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(7) ABSTRACT

Decision information systems, methods, and computer pro-
grams for better informing decisions to use multiple drugs in
drug delivery devices, including implantable devices, for
drug administration. Executable computer programs and
logic embodying methods of the invention can calculate
consistent multiple drug mixture amounts and drug delivery
flow rates. One program accepts user input indicating a
desired first drug dose rate, an initial first drug
concentration, a desired second drug dose rate, an initial
second drug concentration, and the reservoir size of the drug
delivery device. The program method calculates a first drug
amount and a second drug amount to combine in a mixture
as well as a first drug true concentration in the mixture. The
drugs can be mixed consistent with the physician’s instruc-
tions using the program output. The first drug true concen-
tration can be entered into a programmer device as the only
drug concentration entered. Another program calculates a
consistent first drug, second drug, and diluent amount to be
added to a mixture for injection into a fixed flow rate,
implantable drug delivery device. Methods preferably out-
put true concentrations and dose rates for all drugs to be
added and most preferably show all calculations used to
arrive at the flow rate and mixture amount calculations. Yet
another program receives a new desired drug dose rate for a
previously filled device. The program accepts the existing
mixture volume and true drug concentrations for a partially
depleted device and calculates a new mixture flow rate to
achieve the desired dose rate using the existing mixture. The
methods can be implemented as executable computer pro-
grams in programmer devices, general purpose computers,
servers, handheld computers, and personal digital assistants.
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OBTAIN DATA
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~DRUG 2 CONC.

—— DRUG 2 DOSE RATE

~~ (OPT.) BOLUS DOSE

J102

Y
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L DRUG 1 TRUE CONC.
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b

QUTPUT FOR PUMP

NDRUG 1 FILL AMT.
FDRUG 2 FILL AMT

A4

J\ 130

QUTPUT FOR INFO

rPUMP FLOW RATE

L CALCULATIONS
FREFILL INTERVAL
(OPT.) BOLUS DOSE

'DRUG 1 TRUE CONC. & DOSE
\DRUG 2 TRUE CONC. & DOSE j 140

(OPT.) BOLUS VOLUME
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Fig. 5
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Fig. 6

New calculation

/Q 00O
1. Select Pump Flow Rate QOL{

ff the pump has a varnable flow rate Ahen select 'Programmable’ If the pump has a ixed
flow rate, then select 'Fixed Rate’ And enter the rate

@  Programmable
Ay FixedRate | _  mi/day
=206 209

2. Select Pump Reservoir Volume
Select a Medronic pump or other pump reservolr volume Click e ment for ')\\’A
Medtronic pump volumes, o7 you ¢an type in a volume of your gfioice

& Medtronic pump  |18mL -~}
- . Other volurne l ., 'mL

.
3.Revise Drug List > ‘_{

ffyou would like to make changes to vour drug bst, click on the button below

- Revise yourpersonal drg is{ = i 91 (0

Pump Flow Rate

202

Pump Reservoir Volume

- "2\ 0

4. Enter Drug Information
Enter the drug, concentraton, and dosage for 1 or more drugs

- Chck onthe menu to choose & drug trom your drug list, then type 1n concentration.
dose, and choose metrology (mg/mi, mg. etc.) by chcking on the menus

- Torameve a drug from this calculation, click on the drug menu and select the blank 2 (a
/Q_‘b‘L

space

Drug 2;’2_9 LConc}ntraﬁon 2:?:? / Dosel/fa/y 227 ,)_3%
I i~ P -
2 [Bupracane TN, \ [ [mgml =1 = |5 [ms
5 J\ 11 [mg/ml =] [ Img ]
3B BN jmgimL 3 - - | img 7
sI =/ / | [mgimt =], I [me A

N1 R 5. Perform calculation

224

Perform the
1°L caleuiation

Click on the button below to calculate

B~ ~ 2.4 0
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Fig. 7

FET]

241158 calcutation results

‘Notes:  All volumes are rounded to the nearest tenth {0.1) mL
All non-biolus enncentrations are roundedl to ane decimal place

Composition of the drug mixture: The volume of the drug mixiure 1s 20 mL {1t
mL reservoir volume + 2 miL to account for loss in synnge/tubing)

257-{ g1 33 3mL ofMorphme[nglrﬁ]—\QrL’m
2 16 7 mb of Bupivacaine | 20 mg/mL ]é:\_’l
2534 160
Do not inject more than 18 mL into the pump reservoir.
22

Refillinterval: 88 days f

Note The refilf interval 15 based on refill volume less 2 mL to ensure adequate ume
between refills and optimal pump function

