






































levels of recorded 
parameters arc: a level for the nnr-ro,tin'" 
each of the three levels the 

a level for the cuff reference 
lllJ.lilL1Ull time alarm limit for each cuff. 
this subroutine returns control to the main program. 
is next to a subroutine which tests the retrieved 
<-U.llll'",UJ au.ulI parameters for a 

for the retrieved levels parameters and 
it to a checksum calculated and 

recorded in 56; (2) 
retrieved parameter level to ensure it is within 
allowable If any of the retrieved parameters are found 
to be invalid (416) an error message is 

10 

menu selected 
in menu 82 in FIG. 3d. As can 
then to subroutine 
sum the levels of the 

the user as shown 
seen in FIG. 5, control is 
which calculates check-

records the levels of the ,"Ullll1!,m,aucm 
their associated checksum in ro""fien",,' 

trol is then returned to the subroutine for,"slll;;VlT 
basic instructions and "CONTINUE" and 
FIGURE" menu commands, and continues as 
described above. 

Thc flow chart in FIG. 6 shows the main program 
control entered in response to the "CONTINUE" menu 
command selected described above. As shown in 
FIG. 6 the main program then enters a 

20 and 
default levels defined 
returned to the main 

15 until electrical powcr for the Ullll:li:l.llOn of micro-
processor 28 is 

the levels for cuff reference pressures, and the 
alarm limits are set to the values of the recorded 

As in FIG. 6, control is first 
tine which 
mands for parameters (422). 

shown in FIG. 4, the software subroutine "read selec-
tor" which processes user from switch 22 and sends 

20 ment. These menu commands are shown 
72, which enables choices to be made 

characters to event 62, is then scheduled to 
This subroutine is initiated 
system of 28 25 

and communicates with the main program means of 
variables. The flow chart for this subroutine is shown 

in detail in FIG. 8 and discussed below. The software 
the system 

from blood 30 
flow sensor 10, is then scheduled to run every 30 millisec­
onds This subroutine is initiated the software timer 

system of �n�l�l�i�~�r�o�p�r�c�l�e�e�:�,�s�O�I� 

with the main program means of variables. The 
flow chart for this subroutine is shown in detail in FIG. 9 and 
is discussed below. The flow chart for the main program is 
continued in FIG. 5. 

As shown in FIG. 5, the n",'r',',nn 
continues control to a subroutine 

on 20 basic instructions and 
menu commands which allow the user either to choose a 
menu command to "COl'.'TINUE" with the of the 

embodiment or to choose a menu command to 
"CO!\,FIGURE" the embodiment. Control is then 

user subroutine (502) for pro-
user as follows: the subroutine communicates 

with the subroutine "read selector" via variables, 
menu choices and values 

response to the rotation and activation of switch 22; and 
passes control to other subroutines or parts of the main 
program based on menu commands selected the user. The 

of user this subroutine continues 
the user selects either the "CONFIGURE" or "CO!\'­
TINUE" (506) menu commands. If the user selects the 
"CONTINUE" menu command control returns to the main 55 

program and continues as detailed in FIG. 6. If the user 
chooses the "CONHGURE" menu command, control is 

the levels of 
parameters retained 56 and associ-
ated menu commands; these parameters and menu com- 60 

mands are 80 labeled CONFIGU-
RATION MENU and menu 82 shown in FIG. 3d. Control 
next to subroutine for user 
similar to the subroutine described above; this subroutine 

the parameters and menu commands to 65 
made the user. The of 

the 

�~�J�H�;�m�;�l�l�l�l�!� audio alarms; 
62 the events recorded event memory 

lillUdUlll! the determination of recommended cutl pres­
�n�n�p�r�~�l�h�r�'�"� mode, or �U�U�L�d�L�l�l�U�J�,�~� 

then returned to the main program. 

to a subroutine (602) which dis-
20 parameters and controls 

U;JC1GlULlJe parameters include 
the current level of cuff pressure, cuff pressure reference 
level, inflation timc and inflation time alarm limit. The menu 
commands for control of cuff 4 menu commands 
for culT inllation and culT deflation. These 
etefs and controls arc in 
MAIN CUFF shown in FIG. 3a. of this 
subroutine control is returned to the main program. 

the mode described above set to 
"Dual CulT Mode" control is 

which on 
parameters and menu commands rn"tr"II1T,n cuff 6. The 
parameters and menu commands arc identical to those 
described above for culT 4. These "npreltirl" 
controls arc in 
CUFF shown in FIG. 3a. this subroutine 
returns control the main program. 

