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PROGRAM DESCRIPTION

IDENTTFTCATION

Program Name ‘ - G. &. vararovascuiar LENP Model
{Univac 1110 Version)

Bioengineer Contaect - D. G. Fitzjerrell '

Programmer's Name - V. J. Marks, GE/JSC, Houstc

Date of Issue March 29, 1974

GENERAT, DESCRIPTION

A mathematical model and digital computer simulation of the human
cardiovascular -aystem and its controls were developed to simmlate
responses to lower body negative pressure (LBNP) and tilt experi-
ments. The purpose of the model is to provide a method to analyze
cardiovascular control hypotheses which cannot be easily tested in
an animal or human or in a spaceflight enviromment.

USAGE AND RESTRICTIONS

Machine and Compiler Required - TUnivac 1110 TSS and Fortran V

Peripheral Equipment Required - Magnetic Tape
- Time-Sharing Terminal

PARTICULAR DESCRIPTION

Basic Equations Used and Derivations - See TIR No. 7Hl-MED-2010
(Exercise Model)

Definition of Terms Used - See Takle 1.

Detailed Descripbtion - Equations describing pulsatile blood flows,
pressures, and volumes for 28 model sections of the cardiovascular
circulatory model are solved. The circulatory system model, Figure
1, is combined with models of the controlling systems to form a
dynamic model to simmlabe responses to LBNP ard tilt. Other charac-
teristics of the combined model include gravity effects, venocus tone,
venous valves, and intrathoracic and intra-abdominal pressure effects.
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DESCRIPTION OF INPUT

(1)

(2)

(3)

Contact V. J. Marks, GE/JSC, Houston, to obtain Univac 1110
sign-on procedures and authorization codes.

The first inguiry made by the interactive program is for the
selection of elther an IBNP or Tilt Experiment.

The responses t¢ conversational output of the program allows

the user to change the standard set of initialization data shown
in Table 1. If this is desired, the user enters the appropriate
index code and new value for each variable as directed. When no
more changes are to be requested, zero is entered. IFf a tilt
experiment is being simulated, the value of the angle in degrees,
measured positive clockwise from horizontal, should be entered
with the index of 575. If graphic output of pressure waveform
data 1g wanted for a given two second interval, the end time
should be entered in seconds with an index of 598. Other typical
inputs include LBNP simulation protocol (elements 5h1-560) and
print interval (element 599).

DESCRIPTION OF QUTPUT

(1)

(2)

Eow

(=2

If the graphic output option is selected,a graphics terminal is
required. (The graphics in this program are written for the
Tektronix 4010). This option suppresses the initial printout of
tabular data. A plotted output is generated as it is computed.

As computation proceeds, the output variasbles selected are buffered
and may be outputed in tabular or graphic form as selected.

Conversational output of the program will ask the user if he wishes
to change the standard terminal output list of variables. TIf so,
the user enters +the appropriate column number and index code for
each variable as directed by the convergational oubpub of the pro-
gram. The standard set of output variables consists of time and

Y dependent variables vhich are oubput each print infterval and aver-
aged for the last five heart beats. The selected standard variables
are as follows:

Simulation Time (sec)

Heart Rate (beats/min)

Cardiac Qutput (liters/min)

Stroke Volume (liters)

Mean Blood Pressure (mm Hg)

Systolic Blood Pressure (mm Hg)

(Cont'a)



7 Diastolic Blood Pressure (mm Hg)

8 Lower Body Negative Pressure (mm Hg) or Tilt angle, (Deg) if

selected.

9 Total Blood Volume in Legs (ml)

If graphic output option is selected, conversational operation of the
program will direct the input of time intervals and start and stop
times. (See exemple page 29). The number of time intervals (3-5)
specifies how many increments to divide the time scale. The default
option for stop and start times includes the total simulation run.
Location and variable limits information for each plotted variable
selected is then solicited in a.similar manner. It should be noted
that each entry must be properly positioned as shown in the example.
Each location specified (1-6) directs the location in which the variable
will be plotted (see example page 29). An additional option available
is plotted output of pressure waveform data. This data iz stored at
rate of 90 points per second for the two seconds preceding the time
entered for element 598. The volume. compartments for which pressure
waveforms plots may be selected are as follows:

Element Mnemonic Volume Compartment
20k PLV Left Ventricle

208 PAA Aortic Arch

212 PLTA Lower Thoracic Aorta
211 PUTA Upper Thoracic Aorba
214 PLABRA Abdominal Aorta

215 PCTLL Common Iliac Artery
ool PLYC Lower Carotid Arteries
231 PRENA Renal Arteries

INDEPENDENT SUBROUTINES

Cvs Pulsgtile Circulatory Model
CONTRL Cardiovascular Conbreolling Systems
ATGO Integration Algorithm

XI0 Conversational Input/Cutput
BLEKDAT Initialization Data

TEKTRONIX PLOT PACKAGE

COMPUTER PROGRAM LISTING AND EXAMPLE OUTPUT

(Attached)

i



TABLE 1
DEFINITIONS
BLEMENT CONSTANT OR

jO. MNEMONIC . DEFINITION TNITIAL VALUE UNITS
1 (1) Stressed Vol., RT. Atrium 89.9 ml
2 X(2) , RT. Ventricle 215.8 "
3 x(3) " ", Left Abrium 38.7 "
L X(l) " -, Left Ventricle 218.0 "
5 X(5) " ", Pulmonary Arteries 7.7 "
6 X(6) " "o, " Arterioles 10.6 "
7 x(7) ' v, o Venules 27.k "
g %Eg% : " ", Aorbtic Arch 2(3)8 "

nertance Integral . -
10 x(10) Integral of Aortic Arch 0.0 mmHg-sec

Pressure/Beat
11 x(11) Inertance Inbegral C.0 -
12 X(12) Stressed Vol., Thoracic Aorta 23.6 ml
13 x(13) Integral/of Carotid 0.0 mmHg-sec

Pressure/Beat
1k x(1k) Stressed: Vol., Abdominal Aoria 16.2 ml
15 X(15) Strassed Vol., Common Iliac Arteries 62.3 "
16 x(16) " , Legs Small Arteries 62.4 "
17 X{(17) " ", Legs Arterioles 41 "
18 ¥(18) " ", Legs Venules 126.0 "
19 x{19) " ", Legs Small Veins 205.0 "
20 xX(20) - ", Femoral Veins h1.0 "
21 x(21) Total Vol., Abdominal Vena Cava 355.2 "
22 x(22) Total Vol., Thoracic Vena Cava - 253.5 "

.23 X(23) Total Vol., Superior Vena Cava 36.4 :
ol X(2k) Stressed Vol., Lower Carotid Arteries 23.5
25 X(25) " ", Upper Carotid Arteries 31.2 "
26 X(26) " ", Head Small Veins 63.4 "
27 x(27) " ", Jugular Veins 3.1 "
28 X(28) " ", Superior Mesenteric 254 2 "
) Veins

29 X(29) Stressed Vol., Upper Thoracic Aorta 30.0 "
30 .X(30) Stressed Vol., Tortal Veins 120.7 b,
31 x{31) " ", Renal Arteries i‘?.l :'
32 x(32) " n Renal Veins 3.7 '
33 x{33) Integral of Left Vent. Flow/Beat 0.0 "
3k XE?,&% Inertance Integral 88 -
35 X(35 ' . -
36 x(36) " " 0.0 -
37 X(37) Inbegral of Upper Thoracic Aortic Pressure 0.0 mmHg-sec.
38 x{38) Not Used -
39 x(39) " - -

4o x(40) " - -



ELEMENT
NO. MNEMONIC |
L1 X(41)
42 X(h2)
b3 x(43)
bk X{(hh)
L5 X(Ls5)
JITS X{46)

by X(47)
L8 X(48)
kg x(k49)
50 x(50)
51 - 100
101 QRA
102 QRV
103 QLA
104 QLV
105 QPA.
106 QFC
107 QFV
108 QAA
109
110
111 QUTA,
112 QLTA
113
114 QLABA
115 QCILL
116 QLGSA
117
118 QLGCAP
119 QLGVE
120 QLGSY
121 QFEV
122 QABVC
123 QTHVC
124 QSEVC
125 QLOC
126 QUPC
127 QHCAP
128 QHSV
129 QIV
130 QCPR

DEFINITION

Not Used

13} 1t

Flow from RT. Abtrium
" " RT, Ventricle
" " Teft Atrium
reooon " Venbtricle
Pulmonary Arteries
Pulmonary Arterioles
moon " Venules
" " Aortic Arch
Not Used

n mn

11 L
1t 1

#low From Upper Thoracic Aorta
Flow from Lower Thoracic Aorta
Not Used
Flow from Abdominal Aorta
Flow from Common Iliac Arteries
" " Leg Small Arteries
Not Used
IMlow from Leg Arterioles
" " TLeg Venules
Leg Small Veins

