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Tutorial*

Thtorial25: Calculating Mixtures of Local Anesthetic and Morphine for
Implantable Intrathecal Pumps

Glen Atlas, M.D., M.Sc.

Dtpartrlent of Anesthcsiology. Seberstian River Mcdical Ccnter. 13695 U.S. Highway' i. Sebastian, Florida 32958, U.S.A

The use of irnplantable intrathecal pumps has become- increas-
ingly morr complex with clinicians' comhining opiares and
local anesthetics such as morphille iurd bupivacaine. This tcch-
niquc producss hcightcned analgtrsia and is especially useful
for the freatment of canccr-related neuropathic pain [ 1].

In this patient population, usc of low-dosc intrathecal
bupivacainc does not appear to causc significant ndurologic
sequelae [2]. However. use of spinal catheters. with high
conccntrations of lidocainc, has been associated with cauda
equina syndrome [31. Recently, succ:essful long-term usc <tf
intracisternal bupivacainc has been described fbr chronic
facial pain [4,5J. It is conccivable that the combination of
intrathccal bupivacainc and lnorphine 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, bradycarclia, and motor weakness
should be evaluatcd [61. In adcl i t ion,  thc s ide ef fects of
intrathecal opiates, such as respiratory depression, pru-
r i t ic ,  and ur inary retent ion must also be rccognized [7] .  I f
necessary, the reservoir and intrathecal catheter of these
pumps can be easi lv drained.

The fbllowing sets of equation-s allow fbr readily avail-
able concentrations of both morphine and bupivacaine to bc
mixed so that a desired total daily dose of each can be
administered. Two sets of cquationi wil l he clescrihed: one
fbr purnps which are externally programmable, such as the
Medtronic, and another for flxed-rate pumps, such as the
lnf'usaid or Arrow. Table I provicles a listing of terms and
their definitions, along with appropriate units of measure .

Determining Mixtures for Programmable
Intrathecal Pumps

Initially, a dimcnsionless constant R is defined which equals
the ratio of the total daily dose of local anesthetic, Tro, to the

*The purpose of this sc-ction is to provide the readcr with a series of tutorial
Iessc'rns that may be used fbr self-study in pain mcdicine. cME credits will
not be granted fbr the completion of this tutorial.

total daily dose of morphine, Tr,ro . This constant is also
equivalent to the ratio of the flnal'concentration of local
anesthetic, C,_o fin,,r, to the final concentration of morphine,
Ctlso, rr, ,ur '

p = 
(1,.o -,ul! = l.ttol ,b4J 4ose or !ryalq!9!t!et!9ln .&{uy = 

tlo 
( I )C\tSo, ltnrt Tbtal daill dose of morphine in mg/day T'lso.

The final concentration of morphine, C"rn ,,n,,, can then
be determined using the initial concentration bf local ancs-
thetic, C,.o,n,,,n,,  and the init ial  concentrat ion of morphine,
C v s o  i , ' i , i r l l t

1
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By using R and Crro".nar fiom equation 2,the final concen-

tration of local anesthetic, CLA .nu' can be found:

C 'R r rno r  =  R 'Cn tso . , u , r ,  ( 3 )

The volumes of morphine, Volume.ro irritia' and local an-
esthetic, Volumero jniria' to be drawn up, rhixed, and infused
into the pump reservoir are then calculated [8]:

CMso,-lrurl ' Volumer",o.rr,,u

( ' . ,rr , , .  , , , . , ,r  = 
R

Crn ,,,,*u

volumerro initial

and

(-
-  

\4SO i r ) i r ia l

C . . , .  , ' V o l u m e
L . {  I l n a l  f a s (  n  O i f=

C- L A  
i n i t i a l

(a)

(s)Volumc-,
L 1 \ - l n l l l r r l

The pump flow rate can then be detennined:

Pump florv rate in mfday = 
Tt"',

cr,lso Rn^t 
(6)

rsee "Formula Derivations" section. Volumes and concentrations are ex-
pressed in mill i l i ter and mill igram per mill i l i teq respectively.
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Table l. List of terms.
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Obviously, if Volume*, is less than zero, then either Cro-,nu,u,
or CMso _initiar or both must be increased to reduce Volume
or Volume MSo._initia' respectively.

