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In the daily practice of in-hospital or centralized radiopharma-
cies, there is a need to perform reliable numeric calculations.
Furthermore, several nuclear medicine diagnostic tests also
involve carrying out calculations. In both cases, these calcu-
lations are sometimes complex or tedious and prone to error.
We report the development of a computer software program
that performs a comprehensive range of calculations required
in radiopharmacy and nuclear medicine diagnostic tests.
Methods: This software was developed and compiled in the
Visual Basic programming language using algorithms and
methods reflected in the scientific literature. Results: We de-
veloped 2 versions of the software program, which we call
Nucleolab. It automatically performs calculations relating to
radiopharmacy practice as well as 9 diagnostic nuclear medi-
cine tests. The 0.1 version performs all these calculations, and
the 1.2 version also has a database that enables the user to save
and recover diagnostic test results and issue custom reports.
The software can be downloaded at www.radiofarmacia.org/
nucleolab-english.Conclusion: To our knowledge, ours is the
first attempt to develop a comprehensive software application
that facilitates calculations in nuclear medicine and radiophar-
macy, reducing errors and improving efficiency and accuracy.
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Calculations—such as the appropriate pediatric dose of
radiopharmaceuticals or the theoretic activity of a “°™Tc¢
generator at any specified time point—are required in ra-
diopharmacy but can be cumbersome and prone to error.
There are also several diagnostic techniques in nuclear
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medicine, such as studies of red cell and platelet kinetics,
blood volume, or renal function, that require complex or
time-consuming calculations. All such calculations can be
performed using scientific calculators or spreadsheets. The
purpose of this work was to develop a software application,
which we call Nucleolab, to perform the most important
calculations relating to the practice of radiopharmacy and
several important diagnostic techniques of nuclear medi-
cine. In addition, we set out to link this software with a
database to store test data and results and to enable the
issuance of custom reports of these tests at any time.

MATERIALS AND METHODS

The first stage in the design of the application was the
analysis, in our respective radiopharmacies and nuclear
medicine departments, of those processes involving calcu-
lations that are of some complexity or are time-consuming.
After identifying these processes, we reviewed the scientific
literature to find the best ways to perform the calculations.
When multiple formulas were described, we tried to choose
those most widely agreed upon. These algorithms and
methods were used to program the calculations in the
software. The computer application was developed and
compiled in the Visual Basic programming language
(version 6.0; Microsoft) and contains over 300 pages of
source code. The installation program was made with
Visual Studio Installer (Microsoft). Excel spreadsheets
(Microsoft) were used to verify that the program had
correctly executed all calculations.

The equations we selected for the calculations are
described in the following sections.

Radioactive Decay

Radioactive decay is important in work with radio-
pharmaceuticals and is calculated by the standard radio-
active decay formula:

A=A ™ or A=Al M)

where A is the activity at any specified time (t), Ay is the
initial activity (when t = 0), A\ is the decay constant of the
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isotope, and Ty, is the physical half-life of the radionu-
clide.

Pediatric Dosage

Several methods to calculate the activity of pediatric
doses of radiopharmaceuticals can be found in the scientific
literature. We chose the following method:

Pediatric dose = pediatric dose fraction X adultdose,

where the pediatric dose fraction is calculated as the ratio
between body surface area and the average body surface
area of adults (1.73 m?). Body surface area (S) is calculated
using the Du Bois formula (/):

S (mZ) — weight (kg)()AZS . helght (Cm)()‘725 .0.007184.

Moreover, S can be estimated from weight only (2), using
S (m?) = weight (kg)7/11.

More recently, the Dosimetry and Pediatrics Committees
of the European Association of Nuclear Medicine (EANM)
proposed the use of 2 tables for the calculation of pediatric
dose (3). Our software automatically performs the calcula-
tions of this new dosage card.

99mTc-Albumin Macroaggregate Dosage

The volume and activity that should be added to a vial of
macroaggregated albumin (MAA) for labeling, depending
on the number of particles and the activity of a dose of
99mTc_MAA, are calculated as follows:

Labeling volume = (vial particle number/dose particle number)

dose volume
Labeling activity = (dose activity /dose volume)labeling volume.

The concentration of particles of **™Tc-MAA remains
constant, but activity decays with time; these calcula-
tions should therefore take into account the decay proc-
ess at any time using the standard radioactive decay
formula.