1 n

. " Pemoral Veins

Abdominal Vena Cava
Thoracic " "
Superior Vena Cava
Flow to Lower Carotid Arteries

1" " Upper n 1

from Upper Carotid Arteries
. from Head Small Veins

from Jugular Veins
Coronary Blood Flow

n 1
n "

L H un

n
t

n

CONSTANT OR
INITIATL VALUE UNITS
Computed ml/sec
Variable "
" 1
1" 1
n "
1" T
" 11
1 m"
Computed ml/sec
Variable "

1



ELEMENT

NOI

131
132
133
134
135
136
137
138
139
140

14
k2
143
1hl
145
1h6
147
148
1ko
150

151
152
153
154
155
156
157
158
159
160

161
162
163
164
165
166
167
168

169
170

171
172
173
17k
175
176
177
178
179
180

CONSTANT OR

MNEMONIC DEFINITION TNTTIAT, VALUE
QCSMA Tlow to Superior Mesenteric Veins Computed

Wot. Used Varilable
QCsSMV Flow from Superior Mesenteric Veins "
QPgV " " Portal Veins "

Wot Used "
QRENA Flow to Renal Arteries "
QRALE Flow from Renal Arteries "
QRENV " ".  Renal Vein "
QRET Flow Lo RT. Atrium "
QD(1) Not Used

Wot Used

Wot Used

Not Used

ot Used

Wot Used

Not Used

ot Used

Wot Used
QD(10) ot Used
QSEB Flow Through Skeleton, Bone Marrow, Computed

and ¥Fat Variable
CRA Compliance, Right Atrium "
CRV " , Right Ventricle "
CLA " ,» Left Atrium "
CLv " , Left Ventricle "
CPA " , Pulmonary Arteries 1.2
CrC " " Arterioles 1.7
CPV " " Venules 5.3
CAA " » Aortiz Arch 0.3

Wot Used

Not Used
CUTA Upper Thoracic Aorta 0.4
CLTA Lower Thoracic Aorta 0.4

Not Used
CLABA Abdominal Aorta 0.21
CCILL Compliance, Common Iliaec Arteries 0.8
CLGSA " , Leg Small Arteries 0.8
CIGAR " , Leg Arterioles 0.3
CIGVE " , Leg Venules 3.956
CIGSV ! s Leg Small Veins 3.1k
CFEV " , Leg Femoral Veins 0.2

Temporary Storage

-t n
1" 1
cLge Compliance, Lower Carotid Arteries 0.3
CUPC " , Upper " " 0.399¢
CHSV " , Head Small Veins 5.3
CIv " , Jugular Veins 0.905¢
CCSMV " , Superior Mesenteric Veins 9.59
’ Not Used -

CPgV " , Portal Veins 6.047

ml/sec

1t

ml/mmHg

H

nl/mmHg

1

1"

"t

A1



ELEMENT
NO.

MNEMONTIC

181
182
183
18k
185
186
187
188
189
190

191
192
193
19k
195
196
197
198
199
200

CRENA
CRENV
cp(1)

CD(18)

CONSTANT OR.
DEFINITICON -INITTAL VALUE
Compliance, Renal Arteries 0.2224
" » Renal Veins 2.517
Not Used

UNITS



CAICULATED VARTABLES FOR EACH VOLUME COMPARTMENT

ELEMENT PRESSURE
NO, Emm Hgi
201 FRA 321 V(1)
202 PRV 322 v(2)
203 PLA 323 V(3)
204 PLV 32k w(H)
205 PPA 325 V(5)
206 PPC 326 V(6)
207 PRV 327 V(7)
208 PAA 328 v(8)
209 Temporary Storage
210 1" 1t
211 FUTA
212 PLITA 332 v(12)
213 Temporary Storage
214 PLARA 334 v(1k)
215 PCILL 335 V(15)
216 PLGSA 336 V(16)
217 PIGAR 337 V{(17)
218 PIGVE 338 v{(18)
219 PIGSV 339 V(19)
220 PFEV 3k0  v{20)
221 PABVC 3k1 v(21)
222 PTHVC 342 v(22)
223 PSPVC 343 v(23)
22l PLEG 34 v(2k)
205 PUPC 345  v(25)
226 PHSV 36 V(26)
207 PIV 347 v{(2T)
228 FCSMV 348 v(28)
229 Tot Used 349 Not Used
230 PPgV 350 V(30).

o1
Lop
ho3
Lok
h2s

h26

L7
U428
hag
430

%31
h32
433

43k -

435
436
437
438
439
Uho
hha
Liho
443
Ly
L5
HITS
Lh7
L8
hhg

450

PRESSURE DUE
TO GRAVITY

PG(1)
PG(2)
PG(3)
Pa(k)
PG(5)
PG(6)

PG(7)
Pa(8)

PG(9)
PG(10)

PG{11) .
;a§123
e
PG(15)
PG(16)
PG(17)
Pe(18)
PG(19)
PG(20)
Pa(21)
PG(22)
PG(23)
PG(2h)
PG(25)
PG(26)

pa(27)
P;(26)

Mot Used
PG(30)

b55
L56
Ls7
458

459
460

L6l
ho2
k63
hok

465
W66
L&T
%68
L6
L70.

L71
o)
h73
L7l
b5
476
b7
L78
479
480

L81
182

L83
18h

EXTERNAT, VOLUME

PRESSURE COMPARTMENT

PEXT(1) RT. Atrium

PEXT(2) RT. Ventricle

PEXT(3) Left Atrium

PEXT(L ) Left Ventricle

PEXT(5) Pulmonary Ar-
teries

PEXT(6) Pulmonary Ar-
terioles

PEXT(T) Pulmonary Veins

PEXT(8) Aortic Arch

PEXT(9)

PEXT(10)

PEXTgllg Upper Thor.Aorta

PEXT(12 Lower Thor.Aorta .

PEXT(13

PEXTEIH} Abdominal Aorta

PEXT(15) Common Iliac
Artery

PEXT(16) Leg Small Art-
eries

PEXT(17) Leg Arterioles

PEXT(18) Leg Veins

PEXT(19) Leg Small Veins

PEXT(20) Femoral Veins

PEXT(21) Abdominal Vena
Cava

PEXT(22) Thoracic Vena
Cava

PEXT(23) Superior Vena
Cava

PEXT(24) Lower Carotid
Arteries

FPEXT(25) Upper Carotid
Arteries

PEXT(26) Head Small Veins

PEXT(27) Jugular Veins

PEXT(28) Superior Mesen-
teric Veins

Not Used

PEXT(30) Portal Veins



ETEMENT

0.

231
232
233
234
235
236
237
238
239
2ho

241
242
243
ohly
2hs
ohé
2h7
248
2lg
250

ELEMENT
NOI

251
252
253
254
255
256
257
258
259
260

261
262
263
26k
265
266
267
268
269
270

CATCUTATED VARTABLES FCR FACH VOLUME COMPARTMENT

PRESSURE

!mm I_‘]E)

FRENA
PRENV

10

VOLUME

PD(1) Mean. Upper Thoracic Aortic Pressure
: 453 -~ 4sh  Not Used
th Used 353 = 368 Not Used

Not Used

369 - V(49) Blood Volume Command = 5000.0 ml
370 - V(50) Totzl Blood Volume =  5000.0 mli

PM Mean Arterial Pressure 90.90
PMC Mean Carotid Arterial Pressure 90.0
CONSTANT OR

MNEMONIC DEFINITION INITIAT, VALUE
RRA RT. Atrium Valve Resistance 0.007508
RRV RT., Venbricle Valve Resisbance 0.007508
RMV Left Atrium Valve 0.007508
RAV Left Ventricle Valve 0.008634
RPA Pulmonary Arterioles 0.01502
RPC Pulmonary Capillaries 0.05255
RFV Pulmonary Venules 0,01502

Kot Used

ot Used
RUTA Upper Thoracic Aorta 0.0k
RLTA Lower Thoracic Aorta 0.0h

Not Used 0.0
RTABA Abdominal Aorts 0.03
RCTLL Common Iliac Arteries - 0.03
RILGSA Leg Small Arteries 0.03003
RLGAR Leg Arterioles 4,505
RLGCAP Leg Capillaries 0.4505
RLGVE Leg Venules 0.07508
RLGSV Leg Small Veins 0.07508
RFEV Femoral Veins 0.02102

TOTAL VOLUME PRESSURE DUE EXTERNAT,
(m1) TO GRAVITY = PRESSURE COMPARTMENT
351 V(31) 451 PG(31) 485 PEXT(31) Renal Arterie:
352  v(32) 452 PG(32) 486 PEXT(32) Renal Veins

meHg
mmig

UNITsS

mmHg /m1/se



ELEMENT
NO.