[f the mode described above is set to 
"lYRA Dual Bladder CulT Mode" (608) control is 

subroutine (610) which on 
parameters and menu commands for 

6. Control is then to a subroutine 
identifies the controls and parameters for cuff 4 as 
to the PROXIMAL CUFF and the controls and parameters 
for culT 6 as to the DISTAL. This is in 
FIG. 3c 76 labeled PROXIMAL CUFF 
and 78 labeled DISTAL CUFF. As shown in 
FIG. 6, control is next interlock" sub-
routine to reduce the of unintended and 
inadvertent deflation both cuff 4 and cuff 6 a 

lYRA. The interlock" 
subroutine functions as described below and U>"'Ul<-LCU in 
FIG. 7. 

interlock subroutine shown in FIG. 7 com-
whether of cuff 4 to a 

pressure has been initiated the user 
a menu command for the del1ation 

switch 22, or the cuff 4 



reference pressure and it to a pressure below a 
level the which will 
blood and release of cuff 4; 
so, the state of cuff 6 is then tested if cuff 6 is 
deflated or below a level the mini- 5 

mum pressure which will stop blood flow and the release of 
anesthetic agent past cuff 6, a interlock is 

which prevents thc initiated deflation of cuff 
or initiated cuff 4 reference pressure from 

in the absence of user confirmation; otherwise the 10 

interlock and cuff 4 deflation or 
reference pressure In the pre-
ferred embodiment, a cuff is to be deflated if the cuff 
pressure is less than a level of 10 and the level 
rf'.11r,,~p1lt1f'" the minimum pressure which will stop blood 
flow and the release of anesthetic agcnt past a cuff is set to 
be the Limb Occlusion Pressure for that cuff determined 

5 

initiated deflation or 
The interlock 

main program delJlcted 
,,~,,~um5 to the flowchart de]:l1ct(:d 

seen that if the nnp'nit;niO' 
as described above. It will he 

those skilled in the art that alternate mechanisms Mode", 
will be and to the user. and embodiments may be for and 20 

the levels used in As can be seen in FIG. 6, after '-VJlHp.'-".lUH 

a menu 
'''',"I''tiU"" the user to confirm that the deflation 

or of cuff 4 below the level is intended 

nn'>r~lt"",o related to the level of the op(!rating 
Control then passes to a "n,·"",,,oc 

routine for user 
25 communicates with the subroutine "read selector" via 

variables to the menu commands 
and parameters in response to the rotation and activation of 
switch 22. This subroutine may also pass control to other 
subroutines or parts of the main based on menu 

while cuff 6 is deflated or to the low level. The 30 commands selected the user. this 
subroutine returns control to the main program. whether 

unsafe low pres-
sure has been initiated the user either 
a menu command for the deflation of cuff 6 and 
switch 22, or the cuff 6 reference pressure and 

it to a pressure below a level the 
minimum pressure which will stop blood flow and the 
release of anesthetic agent past cuff 6; if so, the state of cuff 
4 then tested and if cuff 4 is deflated or nTP',"IIn','P(l 

below a level the minimum 
stop blood flow and the release of ~",>ctl,"'t,;~ 
4, a interlock is gell1erate:d 
the initiated deflation of cuff 

As indicated in AG. 6, if the user has initiated an event 
(618) a cuff, a cuff, the level 
of a cuff reference pressure 

35 inflation time limit 
mode 

40 
occurred; and the values 

cuff 4 pressure 
pressure cuff 4 inflation time, 

pressure aUI"".11a,,, 

confirmation; otherwise the is not 45 

cuff 4 inflation time limit; cuff pressure cuff 6 
pressure reference cuff 6 inflation time, cuff 6 infla­
tion time limit; and recommended cuff pressure, when the 
event occurred. Control is then returned to the main pro­
gram. 

and cuff 6 deflation or reference pressure 
After interlock 

for 
20 and As shown in FIG. 6, control in the main program IS 

50 next to subroutine which tests for alarm 
subroutine a menu command for conditions. If an alarm condition is present (624), such as 

the user to confirm that the deflation or cuff cuff 
surization of cuff 6 below the level is intended while cuff 4 an inflation time limit, control is 
is deflated or to the low level. subroutine which initiates the M""''''''"t!~''' 