Multiple-Dose Withdrawal from Vials

Because the radioactive concentration decreases over
time, the dose volume required to administer a particular
activity increases over time. Knowing the initial activity in
the vial, the initial volume in the vial, and the volume and
timing of every dose withdrawn from the vial, one can use
the standard radioactive decay formula to determine at any
time the activity remaining in the vial and the volume
needed to obtain a dose of the required activity.

%9Mo/°*™Tc Generator

The activity of Mo in the generator at any time is
calculated by the standard radioactive decay formula. The
theoretic activity of *™Tc in the eluate at any time is cal-
culated using the following equation:
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AgngC = A99M0 086 /\2 [Ei)‘lt — 67)\2[]/[(/\2 — )\])67/\”}7

where \; and \, represent the decay constants for Mo and
99mT¢, respectively, and t is the time between 2 consecutive
elutions.

The elution efficiency is the ratio between the measured
activity and the theoretic activity, and the specific activity
of the eluate is calculated using the following equations:

Specific activity = Ag/mr,
mp = 1.9.107*Ap/h(t)

h(t) = /\1(6_)\11 _ e*)\zt)/[l.162 ()\2 _ /\1)(1 _ e—/\lt)]’

where mr, is the mass of both °*™T¢ and *°Tc (in wg), Ag is
the activity of °®™Tc¢ (in mCi), and \; and \, are the decay
constants for Mo and *°™Tc, respectively.

Preparation of Solutions

The concentration of chemical solutions can be expressed
several different ways. We have selected that which is most
common in radiopharmacy. Molarity is the number of moles
of solute per liter of solution. Percentage composition by
mass is the mass of solute divided by the mass of solution
(mass of solute plus mass of solvent), multiplied by 100.
Concentration is also frequently expressed as mass of solute
divided by volume of solvent (g/L, mg/L, or pug/L).

Centrifugation Speed

The relation between the relative centrifugal acceleration
(RCA), measured in g; the rotation speed (v), measured in
revolutions per minute; and the rotational radius (r), meas-
ured in in centimeters, is given by the formula RCA =
0.000011189 - r - v2.

Platelet Kinetics and Red Cell Kinetics

In platelet kinetic studies, it is necessary to calculate the
time required for half the labeled platelets to leave the
circulation (half-life, or T,,), the percentage of platelets
destroyed per day (by phagocytosis in the spleen), the mean
platelet life span (T), and the recovery. These parameters
can be calculated by applying a linear model, an exponen-
tial model, or the weighted average of both functions (4,5):

Percentage platelets destroyed/d = 100/2T) ;.

The linear regression function Ay (t) is calculated by:

AL(t) = A (0)—at
TL = AL(0)/a,

where Ay (0) is the y-intercept, a is the rate of platelet dis-
appearance, and Ty is the mean platelet life span.
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The exponential regression function Ag(t) is calculated
by:

Tg = l/k7

where Ag(0) is the y-intercept, k is the relative rate of
platelet disappearance, and Tg is the mean platelet life
span.

The weighted mean regression function Aw(t) is calcu-
lated by:

Aw(t) = [SgHL(t) + S He(t)]/(Sg + SL),

where S; and Sg are the residual sum of squares associated
with linear and exponential regression curves:

Su = Y [(Hy); —Ni’ and Sg = Y[(Hg); — NiJ?,

where (Hy); and (Hg); are linear and exponential regression
curve points corresponding to data N;.
The weighted mean platelet life span is calculated by:

Tw = (SETL + SLTE)/(SE + SL)‘

The recovery is the percentage of activity bound to
platelets that is circulating at a given time t (usually at time
0) and is obtained by dividing the current activity at time t
by managed total activity.

In red cell kinetic studies, it is necessary to calculate
the time taken for half the labeled red cells to leave the
circulation (T;,) and the percentage of erythrocytes
destroyed every day. These parameters can be calculated
using a linear model, an exponential model, or the
weighted average of both (6). The calculations are per-
formed in the same way as described for platelet kinetics.
However, in this case, 3'Cr is eluted at a rate that signifi-
cantly affects estimates of mean red cell life span. The
average elution of chromium is 1% per day, which is
of the same magnitude as the normal rate of red cell
destruction. Accordingly, an appropriate correction fac-
tor (f) must be applied to the radioactive concentration of
the blood specimens, to offset this effect of elution of
SICr:

f =0.0005t+ 1.0178,

where t is in hours.