271
272
273
27k
275
276
277
278
279
280

281
282
283
284
285
286
287
288
289
290

201
202
293
294
295
296
297

" 298
299
300

301
302
303
30h
305
306
307
308
309

310 - 320

MNEMONTIC
RABVC
RTHVC
RSPVC
RL.{C
RUPC
RHCAP
RHSV
RIV
RCER
RCSMA

RCEMV
RPOV

RREFF

RD(1)

RD(11)

FLPA
FLAA

FLUTA,
FLITA

FLTABA

Not Used

Not Used

CONSTANT OR
DEFINITION INITIAL VALUE

Abdominal Vena Cava 0.007380
Thoracic Vena Cava 0.007508
Superior Vena Cava 0.01502
Lower Carotid Arteries 0.02252
‘Upper Carotid Arteries 0.03378
Head Capillaries 3.431
Head Small Veins 0.3754
Jugular Veins 0.004302
Coronary 15.390
Superior Mesenteric Arteries = 1.974h7L5
Not Used
Superior Mesenteric Veins 0,2252
Portal Veins +0.5255
ot Used .
Renal Arteries 0.01502
Renal Arterioles 0.45045
Efferent Arterioles 2.7
Renal Veins 0.6h9k4
Not Used

1t t
Not Used

1" n

13} "

i n

1t 1

11} 1

1t 11}

1 "

H n
Skeleton and Fat 5.150
Inertance, Pulmonary Arteries  0.0007508

" » Aortic Arch 0.00k4

Wot Used

L 11t
Tnertance, Upper Thoracic Aorta 0.004
Inertance, Thoracic Aorta 0.00k
Not Used
Inertance, Abdominal Aorta 0.004

11

UNITS

miHg /ml /se

H
t
me
"
L
T
n
14

g /ml /secS



ELEMENT
NO. MNEMONIC
371 vu(1)
372 vu(2)
373 vU(3)
37h VU (k)
375 VU(5)
376 vu(6)
377 vu(7)
378 VU(8)
379 vu(9)
380 vu(10)
381 vu(11)
382 vu(12)
383 vU(13)
384 vo(14)
385 vu(15)
386 vu(16)
387 VU(17)
388 vu(18)
389 VU(19)
390 vu(20)
391 vU(21)
392 vu(22)
393 vu(23)
394 vu(2h)
395 VU(25)
396 Vu(26)
397 vu{27)
398 vu(28)
399 Vu(29)
400 VU(30)
Lol VU(31)
ho2 vu(32)
ho3 -~ k2o
L87 B(1)
488 B(2)
489 E(3)
490 E(h)
Lol PRV .
hop ABIAS
493 TBIAS

_hgl TTHAY,
hgs TMODET,
496 SPACE{ 13-
hg7 SPACE(2)
498 ECBY
hag PTIS
500 BSTG

UNSTRESSED VOLUMES

DEFINITION

Rt. Abrium

Rt. Ventricle

Left Atrium

Left Ventricle
Pulmonary Arteries
Pulmonary Arterioles
Pulmonary Veins
Aortic Arch

}:Iot Uﬁed

Thoracic Aorta

Not Used

Abdominal Acrta
Common Tliac Arteries
Leg Small Arteries
Leg Arterioles

Leg Venules

Leg Small Veins
Femoral Veins

Wot Used

1t L1

1t tt

Lower Carotid Arteries
Upper Carcotid Arteries
Head Small Veins

Jugular Veins )
Superior Mesenteric Veins
Not Used

Portal Veins

Renzl Arteries
Renal Veins
Wot Used

Right Atrial Flastance

Right Ventricle Elastance

Left Atrizal Elastance

Left Ventricle Elagtance

Pressure Set Point

Abdominal Vepa Cava Compliance
Curve Bias

Thoracic Vena Cava Compliance
Curve Bias

Tilt Down Time

Tilt Exp. Select

Nﬁt UsEd

Effective Circulating Blood
Volume

PITS-Tissvue Press. in Legs

Blocd 8hifted from Legs

CONSTANT OR
INITTAL VALUE

[¥M]

* L]

(Fh)
hNOOOODOO

O\J‘I\J‘I.C)OOO

I
O M o
HEN

50.0
50.0

5og=é+-~‘
28.0
562.8 -

375.0

50.0
150.,0

Computed Variable
" "

n it

1 "t

88.0

2.55
3.6

9999.
0.
0.0

Compubted Variable
2.0
0.

1"
n
1

L}

nmHg /ml

L1}
1

1

mmg



13

ELEMENT . CONSTANT OR

N0, MNEMONIC DEFINITION INITTAL VALUE UNITS
. 501 Z(1) Lengbth of Vascular Segment 0.0 cm
502 z(2) " 0.0 "
503 z(3) . " 0.0 "
50k Z{L) ' " 0.0 "
505 2(5) " 0.0 :
506 z(6) o 0.0 "
507 z(17) ! 0.0 "
508 z(8) " =7.0 "
509 z(9) " 0.0 "
510 z(10) " 0.0 "
511 Z{11) " 0.0 "
512 Z(12) " 10.0 "
513 7(13) " 10.0 !
514 Z(1h) " 16.0 "
515 z(15) v 6.0 i
516 z(16) " 33.0 "
517 Z(17) " 0.0 "
518 Z(18) " 0.0 "
519 7(19) " 33.0 i’
520 Z(20) " 1h,0 "
521 z(21) " 14,0 "
522 7({22) " 2.0 n
223 z(23) ! -7.0 "
52l Z{2h) H -1k,0 "
525 z(25) " 0.0 u
526 7Z(26) n 0.0 1t
527 z(27) " -14.0 "
528 Z(28) 1 0.0 n
529 z(29) " 0.0 "
530 Z(:30) " 0.0 M
53% Z(31) " 0.0 "
532 7(32) " 0.0 !
533 Z(33) u 0.0 ;
534 Z§3h) " 0.0 "
535 %(35) " 0.0 "
536 2536) " 0.0 ..
537 Z(37) " 0.0 "
538 z(38) R 0.0 "
539 z{39) t 0.0 "
540 z{40) " 0.0 "
5k1 WK(1) Time(Sec), LBNP Steps 0.0 See,
542 WE(2) .on " 0.0
543 WE(3) " " 60.0 Sec.
5)_”+ WK()-I) u n -8.0 mniHg
545 WK(5) n 1 120.0 Sec.,
51}6 . WK(6) " " -16.0 mmHg
547 WK(7) . " 180.0 Sec.
5&-8 WKEB) " " ~-30.0 mmig
549 WE(9) " " 240.0 Sec.

550 WK(lO) t n . ~ho.o . mnifg



ELEMENT
NG, MNEMONIC

551 wK(11)
552 WK(12)
553 WK(13)
554 WK(1k)
555 WK (15)
556 WK(16)
557 WK(17)
558 VK(18)
559 WE(19)
560 WK(20)
561 HR
562 SV
563 co
564 RT
565
566
567 PSYS
568 PDYS
569
<570
571
572 PTAR
573 PITH
574
575 THETA
576 SF
577 TTOT
578 TAS
579 Vs
580
581
582 GNEW
583 PEXIN
58l
(585)~ 597 -
598 WAVEFM
599 DPFRT
600 ViEG

CONSTANT OR
DEFINITION INITTAL VALUE
Time(Sec), LENP Steps 300.0
11 1 “50 . O
] 1t 360 e
T it O . O
" " 400.0
1 314 0 . 0
" n 0 . 0
111 bt O " O
n ] 0 . 0
Finish Time Lo1.0
Heart Rate Calcunlated
Stroke Volume "
Cardiac Output "
Total Peripheral Resishance "
Not Used -

1 1 - -
Systolic Blood Pressure .0
Diastolic Blood Pressure C.0
Not Used

" i -
Intra-Abdominal Pressure 0.0
Intra~Thoracic Pressure -1.5
Not Used -
Body Angle Relative to Horizontal 0.0
Conbraction Strength Factor 0.48
Heart Period 0.833
Period of Systole 0.19
Period of Diastole 0.36
Not Used )

1 i -
Gain Constant -0.015
Pressure Set Point 88.0
Not Uged =
ot Used -
Output Option 340.0

. Brint Interval 10.0
Total Leg Blood Volume 0.0

1h

UNITS

Sec,

‘mmHg

Sec.

mmHg

Sec.

mHg
Sec.

mmHg

Sec.