Flow Rate 0.l m_/day .../‘Q“ © Lf 26k

The true concentration of drugs inthe mixture and dosefday:

Maorphine 17 mumt~" 03mgiday ~~— 26 Y

Bupivacaine 16 7 maimly 3 mafday ~— 272
&%

V65

To program pump: Type in true concentration of one drug {1eference drug) and
cosaiday into the programmer —_ 17

r=F A &l » Showthe math =7 Printable
! Save calculation for calculation 1 @ version
Revise I\ Calculate _. "E-mait

caiculation { &*ﬁ a bolus gE-C=] calculation

Jd
2
2 Lo

&22(7 <22@( &23‘7
28¥%
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Fig. 8A
Revise L9 D
e = calculation
‘6? The math behind the calculations R 9 60
) L eturn to
-’1& the results 2 Lr
| The drug algorithm states that: 20

Cai x Chix Cci x Cdi x Cei
Cof =

((Chi x Cci x Cdi x Cei) + RIx(Cai x Cci x Cdi x Cei) + R2x(Cai x Cbi x Cdi x Cei)
+R3x(Cai x Cbi x Cci x Cei) + Rdx(Cai x Cbix Cci x Cdi))

If we convert all units to mL and mg:

204

Caf = Final concentration of Drug A

Cai = Initial Concentration of Drug A = 10 mgimL
Cbhi = Initial Concentration of Drug B = 20 mg/mL
Cci = Initial Concentration of Drug C = 1 mg/mL
Cdi = Initial Concentration of Drug D = I mg/mL
Cei = Initial Concentration of Drug E = 1 mg/mL
Ta = Dose per day of Drug A = 0.3 mg

Tb = Dose per day of Drug B =3 mg

Tc = Dose per day of Drug C = 0 mg

Td = Dose per day of Drug D = 0 mg

Te = Dose per day of Drug E = 0 mg

R1 = Cbf/Caf = Tb/Ta = 10

R2 =CcffCaf=Tc/Ta=10

R3 = CdffCaf = Td/Ta =0

R4 =CeffCaf=Te/Ta =0
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2,00

Fig. 8B /

If we nsert the variables into the equaiion: 2,00

10x20x1x{x1
Caf =

(20x1x1x1)+10x(10x1x1x
D+0x(10x 20x [ x 1)+0x(10x 20 x 1 x 1)+0x(10 x 20x1

x1)

Then, by doing the multiplication first, we 20%

have: S
200

Caf =
(20) + 10 x (10) + 0x (200) + 0 x (200) + 0 x (200)

Further multiplication gives us the following: 210
200

Caf =

20+100+0+0+0

Adding together the terms in the denominator: 212
200
Caf =
120
=

Thus, Caf = 1.6667 mg/mL.

Using the Dose Per Day (converted to mL/day), we can
solve for the ratios RI, R2, R3, and R4:
% l IR
21 =

R1 = 3 mL/day/0.3 mL/day = 10
R2 = 0 mL/day/0.3 mL/day = 0
R3 = O mL/day/0.3 mL/day = 0
R4 = 0 mL/dav/0.3 mL/day = 0
Using the ratios R1, R2, R3, and R4, we find that: 3\ ¥

Cbf = Rl x Caf = 10 x 1.6667 mg/mL = 16.6667
mg/mL

Ccf = R2 x Caf = 0x 1.6667 mg/imL = 0 mg/mL

Cdf = R3 x Caf = 0 x 1.6667 mg/mL = 0 mg/mL

Cef = R4 x Caf = 0x 1.6667 mgimL = 0 mg/mL
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Fig. 8C

00
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Before calculating the volume, add 2 mL to the reservoir
volume to account for the loss of liquid during the process of
injecting the mixture into the pump. This means that 18 mL
+ 2mL = 20 mL. Using the following equations.
Vai = (Caf/Cai) x Volume
Vai = (1.6667 mL/mg/10mL/mg) x 20 mL
Vai = 3.3333 mL
Vbi = (Cbf/Cbi) x Volume
Vbi = (1.6667 mL/mg/20 mL/mg) x 20 mL
Vbi =16.6667 mL
Vei = (Cef/Cci) x Volume
Vei = (0 mL/mg/l mL/mg) x 20 mL
Vei =0 mlL
Vdi = (Cdf/Cdi) x Volume
Vdi = (0 mL/mg/1 mL/mg) x 20 mL
Vdi = 0 mL
Vei = (Cef/Cei) x Volume
Vei = (0 mL/img/]1 mL/mg) x 20mL
Vei = 0 mL 220

————.