Red Cell Volume and Plasma Volume

The calculations relating to measurement of red cell
volume, using sodium 3'Cr-radiochromate as a red cell label,
and the calculations relating to measurement of plasma vol-
ume, using radioiodine '?*I-labeled human serum albumin as
a plasma label, are according to the recommendations of the
International Council for Standardization in Hematology (7).
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If red cell volume with >!Cr-radiochromate as the red cell
label is calculated by:

RCV = SR V H,/B,

then blood volume and plasma volume can be calculated
by:

BV = RCV/(fH,) and PV = BV —RCV.

If plasma volume with '?I-human serum albumin can be
calculated by:

PV = SRVy/P,,

then blood volume and red cell volume can be calculated
by:

BV =PV /[l — (f H,)] and RCV = BV — PV,

where RCV 1is red cell volume, S is concentration of
radioactivity in a diluted standard (in cpm/mL), R is ratio
between amount of labeled red cell suspension injected and
amount of labeled red cell suspension (both in g) added
to the volumetric flask in which the diluted standard is
prepared, V4 is standard dilution volume (in mL), H, is
venous hematocrit, B is concentration of radioactivity in
the blood sample withdrawn when mixing of the radiophar-
maceutical in the bloodstream has been completed (in cpm/
mL of blood), BV is blood volume, f is Hy/H,, (H;, is whole-
body hematocrit), PV is plasma volume, and Py is con-
centration of radioactivity in the plasma sample (cpm/mL)
corrected to zero time by extrapolation of 3 samples to the
y-axis after the concentration in each has been plotted
against time on semilog paper. The average f value is usu-
ally taken as 0.9. However, there is a wide deviation from
this mean value, both in healthy subjects and in patients
with various conditions (notably in cases of splenomegaly).

The red cell volume and plasma volume reference values
are calculated according to the expert panel of radio-
nuclides of the International Council for Standardization in
Hematology (8):

For males: RCV = 1486 S — 825 and PV = 1578 S

For females: RCV = 1.06 A +822S and PV = 1395 S,

where S represents body surface area (in m?) according the
Du Bois formula and A is age (in y).

Effective Renal Plasma Flow

The curve for plasma '3'I-sodium iodohippurate concen-
tration versus time is obtained using a 2-compartment model
proposed by Sapirstein (9,10). The initial rapid-disappearance
“fast curve” reflects the distribution of '3!I-sodium iodohip-
purate in the extravascular compartment and is followed by a
slow-disappearance “slow curve” that represents renal elimi-
nation. The plasma concentration—versus—time data after
injection are analyzed using the following equations:
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Fastexponential: A (1) = Apexp (= kpt)and (T, ) = 1/kg,

where Ag(t) is the exponential regression for the fast curve,
Ar is the y-intercept of the fast exponential, kg is the rel-
ative plasma clearance rate of '3!I-sodium iodohippurate,
and (T,;)g is the time required for half the '*'I-sodium
iodohippurate to leave the circulating plasma according to
the fast curve.

Slow exponential: As(t) = Asexp(—kst)and (T, )s = 1/kg,
where A(t) is the exponential regression for the slow curve,
Ag is the y-intercept of the fast exponential, kg is the rela-
tive plasma clearance rate of '3'I-sodium iodohippurate,
and (T,)s is the time required for half the '3'I-sodium
iodohippurate to leave the circulating plasma according to
the slow curve.

The plasma clearance of '3'I-sodium iodohippurate is
calculated as:

ERPF = Ikg ks/(AF kg + Ag ks)

1n2/ [Ag (T; ) + As (T )],

where ERPF is effective renal plasma flow (in mL - min~1!)
and I is the injected dose (in cpm).