As shown in FIG, 7 the interlock subroutine 55 tone and 

present. Control next to 
a subroutine which records the alarm event in event 

58. An alarm event is rccorded to 
60 

unavailable to the user the menu command for 
which one of a ~_~.~'C;~rl 

values at the time of the event 
of cuff 4. If the menu ""Me"i"", mode cuff 4 

sunlzatlOn of nr,'oo,,,rp reference cuff 4 
the user and switch 22 65 time limit; cuff 6 pressure 

for cuff 6 inflation time, 
a confirmation the cuff 6 inflation time limit; and recommended euff pressure, 



when the event occurred. Control is then returned to the 
main If alarms conditions are not present at the 
cOlTIpletllon of the test for alarm conditions, control is 
to a subroutine for any 
alarm if 
Control is 

This subroutinc 10 

retrieves events from the event 58, formats the 
retained event infonnation as an ASCII text suitable 
for on event 62 and the 
subroutine "read selector" which sends characters to the 

that a is available be Control is thcn 
rcturncd to the main program. 

Also as indicated in FIG. 6, if the user has initiated a 
determination of recommended culf pressure for cufr 4 or 
cufT 6 if selected the user (634), control is 

5 

for cuff 4 except the culf 6 pressure reference and cuff 6 
pressure are used. 

Control is next to a subroutine which records 
results of the determination. A 

event is recorded eommunieat-
58: the time of the event as read from 

time 52; a value which one of a 
set of events occurred; values at the time 

the event of the parameters: mode 
cuff 4 pressure culf 4 pressure reference 
cuff 4 time, cuff 4 inflation time limit; cuff 

6 pressure culT 6 prcssurc reference cuff 6 
inflation time, cuU· 6 inl1ation time limit; and recommended 
cuff pressure, when the event occurred. Control is then 
returned to the main program. 

As in FIG. 6, the software includes nrn,Vl<lnn 

the user to delete all entries from event 
the user, for at the ,",UJ'Uf./'IO,,'VH 

a If the user has 
to a subroutine for so. This subroutinc 20 menu command (640), control is to 

controls the culT inl1ation and deflation and 
the acti vities related to a recom-

mended cuff pressure as follows. If the user has selected a 
determination for cuff 4, the blood flow from sensor 

which deletes all entries in the event 
then returned to the main program. 

The main program shown in FIG. 6 continues 
the steps described above until such time 

10 is first and shown on 20. The 
value of the cuff pressure reference 

25 trical power for the of the nrp·!'MTPr! 

set to 50 which causcs the pressure in cuff 4 to 
Next, the level of the blood flow 

scnsor 10 stored. The culf 4 

embodiment is removed or an error in program execution is 
detected and the program is halted 28. 

The flow chart in FIG. 8 refers to the subroutine 

pressure referenec is then increased up from 50 30 

in discrete steps of 10 or 5 
If the level of the current blood flow 

50 percent of the stored 
level, the cuff 4 pressure reference 

in 

is increased in steps of 10 the level of the current 35 

blood flow from sensor 10 is less than 50 percent of 
the stored blood flow the cuff 4 pressure 

is increased in steps of 5 The 
pressure reference for cuff 4, and the pressure 
in eulf 4 continue to be increased until the pressure reference 40 As next shown in FIG. 8, the status of the 

switch 22 is then to sec if it is del)ressed for cuff 4 exceeds 300 or the level of the 

percent of the 
the cuff 4 reference level exceeds 300 
nation of a recommended cuff pressure is terminated and the 45 

instrument 2 infonned 
20 that 

from sensor 10 is less than 3 percent of the 
stored blood flow level is considcred to represent the 
"Limb Occlusion Pressurc" and is used to calculate the 
Recommended CulT Pressure, as follows. If the Limb Occlu-
sion Pressure is less than or to 130 a 

50 

of 40 is added to estimatc the Recommended 55 

Cuff Pressure: if the Limb Occlusion Pressure is greater than 
130 and no grater than 190 a 

is added to estimate the Recommended Cuff 
Pressure: and if the Limb Occlusion Pressure is greater than 
190 a 80 is added to 60 

estimate the Recommended Cull:" Pressure. This Recom-
20 

if the user has initiated 65 

a detennination of Recommended Cuff Pressure for culf 6, 
the subroutine the same steps described above 

is, this main program 
of switch 22 is then 

of the selector has 
this routine (814), the 

direction (clockwise or counter clockwisc rotation) and 
amount of in is communicated to the main 
program The subroutine then terminates, and restarts 

one milliscconds after its last initiation. 

