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November 9, 1984

Cassandra-Mcdonald '84 NOV 15 P2:13
Materials Licensing |,

' Division of Fuel Cycle & Materials Safety
Office of Nuclear Materials Safety & Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

|

| RE: Methodist Hospital of Gary, Gary, Indiana 46402
License # 13-16558-01

Dear Ms. Cassandra Mcdonald:

This is in response to our telephone conversation yesterday concerning the
request by our client, Methodist Hospital of Gary, Gary, Indiana, for
exemption from 10 CFR 35.14 (b)(6) restrictions for radionuclide evaluation
of ventriculo-atrial / ventriculo peritoneal shunts using Tc-99m pertechnet. ate.,

(This procedure is also referred to as CSF shunt evaluation).'

We are providing references concerning the radiation dosimetry estimates
for this study.

A. Everett James, M.D. in Pediatric Nuclear Medicine,a.

Wm. B. Saunders Publishing, page 145.

Radiation dose to cranial and cerebrospinal space tissue
f at site of injection: 0.27 rad /100 microcuries.

I
( b. Valerie A. Brookeman, Journal of Nuclear Medicine, Volume 16,

- December 1975, pages 1175-1182, Dosimetry of Several DTPA
Radiopharmaceuticals in Cisternography."<

Radiation dose for intrathecal administration of Tc-99m DTPA:

0.2 rad /millicurie to spinal cord
0.5 rad /millicurie to nerve roots

c. MIRD/ Dose Estimate Report No. 8, Journal of Nuclear
Medicine, Volume 17, January 1976, pages 74-77, " Summary
of Current Radiation Dose Estimates to Normal Humans
from Tc-99m as Sodium Pertechnetate."
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We understand this was the remaining information necessary to complete
the review of this request for exemption. We look forward to hearing of
this regulations change and appreciate all your time and consideration to
this project.

If there are any further questions, please contact Judy Budd at Methodist
Hospital of Gary, (21.9) 886-4000 or Standard Nuclear Consultants, Ltd. at
(312) 344-7308. Thank you.

Sincerely,

s

Stan Buhr

SB/jo

cc: Judy Budd, R.T.
Methodist Hospital of Gary
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| DOSIMETRY OF SEVERAL DTPA
b

RA.DIOPHARMACEUTICALS IN CISTERN.OGRAPI-lY
d

Valerie A. Brookemon and Richard L Morin*

| University of Florida College of Medicine and Veterans Administration Hospital, Gainesville, Florida
'

Previously published biologic distribution and In this report we present absorbed radiation doses :"

clearance data for 388YL.DTPA in cisternogra. to the spinal cord and nerve roots during cisternog- 'i''

phy scere utilized to obtain efective spinal seg. raphy for six other radionuclides that also may be i

ment clearance data for six other easily chelated chelated. The doses for """'Tc, M*"'In. '"In, MGa, s

radionuclides t "Tc, "**In, "'In, *'Ga, ''Cr, and ''Cr, and *"'Pb (1,2,5) are calculated from the bio-

1 888Ph. Absorbed radiation doses to the spinal logic distribution and clearance data obtained with !

cord and nerve roots scere calculated for each '"Yb-DTPA.
- radioactive DTPA compound, employing appro.

M ATERIALs AND METHOD 5
j

'

priate cy!!ndrical geometry and reduction co.
eficients for the dose contributions from the Since the method of obtaining effective spinal ac-

~ electrons of each radionuclide. Doses are maxi. tivity clearance data, corrected for body background.
,

mal at the surface and decrease rapidly neith has been fully described previously (7), it will only'

distance from the surface. The relative useful be summarized in this report. Following intrathecal
photon flux from each DTPA radiopharmacen. administration of 1 mci "Yb-DTPA, spinal counts
rical for approximately the same average ab. were obtained using a scintillation camera and com-
sorbed radiation dose to the spinal cord scas puter system, at the routine cisternographic imaging
determined. The results indicate that 88'In and times of approximately 2,6,9,24, and 48 hr after
**8P6 should be considered as possible radionu. injection, from nine patients, all of whom exhibited
clide tags for DTPA cisternographic imaging. delayed flow. No normals were present in the group.

Utilizing appropriate 8"'Yb counting standards, the
net activity in each segment at each time was ob-

Radioactive diethylenetriamine pentaacetic acid tained for six equal spinal segments, about 1.75 in.
(DTPA) offers several advantages over '8'l-IHSA
for cisternography (1-7). We recently reported the
distribution and clearance of 'aYb-DTPA during Received Nov. 20, 1974; revision accepted June 20,1975.

iolog"y, 9,lHifeatFcisternography and estimates of the absorbed radia. ,g F%n xpartn nt o,

tion doses to the spmal cord and nerve roots (7). Center, Gainesville, Fla. 32610.