Tubular Extraction Rate

The clearance of *™Tc-mercaptoacetyltriglycine (**™Tc-
MAG?3), also known as tubular extraction rate, is calculated
using both the Russell algorithm (/7) and the Bubeck algo-
rithm (/2). In the Russell algorithm:

MAG3 clearance = Py (1 — "¢/~ Vie))) (mL /min),

where ¢ is the fraction of dose per liters of plasma (L™1!),
Fruax i 0.04t2 — 8.2t + 915 (mL/min) (t is time between
injection and withdrawal of sample [min]), ais6.5-107°
2 —8.6-107*t+0.0391(L™"), and Vi,gis — 0.0015¢> +
0.01t +8.79(L). In the Bubeck algorithm:

TER(MAG3) = A + B X Ln(ID/Cn,)
(mL-min~'-1.73 m™ %),

where TER is tubular extraction rate, Ais — 517 e 00t

(mL-min~!-1.73 m~2) (t is time between injection and with-
drawal of sample [min]), Bis295e 0% (mL-min—!-1.73
m~2), ID is injected dose (MBq), and Cn, is normalized
plasma concentration at time t (% dose-L~!-1.73 m~?).

Glomerular Filtration Rate

Calculations of glomerular filtration rate (GFR) of
S1Cr-ethylenediamine tetraacetic acid (EDTA) are per-
formed by 3 different methods. In the method of Ham
and Piepsz (13):

Dose = (standard activity)(dose weight) /(standard weight).

The distribution volume (in L) at time t is defined as:
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V, = dose/A;

The 2-h volume distribution (V,q) is therefore given by:
Vi = dose/Aiz,

where A,y represents the plasma tracer concentration
120 min after administration of the dose. When the blood
sample was not taken exactly at the 120th minute, a small
correcting factor was introduced:

Apgg = Agy X e 00120

where t is the blood sampling time and A, is the plasma
concentration at that time. An arbitrary value of
0.008 min~! is used to replace the biologic decay constant.
This value corresponds to the mean value of \ observed in
the population studied.

GFR = 2.602 - V]z() - 0273(H1L/H1111)

Normalized GFR = GFR - 1.73 /body surface area(mL/min).
In the method of Mistry (/4):
Dose = (standard activity)(dose weight) /(standard weight)
VD = dose/(Ag % 1,000),

where VD is the volume of distribution (in L) and A is the
counting rate at time O (obtained from intercept at time 0).

GFR = VD- 0.6930.87 - 1,000/T, ,(mL/min),
where T, is the time when A = Ay/2, and

Normalized GFR = GFR - 1.73 /body surface area

(mL-min~ ! 1.73m ™ 2).

In the 2-compartment model proposed by Sapirstein
(15,16), this calculation is performed in the same way as
described above for effective renal plasma flow:

Fastexponential: A (t) = A(0) e
Slow exponential: Ag(t) = A(0)e ™"

GFR = IkF ks/(AF k}: + Asks)
= 1In2/[Ap(T, ,)F + As (T 5)s]-

RESULTS

Dosimetry

Nucleolab has 2 screens for calculating pediatric doses of
radiopharmaceuticals. One calculates pediatric doses from
the weight and height of the child (or only by weight) and
from the standard adult dosage. The other calculates pediatric
doses from the patient’s weight and the radiopharmaceutical,
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according to the EANM 2007 pediatric dosage card
(Fig. 1).

The “9mTc-MAA dosage” screen for calculations relat-
ing to the preparation and withdrawal of **™Tc-MAA con-
sists of 3 subscreens. The “vial labeling” subscreen
calculates the labeling volume and labeling activity when
the following data are entered: dose activity, dose volume,
number of particles in the dose, number of particles in the
vial, and time between labeling and withdrawal of the dose.
The “dose dispensation” subscreen (Fig. 2) calculates the
dose volume and dose activity when the following data are
entered: labeling activity, labeling volume, number of par-
ticles in the dose, number of particles in the vial, and time
between labeling and withdrawal of the dose. The “particle
number” subscreen calculates the volume and the number
of particles in the dose when the following data are entered:
labeling activity, labeling volume, dose activity, number of
particles in the vial, and time between labeling and with-
drawal of the dose.

The “dose withdrawal” screen calculates the volume of
each dose according to activity, half-life of the radionuclide
(which the user can select from a combination box with 48
radionuclides), time of dose withdrawal, initial activity and
initial volume in the vial, and activity of any doses previ-
ously withdrawn. This screen also calculates the remaining
activity and volume of radiopharmaceutical in the vial at
any time (Fig. 3).