Checking Accuracy

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

Cle.'nor ' Pump flow rate) = Tro

Meaning Units

CL.q-init int

CN{soo-ini, iol

CLa iinal

CMSo.r'tinol

VolumeLa-initial

VolumeMSoo-init ial

VolumeLR-rtnal

VolumeMsoo-ttnal

Tla,

Tvso+

Fp

R

VolumeNs

mg/ml

mg/ml

mg/ml

mg/ml

ml

ml

m l

m l

mg/day

mg/day

ml/day

dimen-
sionless

ml

Initial concentration of local anesthetic

Initial concentration of morphinc

Final concentration of local anesthetic

Final concentration of morphinc

Initial volume of local anesthetic

Initial volume of morphine

Final volume of local anesthetic

Final  volume of  morphine

Total daily dose of local anesthetic

Total daily dose of morphine

Flow rate firr f lxed-ratc pumps
CLA ttual TI-a

-  t l f

L N 1 S o ,  t i n , r l  I  M S o r

Vol ume of preservati ve-f-ree normal
salinc

and

C*ro" iinur 
. (Pump flow rate) = Trro. (15)

The following equations are also necessary in accuracy
checking:

C,_o_,n,,,u, . VolumerA,inirial = Cro ,rnu, 
. VolumelA rrnrr (16)

and

Crro. 'n',,", 
' VolumeMso.-ini,iul = Ctro.-,-nu' ' Volume-So,-f-rnal (17)

Examples

Two calculations using the preceding formulas fbllow

Example 1

It is desired to deliver 4 mglday of intrathecal morphine with

5 mg/day of intrathecal bupivacaine via a programmable

pump. The initial concentration of morphine, Cvso,iniria' is
25.0 mglml; and the initial concentration of bupiriacaine,
Cro-,n,,,",, is 7.5 mg/ml. The pump reservoir has a capacity of
18 ml. Using Equation 1:

P=r
4

The final concentration of morphine, Crro_,,*,, can be ob-
tained from Equation 2:

Cvso -t inut = 4.84 mg/ml

(14 )

or

Pump flow rare in mfday = jt- (7)' J  
C L e - , i n u l

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:

Volume
Duration in days = - lcrrr-ql-' J Pump flow rate 

(8)

Determining Mixtures for
Flxed-Rate Intrathecal Pumps

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

Tr,r.,
C\4so -t l , ' , ' l  t r

"  
t P

and
T , ^

CL,q  r rn . r  t -r 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 thcn bc determined (see "Formula
Derivations"):

r,u !!ry:Volume,_o_init iar = 
, '  . .  

' ' ra 
( I  1)

Fn Cro ,u',,n,

cLe-rinor : R. crro,-rinar = to 
{o.ro):6.05 mg/ml

The volumes of morphine and local anesthetic, to be
drawn up and mixed, are determined from Equations 4 and 5:

volumer,ro.,initiar = O1# = 3.48 ml

volume - (6'05) ' 18 = 14.52 ml' L A i n i t i a l  -  
1 . 5

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

Pump flow rate : 
h= # 

= o.8z6ml/day

(e)

(10 )

I
= -;z;-..\ ,r t )  I  )

l l i l  |
l \  /  I  I
t t - l
t T l
t 7 {  ) \  I
\  

,  . J  - J  
, /

e final concentration of bupivacaine canUsing Equation 3, th
be found:

and

vorume - 
Tno"'. volufle..*-,u,,i,

,MSo, iui, iur = 
=. c*_; 

(12)
r ,

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*, = Volumen*,r,,,,. - (Volume*,,,,0, + Volume vso -initiar) (13)
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From Equation 8, the duration that the pump can be used
until its reservoir needs to be refilled is:

Durat i ,  
18

rn in days :  
O.S2O 

:  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.

CLe,'nur . (pump flow rate) = 6.05 ' 0.826 : 5 mg/day

and

Crro. rjnor . (pump flow rate) : 4.84 . 0.826 : 4 mglday

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

C.o_,n,,,o, . Volume,.A init iar : 7.5 . 14.52 = 109 mg

C,-o_nnor .VolumerA,nal = 6.05 18 : 109 mg

and

C*ro, u,,,,ut' Volumevso.init ial = 25' 3'18 : 87 mg

Crro. , , , , . , ,  'VolumeMso,f i , , " r  :4 '84 18 = 87 mg

Example 2
It is desired to deliver 7 mglday of intrathecal morphine and
5 mg/day of intrathecal bupivacaine via a fixed-rate pump
with a reservoir volume of 50 ml. The pump has a presct
flow rate of 2 ml/day. The initial concentration of local
anesthetic, Cro-,u,,,.,, is 7.5 mg/ml; and the initial concentra-
tion of morphine, Crro _iniria' iS 10.0 mg/ml.