The mixture's daily flow rate is: XL
Ta/Caf = 0.3 mL/day/1.6667 mg/mL = 0.18 mL/day
We want 1o refill the pump when 2 mL of the mixture remains
within the reservoir. Thus.
Reservoir Volume — 2 mL = Refill Reservoir Volume
18mL—-2mlL =16 mL. 22

In order to calculate the number of days that will elapse
before the next refill, we use the following calculation:
Refill Reservoir Volume/Flow Rate = Refill Interval

16 mL/0.18 mL/day = 88 days Pl
Ty Revise fey Return to "
b calculation 155 the results N’)«q L'/

Cren
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Fig. 9
400
E)Revise calculation ,lol_,( l[/

1. Select Pump Flow Rate

if the pump has a variable flow rate /then select 'Programmabile’. If the oump has a fixed
flow rate, then select 'Fixed Rate’ gnd enter the rate DO2

# Programmable
@, FiedRate -[0.25 /L/day —2.0 %

C
2. Select Pump Reservoir Volume

Select a Medironic pump of other pump resenvorr volume Ciick on the menu for
ied:ronic pump volumes, or you can type i a volume of your choice 2\ 2

& Medtrome pump  |1BmLa—" " \ O

€ Other volume l , mb
“a ) o
3. Revise Drug List

fr vou would like to make changec to “Qm drug list, click onthe button below
e Leiseyounpersansl.drig st i f) l (a

Pump Flow Rate

Pump Reservoir Volume

4. Enter Drug Information

Enter the drug, concentration, and dosage fer 1 or more drugs

. Click on the menu to choose a drug from your drug list, then type (n concentrabion,
dose, and choose metrology {mg/ml, mg, etc ) by clicking on the menus

- To remove a drug from this calculation, clhick on the drug menu and select the blank

space —

Drug e Conc}ntrat:on 22 ( Dose jday 27> —AS
[opnne. o~ 107 Imaml 2~ 2 fmg S 1"

— J ]/ lmgmd /- Tos 1
J : -'-1// . meymL =] / ' f[ [ Jmg = ..
S22 \L‘ OL{

1

2 {[Bupvacaine TN \ o |momL A “|73 fmg =] 1 220
s I _ dmame Al T Ilme_J :

14

5

22 5. Perform calculation
Click on the button bslow to calcuiate
’L‘-—(

) Perform the -
"La& calculation /\'l L_ﬁ U
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Fig. 10

B4 calcutation resuts H20

Notes: Al valuines are rounded 1o the neasest tenth {.1) mL
All non-bolus concentrations are rountled to one decimal place

Composition of the drug mixture: The volume of the drug mixture 15 20 mL {18
b resersont volurne ~ 2 mi to account for l0Ss 1N Synnge/tuning)

N
I 56 ml of Saline - note. saline was added by the calculator because you are )
using a fixed rate pump 2
42t~ 7 34mL of Morphine [ 10 my/mL | L 2
2 12 ml of Bupivacame [ 20 mg/ml ]

Note: If saline appears twice In the ist, that 1s because you added saline as one of

{2, —the "drugs” in the maure, and then the calculator added sahne in order to match the
pump's flow rate

Do not inject more than 18 mL into the pump reservoir.

Refill intervat: 64 days

jo'L,v MNote The rehll interval 1s based on refill volume less 2 mL to ensure adequate time
between renhlis and optimal purmp funchon

2(9% _s|Flow Rate: 0 3 ml/day lb b

[The true concentration of drug%the mixture and doseiday: 7
Morphine 12mgml’ 03mgiday ~20 & 2 G g
Bupivacawne 12 mglmL) 3 mg/day ,\”,2:) o

L2706
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1

DECISION INFORMATION SYSTEM FOR
DRUG DELIVERY DEVICES

RELATED APPLICATION

The present invention is related to and claims priority to
U.S. Provisional Patent Application Ser. No. 60/311,527,
filed Aug. 10, 2001 entitled MEDICINE CONCENTRA-
TION CALCULATION SOFTWARE, herein incorporated
by reference in entirety.

FIELD OF THE INVENTION

The present invention is related generally to medical
devices. More specifically, the present invention is related to
implantable drug delivery devices. The present invention
includes decision information systems for programming and
filling implantable drug delivery devices.