Radiopharmacy

The “radioactive decay calculator” screen contains a
combination box allowing the user to select from among
the 48 radionuclides included in the database. If the radio-
nuclide of interest is not included, the user can manually

enter the physical half-life. The radioactive decay is calcu-
lated according to the standard radioactive decay formula.

The “°Mo/*°™Tc generator” screen calculates the activ-
ity of ®®Mo and **™Tc in the generator at any time, the
activity eluted according to the elution efficiency or vice
versa, the specific activity, and the masses of **™T¢ and
99Tc in the eluate (Fig. 4). The user has to input the cali-
brated activity, date and time of calibration, date and time
of elution, and date and time of the previous elution.

The “solutions assistant” screen performs calculations
relating to preparation of solutions. This screen calculates
the amount of solute required to prepare a solution, depend-
ing on the desired concentration in different units, as well
as the amount of a concentrated solution required to prepare
a more diluted solution. The solute can be entered in the
screen by its molecular formula or by its molecular mass.

The “centrifuge” screen automatically converts rpm to g
and vice versa according to the radius of a centrifuge (in cm).

Diagnostic Tests

The “red cell survival” screens calculate the half-life and
percentage of erythrocytes destroyed every day. The calcu-
lations use a linear model, an exponential model, and the
weighted average of both models, as well as the regression
coefficients of both the linear function and the exponential
function. These screens include a minimum of 6 specimens
and a maximum of 12 specimens (Fig. 5). The user has to
enter the radioactive concentration, the times of blood
specimen withdrawal, and the background radioactivity if
necessary.

The “platelet survival” screens calculate the half-life and
the percentage of platelets destroyed per day, the mean pla-
telet life span, and the recovery (at t = 0). The calculations

43 Activity of paediatric doses

Nucleolab

& ©

Weight 38 Kg

Surface area =

Height | 110 ¢m

Paediatric dose =

Standard dose 15 mCi

FP4eud

Personal doses

1,02 m?

8,84 mCi

- [B]x]

[Tc-99m HMPAO (WBC)

Class| B BA (MBg)| 35

e I

MRA (MBq) [ 40

Activity to be administered

295,1 MBq

mutpe[ze3  Weight [33  ~| Kg

7,97 mCi

- FIGURE 1. Two screens for calculating
pediatric doses of radiopharmaceuticals.
Top screen calculates pediatric doses
from weight and height of child and from
adult standard dosage. Bottom screen
calculates pediatric doses from patient’s
weight and radiopharmaceutical, ac-
cording to EANM 2007 pediatric dosage
card.

D
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42 99mTc-MAA dosage

Vial labelling

Nucleolab

EBX

@)

| Dose dispensation Particles number ‘

Data to fill in

Result

FIGURE 2. 99mTc-MAA dosage.

Time between labelling and injection:

Labelling activity:[ 90 mC
Labelling volume: [ 5 ml
Dose particles number: | 300000
Vial particles number: [ 4500000

@ (& &

=3

S e |
= 30 min

! e

Dose volume 0.33 mi

4

Dose activity = 4 mCi

use a linear model, an exponential model, and the weighted
average of both models, as well as the regression coeffi-
cients of both the linear function and the exponential func-
tion. These screens include calculations for a minimum of 6
specimens and a maximum of 12 specimens. The user has
to enter the activity of the dose syringe before and after
injection, the activity of the standard syringe before and
after the contents are poured into the dilution flask, the
volume of the dilution flask, the radioactive concentration
of the dilute standard, the venous hematocrit, the radioac-
tive concentration and times of withdrawal of the blood and
plasma specimens, and the background radioactivity if nec-
essary.

The “red cell volume” screen calculates the red cell vol-
ume from the activity of the dose syringe before and after
injection, the activity of the standard syringe before and after

its contents are poured into the dilution flask, the volume of
the dilution flask, the venous hematocrit, the radioactive con-
centration of the dilute standard, the background radioactivity
if necessary, and the radioactive concentration of the blood
specimens withdrawn 30 min after injection of >'Cr-chro-
mate. The screen also calculates blood volume and plasma
volume from red cell volume, venous hematocrit, and f (Hy/
H, = 0.9). Then, it calculates the maximum possible errors
when f varies between 0.76 and 1.15. Finally, the screen
compares the results for red cell volume, plasma volume,
and blood volume with the reference values expected accord-
ing to the age, height, and weight of the patient (Fig. 6).
The “plasma volume” screen calculates plasma volume
from the activity of the dose syringe before and after injec-
tion, the activity of the standard syringe before and after its
contents are poured into the dilution flask, the volume of