Sec.
Beats/Min
Liters
Liters/Min
mmHe /T,/Min

mmHg



71

72
73

75

COMMON/STATE/£(30)»xDOTI50}
ZISTATE/QRA!QRV'QLA'QLquPA:QPClQPV:QAAsQARC:QLAAt9UTA;QLTAnQUABAl
3Q1.ABAQCILLIGLGSA,QLGARYQLGCAPIQLGVE I QLOSYIRFEVIQABVCyQTHVC yuSPVCy
HQLOCIQUPC»QHCAP »QHSYIQUV+QCORLGCSMALQIMALQCSMY ,QPOYV,QIMV,
SGRENA;GRALE ywRENV ,QRET»QD{10) ,95K8
6/STATE/CRAMCRYSCLAYCLY1CPAY CPCICPYICAAICARGCICLAAYCUTAICLTAICUABAY
7CLABASCCILL s CLGSA CLGARYCLGYE yCLGSY sCFEVICABYC»CTHVYCCSPVC s
BCLOCYCUPCsCHS v CUVICCSMV3CIMY . CPOV
FCRENA,CRENVCDI18) .
A/STATE/PRAIPRVIPLASPLYVIPPASPPCIPPVIPAASPARCIPLAAIPUTAPLTAIPUABA,
BFLABA,PCILLIPLGSAPLGARYPLGYE PLGSVsPFEVIPABYCsPTHVC1PSPYC
CPLOCYPUPC,PHSVPUYVsPCSHV ,,PTIMV,PPOV,

DPREMA,PRENVIPDILE) +PM,PMC

CoMMON/STATE/
ERRATRRVIRMVIKAVIRPAIRPCIRPV,RARCIRLAAIRUTASR  TASRUABA
FRUABAZRCILL sRLGS5A,RLGARIRLGCAPIRLGVEIRLGSYIRFEVsRABYVC,
GRTHVC,RSPVCIRLOCIRUPC yRHCAR yRHSVIRJVIRCOR,RCSHAIRIMAIRCSMY »
HRPQV+RIMYIRRENASRRALEyRREFF ,RRENVIRD{11)RSKB
L/ STATE/FLPAYr LAASFLARCIFLLAAYFLUTASFLLTAMFLUABA
JELLABASFLCILL sFLCSMASsFLIMALFLRENASFLUMLE)
KASTATE/ZVISOY svu(5D) 4 PG{34)3pEXT(32) 4E(H)

*3PRN AR IAS s THIASy TTHAZ » THODEL ,SPACE(2) »ECBY +pT{S+B5L6
LaZ(90) w201 4yHR SV, CO9RTyPEX ,WPSYSIPDYS,FRER
MevOZDOT+AVRIP 1A PITH,PMP, THETA,SF

NaTTOT 3 TASTVSClsC2,GNENZPEXINITR

* s UMHY {1 3) ol‘H\\IEFH,DPRT;UL_EG

COoMMON/PLTBUF/NBUF s XBUF L 181 ) yYBUF L1811 ,8) shWipg) KSTOPP,PGL(2)

COMMON/PNTBUF/N(8) sKPLT

COMMON /ZWAVE/ HNBUFW NWVIB) s XxBUFW(181),YBUFW{]18],8)

DIMENSION NV{Bl+PGDT(2) .

DATA nv/209,224,208,2114212,214,215,231/

DATA KQ/'NY/pPaD/0 Yt '/ yPGDT/ YRAVE! s tFQRMY/

CALL -AI8(T)

#+o % ONG TERM VASCULAR STRESS RELAXATIONew»w#
* ¢ INPUT ALOOD SHIFT PROTOCAL IN DATA BySs+ss

Day=bhumMy (11}

DIHENSION BYS(200) .

DATA ByS/QDeslisrh, 13236097 43286440120 13558 ,411643398¢91%.,383,,
622, 944303259381 3,,184%0e)

IFIBYS(3)sEQalleaeDHeDAYSEQeO+)50 TO 7%

Bo 72 151,992

BvSD=(8VE(I+31=8yS{[+1))#(Tp=pvS(I)}/(BYVS(I+2)=BVsS(])])
E+BysS{1+1)

TF{TDLE+BVS(1+2) e ANDeTD ,GELBVYS(I}}IGD TO 73

CONT INUE
BUOT=(BVSD=BvSN) /|4, ‘

BVSszVSN'I-.l*BDOT OR’G!N

Th=+1+470 OF PAC.;E, 15
IFITDSLT.DAY)GO To 71 ‘QQR~QUA
VUOT=vVU(18)+vull9)+vu(20) : Lrry

DPCTm={0.572BYSN}/VYUQT+}] e
Vu(l8)=DPCT*vU({18)
Vu(le)=0PCT*vU(l®)
VU(20)=DPCT*vu(20)
BSLG=BVSD

CONTINUE

CALL CONTRLIT)



10

20
g
41
45

51

CaLl CVvas(T)

Call ALGO(T}

IF (TeGQTAaTTHAZ] THETA=D+

IF (ToLTLWKI{20)) g0 To |

IF (KPLTSNE=D) GO TO 4

WRITE (&642) .

FORMAT (*0ODO YOU wISH TO PLOT BUFFERED QUTPUT DATA? {Y/N)')
READ (5,3} K : :
ForMAT . (1AL}

IF (KsEWQaKQ) GO To 40

KsTOPP=1

CaLL PLOT

CALL NEWFPAG

WRITE (4,45) .

FORMAT ('0ODO YOU wISH TO PRINT TABULAR OUTPUT DATA? (Y/N)')
READ (%,3) K

IF (KsEReKQ) GO TO 4O

CALL NEWPAG

WRITE (645101 WWelN{I),1=],8)

FORMATL(///7 Y SECS?',8(2X,A8)/ 5991 ,818/7 erussr,
= gl sRENRT])

DO 20 i=]1NBUF

LP=XBUFL])

PT=LP .

IF {MOD(14+30)~Eqs0) CALL PAGED

WRITE (6,430} PTslYBUF(Isy)sd=1,8)

FGRMAT [(F7el38F8,2)

WRITE (&6,45)

FORMAT(?ODO YOU AISH TO pPLOT PRESSURE wAveFORH DATA? (Y/N) ')
READ {53} K

IF (KeEWeKwR) CALL EXIT

NguF=NBUFW

P (1)=PGOTI(])

PoD(2)=PGDT2)

Dy S50 [=1,8

Ng(I)y=NwV{1)

N{IT=nyl]}

Do 50 J=] NBUFw

IF (1+EQ,1) xauF(szxaqutJ)

YaUF(Jsal)sYBUFW (U, 1)

ConNTINUE

NykK20=4BUFWINQUFNI+] 45

WK(20)=NWK20

Gy TO 4

Enp

SUBROUTINE CvsS(T)
GE CARDIOVASCULAR LB8NP MODEL
CONTROLLED SYSTEM

CoMMON/STATE/ZX{50)+xDOTI50)
Z/STATE/QRAIQRVINLAIQLVIQPAIGPCHIQPVIQAAIRARCIGLAAIQUTA,QLTAIQUABA,
IQLABA,QCILLsWLGSA,QLGARYQLGCAPIQLGVESQLGSYIQFEVIQABYCYGTHVC s uSPVCy
4RLOCHQUPC+QHCAP I QHSVIQJIVQCOR,QCSMALQIMASHCSIrV ) QPOV,UINY,
SGRENAZGRALE »URENV,QRET+QD(10) ,9SKB
6/STATE/CRAICRYICLAYCLY1CPASCPCICPYICAAICARCICLAAICUTA,CLTAICUABA,
TCLABACCILL s CLGSA CLGARIYCLGYE ,CLGSVyCFEVCABYCsCTHVCICSPVC
BCLOC»CUPCyCHSYCUYICCSMY,CIMY,CPOV,

PCRENA,CRENYsCOIL1B)



ip0l

ST

A/STATE/PRAYPRY sPLAYPLYIPPAIPPCIPPYIPAAIPARCIpLAAIPUTASPLTASPUABA,
BPLABAyPCILLYPLGSA,PLGARSPLGYE, PLGSV.PFEV:PAvagPTHVC:PSPVC.
CPLOCPUPCyPHSYIP JysPCSMV, PINY,PPOYV,
DPRENAsFRENY s PDL16) sPMsPMC

COMMON/STATEY, ;
ERRAIRRyIRMVIRAYIRPAIRPCIRPYVIRARCIRLAAIRUTASRLTAIRUABA,
FRLABASRCILL yRLGSA,RLGARIRLGCAPIRLGVEIRLGSVIRFEYVIRABYC,,
GRTHVC +RSPVCIRLOCH RUPC RHCAP sRHSVIRJVIRCOR,RCSMAIRIMASRCSMV 9
HRPOVIRIMY'RRENAIRRALE yRREFF ,RRENVIRD(11) 1 RSKB ’
L/STATE/FLPAYFLAAYFLARCFLLAAIFLUTASFLLTASFLUABAY
JFLLABASFLCILLsFLCSHAWFLIMASFLRENASFLDOM(E)
K/STATE/VIBO0Y»vulB0) 4PG(34) 2»pEXT(32) ,E(4)

*sPRNIABIAS I THIASITTHAZ s TMODEL ySPACE(Z) sECBVIpTISIBSLG

LeZ(H0) 4K (120),HR SV, CORTPEX,#,PSYSsPDYS,FREY
MyyD200TsAVDIFLABIPITHPHRy THETA,SF

NaTTOT s TASsTVS,,CLlsC21GNEWN,PEXINSTR

*ypUMMY{13) s WAVEFH ,DPRY»VLEG

DIMENSION PRS({1}yCHP(32),R50(50)sFINR{12)

EQUIVALENCE (FRSPRA)J(CHPI1),CRA} S (RSOCEI)sRRAIw (FINRUL) yFLRA)

T I8 ELAPSED TINME
TT 15 A (CLOCK FOR gNE BEAT

Tr=T=TSVE

IF (TT=-TTOT) 1802,1001,1n001.