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

Crurso trnur 
=: = 3.5 mg/ml

and

\
CLn_rjn"r  = 

; :2.5 
mg/ml

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

volu 
5 50

f leLa in i , iu l  
= 

;  i= 
16.67 ml

and

volu 
I 50

meMso, in,r iat  
= 

2 10: 
l7 '5 ml

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.

C'e nnr . (pump flow rate) = 2.5 .2.0 = 5 mg/day

and

Crro rjnor . (pump flow rate) = 3.5 '2.0 = 7 mglday
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The initial and final concentrations and volumes can also
be checked by using Equations 16 and 17.

Cro_,n,,,o, . Volume'A initiar 
: 7.5 ' 16.67 : 125 mg

CLa_rjn,r . Volume'A rinar 
= 2.5 . 50: 125 mg

and

Crro,,n,,,r, '  VolumeMsoo-iniri, '  : l0 ' l7 '5 : 175 mg

Cvso rinnr . Volume-So-rinar : 3.5 . 50 = 175 mg

Formula Derivations

Equation 2 is derived from the following formulas:

Crrnr,n,,,u' ' volumel,rso, initiar 
= CMSo"-an.r ' Volume*So. l ' inar (1)

and

Cro,n,,,n, . VolumerA initiar 
: C,_o ,.,,,., 

. VolumelA,,uol Q)

Realizing that:

Volume.n.o. inrrial 
+ Volumer.A initiar 

: Volumer,.,.ru,,,. (3)

and

Volumerro. 'nar 
= Volume,_o ,.,u", 

: Voluffie..*.ru,,i. 6)

Equations I and 2 can then be rearranged, combined as in
(3), and expressed using (4) as:

C"ru, , -n, , '  Volumer"- . ' r rn i ,  CL,q.-r lnul '  Volume."* . . , , , , ,

C,-o 'n' , , . '

=  Vo lumcr ( . \ ( r \ ( , i r  (5 )

Note that Volume,"*.^,ui, c&r then be canceled from each of
the above terms. In addition, CL^ finor can bc substituted, with
Equation 3, and a corrunon denominator obtained.

Cr,tsor-f i 'ol '  Cto- 'n,, ,",  + R' C,r,tso. rrnrl '  Crrru.-,n,, ,u, 
_, (6)

Cr,ro, inir ial  
'  CLA init ial

Solving fbr Cn,ro,_,.,,,,, yields Equation 2:

Cnso.-rn.r  =1 
R 

1 
I  )  

(7)

l c  * c  I
\  

-  L A  i n i t i a l  - \ 4 S O .  i n i r i r l  
/

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

Vnlrrrne _ 
CMso,-rinrl 'Wumer.'*ru,,i, 

rR\volumer"o -initial C- M S O  - i n i t i a l

C , ^  , . V o l u m e
LA- I l na l  r ese rvo l r

Volt-a.o ,n,,,", Cro-'n,,tu,

Tnnro
= - and Equation

F
I

and 12:

Substituting Equatioil 9, Cnaso ,inor
T , ^

CL,q r.in.r 
: 

{ 
fields Equatiors l l

(8)

and

(e)

10,
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Table 2. Software program, written in Microsoft QBasic, cxecutes the described equations fbr programmable intrathecal pumps.

CLS

format$ = *##.###"

INPUT "Enter the total daily dosc 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 ml"l VolRes

R = TDLA/ TDMS

CMSF = l  /  ( (R /  CLAr)  + ( l  /  CMSr))
C L A F = R * C M S F

VotMS = (CMSF * VolRes) / CMSf
VoILA = (CLAF * VrlRes) / CLAI
Pumpfl owratelA = TDLA / CLAF
PumpflowrateMS = TDMS / CMSF

LPRINT "Enter thc total daily dose of local anesrhcric in rng: "; USING format$; TDLA
LPRINT "Enter the total daily dosc of rnorphine in mg: "; USING fbrmat$; TDMS
LPRINT "Enter the initial conccntration of local ancsthetic in mg/ml: "; USING fbrmatg; CLAI
LPRINT "Enter the initial conccntration of morphinc in mg/ml: "; USING formatg; CMSI
LPRINT "Enter the volume of thc purnp reservoir in ml: "; uslNc tbrmat$; VolRes
LPRINT

