the documentation. Simply key 
your program to obtain your solution. In addition, programs from the library may be used as a source 
of programming techniques in your application area. 

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs; 
catalog updates; and coupons for three programs of your choice (a $9.00 value). 

Users' Library Solutions Books 
Hewlett-Packard recently added a unique problem-solving contribution to its existing software 

line. The new series of software solutions are a collection of programs provided by our programmable 
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users' Libraries. 
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application 
areas (including two game books). 

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up 
to $35.00 over single copy cost. 

The Users' Library Solutions Books will compliment our other applications of software and provide 
you with a valuable new tool for program solutions. 

Options/Technical Stock Analysis 
Portfolio Management/Bonds & Notes 

Real Estate Investment 
Taxes 

Home Construction Estimating 
Marketing / Sales 

Home Management 
Small Business 

Antennas 
Butterworth and Chebyshev Filters 
Thermal and Transport Sciences 

EE (Lab) 
Industrial Engineering 

Aeronautical Engineering 
Control Systems 

Beams and Columns 
High-Level Math 
Test Statistics 

Geometry 
Reliability / QA 

Medical Practitioner 
Anesthesia 

Cardiac 
Pulmonary 
Chemistry 

Optics 
Physics 

Earth Sciences 
Energy Conservation 

Space Science 
Biology 
Games 

Games of C~ance 
Aircraft Operation 

Avigation 
Calendars 

Photo Dark Room 
COGO-Surveying 

Astrology 
Forestry 



PULMONARY 

A group of programs for carrying out common pulmonary function calcula­
tions. A number of programs may be used in sequence for extensive 
calculations such as required in a respiratory intensive care unit. Included 
are programs for ventilator setup and adjustment, blood-gas, acid-base 
and respiratory status calculations. 

PULMONARY MEDICINE/MALE SPIROMETRY STANDARDS 

PULMONARY MEDICINE/FEMALE SPIROMETRY STANDARDS 

PULMONARY PROGRAM SERIES 

LUNG DIFFUSION 

WATER VAPOR PRESSURE AND RESPIRATORY GAS 
CONVERSIONS 

VENTILATOR SETUP AND CORRECTIONS (RADFORD) 

ARTERIAL CO" NORMALIZATION 

BLOOD ACID-BASE STATUS 

VIRTUAL PO" AND 0" SATURATION AND CONTENT 

ANAEROBIC PCO" AND pH CHANGE 

ANAEROBIC PO" CHANGE 

DEAD SPACE FRACTION 

ALVEOLAR - ARTERIAL OXYGEN TENSION DIFFERENCE 

PHYSIOLOGIC SHUNT AND FICK 

BODY SURFACE AREA FOR CARDIO PULMONARY PROGRAMS 
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