TsvE=T

.

Cryean

93

116

111

C.‘*l‘*

1a
20

Co=X{33)/TTOT+,06
X{33)=0+0
PM=X{10}/TTO1
X(i01=00
PUC=X(13)/7T7TO0T
X(13)¥=00
Fo{l)=x{37)/71107
X{37}=0e0
Sy=sTTOT/60.*C0Q
RY=PD(L)/CU
IF(T«GT*354)00 TO 993
DIFF=2=y{50)+v {49}
X118)=x{18)+*IFFen.h
X{19¥=XC1F7t0IFFen.4
CONT INUE
- P5YS=sYS
PRYS=DYS
CaLi x104T}
CALL CONTRL(T}
TEMP=TEMP+0e2
IF (TEMP=-T) li0sltl, 111
ConNTINUE
SYs=0«0
Dys=1p00,
TT0T=40+/HR
TAS=0« |U+0,0%+TTOT
TVS=0«l6+0.2U*TTOT
LENP waesx -
IF {T«LT 41l «DR, T+GTe%3e} GO TO 20
Dn 10 1=1,32
PRIII=SINITHETA/57.2958)+Z{1)#}+05%980,7/1332,
ConT INUE


http:CO=X(33)/TTOT*.06

25

C 24
26

28

34

201

301

16

C".’
Inoz

Coyge

220

i

IF (THMODEL«GT0s) GO0 TO 26

Do 25 1=1,18s2

IF (HK(I)«LTuBe) GO TO 30

IF (TeGTWaWK{I}] PLBNP==WK(]+])

CONTINUE

Go TO 30

IF (ABS{THETA}sLTeleE~S5 ,0ORs TeLT*+4Ds) GO TO 390
TF LABS{THETA) «GT+leE=5} TILTD=1l.

Ir (ABSI{THETA}«GTaleE=5) GO To 30

IF {TILTD+GY42.) GO To 39

Do 28 1=]1432

PRlI)=0s

TILTD=3.

CONT INUE

VLEG=([.

Do 201 [=15y20

VLEG=VLEG+V (]}

PEXT(I)==-PLBNP
VLEG=VLEGQ=VU (181 =yU{19)=yU{20)
[F{TeGTeaK(3)eOR,BSLGLT,14)G60 TO 301
IF{PGBIAS+LT.2,)PGBIAG=2,

DvL=554e=~VL FG~BSLG
IF(OVLZLTe=1204)PGBIAS=PGBIAS+,2

IF(DVL +GT oS¢ )PEBIAS=PGRIAS=,1]
IF(DVL.GT"IZU.'RNDODVLOLTa—SQ‘)-PGBIAS:PGB]AS+.05
CoNTINUE

TEMPV=0e |

Do 1& 1I=1,32

TEMPY=TEMPY*VU(L)

ECBVEy {0} =VLEG-TEMPY+VU{1IBI+yU(]19)+vU{20)
& +yULLIGl+VvUL sl *yy(]7)
ERystevnry

CaNTINUE

FOR WAVEFORM PLOTSy SET WAVEFM*598+« To TIME pBESIRED
CoMMOn /WAVE/ NBUFW,NWVIB) 2 xBUFW(181),YBUFW{181,8)
DATA Nav/? PLY PLOC PAA PUTA PLTA FPLAA PCILL PRENA'/
DATA nNBUFS/0/

Ly (wavEFM.LT«0e5) 60 TO 220

IF INBUFWeEQ+O) WVPT=WAVEFM=2,

TF (TelTeNVPT +O0Re TWGTeWAVEFM) GO TO 220
WypT=wyPT+00U115

NREUFW=NBUFW+]

IF (NBUFWeGT+181) NBUFW=|8]

XEUF X (N3UFW)=T

YRUFN¥{NSUF %1 )=PLY

YRUFW{NBUFW&2)=PLQOC

YRUF N (NBUFW»3I}=PAA

YAUFs (NBUF®,4)}=sPUTA

YHUF & {NBUFW5)=PLTA

YBUF & (NOUFWsb)sPLABA

YRUF G {NBUF&»7)=PCEILL -

YRUFN({NBUF W +8)=PRENA

CONTINUE

IF(TT=-TASI1 92,2

SAS=SIN(3e]l416#TT/TAS)
El1)}=0.05+0eliS*S5ASRSF
E{3)=0,12%+0e«]4*%5A505F

18



11

55

71

72

12

13

15

14

Coaen

RspVC={2D++5AS*40,1/1332,

RTHyCc=(10++5A5#20.)/1332,

Gp TO 13

E(1)=0.,05

E{3)1=0,12

RSpVC=.015%015

RTHVC=,0075075

TV=TT=0+}

IFLTVeLT 0.0)Ty=040

IFtTy-Tys)ids5,5

SyS=SIN(3eld168Ty/TyS)

Er2¥=0,0175%,39*SF*sysS

E(4)=0,02+1+50»SF*5yS

Go TO &

E{2)=0.0175%

E(4)=p,02

CONTINBE

Do 11 t=]1,4

Crplli=slo/EL])

IF{X(g) el ToUL0)A04)=0e0
COoMPUTE VOLUMES

Vis0i=0«0

Dy 55 1=1,32

ViII=vUl(lL)+X([1}

VIs0)=sy (SO+V (1}

Do 71 1=1,12

PEXT(I)=PITH

PEXT(22I=sPLThH

FEXT(23)1=P1ITH

DN 72 1=28432

PEXT(1)=PIAB

PEXT(14)=PlAg

PEXT(Z1)=PlAn

COMPUTE PRESSURES

Dp 12 1=1,7

PRE({LI=A(IY/CHPITI+PEXT(D)

Do 13 [=15,17
PRS{1I=X{I}/CuP (1) +PEXTIL)

Do 15 [=18.20
PRS(IN=X{II/VULL %2 4+PEXATLL ) +pTIS+PGBIAS=2,
TE(X0I}eGTeVU(I)IPRS(I}=
By (I )~vUB{1)I/CMPUI)+PEXTLI)+PTIS+PGBIAS
Dn 14 1=24,32
PRS(I)=A{1}/7CHPL{T)+PEXTIL)
PAA=X(8)}/CAA+PITH

PUTA=X (29} /CUTA*PITH
PLTA=x{12)/CLTAtPITH
IF{PUTASGTSYS)ISYS=PUTA
IFIPUTASLTWDYSIDYS=PUTA
PLABA=PIAB=1]1+826+0.0022450y{14)+0,0097734%v(14d)syl14)
PLABA=X{14}/CLABA+PIAB

ABDOMINAL VENA CAVA
PABVC=-5,4996+0-08240R*V(2]1)~0,00033598%y(21)%yiz2])
21 ¥0,B00000450 262 {2 ey (2 )%y i(2])

