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The use of implantable intrathecal pumps has become increas-
ingly more complex with clinicians’ combining opiates and
local anesthetics such as morphine and bupivacaine. This tech-
nique produces heightened analgesia and is especially useful
for the treatment of cancer-related neuropathic pain [1].

In this patient population, use of low-dose intrathecal
bupivacaine does not appear to cause significant neurologic
sequelae [2]. However, use of spinal catheters, with high
concentrations of lidocaine, has been associated with cauda
equina syndrome [3]. Recently, successful long-term usc of
intracisternal bupivacaine has been described for chronic
facial pain [4,5]. It is conceivable that the combination of
intrathecal bupivacaine and morphine might be useful in
treating recalcitrant chronic regional pain syndromes such as
reflex sympathetic dystrophy or causalgia.

Potential side effects of intrathecal local anesthetics
including hypotension, bradycardia, and motor weakness
should be evaluated [6]. In addition, the side effects of
intrathecal opiates, such as respiratory depression, pru-
ritic, and urinary retention must also be recognized [7]. If
necessary, the reservoir and intrathecal catheter of these
pumps can be easily drained.

The following sets of equations allow for readily avail-
able concentrations of both morphine and bupivacaine to be
mixed so that a desired total daily dose of each can be
administered. Two sets of equations will be described: one
for pumps which are externally programmable, such as the
Medtronic, and another for fixed-rate pumps, such as the
Infusaid or Arrow. Table 1 provides a listing of terms and
their definitions, along with appropriate units of measure.

Determining Mixtures for Programmable
Intrathecal Pumps

Initially, a dimensionless constant R is defined which equals

the ratio of the total daily dose of local anesthetic, T, ., to the

*The purpose of this section is to provide the reader with a series of tutorial
lessons that may be used for self-study in pain medicine. CME credits will
not be granted for the completion of this tutorial.

total daily dose of morphine, Ts0 - This constant is also
equivalent to the ratio of the final’ concentration of local
anesthetic, C to the final concentration of morphine,

LA-final®
CMSO4 final®
R = 7CI,A -final_ __ Total daily dose of local anesthetic in mg/day - TLA (1)
CMSOJ final Total daily dose of morphine in mg/day TMSOJ

The final concentration of morphine, C,;y, .., can then
be determined using the initial concentration of local anes-
thetic, C,, ... and the initial concentration of morphine,
C 3

ot
MSO initial®

C e (2)

MSO ~final — ”R 1

LA—inital MSO -initial

By using R and CMSOJM from equation 2, the final concen-
tration of local anesthetic, C, , . , can be found:

C =R-C 3)

LA-final MSO{—t’inal

The volumes of morphine, Volume, . ... and local an-
esthetic, Volume, , , .. to be drawn up, tixed, and infused

into the pump reservoir are then calculated [8]:

CMSO;ﬁnn] ' VOlumercscrmir
Volumeyg,, i, = - c. 4)
* MSO ~inital
and
Volume _ Cina Volume, ., 5)
0 um(’L/\ﬂm‘lia] - (-
LA-initial

The pump flow rate can then be determined:

. TMSO‘
Pump flow rate in ml/day = — (6)

MSOfﬁnaI

See “Formula Derivations™ section. Volumes and concentrations are ex-
pressed in milliliter and milligram per milliliter, respectively.
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Table 1. List of terms.

Term Meaning Units
CLA-initial Initial concentration of local anesthetic ~ mg/ml
CMS04-initial Initial concentration of morphine mg/ml
CLA-final Final concentration of local anesthetic ~ mg/ml
CMSO4-final Final concentration of morphine mg/ml
Volumep A-initial Initial volume of local anesthetic ml
Volumemsoy-inital ~ Initial volume of morphine ml
Volumer a-fina! Final volume of local anesthetic ml
Volumemso,-finai Final volume of morphine ml
Tra Total daily dose of local anesthetic mg/day
TMso, Total daily dose of morphine mg/day
Fp Flow rate for fixed-rate pumps ml/day
R CLAfinal o Tea dimen-
Cmsos-tinat ~ TMsO4 sionless
Volumens Volume of preservative-free normal ml
saline
or
. TLA
Pump flow rate in ml/day = c (7)
LA-final

Calculating both Equations 6 and 7 is useful in checking for
accuracy.