LPRINT

LPRINT "Volume of morphiner to be drawn up in ml: "r USING fbrmat$; VIIMS
LPRINT "volume of local anesthetic to be drawn up in ml: "; USING fbrmat$; vrll-A
LPRINT "Final concentration of morphine to be infused in mg/ml: "; USING format$; CMSF
LPRINT "Final conccntration of local ancsthetic to be infuscd in mg/ml: "; USING fbrmat$; CLAF
LPRINT "Pu-p flow rate in ml/day: "; USTNG fbrniatg; Pumpf'lowratelA
LPRINT "Pump flow rate in ml/day (check): "; USING fbnnat$; PumpflowrateMS
LPRINT "Duration of mixture in reservoir in clays: "i USING firrmat$: (VolRes / hrmpflowratelA)
LPRINT

LPRINT

LPRINT "Check: Total daily tlosc ot' local iutesthctic = CLAF * Pump flow rate ="i CLAF * PumpflowratelA; "mg"
LPRINT "Check: Total daily closc of rnorphinc = CMSF *- Purnp tlow rate ="; CMSF * PumpflowrateMS; "mg"
LPRINT "Check: CLAI*VoILA ="; CLAI * VoILA; "mg "; "CLAF*VolRes ="; CLAF * VolRcs; "mg"
LPRINT "Check:  CMSI*volMS =";  CMSI *  VI IMS; "mg " ,  *CMSF*VolRes =";CMSF * VolRcs;  "mg"
LPRTNT CHRS(12)

SYSTEM

END
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Table 3. Software program, writtcn in N{icrosoft QBasic, executes the described equations for fixed-rate intrathecal pumps.

CLS

format$ = *##.###"

INPUT "Enter the total daily dose of local anesthctic in mg"t 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 thc pump rescrvoir in rnl"; VolRes
INPUT "Enter the flow rate of thc pump in ml/day"; FRP

C M S F = T D M S / F R P

CLAF = TDLA/ FRP

VoIMS : (CMSF * VolRes)/ CMSI
VoILA: (CLAF * VolRes) / CLAI
VoINS = VolRes - (VolMS + VoILA)

LPRINT "Enter the total daily dose of local anesthetic in mg: "; USING format$; TDLA
LPRINT "Enter the total daily dose of morphine in mg: "; USING formar$; TDMS
LPRINT "Enter the initial concentration of local anesthetic in mg/ml: "; USING formatg; CLAI
LPRINT "Enter the initial concentration of morphine in mg/ml: "; USING fbrmat$; CMSI

(Table continues on next page)
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Table 3. Software ptognm, wrillcn in Microsoft QBasic, cxccutcs the described equations for flLxed-rate intrathecal pumps. (Corrir /ed)

LPRINT "Enter the volume of the pump reservoir in ml: ': USING formats: VolRes

LPRINT "Enter the flow rate ofthe pump in ml/day: ": USING fonnats; FRP
LPRINT

LPRINT

LPRINT *Volumc ofmorphine tobe drawn up in ml: "; USING format$lVolMS
LPRINT "Volume of local anesthetic to be diawn up in ml: ": USING fo.mar$i VoILA
LPRINT "Volume ofnonnal saline lo be drawn up in ml: "i USINc formar$; VoINS
LPRINT "Final concenrralion of morphine to be intused in mg/ml: '; 

USING formar$; CMSF
LPRINT "Final conccnlration of lo.al anesthetic to bc infused in mg/n : '; 

USING formatgl CLAF
LPRINT "Duration of mixturc in reservoir in days: "; USING formatg; (V)lRes / FRP)
LPRINT

LPRINT

LPRINT 'Check: Total daily do6e ofhcal ancsthetic = CLAF * pump flow rate ="; CLAF * FRP; "mg"
LPRINT "Check Total daily do6c of morphine = CMSF * pump f-low mte =": CMSF * FRP: 'mg"

LPRINT 'Check CLAI*VoILA ="i CLAI * V]ILA: 'mg "l 'CLAF*VolRcs ="; CLAF * VolRes; "mg"
LPRINT'Chcck CMSI*V)IMS = : CMSI * VolMSt "m8 : "CMSF*VolRes ="; CMSF * VolRe$ 'mg"

LPRINT CHR$( I2)