IF (X(21)146T.200s «ANDe X{2]1)eLT+350)
3y PABV(=e39/]150.*(x{2]1)=200.)+1,15

19


http:IF(X(q)-LT.U.U)A(q)=.Of
http:E(4)=0.02
http:E(I)=0.05

Cepee THORACILC VENWA CAVA .
PTHVC=e5,5006+0«1154#V(22)=0,00065873%y(22)sy(22)
s +0 00001236 %v 2218y {22)a4V(22)
IF (X({22)eGTel5%Us 2AND, X{22)eLTe2504}
y PTHVC=»3/100e * (X{22}=1804) + Jelb
PSPVL==3,4999+0+72409*X (231 nD.042296%X{23)*% (22}
y ¥ 000634BS® X {231 #X(23)*X(23)
PTHVC=PTHVCHPEXT{Z22)+TBIAS
PABVC=PABVC+PEAT(21)+ABIAS
PSPVC=PSPVC+PEXT(23)
QRA=(PRA=PRV ) /RRA
C HEART MODEL
IF{PRALLT+PRVIQRA=D.DO
QRVEX{0Y)/FLPA
LFLQRYLTo0 D) gRY=0.0
XDOTIO9)=PRV~PPA=RRYSYRV
TF{XDOTI(DP oL TaUe0eANDeURVEGD«D}IXDOTIRY}=0,0
DLA={PLA=PLV)/RMY
TF(PLASLTsPLY)QLA=D.O
QLVEX (L L) /AFLARA
IF{WLVYLTvOa0IQGLY=0.0
XDOT(111=PLV=~PAA+PG{B)=RAVeQLY
FF(XDOTIILI Y oL Te0 o DeANDeNLVaER«DeQ)IXD0T{11)=0,0
C PULMOMWARY CIRCULATION
QFA={PPA=PPCI/RPA
APC={PPC-PPV}/RFC
RPYV=(FPV=-PLA}/RPY
C ARTERIAL MODEL
- BUTA=X(34}/FLLTA
XNOTE34)=PUTA~PLTA+PG{13}«RLTA*QUTA
QLTA=X(35) /FLLABA
XOOTI(38)=PLTA-PLARA+PG(I4)-=RLABA*QLTA
QLABA={PLABA=PCILL*PG(I15))/RCILL
QAA=X{36)/FLUTA )
XpoT{(3&)=PAA=PUTA+PGI12)=RUTA®QAA
¢ LEGS
QCILL=(PCILL+PGL14)=PLGSA}/RLGSA
WLGSA={PLGSA~PLGAR)/RLGAR
BLGCAP={PLGAR-PLGYE)/RLGCAP
RLGVE=.0U7507%
IF(QLGVESLT»UsUIRLGVE=7 567547
RLGVE=(PLGVE-PLGSY) /RLGVE
RLGSV=.075075
IF(QLGSVYLTe0.QIRLGSY=67 567547
QLESV={PLGSV-PGI19)=PFEV)/RLGSY
C VENOUS MODEL
RFEV=,021021
IF(QFEVesLT DA IRFEV=467 45467587
RFEV=(PFEV=-P&({20)«PABVC}/RFEY
GABVC=(PABVC=PGI21)=PTHVC)/RABYC
QTHVC=(PTHVC=PGLZ2)=PRAI/RTHVC
QSPVCs (PSPYC-PG(23)=-PRA)/RSPVC
C HEAD+ARMS
BLOC=(PAA+PG(24)=-PLOC) /RLOC
RQUPCs{PLOC=-PUPL) /RUPC
GHCAF=(PUPC=PnSV) /RHCAF
GHSVZ {PHSV=PJy )} /RHSY

20



Rgv=.004301
IF(RQJUVLTe0e0)RIY2L7,5475467
QUIVE(PIV=PG(27)=PSPVC}/RUV

C CORONARY CIRCULATIQN
SCOR=z{PAA=PRA)/RCOR N

¢ CONTINUITY FOR VENQUS RETURN
QRET=gSPVC+QTHVYC+QCOR

C HEPATIC=SPLANCHNIC CIRCULATION

RCSMA={PLTA=PCSMV ) /RCSMA
GCSMYS{PCSMV=PPOY ) /RCSMY
QPOV=(PPOV=PTHYC} /RPOY

C RENAL CIRCULATIQN
GRENA=SPLABA-PRENA) /RRENA
RRALE=(PRENA=PRENYV)/(RRALE+RREFF)
QRENV=(PRENV~PABYC)}/RRENy

C SKELTUNsBONE MARROwsAND OTHER
RSKB=(PLABA-FABVC) /RSKB
C STATE VARIABLE DERIVATIVES

0TI )=QRET=-qQRA
XpuoT{Z)=gRA=yRYV
XpoeT(3)=GPV~LLA
XDOT{4)=gl A=yl V
XDOT{5)1=qQRV~=yPA
XpoT(s)=qPA~yPC
XpOoT(7)=2GPC=-wPV
XpoT(8)=ulV-wAA-QCOR~pLOC
XpoT{10)=PAA
X00T{12)=QUTA=gLTA=QCSHA
XDOT(149)=QLTA~QLABA-QKRENA-QSKR
AN0TL1SIi=QLABA~GCILL
XN0T{16)=QCILL-ULGSA
Xp0T{17)1=QLGSA=RQLGCAP

T XpoT(18)=QLGCAP=QLGVE
Xp0T (|9 )=QLOVE=QLGESY
XnoT{20)=QLGSV=WFEYV
XD0T(21)=QFEV=-RABYC+RENY+QSKE
XDOT(22)1=QABVC+UPOV-RTHVC
Xp0T(23)1=QJV-QSPVYC
XooT{z29)=QLOC~QUPC
Xp0T{261=QUPC~ygHCAP
XpOT{2&6)1=uHCAP-QHSY
XBOT(27)1=QHSv=gJdV
XpoT(28}=QCSMA=~QUSMY
X00T(291=QAA~-QUTA
XD0T(30I=QCSMNV=uPQV
XpoT(all=QRENA=-WRALE
XpOT{32)=QRALE~YRENY
XpoT(331=QGLV
XpoT(31=PLOC
Ap0T(371=PUTA
RETURN
EnD

T ¥TBROUTINE CUNTRL(T)

COMMON/STATE/X(S50)+4XD0T(50)
Z/STATE/WRASGRYIGLAYQLY ' QPAIQPCQPVIQAAIGARCIQLAAIQUTAZQLTAIQUABA
30LABAGCILL I WL GSA,QLOARYALGCAP 1 QLOVE sQLGSVIRFEVsQABVC ,YTHVC,, 8SPYC,y
40L0CHQUPCHGHCAP s QHSVIQJV ) QCORACSHA , QIMA, 4CSuV 4 APOV,QIHV



[}

()

SQRENA,QRALE:QRENV.QRET:QD(!D}!QSKB
6/STATE/CRASCRVICLAICLYVSCPAWCPCICPYICAAICARCHICLAAICUTA,CLTASCUABA Y
?CLABA,CCILL:LLGSA.CtGARocLGvE.CLGSV.CFEVpCABanCTHVC:CSPVCn
BCLOCyCUPCyCHEY»CUVCCSHVY,,CIMV,CPOV,
FCRENACRENVsCD(18)
A/STATE/PRAWPHVIPLASPLYIPPASPPCIPPVIPAA PARCypLAASPUTAPLTASPUABA,
BPLABA,PCILLIPLGSA,PLGARSPLGVE yPLGSYPFEV  FABYC)PTHVL I PSPV(H
CPLOCTPUPC,PHSY  PUVIPCSMV,PINY,PPOV,
DPRENA,PRENYsPDLLI&)sPH,,PMC

COMMON/STATE/
ERRASRKV+RMVIRAVIRPAIRPCIRPY 4RARCIRLAAYRUTAYRLTA»RUAB A
FRUABAZRCILLIRLGSA4RLGARIRLGCAPIRLGVEIRLGSYIRFEVIRABYC,
GRYHVC yRSPVCsRKLOCIRUPCHyRHCAP yRHSVIRJYIRCOR,RCSMAIRIMAIYRCSMY »
HRPOVsRIMVIRRENASRRALE yRREFFLRRENVIRDIL 1) sRSKB ’

I/ STATE/FLPASFLAAYFLARCIFLLAAYFLUTASFLLTASFLUARAY
JFLLABAZFLCILL s FLCSMAYFLIMASFLRENAFLOM(B)

K/STATE/VIS0)} s VUISQ) yPGI34) sPEXT(32) ,E(4)

6’:‘”

&1 0

* PRMNIABIAS I TBIAS TTHAZ y THODEL SPACE(2)YsECLVY1pT1S51BSLG
LyZ (40} 4%K{20) yHRySV 4 COIRT,PEX,W,PSYTSIPDYS,FREQ
MyvO2DO0TrAVDsPIAS»PITHyPHMP, THETA,SF
NoTTOT»TAS»TVSHClaC2GNENY,PEXINYTR
*SDUMMY {13 yWAVEFM,DPRT+VLEG
CONTROLLED RESISTANCES

RRALE=600+/1332

RSKB=6B&a/ 1332

RecSMA=10230e/1332,

RHCAP=4570./1332,

RCOR=20500./1332,

RLGAR=7250,/1332,

RAXEFF=2e744

IF {THETA«QT+45% «ANDs T,GTe4Gs) GO TO 400
RcsMa=1487

RLGAR=6000,/1332,

GD To 610

RREFF=3¢75

SFaeby

CoNTINUE .

1F (ABS{THETA)} LT+l +E=5) SF=5fS

PRESSURE REFERE~CE FUNCTION PR

E3=E2

Ez=EO0

Eq=EN

EnsPRN=PM/2+=PNC/2,

En=(E3I+E2tEQTEN} /4

GalN=GNER

PAYG=pPD{L)

IF (PAVGWLT 95, «ANDs PAYGsGT+8%4) GAINS155aGNEY
IF (PAVGsLEeb8Y7.) GAIN=Y4e | »GNEy
DRP=0e533+{ER*GAIN)

IF(DDP LT«Qe0}DOP=0.Q

TOT=0+300+DDP

HR=60./T0T

RETURN

EnND

.22

T

SUBROUTINE ALGOIT)
INTEGRATION ALGQORITHH



)]

COMMON /STATE/ X(5Q)sxDOT(5D)

DIMENSTION xDS(50)

IF(HITs) a2

Do 3 I=1\»NOS,

xostti=xpaTll)

=T+H

CALL CcyStT)

DG 4 I=1a 2NOSV
x(l):H/Z.*{hDUTll)+XDS(I)}+X(13

RETURN

CONTINUE

Ngsv=218

H=,002

G0 T0 10

Eniny

23

SUBROUTINE XIo(T)

COMMON/STATE/ZX 1 &QD)
COMMON/PLTBUF/NBUF s XBUF(181)syBUF(181,8) ,nu0ia) KSTOPP
CoMMON/PNTBUF/N{B) +KPLT

DIMENSTION A{&,8)

DATA NBUF/Z1/

DATA KY»INIT nWBsWTL/LHN,0,6R 16H  TILT/

T DATA N/ HRY 40 COr, SV, Py

5

20

30
a5
40
50

55

' OSYST',' DIASY',? LBNpt,* LEGV'/

DATA W/5611563,58212494567+568,:46%,0600/

IF (INIT.BTs0) GO YO 200

INIT=]

MON=ZD

CaLl CDATE(MD) .