The duration that the pump reservoir can be used, until it
requires refilling, can be easily found:

5 ‘ ) d VOlum reservoir 8
t = Pump flow rate
uration in days Pump flow rate ©

Determining Mixtures for
Fixed-Rate Intrathecal Pumps

For fixed-rate pumps, such as the Infusaid, the final concen-
trations of morphine and local anesthetic can be readily
determined:

’\JSOJ
C‘vlSO‘—lim\I Wlf:W” 9)
N P
and
T
C[_Afﬁnal 7i:& (10)

P
F, represents the fixed flow rate for the pump.

The initial volumes of local anesthetic and morphine to be
drawn up and mixed can then be determined (see “Formula
Derivations™):

T[ A VOlumercscrwir
= A
initial F C

p LA—initial

Volume
and
TMSOJ Volume

reservoir
MSO ~initial F C (12)

P MSOrmi\ial

Volume

Preservative-free normal saline is then added to the above
volumes of local anesthetic and morphine so that the final
total volume is equal to that of the reservoir. This volume can
be calculated:

Volume, = Volume, . . - (Volume, , . .., + Volume MSO‘—ini(inJ) .(13)
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Obviously, if Volume, is less than zero, then either C, , , ...
or Cyy0 i OF both must be increased to reduce Volume,
; .
or Volume MSO i’ respectively.

LA-initial

Checking Accuracy

The above calculations, for both programmabie and fixed-
rate pumps, can be checked by multiplying the final concen-
trations, of the local anesthetic and morphine, by the pump
flow rate.

C - (Pump flow rate) = T, , (14)

LA-final

and

C - (Pump flow rate) = T, (15)

MSOJ—ﬁnal

The following equations are also necessary in accuracy
checking:

CLA-initial ' VOlumeLAqnmat = CLArt‘ma] ’ VOlumeLArﬁnal (16)
and
CMSOJ—inilial - Volume MSO -initial = CMSOJ-ﬁnal - Volume MSO -final a7
Examples

Two calculations using the preceding formulas follow.

Example 1

It is desired to deliver 4 mg/day of intrathecal morphine with
5 mg/day of intrathecal bupivacaine via a programmable
pump. The initial concentration of morphine, C g, ;.. 1S
25.0 mg/ml; and the initial concentration of bupivacaine,

C, siniiap 18 7.5 mg/ml. The pump reservoir has a capacity of
18 ml. Using Equation 1:
5
R = =
4
The final concentration of morphine, C,,¢ ....» can be ob-
tained from Equation 2: :
CMSOJ—ﬁnaI =775 =4.84 mg/ml
G
75 25

Using Equation 3, the final concentration of bupivacaine can
be found:

C =R-C - (4.84) = 6.05 mg/ml

_S
LA-final MSO -final - 4
The volumes of morphine and local anesthetic, to be

drawn up and mixed, are determined from Equations 4 and 5:

Volume,,, ... = W =3.48 ml
Volume, , ... = % =14.52 ml

The pump flow rate is then calculated from Equations 6 or 7:

S

4
484" 6os = 0826 mliday

Pump flow rate =
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From Equation 8, the duration that the pump can be used
until its reservoir needs to be refilled is:

- _ 18
Duration in days = 0.826 21.8 days

The accuracy can be checked by using Equations 14 and
15 to verify the total daily dose of local anesthetic and
morphine.

Cpa i - (pump flow rate) = 6.05 - 0.826 = 5 mg/day
and
Criso sinat - (pump flow rate) = 4.84 - 0.826 = 4 mg/day

The initial and final concentrations and volumes can also
be checked by using Equations 16 and 17.