"‘.‘Doseswimdrawa[ Nucleolab E] E]
Isotope | F-18
A (mCi) Date h min  V(ml)
| [Tof
oot f—‘ = [10r11/2009 ~ He o Hl o3
200  mGi - 7400 MBq /f_J 7 o209 -] 28 20 <[ 034
=) =i [1or1172009 -] S8 =125 [ 024
Volume ;—E 4 ml f = . :i
. j j 1011112000 -] = 8 jﬁj 0.36
10112000 =] {6 b {0 m }—'_—'lm_ s a0 [ 021
Available j& = 'J 1011112009 | i’T ﬂﬁﬂ 0.4
1011172000 =] {10 h =130 ) min A =45 2 fonaoe ] 9 15 [0t
S | = = = 7
Activity = 16.3 mCi = 603 MBg il 0l 10/11/2009 ’T Z{Tj 0
=0 H[ror1r2000 -] 8 o [ o
Volume = 1.83 ml
FIGURE 3. Withdrawal of radiopharma- 2 o o000 -] Hs o H[ o
ceuticals.
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42 99M0/99mTic Generator Nucleolab

Calibration

Date [20/04/2010 ~ :]F h

1 day

Elution

Date [19/04/2010 ~ j? h jﬁ min

Previous elution

Date |18/04/2010 ~

Activity of Mo-99

Activity of Tc-99m

i = i
;J? —{15 min

Eluted activity | Elution efficiency

Nominal activity of Mo-99 = 20 GBq = 540.54 mCi

Interval between elutions

2 hours

26.4 GBq = 712.6 mCi

23.35 GBq = 631.1 mCi

Specific activity

15 min

Specific activity

"\i’) Eluted mass of Te-99m = 0.12pg  (25.5 %)

Eluted mass of Tc-99 0.351 pg  (74.5 %)

Specific actvity = 49.59 GBqg/pg = 1340.16 mCi/pg

@ &

FIGURE 4. °°Mo/°°"Tc generator.

the dilution flask, the venous hematocrit, the radioactive
concentration of the dilute standard, the background radio-
activity if necessary, and the radioactive concentration of
the 3 plasma specimens withdrawn at different times after
injection of the '2°I-human serum albumin. The screen also
calculates blood volume and red cell volume from plasma
volume, venous hematocrit, and f (Hy,/H, = 0.9). Then, it
calculates the maximum possible errors when f varies
between 0.76 and 1.15. Finally, the screen compares the
obtained results for plasma volume, red cell volume, and
blood volume with the reference values expected according
to the age, height, and weight of the patient.

%2 Red cell survival (12 blood specimens) Nucleolab

@ [ 71 [of [ 1 »[m|p+ [18052009 = I‘E

The “effective renal plasma flow” screen calculates the
effective renal plasma flow (and its normalized value) of
B311-sodium iodohippurate by the 2-compartment model.
The data to be input are the activity of the dose syringe
before and after injection, the activity of the standard
syringe before and after its contents are poured into the
dilution flask, the volume of the dilution flask, the radio-
active concentration of the dilute standard, the back-
ground radioactivity if necessary, and the radioactive
concentration of the 6 plasma specimens withdrawn at
different times after injection of the '3!'T-sodium iodohip-
purate (Fig. 7).

B

2| = P
®| B
Patient data
sumame: | forename: |
age: | 36 years height: | 161 cm weight: | 52 kg
Study data
time (hours) cpm/ml time (hours) cpm/ml
| 05 [ 757 | 787 | 239 | 450 | 450
[ 24 | 799 | 799 | 334 [ 431 | 431
[47 | 630 | &30 [ 383 [ 204 [ 294
[ 95 [ 698 | 698 [431 | 256 | 256
| 166 | 566 | 566 | 501 [ 247 | 247
[ 215 [ 495 [ 495 [ 550 [ 201 | 201
Results
Model: linear exponential
R2 = 0.959053 0.957181
T”2 (days) = 16.3 14.08
% destroyed red cell/day = 341 3.6

weighted average

background (cpm/ml

0

15.31

33

FIGURE 5. Red cell survival.
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D/