Csll CTIMELIMT)

WEITE(S35)IMDaMT ¢+ MDN

FORMATL/® CARDIOVASCULAR ULBNP/TILT MODEL'9r»6XKsAb,"' AT
' REFER Tu GE~AGS USER GUIDE TIR 741=MED=4008'//
' sx*% MODEL INCLUDES #OpD NUMBER®'»137//
*/T0 SIMULATE TILT EXPERIMENT ENTER 1"

READ (Syb) X({H495)

FORMAT (F5.09

WRITE (&97)

FORMAT('0DO YOyU &ANT GRAPHIC QUTPUT? (Y/N) )

READ (5220} K

IF (KsMEGKY) KPLT=1

WRITE ( 6,10}

FORMAT('O000 YOU WISH TO CHANGE INITIALIZED DATA? (Y/N)Y)

REaD ( 5,20) K
FORMAT(1AL)

IF (KsEQ.KY) G0 TQ &0
WelTE + 62300

YyA&/

FORMAT('OPLEASE ENTER INDEX(1~600}y VALUEy CRY (I33E£12461)7)

Gg TO 40

WRITE (6,88)

READ (5,50+ERR=35) [»VALNEW
FORMAT(I3EL12e8)

WRITE (4355) [sVALNEW
FORMAT(4Xy3Hese 3 [4,3F10,49)

IF (1eLTel +UR. 1«.GT.600) GO TO &0
X{l) = VALNE#H

GO TO 4@



40 WRITE ( 69701} -
70 FORMAT('0ODO YOU WISH TO MODIFY THE QUTPUT LIST?.(Y/N}"}
READ ¢ 5,20) K )
IF (KeEQeKY) GO To 20G0O
WRITE | 6,80)
80 FORMAT ('OPLEASE ENTER POSITIpN(Z2=-9}s INDEX(1=600)s CR} (11,14)")
6o TO 90
B WRITE (6,86)
86 FORMAT {* oREAD ERROR=v)
0 READ (54100 ERR=2BS) |pP,1
100 FORMAT(IL14)
WRITE (641011 1P,
101 FORMAT{H4Xs3Hwss,]12,414)
ILF (IP.EgQel) GO To 200
IF (IP.EQel) GO Yo 9
I1¥ {1P«LTe2 JORe JPeGGTa?) G0 70 940
Gg TOo (90,102,103,104,105,106,107,4108,109)s1p
132 N{})=1
Nu (1l)=MwB
6 To 90
103 N{2)=1
Nw {(2)=NaB
a6 TO 9uU
109 Ni{3)=]
Mh {3 )=nNWB
co T0 90
108 Ni4)=]
Ny (4)=N%E
6c To 90
106 N{G)=1
Nu{St=N%B
Gn TO 90
107 Nis) =g
M (6)=NB
Go TO 90
108 N(71=1
N2 (7 )=Nwh
a0 TO 20
109 Ni8)=]
N (B)=nNWD
G T0 20
200 COGNTINUVE
IF (TeaTL0s081) Go TO 215
IF (X(495}4LTale5) GO TO 210
IF (NL7).NE*+469} G0 To 210
Natl7)=nwTh

N{7)=575
210 SRITE (6,208 nNwajy
205 FoRMATL//7/! SECS" 812X 4A6) /0 59Ft B/t srsner,
» g senepr)}
215 Dp 220 I=148
K=ntl)

A{[s5)=XLK)

220 A(Ta8)={ACTI s ) +ALTs2)+8 01431+ T s90+A(1v8))/ 50
IF (INU7)4EQe75 eANLe TepTeglel at?7,51=4,
5RITE(6.3UU’ro{A(IsS)a§=138)



TF ((T=PTlelToelel +ORs AMOD{T ABS(X(B9F)))eGTele) Gp TO 340
[F "{NBUF «GTe1l) GG TGO 225
XxBUF(1)1=04
DG 224 '1=1,8
2249 yauFftts11=aly,8)
225 NgyfF=npUF*l
IF (NBUF.GT+}8}) NBUF=]18]
XeUF (nBUF)=T
Do 230G [=1,8 .
230 YeUF(NBUFsl)=a{l,y5)
IF (KpLTeGFe0) CALL PLOT
Le=T ’
PT=LP
IF {KPLT.GT=0} GO To 310
WRITE(6+300IPT{A(TIS)sl=1,8)
300 FARMAT {(F7.138F843)
IF (X(599) «LTelle) WRITE (6:308) IX{1),1=1,32)
105 FaRMAT (7Xs8F&,3)
310 Do 320 J=].4
Do 320 [=1.48
320 AllsJdi=A{lad+r1)

RETURMN
E.ail}

25

BLOCK DATA
ComMMOn/STATE/At1OQ)
CCMMON/STATE/B8(50)
CoMMON/STATE/C150)
CamMON/STATE/D{50)
COMMON/STATE/ZE(SRD)
COMMON/STATE/F(20)
COMMON/STATE/G(280)
Cxy STATE .
DATA A/89o9|21508.38.7.218.017.7,f0.6,27.4323-9n00aﬂ-3
l D.,23.b’0.'1b.2152l3'52.q’4.1312510,205',2G5'
2 355.2,253.5'36'4,23.5|31n2.63.q'3.l’25q|2!3ﬂipl20073
3 170l 83,7s5%0,+0,0,12%0,,50*0./
Ce, FLO=
DATA B/50%0Ds/
Cs, COM~ :
DATA C/94%00rie2sl a7 35e33,392%0032% 43041021 32%,89¢3,30956,3014102,
1 3!0,’,3..399b,5.3009U58,9.59,10585,60047'
2 1222412151705‘gl.03’12'0'/
Ce, PRES
DATA D/748%00 330,904/
Cey RES !
DATA E/3%.0075208,.,008634,40]1502,.05255,+035022,2+%0.,,090000,
1 ,040000,0,412+030000,¢030,.03003,4+4505,,4505,,07508+.07508,.02702,
2,00738,.007508,4401502,,02252,,03378,3,43]1,¢3754,.0049302,15,379,24+35%
3 '34.5345,.2252,,5255,.3003,,01502..Q50q5,2074ﬂ..6499100:U-.
4 930.,5¢]15/
C#*s INRT
DATA F/+00075083.,00442%0, 3200401 20049,0a30009,,00624211%04/
Cey, MISC
DATA G/48%04 35000495000 430,3009304,00185431654,4004,614632%0.,
l G,.?D.S,U.,H3.5,5.19QJ300:3U091UO..lBﬂ'tQUI.
2 3‘0.,56.’5n.‘5090323-156203000!3750&
3 E‘D'QISDISIE'BI’

1= 14
1= 24
21= 30
31~10v

101=154

is1=170
171=184
l8t=20u

Z1=250

251=260
2al=d7u
27 1=480
201=290
291=340

Jui=-32u

321=380
3a1=394
d91=400
4g1=420


http:03378,3,431,.3754,.004302,1b,39,2.3b

34‘00 '32'0""*"35 .83.,2'55'3.60}9999. |Q’;
Oe10e0r063243400,37804,=7,,2¢0,
Desl0arl0aslbasberldld, QZ'U.|33.|1"|..
19¢32¢1=7 es=19¢3043001=14,,13%0,,
Nes0a350ey= B,32120, =16 ,,150, '-3U.’2‘10' =40,
300.,=-5043360,,50, 200 s =] 4,401 s,
72.118,9|6.7|5*U.,803.30, i
«0550,0,,=1,5,0, ,DoG..‘*8..833‘!019’.36|460} -
10sy=,015,88, ,1‘{‘0-.340..10,,0-/
ExD

0 SO % % T £

ENp ONSITE PRINTOUT ON MARCH 27, 1974 AT G8:10:43
DBa=GO34320TPFSE0) +PXX(Q)

26

421=495
496=510
5i1=520
521540
54]=550
551=560
541=570
571=58u
581~600D


http:oSS.,qa.3o

Tilt Example

CARDIOYRICULAR LENF MOLEL
PEFEF TO SE-AGT U3ER GUIDE TIR

seee MODEL INCLUDET MOD NUMBEF 0

TO SIMULATE TILT EXPERIMEMT ENTER 1.
- 1 "

Do Yol WIZH TO CHAMSE IMITIALIZED LATaT I R o

L

-'J

FLERZ:E

b - T
++e 575 To.agoo-
;t* ] OOnL

oo %au
A

WIZH TO MODIFY THE DUTPUT LIZT*

SECE HE | b =g}

5o3 S G685 LR =42
L2 2 3 2 LA 2 2 2 L2 2 3 2 ] L2 2 2 2 *ohee
.0 S2.3732 2,372 L1004 80,380
d0.0 &2.2383 (SRt e A4 20,353
S, TROIS0 SL.al8 LOTL 29 aF3
6.0 an.sor S.5495 Mm% 39,4839
1a0.0 3d0.555 S.554 3 29520
120.0 20.473 S.352 L0835 @3.al0
140.0 =0.541 5.551 T = ke 1

ENTER IMDERC1-600xs VYALUE: CR3 (IS «E12.6.