C, i - Volume, .. =7.5-14.52 = 109 mg
Claging - Yolume, , . =6.05-18 = 109 mg
and
Cuso miga - Yolumeyo o= 25-3.48 =87 mg
CMS;JHMI : VolumeMsoifml =484 18 =87mg
Example 2

It is desired to deliver 7 mg/day of intrathecal morphine and
S mg/day of intrathecal bupivacaine via a fixed-rate pump
with a reservoir volume of 50 ml. The pump has a preset
flow rate of 2 ml/day. The initial concentration of local
anesthetic, C,, . ... is 7.5 mg/ml; and the initial concentra-
tion of morphine, C,, , ;..» is 10.0 mg/ml.

The final concentrations of morphine and local anesthetic
can be determined from Equations 9 and 10.

7
CMSO4—ﬁnal a7 3.5 mg/ml
and
_5_
CLA-ﬁnaI - E - 25 mg/ml

The initial volumes of local anesthetic and morphine to be
drawn up and mixed can be determined using Equations 11
and 12.

Volume, , ... = g . % =16.67 ml
and
Volume 7 . >0 =17.5ml

MSO -initial ~ IO

The volume of preservative-free normal saline to be
drawn up and mixed to the above volumes is determined
from Equation 13.

Volume, ¢ = 50 - (16.67 + 17.5) = 15.83 ml

The accuracy can be checked by using Equations 14 and
15 to verify the total daily dose of local anesthetic and
morphine.

Coafina - (pump flow rate) = 2.5 - 2.0 = 5 mg/day
and

Cuso fina - (Pump flow rate) = 3.5 - 2.0 = 7 mg/day
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The initial and final concentrations and volumes can also
be checked by using Equations 16 and 17.

Cainir - Volume, , ... =7.5-16.67 = 125 mg
Ciasing - Yolume, , . =2.5-50=125mg
and
Crtso miar © Yolumeoo =10+ 17.5 = 175 mg
CM;O;{.M : VolumeMS(:{ﬁnal =3.5-50=175mg

Formula Derivations

Equation 2 is derived from the following formulas:

CMso;inmal - Volume

C - Volume (D

MSOJrinilial = MSO;ﬁna] MSOJ—ﬁna!

and

C - Volume C - Volume,, .. (2)

L A-initial LA-initial "~ LA-final

Realizing that:

Volume‘“so{mm + Volume = Volume

reservoir (3)

LA-inital

and

VO]umeMSOﬁ“mal = VOlumeLA tinal = VOlumercscrvoir (4)

Equations 1 and 2 can then be rearranged, combined as in
(3), and expressed using (4) as:
CMSO‘—!'mul ’ VOlumercscr\oir CLAAﬁnul - Volume
+
C C

VlSOJ—inilia]

reservoir

LA-initial
= VOlurnerv.\ur\ oir (5)
Note that Volume, . can then be canceled from each of

the above terms. In addition, C,, .., can be substituted, with
Equation 3, and a common denominator obtained.

CMSO ~final CLA~inilial +R- CMSO final * Cmso ~initial

4 1 4

' o O
Cmso;inmal ’ CLA—iniu’aI
Solving for CMSOJ_rlnal yields Equation 2:
C = = U (7)
MSO4—ﬁnal R 1
N\ I —
CLA—iniIial CMSOJ—imlial

Equations 11 and 12 are derived from Equations 1 and 2,
which are rearranged:

CMSOJAﬁn:\l ’ VOIUInercsrr\‘nir
VOlumeMSOJ—initial = C ®)
MSO‘-«iniljal
and
CLA-I‘inal ) VOlumereservnir
Volume, , . = C ©
LA-initial
T
MSO
o . N A .
Substituting Equation 9, CMSOJ,,.lnal *TF and Equation 10,

TLA . : .
Clatina = E yields Equations 11 and 12:
P
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Table 2. Software program, written in Microsoft QBasic, executes the described equations for programmable intrathecal pumps.