#& Red-cell volume with Cr-51

5[ [Q] @ Bl @ Taram »nis Frmans -] [

Nucleolab

EIBX

Patient data

surmname: |

Ideal Volumess

FIGURE 6. Red cell volume.

age:[ 69  years height:[ 170 cm weight:[ 83 kg  gender: [ male -
Study data
Standard syringe: [ 439 Hematocrit (%):[ 53
Empty standard syringe: | 3.39 f=He/Hv=| 091
Dose syringe: | 18.05 cpm background: [ 45
Empty dose syringe: [ 329 cpm/ml dilute standard: [ 2157 [ 2157
Standard volume dilution (ml): | 250 cpm/ml en blood(30 min.): [ 968 | 968

Red Cell Vol.= 2066 ml
Plasma Vol.= 3070 ml

Blood Vol.= 5136 ml

forename: |

Errors from f
frea= [076 1.15
%PV = -28 68

Measured Volumes

Red Cell Vol.= 2961 ml 43.3 % bigger

Plasma Vol.= 3178 ml 3.5% bigger

Blood Vol.= 6139 ml 19.5% bigger %BV = -16 26

The “tubular extraction rate” screen calculates the *°™Tc-
MAGS3 plasma clearance (and its normalized value) from a
single specimen using both the Russell algorithm and the
Bubeck algorithm. The user has to enter the activity of
the dose syringe before and after injection, the activity of
the standard syringe before and after its contents are poured
into the dilution flask, the time between injection of the
dose and withdrawal of the blood specimen, the volume
of the dilution flask, the radioactive concentration of the
dilute standard, the radioactive concentration of the plasma
specimen, and the background radioactivity if necessary.

The “glomerular filtration rate (1 specimen)” screen cal-
culates the GFR (and its normalized value) of >!Cr-EDTA
by the method of Ham and Piepsz. The data needed are the
activity of the dose syringe before and after injection, the
activity of the standard syringe before and after the contents
are poured into the dilution flask, the time between injec-
tion of the dose and withdrawal of the blood specimen, the
volume of the dilution flask, the radioactive concentration
of the dilute standard, the radioactive concentration of the
plasma specimen at about 2 h after injection of >'Cr-EDTA,
and the background radioactivity if necessary.

The “glomerular filtration rate (3 specimens)” screen
calculates the GFR (and its normalized value) of >!Cr-
EDTA by the method of Mistry. The user has to enter the
activity of the dose syringe before and after injection, the
activity of the standard syringe before and after its contents
are poured into the dilution flask, the volume of the dilution
flask, the radioactive concentration of the dilute standard,
the background radioactivity if necessary, and the radioac-
tive concentration of the 3 plasma specimens withdrawn at
different times after injection of the >!Cr-EDTA.

The “glomerular filtration rate (6 specimens)” screen
calculates the GFR (and its normalized value) of 3!Cr-
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EDTA by a 2-compartment model. The data to be input
are the activity of the dose syringe before and after injec-
tion, the activity of the standard syringe before and after its
contents are poured into the dilution flask, the volume of
the dilution flask, the radioactive concentration of the dilute
standard, the background radioactivity if necessary, and the
radioactive concentration of the 6 plasma specimens with-
drawn at different times after injection of the >!Cr-EDTA.

To calculate the normalized values of every renal test,
one needs to enter the weight, height, and age of the patient
in the corresponding screens.

Utilities

All Nucleolab screens have an “information” button.
Clicking on this button provides detailed information about
the working protocols, calculation methods, and biblio-
graphic references of the program. The screens also have
a button to change the background color. The screens of
diagnostic tests allow storage of all data (including
remarks) from the tests and recovery of the data through
a search window by patient name or date of study. The
screens also allow viewing and printing of one or more
customized reports for each diagnostic test.

Maintenance

The “database” screen allows one to network, compress,
back up, and retrieve the database. It is important to regularly
back up the data using the “copy” button to avoid losing data if
Nucleolab needs to be reinstalled on the same computer or is
being installed on another computer. Stored data are recovered
using the “retrieve” button. Moreover, it is also desirable to
regularly compact the database using the “compress” button.