BACKGROUND OF THE INVENTION

Implantable drug delivery devices are increasingly used to
manage pain, spasticity, cancer, and other medical condi-
tions in patients. Implantable drug delivery devices, also
referred to as implantable drug delivery pumps, are currently
used to administer therapeutic agents to various locations
within the body. Some drug delivery devices have variable
volumetric flow rates, adjustable through an external pro-
grammer device. Other implantable drug delivery devices
have fixed volumetric flow rates, but can be activated and
deactivated externally. Still other drug delivery devices have
fixed volumetric flow rates and are not adapted to be
controlled from outside of the body.

Experienced physicians have begun to administer com-
binations of two or more drugs. Many physicians choosing
to administer drug combinations via implanted program-
mable pumps use clinical judgment rather than consistent,
accurate calculation to determine the daily dose of each
drug. Where calculations are done, they may be ad hoc, as
they are not supported by either the drug manufacturers or
the pump manufacturers.

The physicians administering multiple drugs through the
implantable pumps thus use clinical judgment in mixing
drugs and filling the implantable pump reservoirs. The
physicians choosing the multiple drug route must also often
use pump programmer devices designed to administer only
a single drug in variable quantities. Specifically, the pro-
grammer devices currently assist a treating physician in
administering the desired dose of a single drug, but provide
no assistance in the proper administration of a mixture of
drugs.

What would be desirable is a decision information system
for aiding physicians who elect to administer multiple drugs
for a given therapy. What would be advantageous are
decision information systems to provide physicians with
consistent methodologies and feedback to aid the physician
in programming drug delivery programmer devices and
filling implantable drug reservoirs consistently with the
intent of the treating physician.

SUMMARY OF THE INVENTION

The present invention provides decision information
systems, methods, and computer programs for administering
multiple drugs through implantable drug delivery devices.
Some aspects of the system support implantable drug deliv-
ery devices having adjustable flow rates while other aspects
of the system support fixed flow rate implantable drug
delivery devices. The methods provided can be used with
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2

both non-programmable implantable drug delivery devices
as well as programmer devices for use with implantable drug
delivery devices. The present invention can also be used
with other drug devices, such as those in which only a
catheter extends into the patient, and the reservoir remains
external to the patient. The present invention can be used
with two or more drugs in a mixture together with diluent in
some situations. A preferred embodiment of the invention
supports at least 5 drugs and allows for user entry of drug
names.

One decision information system according to the present
invention can be used in a system including an implantable
drug delivery device having an adjustable flow rate, a drug
delivery device programmer device for setting the adjustable
flow rate via telemetry, and a programmable computer. In a
typical system, the adjustable volumetric flow rate is set by
the programmer device through telemetry, with the human
user setting the volumetric flow rate indirectly through
setting of a desired drug dose rate. Amethod according to the
present invention can be implemented as computer logic or
a computer program executing within the programmable
computer. In some embodiments, the programmable com-
puter is a general purpose computer, handheld computer, or
palm-held computer. In other embodiments, the program-
mable computer is the same device as the programmer
device for setting the adjustable flow rate via telemetry.

One method, which can be used with adjustable flow rate
devices, includes entering into a computer device a desired
dose rate and initial concentration for a first drug, a desired
dose rate and initial concentration for a second drug, and
either a known reservoir volume for the implantable drug
delivery device or a desired total mixture volume. One of the
drugs can be selected as the “reference” drug. The reference
drug is the drug that the programmer device will use to
program the drug delivery device. The reference drug is
typically the only drug the programmer device is aware of.
The method can further include executing a computer pro-
gram in the computer to calculate a first drug amount and a
second drug amount to be added to the mixture, wherein the
first and second drug amounts are consistent with the desired
first and second drug dose rates when delivered at a proper
mixture flow rate. When the first and second drugs are the
only drugs to be added to the mixture, the first and second
drug amounts are preferably sufficient to substantially fill the
reservoir. The method can further calculate a first drug true
concentration in the drug mixture. The first drug true con-
centration can be output to the user, along with the flow rate
and date of next refill.

The calculated first drug true concentration in the mixture
can then be entered into the programmer device along with
the first drug desired dose rate. The first and second drugs
can be mixed in the amounts calculated by the computer
program and injected into the drug delivery device reservoir.
The programmer device can also be used to transmit a flow
rate to the implantable device to satisty the first drug desired
dose rate.

Some computer program methods according to the
present invention, which can be used with adjustable flow
rate devices, further output the first drug and second drug
dose rates to the user. Some methods also calculate volu-
metric flow rates for the first drug and the second drug. Other
methods further comprise calculating and outputting the
second drug true concentration in the mixture. In preferred
embodiments, the mathematical calculations used to gener-
ate the intermediate and final outputs are output and visually
displayed for user inspection. In preferred embodiments of
the present invention, three, four, five, or more drugs may






