CLS

format$ = “##.###>

INPUT “Enter the total daily dose of local anesthetic in mg™; TDLA
INPUT *“Enter the total daily dose of morphinc in mg”; TDMS

INPUT “Enter the initial concentration of local anesthetic in mg/ml”; CLAI
INPUT “Enter the initial concentration of morphine in mg/ml”; CMSI
INPUT “Enter the volume of the pump reservoir in ml™; VolRes

R = TDLA/ TDMS

CMSF = I /(R [/ CLAI) + (1 / CMSI))
CLAF =R * CMSF

VoIMS = (CMSF * VolRes) | CMSI
VoILA = (CLAF * VolRes) | CLAI
PumpflowrateLA = TDLA / CLAF
PumpflowrateMS = TDMS / CMSF

LPRINT “Enter the total daily dose of local anesthetic in mg: ”; USING format$; TDLA

LPRINT “Enter the total daily dose of morphine in mg: ™; USING format$; TDMS

LPRINT “Enter the initial concentration of local anesthetic in mg/ml: ”; USING format$; CLAI
LPRINT “Enter the initial concentration of morphine in mg/ml: ”; USING format$; CMSI

LPRINT “Enter the volume of the pump reservoir in ml: ™; USING format$; VolRes

LPRINT

LPRINT

LPRINT *“Volume ot morphine to be drawn up in ml: ™; USING format$; VolMS

LPRINT “Volume of local anesthetic to be drawn up in mi: ”; USING format$; VolLA

LPRINT “Final concentration of morphine to be infused in mg/ml: ™; USING format$; CMSF

LPRINT “Final concentration of local anesthetic to be infused in mg/ml: ”; USING format$; CLAF
LPRINT “Pump flow rate in ml/day: ”; USING format$; PumptlowratcLA

LPRINT “Pump flow rate in ml/day (check): ; USING format$; PumpflowrateM$

LPRINT “Duration of mixture in reservoir in days: ™; USING format$; (VolRes / PumpflowrateLA)
LPRINT

LPRINT

LPRINT “Check: Total daily dose of local anesthetic = CLAF * Pump flow rate =": CLAF * PumpflowrateLA; “mg”
LPRINT *Check: Total daily dosce of morphine = CMSF * Pump flow rate =”; CMSF * PumpflowrateMS; “mg”
LPRINT “Check: CLAI*VoILA ="; CLAI * VolLA; “mg ”; "CLAF*VoIRes =; CLAF * VolRes; “mg”
LPRINT “Check: CMST*VoIMS ="; CMSI * VoIMS; “mg ™; “CMSF*VolRes =”; CMSF * VolRes; “mg”
LPRINT CHR$(12)

SYSTEM

END

Table 3. Software program, written in Microsoft QBasic, executes the described equations for fixed-rate intrathecal pumps.

CLS

format$ = “##.###”

INPUT “Enter the total daily dose of local anesthetic in mg”; TDLA
INPUT “Enter the total daily dose of morphine in mg™; TDMS

INPUT “Enter the initial concentration of local anesthetic in mg/ml”; CLAI
INPUT “Enter the initial concentration of morphine in mg/ml”; CMSI
INPUT “Enter the volume of the pump reservoir in m1”; VolRes

INPUT “Enter the flow rate of the pump in ml/day”; FRP

CMSF = TDMS | FRP

CLAF = TDLA / FRP

VoIMS = (CMSF * VolRes) / CMSI

VolILA = (CLAF * VolRes) / CLAI

VoINS = VolRes - (VoIMS + VoILA)

LPRINT “Enter the total daily dose of local anesthetic in mg: ™; USING format$; TDLA
LPRINT “Enter the total daily dose of morphine in mg: *; USING format$; TDMS

LPRINT “Enter the initial concentration of local anesthetic in mg/ml: ”; USING format$; CLAI
LPRINT “Enter the initial concentration of morphine in mg/ml: ™, USING format$; CMSI