£y

250174 AT 1320541
741-MED-4008

DIimt:

=it
*eede
r2.G3e
=Y
23.539
S0.234
=3 = )
21 .954
31.203

TILT

=
L

teeey

Logn

AR
F.0G0
v
vo.0an
Fo.ang
Fo. Qoo

29

n
Pt
iy
[

o
K]
fa

i

000 Do)
L B xR

oy e e
[ ]
i

01



‘eXQY

CARDIOVASCULAR LINP/TILT NODEL

LENP EXAMPLE

REFER TO GE-AGS USER GUIDE TIR P4i-MED-4880

B988 NODEL IKCLUDES MOD NUMBER #
TO SINULATE TILT EXPERIMENT ENTER 1.

’

DO YOU NANT GRAPMIC OUTPUT? (Y/N)

N

DO YOU HISH TO CHANGE INITIALIZED DATA? (Y/N)

Y

PLEASE ENTER INDEN(i-686), VALUE., CR} (13,E12.8)

*889 38.
e
)

po YOU
1]

SECS
528
REERS
0.9
eh.9
8.0
120.9
1§6.0
100.9
219.9
248.9
276.8
306.0
320.0

30.0008

HISN TO HODIFY THE OUTMUT LIST?

HR

$61
senes
B81.893
62.890
84.668
64.711
88.7%3
6E.27%
£8.879
£5.209
72.08)
72.318
78.9099

co
583
ree
B.613
B8.618
5.58?7
6.408
$.994
B.438
B.482
8.472
B.428
8.486
§.280

sV

S&2
LES D
198
1885
101
180
297
897
683
883
588
009
903

PM

243
Se008
84.381
96,389
§9.502
83.6859
98.389
09.291
80.78¢
80.604
086.204
90.328
87.381%

(Y/N)

S$YSY
367

11 Ed ] ]
126,183
126.068
122.%%2
122.4149
121,139
121,538
118.263
119.291
110,138
110,144
114.308

280374 AY 151838

DIAS
568
sERIN
73.284
73.284
72,7684
72.839
72.978
73.842
73.898
73.2009
73.768
73.7806
72,787

LBNP
4869
e
008
009
”Bo..'
-B..ﬂ‘
“16.900
~18.086
=39.088
~38.0008
~48.008
-48.099

LEGV
1)
tases
653.947
$53.639
825.849
828.839
688.727
€30.04¢
828.101
02%.0887
817,388
817.123

-58.00819089.123¢

JATIWYHE dNET



ERT

CARCIOUASCLILAR LENF-TILT MODEL

GRAPHIC OUTPUT EXAMPLE

29

270374 AT 13234%

FEFERP TO GE-AGS USEP GUIDE TIR P41-MED-4£08
$¥%% MODEL IHCLUDES MOD NUMBER ©

_TO ZTMULHTE TILT EXPERIMENT ENTER 1.

D0 V0L HANT GRAPHIC QUTPUT? (Y/HND

'éﬂ YO WISH TO CHAMGE INITIALIZED DATA? CY/NJ

M

HE:

561

EE XS

LD w0l HISH TO MODIFY THE CUTPUT LIST? CY~N)

Co sy FM SYST 01RS 1.BNP LEGU
363 262 243 267 568 4€9 &0
FrBER RRRRE RRRRE O XRRRE RREEX RRKKY RRRKK

TYFE SHIFT-OUT 7205 aMD RETURH-—3>

AN
HE:

-7

o
CPLOTCOY
| -
PLOTCY.
o

Fi
FLOTCY .,
=M
SYET

CRLOTOY.
ks
DIAS
. PLOTCY .
-
L BNF
F:LUT( Y

%
LEGH
PLOTE Y.
>H

FLOTCY L N,
H.
H.
M.
H.
M.
H,

M.

GRAFHIC QUTRUTCY . N

&

wy LN
' “a

W
~

LOc
1.

A S

[ 2

» Lac
2.
D ] 8
2 Loc
A,
2 Loc
3.

r LD[":’
4.

) LoC

[}

f
HIGH
13,

SCALE
LOW
5@ .

SCALE
LLOW
=,

SCALE
LOW
.B%

SCALE
L.OW

ECALE
LOW
0.

SCALE
LOW
56 .

SCALE
LOW
~55.

SCALE
LOW

2ENTIME IHTERUALS. STARTY. STOPK, CHZ, ZFS.0) . |
CA4.BK.F4 . 0.2F6.@) '

(£, BK.F4.0,2F6.0)
(A4, BK.Fd. 0. 2F6.0)
CA4. 8%, F4 B, 2FE.B)
(R4, 8%, F4.0.2F6.0)
(R4, 8K.F4.0.2F6.0)
(R4, 8X.F4 .0, 2F6 B)

(#4,8K.F4.0,2F6.0)



CARDIOVASCULAR LBNP/TILT NODEL

30

HR 166 on
9 -
___,-——-——./_ /-%\__
__-—_-_/—-—- !
—— HR S&.66
€0 16.68
—————— S ) .15
—————— -9,.___. -_..-.-_--.s--_--.. Ir—-l--i
------ Y J |
—————— S .65
co 5.8
SYET 150.00
—————— DIAS 150.606 —
mmm== DIAS SA.00 bememeccn e d e a e ————— A m—— e —— o o 4
EYET  50.90
LEHF ] ,
LENF 5506
.8 166.6 2080 0.0 460 .@

TIME CSECS >



31

WAVEFORM GRAPHIC OUTPFUT EXAMPLE

OO YO WISH TO PRINT TRBULSR OUTPUT DATA? CreHD
~H

(D0 YOU WISH TO PLOT PRESSURE WAVEFORM BATH? CYYrND
=Y

HRUEFORM GRAPHIC QUTPUTCY. NS5, TIME INTERVALS, STARTK. STOPK. CA2. 3FS.0) . .
R

FLU Y ECALE  (R4.BX.F4.8.2F6.085
FLOTLY.NLS Y LOC HIGH LOW -
Y 1. 258, -p1a.
FLOE Y SCALE  CA4.8X.F4.08.2F6.0
FLOTCY.NLS» LOC HIGH LOW e
Y 1. 266, 56.
FEey ¥ SCALE  C(A4.8K.F4.0.2F6.0)
PLOTCY.HL S LOC HIGH LOW -
> <. 208, 50,
FUTH ¥ SCALE CAd4.8X,.F4.0.2F6. a3
FLOTOY ML S LOC HIGH LOW C
= 2. Eaﬁu 58 .

FLTA ¥ BCALE  (A4.8K.F4.0.2F6.@)
PLOTCYY . HL S %DC HIGH LOW c

>y 2 BB, 5@, -

PLABS . ¥ SCALE  (A4,8K%.F4.0,2F6.0)
PLOTCY . M. S LOC HIGH L.0W e
e 3. 280, 50.

PCILL Y SCALE (R4.BX.F4.0.2F6.0)
PLOTOY.NLS Y LOC HIGH LGN e )
B 4. 208, S@.

PREENS Y SCALE  CA4.8X.F4.0,2F6.8)
FLOTCY M. S 1LOC HIGH LN . e )
Y 4. 288. 50



CARDIOVASCULAR LBNP/TILY NODEL

32

TFLY fa0 00
—————— PLOC 2GR A0
~\~ ‘,
—————— FLOC 5606 R SRR A
FLU 16,06
PR 200 . O
~~~~~~ PUTH 260 . 67
B N
| Y ;
—————— PUTR 5000 ke /. = / =
PR 5006 —~=
PLTH 00 O
—————— FLABR 260 63
------ FLAER 58 60 [ o L
FLTR  56.00 =
FCILL 260,60,
—————— PRENG 266 66
—————— PRENN 50, 06 [ s g —
PCILL 5o 66
I 76,5 739 0 3395 3460
TiME cEECSY .