The flow chart in FIG. 9 refers to the subroutine 
. This subroutine controls the p","m"me,,, 

40, valves 26 and 38 ) and pre-processes from 
sensor 10. This subroutine is also initiated the software 

system of 28 and runs asyn-
with the main program. The subroutine commu-

nicates with the main program variables. 

shown in detail in FIG. 9, upon entry, subroutine 
schedules itself to run 30 ms Next 

(902), the level of the pressure from pressure trans-
ducer 46 is read to indicate the pressure in reservoir 34 and 
cOlTIParc:d to a reservoir reference pressure level which is set 
at 100 above the greater of the cuff 4 and cuff 6 
reference pressure levels; if the pressure the reservoir is 
remains under the reference level more than 20 
for 300 ms, pump 40 is activated. If the pressure in the 
reservoir remains above the reference level 20 for 
300 ms, pump 40 is deactivated. 



shown in FIG. 98, 
from pressure transducer 24 

read to pressure in cuff 4. This 
subtracted from the reference pressure for cuff 
lH"iS'L"U'~" and of the difference 

selection and times of val yes 26, 
the pressure in cuff 4 at the reference 

Also the level of the 

gram. 

It is to be understood that the invention is not to be limited 

5 

of the confinnation and after which 
of the apparatus to confinn the attempt 

to InItlate of the second cuff will not cause gen-
eration of the confinnation 

5. The apparatus of claim 
to art nn,~r~tnr 

alert means for 
need for the 

apparatus to confirm the Ul"""I:'Ul<ULVU of 
of the second cuff. 

6. The apparatus of claim 2 wherein the control means 
10 includes recommended pressure means for automatic deter-

mination of the minimum level. 
7. The apparatus of 

includes reference 
operator to minimum pressure level at any 

15 pressure level within a range of pressure levels. 
8. The apparatus of claim 2 wherein the minimum pres­

sure level less than about 1 0 
9. The apparatus of claim 2 further 

'''~;U''"Ull0 means for the pressure in the 

20 
levels. 
second cuffs at associated first and second nrl'i\p,tpT'T11in 

10. The apparatus of claim 9 wherein the control means 
to the details herein but may be modified within the includes recommended pressure means for automatic deter-
scope of the claims. mination of the minimum level. 

We claim: 11. The of 
1. apparatus for dual cuff ol1rmrm,,,1 system, com- 25 includes rptpr"n('p 

an inflatable and dellatable first cuff; 

an inHatable and deflatable second cuff; 
mrmitTI,;ncr means for melnl!·n"n pressure in the first and 30 

second cuffs; 

control means for an operator to initiate infla-
tion of the first and second cuffs above a minimum 

operator to minimum pressure 
pressure level within a range of pressure levels. 

12. The apparatus of claim 1 wherein the mlTIlmUm 
pressure level is that suitable for blood flow past 
the first cuff within a limb to which the first and second cuff 

The apparatus of claim 12 wherein the means 
includes interlock means for an interlock level, and for an operator to Imtlate 

of the first and second culTs; and 35 to which the control means HO>IJUJ,lU' 

the control means and --t~-.. -,,,,, 
pressure in the first cuff for nrc'",,'nt,n 

second cuff if the pressure the first cuff is 
beneath the minimum pressure level and for CUlIJ".l">: 

deflation of the second culT if the pressure level in the 
first cuff is not beneath the minimum pressure level. 

2. The apparatus of claim 1 wherein the means 
includes interlock mcans for deflation of the 

40 

second culT in the absence of a of the apparatus 45 

to confinn the deflation of the second culT. 
3. The apparatus of claim 2 wherein the means 

includes confinnation means for a confinnation 
in response to the of the apparatus to 

confirm the deflation of the second cuff, to which confir- 50 

mation the control means for the 
second cuff. 

4. The apparatus of claim 3 
establishes a time 
interlock 

means 
of the 
of the 55 

apparatus to confinn the deflation of the second cuff will 

aplpar·atuls to confirm the deflation of the second cuff. 
A method for a dual cuff 

apparatus that can be 
initiate inflation and deflation 

C,UIIllj.lll>Jlll15 the steps of: 

an operator 
both of the 

,."em,tnnn" pressure levels in the first and second cuffs; 

U""''''''''HI'O the attempt to initiate deflation of the 
second culT while pressure level in the first cuff is 
beneath a minimum pressure level; and 

the absence of 
"n,~rot"r'< HICUl'p"Ha •. lUll of the apparatus to confinn 

the detected attempt to initiate deflation of the second 
if the pressure level in the first cuff is beneath 

the minimum pressure level. 
15. The method of claim 14 the step of estab-

as the minimum pressure level a pressure level is that 
suitable for blood flow past the first cuff within 
a limb to which the apparatus is 

* * * * * 
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