235

(Table continues on next page)
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Table 3. Software program, written in Microsoft QBasic, executes the described equations for fixed-rate intrathecal pumps. (Continued)

LPRINT “Enter the volume of the pump reservoir in ml: ™; USING format$; VolRes
LPRINT “Enter the flow rate of the pump in ml/day: ; USING format$; FRP

LPRINT
LPRINT

LPRINT *Volume of morphine to be drawn up in ml: ”; USING format$; VoIMS

LPRINT "“Volume of local anesthetic to be drawn up in ml: ™; USING format$; VolLA

LPRINT *Volume of normal saline to be drawn up in ml: ™; USING format$; VoINS

LPRINT “Final concentration of morphine to be infused in mg/ml: ™, USING format$; CMSF
LPRINT “Final concentration of local anesthetic to be infused in mg/ml: ™; USING format$; CLAF
LPRINT “Duration of mixture in reservoir in days: ™ USING format$; (VolRes / FRP)

LPRINT
LPRINT

LPRINT “Check: Total daily dose of local anesthetic = CLAF * pump flow rate ="; CLAF * FRP; “mg”
LPRINT “Check: Total daily dose of morphine = CMSF * pump tlow rate =™; CMSF * FRP; “mg”
LPRINT “Check: CLAI*VoILA =", CLAI * VolLA; "mg ™, “CLAF*VolRes ="; CLAF * VoIRes; “mg”
LPRINT “Check: CMSI*VoIMS ="; CMSI * VoIMS: *mg ™, “CMSF*VolRes ="; CMSF * VolRes; “mg”

LPRINT CHRS$(12)
SYSTEM
END
V 1 TI A V()lumcrcwrw\" O
olume o= - ) (10)
LA initial
e FP C[_A initial
and
V l T“S()J V()lun]crv\vr\uir 11)
olume, .. ... = S - (
MSO —initial
o FP C\1so;1nin.x1
Summary

The clinician will find the preceding sets of equations useful in
the day-to-day management of morphine and local anesthetic
combinations for administration via implantable intrathecal
pumps. Other opiate and local anesthetic combinations, with
the appropriate changes in concentrations and nomenclature,
can be substituted. In addition, the software programs in Ta-
bles 2 and 3, written in Microsoft QBasic, allow for the rapid
computation of the necessary final parameters.

References

L. Krames E: The chronic intraspinal use of opiate and local anesthetic
mixtures for the relief of intractable pain: When all else tails! Pain
1993;55:1-4

. Sjeberg M, Karlsson PA, Nordberg C: Neuropathologic findings after
long-term intrathecal infusion of morphine and bupivacaine for pain
treatment in cancer patients. Anesthesiology 1992;76:173-186

3. Rigler ML, Drasner K, Krejcie TC et al: Cauda cquina syndrome after

continuous spinal ancsthesia. Anesthesia and Analgesia 1995;72:275-281

4. Appelgren L, Janson M, Nitescu P ¢t al: Continuous intracisternal and

high cervical intrathecal bupivacaine analgesia in refractory head and
neck pain. Anesthesiology 1996:84:256-272

5. Carpenter R, Rauck R: Refractory head and neck pain: A difficult prob-

lem and a new alternative therapy. Anesthesiology 1996;84:249-252

6. Bridenbaugh PO: Complications of local anesthetic neural blockade. In

Bridenbaugh PO, Cousins MJ (eds): Neural Blockade in Clincal Anes-
thesia and Pain Management (2nd ed). Philadelphia, JB Lippincott,
1988. pp 695-735

7. Waldman SD, Leak DW, Kennedy LD et al: Intraspinal opioid therapy. In

Patt RB (ed): Cancer Pain. Philadelphia, JB Lippincott, 1993, pp 285-328
8. Atlas G: A method to quickly calculate mixtures for epidural infusions.
Anesthesia and Analgesia 1995;80:642

(893



Atlas: Calculating Mixtures for Intrathecal Pumps

Appendix: Continuing Medical Education Questions
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For a programmable intrathecal pump, it is desired to
deliver 3 mg per day of bupivacaine and 5 mg per day of
morphine. The pump reservoir has a capacity of 18 ml.
The initial concentration of local anesthetic, C, , _ .. ., is
7.5 mg/ml and the initial concentration of morphine,
C is 25.0 mg/ml.