SYSTEM

END

T,.a V) luf f ic^. , , . r , , , , ,
V o l u m c . \  , , i r i . , r  

=  
F ;  a ,  ,  ; , . ; '
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( i 0 )

and

volume*.o, iniriar 
= 

t:"" 
. 

v)lt l l l lc"*'^,,i

n cr,.c, -inirial 
( I 1)

Summary

The clinician will flnd the preceding scts of equations useful in
the day{o-day managemcnt of morphine and local anesthetic
combinations fbr administration via implantable intrathecal
pumps. Othcr opiate and ltrcal anesthctic combinations, with
the appropriate changes in concentrations and nomenclaturc,
can be substituted. In addition, thc software progranN in fa-
bles 2 and 3, writtcn in Microsoft QBasic, allctw for thc rapid
computation of thc nccessary final parameters.
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Appendix: Continuing Medical Education Questions

For a programmctble ntrathecal pump, it is desired to
deliver 3 mg per day of bupivacaine and 5 mg per day of
morphine. Thc pump reservoir has a capacity of 18 rni.
The initial concentration of local anesthetic, CL^ i,,iti"r, iS
7.5 mg/ml and the initial concentration of morphine,
Cr,ro.-  in i r ia i ,  is  25.0 mg/ml.

1. Using Ecluation l, determine R.
a .  0 .1
b .  0 .5
c .  0 . 6
d .  0 .7

2. Find the f-inal concentration o1'morphine, Cr{so _ rinu'
from Equation 2.
a.  7 .33 mg/ml
b.  8.33 nrg/nr l
c. 9.-13 nrg/ml
d.  10.33 mg/rnl

3. Calculate the final concentration of krcal anes-
thetic, Cr.\ r. i,,,,r, f iorn Equation 3.
a. 2 mg/ml
b. 3 mgiml
c.  4 mg/ml
cl. 5 mgirnl

4. Using Equation ,1, f incl thc init ial volrrme of mor-
phine,  Vl lumc., .o i r i r i , , r .
a. 6.0 nr l
b .  7 .0  ml
c .  8 .0  ml
d .  9 .0  ml

5. Using Equation 5, detennine the init ial volume
of local anesthetic, Vtlume,_A.iniriar.
a .  10  ml
b .  l l  m l
c .  12  ml  12 .
d .  1 3  m l

6. Calculate the pump flow rate from Equations 6
or J:
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.
a. 25 days
b. 30 days
c. 35 days
d. 40 days

Use Equation 16 to determine that the initial and
final amounts of local anesthetic, in milligrams,
are equivalent.
a.  70 mg
b. 80 mg
c. 90 mg
d. 100 mg
Use Eqrntion 17 to determine that the initial and final
amounts of morphine, in milligrams, are equivalent.
a .  130 mg
b. 140 rng
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 ancsthetic, C'n iniria' iS 7.5 mglml and
the initial concentration of morphine, Cr,rn injria, is
l 0  r n g / m l

Fincl the flnal concentration of morphine, Crro ,nrr?
fiom Equation 9.
a.  2.5 mg/ml
b. 3.5 mg/ml
c. 4.5 mg/ml
d. 5.5 mg/ml
Calculate the final concentration of local anes-
thetic, CLR 'inui, from Equation 10.
a. 0.5 mg/ml
b.  1.5 mg/ml
c. 2.5 rng/ml
d. 3.5 mg/ml
Using Equation 11, determine the initial volume
of local anesthetic, VolumerA iniria'
a .  7 .0  ml
b .  8 .0  ml
c .  9 .0  ml
d .  10 .0  ml
Using Equation 12, find the initial volume of
morphine, Volume*ro initial.
a .  1 0 . 5  m g
b .  1 1 . 5  m g
c. 12.5 mg
d.  13 .5  mg
Determine the volume of preservative-free nor-
mal saline, Volume"r, to add to the combination

8 .

9 .

1 0 .

I  t .

r3 .

14.
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Appendix: Continuing Medical Education Questions-Continued

of VolumelA_initiar and Volumelrso _ initiar So that the
final volume is equal to that of'the pump reser-
voir. Use Equation 13.
a. 24.5 ml
b.  25.5 ml
c. 26.5 ml
d.  27.5 ml
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
Use Eqution 17 to determine that the initial and final
amounts of morphine, in milligralns, are equivalent.
a .  1 1 0  m g
b .  1 1 5  m g
c. l2O mg
d. 125 ms.

16 .

t 5 .
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