The software can be used in network mode by installing
the application on multiple computers and placing the
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sumame: | forename: |
age:| 15 years height:[ 160 cm weight:| 50 kg
Study data
t (min.) cpm/ml
Dose syringe: | 454 3 (5300 [3300
Empty dose syringe [332 D (3158 [ 319
Standard syringe: rﬁﬁ
7 = [ 16 [2987 [ 3001
Empty standard syringe: | 3.59
. 60 2509 2488
Standard volume dilution (ml): | 250 | ! | Qf
cpm/ml dilute standard: [150000 | _8_0__ ! 230_0_ |_224_D_
s [7100  [1892 [ 1906
Effective renal plasma flow
ERPF = 40.7 ml/min. normalized ERPF = 46.9 ml/min.

A = 3400
Ag = -0.008
Ta,, = 86.44
R2 = 0.9966
B = 37%
Ap = -0.0069
Thy, = 101.06
R? = 0.9929

FIGURE 7. Effective renal plasma flow.

“BaseNucleolab.mdb” database file in a directory on a net-
work server. For each installation, this file has to be
addressed to the same directory on the network.

The “general data” screen allows the user to adjust the
headers and signatures of reports.

Software Requirements

The minimum technical requirements for installation of
Nucleolab version 0.1 are a Microsoft Windows 98 (or more
recent) operating system, a 2-GB hard drive (minimally), and
64 MB of RAM memory. Nucleolab version 1.2 additionally
requires Microsoft Office 2002 (or more recent) software. The
0.1 version performs all the calculations, and the 1.2 version
also has the database that enables users to save and recover
diagnostic test results and issue custom reports.

DISCUSSION

The computer program Nucleolab runs various calcula-
tions that are needed in radiopharmacies and nuclear
medicine departments, using algorithms and methods
described in the scientific literature.

To calculate pediatric dosages, the EANM recommends use
of a card consisting of one table showing multiples of the
baseline activity and another table showing the recommended
activities for 39 procedures. However, the calculations are
complex, and the authors of the card suggested that software
be introduced to automate the calculations (3). We included
such automation in our software, which performs the calcu-
lations in a few mouse clicks.

Regarding °°™Tc-MAA, a sufficient number of particles
needs to be administered to avoid a nonuniform distribution
of radioactivity in the lung. On the other hand, early reports
indicated acute toxicity from administering too many par-
ticles for lung scans, leading several investigators to try to

NUCLEAR MEDICINE AUTOMATED CALCULATIONS * Gomez Perales et al.

determine the ideal number of particles for a satisfactory
lung scan (/7). Consequently, calculations related to the
preparation and withdrawal of °*™Tc-MAA are important.
These calculations can be performed quickly and reliably
using the “*"Tc-MAA dosage” screen.

Because radioactive concentration decreases over time, it
is helpful to be able determine at any one time the activity
remaining in a vial of radiopharmaceutical, as well as the
volume that contains the activity required for a dose. With
the help of the “dose withdrawal” screen, radiopharmacists
and technologists may withdraw more accurate doses at the
first attempt, reducing deterioration of the rubber septum,
protecting the integrity of the contents of a typical multi-
dose preparation (quality and patient safety improvement),
and reducing exposure of the operator’s fingers to radiation
(occupational health and safety improvement).

The data sheets of ®™Tc generators include nomograms
(18) and tables to facilitate the complex calculations
involved. Nucleolab provides an easier way to compute
the amount of *°™T¢ available at any time after elution,
as well as other parameters of interest, such as the elution
efficiency or the specific activity of the eluate.

Some nuclear medicine diagnostic tests require calcu-
lations that normally are time-consuming and error-prone
but, with the help of Nucleolab, can be accomplished
quickly and reliably. Furthermore, the screens of Nucleolab
are linked to a database enabling data recovery and the
issuance of custom reports.

CONCLUSION

To our knowledge, Nucleolab is the first attempt at a
comprehensive software application that performs automatic
calculations for nuclear medicine and radiopharmacy, thus
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reducing errors and improving efficiency and accuracy. The
associated database allows results to be stored and reports
generated. The software is useful, user-friendly, and custom-
izable. We welcome inquiries and suggestions from radio-
pharmacy and nuclear medicine professionals all over the
world, and we will continue to extend and improve the
software. The installation program for Nucleolab can be
downloaded at www.radiofarmacia.org/nucleolab-english.
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