MSOJ — initial °

1. Using Equation 1, determine R.
a. 04
b. 0.5
c. 0.6
d. 0.7
2. Find the final concentration of morphine, C
from Equation 2.
a. 7.33 mg/ml
b. 8.33 mg/ml
¢. 9.33 mg/ml
d. 10.33 mg/ml
3. Calculate the final concentration of local anes-
thetic, C, , ., ., from Equation 3.
a. 2 mg/ml
b. 3 mg/ml
c. 4 mg/ml
d. 5 mg/ml
4. Using Equation 4, find the initial volume of mor-
phine, Volume
a. 6.0 ml
b. 7.0 ml
c. 8.0ml
d. 9.0 ml
5. Using Equation 5, determine the initial volume
of local anesthetic, Volume
a. 10ml
b. 11 ml
c. 12ml
d. 13 ml
6. Calculate the pump flow rate from Equations 6
or7:
a. 0.4 ml/day
b. 0.5 ml/day
c. 0.6 ml/day
d. 0.7 ml/day
7. Find the duration of the mixture in the reservoir
from Equation 8.
. 25 days
. 30 days
. 35 days
. 40 days

MSO - final®

MSO - initial®

LA-initial”

/e o

8. Use Equation 16 to determine that the initial and
final amounts of local anesthetic, in milligrams,
are equivalent.

a. 70 mg
b. 80 mg
¢. 90 mg
d. 100 mg

9. Use Equation 17 to determine that the initial and final
amounts of morphine, in milligrams, are equivalent.
a. 130 mg
b. 140 mg
c. 150 mg
d. 160 mg

For a fixed-rate intrathecal pump, it is desired to
deliver 3 mg per day of bupivacaine and 5 mg per day
of morphine. The pump has a flow rate of 2 ml/day
and a reservoir capacity of 50 ml. The initial concen-
tration of local anesthetic, C, , . ... is 7.5 mg/ml and
the initial concentration of morphine, C, ¢, is
10 mg/ml. ’

— initial®

10. Find the final concentration of morphine, C
from Equation 9.
a. 2.5 mg/ml
b. 3.5 mg/ml
c. 4.5 mg/ml
d. 5.5 mg/ml

11. Calculate the final concentration of local anes-
thetic, C,, ., ., from Equation 10.
a. 0.5 mg/ml
b. 1.5 mg/ml
¢. 2.5 mg/ml]
d. 3.5 mg/ml

12. Using Equation 11, determine the initial volume
of local anesthetic, Volume
a. 7.0ml
b. 8.0 ml
c. 9.0ml
d. 10.0 ml

13. Using Equation 12, find the initial volume of
morphine, Volume
a. 10.5mg
b. 11.5mg
c. 125 mg
d. 13.5mg

14. Determine the volume of preservative-free nor-
mal saline, Volume,, to add to the combination

A'\/ISOJ — finat®

LA-initial”

MSOJ — initial*
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Appendix: Continuing Medical Education Questions—Continued

of Volume, , , ... and Volume,,,, ... so that the
final volume is equal to that of ‘the pump reser-
voir. Use Equation 13.

a. 245 ml

b. 25.5ml

c. 26.5ml

d. 27.5 ml

15. Use Equation 16 to determine that the initial and

final amounts of local anesthetic, in milligrams,
are equivalent.

a. 75 mg
b. 85 mg
c. 95 mg
d. 105 mg

16. Use Equation 17 to determine that the initial and final

amounts of morphine, in milligrams, are equivalent.
a. 110 mg
b. 115 mg
c. 120 mg
d. 125 mg
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