TABLE 1. EASILY CHELATED RADIONUCLIDES

Internol conversion and Auger electrons

Hatf. life Energies Ranges in Het weighted Range in water of

Redienuclide (doys) (kev) water (pm) mean energy (heV) moon energy (pm)

***Tc 0.25 0.4-142 0.02- 270 7 1.3

'''*I n 0.07 0.7-392 0.04-1.230 98 130.0

'"la 2.81 0.6-246 0.03- 620 10 2.5

"Go 3.25 0.1-378 0.02-1,150 5 0.76

''Cr 27.8 0.5-314 0.02- 890 2 0.14

**P b 2.17 3.0-666 0.33-2,so0 21 9.0

'"Yb (7) 32.0 1.9-306 0.17- 830 13 5.0
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p
wide by 5 in. long, numbered sequentially from 1 The efTective spinal segment clearance data for pi
to 6 in the caudal direction from the base of the 8""Yb-DTPA (7) were converted to biologic clear- di

skull to the tip of the coccyx. Segments 1-4 con- ance data by correcting for the physical decay of cc

tain the spinal cord and Segments 5 and 6 contain '''Yb at each measurement time after injection. The I-
nerve roots. The injection site is in Segment 5. The biologic behavior of the DTPA chelate was assumed 0:
calculated percentages of administered activity rep- to be independent of the radionuclide tag (4,8,9). fc
resented the activity remaining as a result of both Hence, the resultant biologic cicarance data were a
physical decay and biologic cicarance of '''Yb- then corrected at each datum point for the physical tl-
DTPA. decay of '""Tc, "'=In, "'In, "7Ga, S'Cr, and 5''Pb la

(Table 1) to yic!d effective spinal segment clearance pl
data for each DTPA radiopharmaceutical. as

Co-
2(

RESULTS
(.Spinal segment activity. Curves of the mean per-
g,

centage of administered activity for all patients as,
to*

'N , a function of time were derived for each spinal seg-,

hc\ ,' ,,,' ,,,,'' . ment for each of the six DTPA radiopharmaceuti-
,,

N cals. Figures I and 2 show these for spinal Segments
y,

'N 4 and 5 (the highest-activity segments containingn o.

'N
.,''

.,'' spinal cord and nerve roots, respectively). All sub-
,

" ' .'

| 'N ' ' -? sequent calculations and absorbed radiation dose 0..

17, 'N cstimates given for the spinal cord and nerve roots hr-*

'

'N will be for spinal Segments 4 and 5. fre

N,N Mean cumulated activities A were calculated for PI, . . _ ,

completc elimination of each DTPA radiopharma- co*-. = %

C .", ',". '\' ceutical by graphic integration of the mean activity-coi-

'C 7ed N time curves (Figs. I and 2), assuming, more con- su

\ servatively, that climination after the last datum A'
\

o o
_

. _

,

point occurs solely by physical decay A(m) and, WIgog,
_

ao x 4o 2 less conservatively, that the climination rate obtained 5P""
at the last datum point holds constant A(tar) (7). cu,

Me 2 gh k mmW aWh h M ch. dFIG. 2. Me.. cii iry-ei . cor... e., , di.oco . otrA in
.p;.. s. ... s t..r.. .). nation pathways for spinal cord and nerve roots for co
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TABLE 2. ESTIMATED MEAN CUMULATED ACTIVITY AND PHOTON DOSE TO SPINAL CORD AND
NERVE ROOTS FOR INTRATHECAL ADMINISTRATION OF 1 MCI RADIOACTIVE DTPA

spinal cord Nerve roots

1(ac) 1(f.er) Moon D,% 1(co) A(f.r r) Mean 5,sRadionuclide 4CI.hr) ' 4Cl-hr) (rod) 4C1.hr) bCI.hr) (rod)
""Tc $85 585 0.2 ' 1,107 1,107 0.5 '****la 143 143 0.1 * 303 303 0.4 ***'i n 1.453 1,310 2.510.1 2,378 2.241 4.9 0.1'Co 1,51s 1,329 s.420.1 2.451 2,270 2.820.1''Cr 4.s29 1,449 0.710.4 5,655 2,437 1.010.4"'Pb - 1,354 1,271 1.720.1 2,263 2,144 3.5 0.1**Yb (7) 5.376 1,457 5.313.0 6.160 2,451 7.913.4

* Range of doses < 0.05 rod.

Intrathecal administration of I mci of the six DTPA to-

radiopharmaceuticals. Since both methods of deter-
mining cumulated activity are extreme cases, the

-

v" lues therefore represent minimum-to-maximum
_

r:nges. 02- -

_ as= hDosimetry. The general dose equation and reci- -

procity principle (10) were employed as described
,,

previously (7). The spinal fluid volumes used in 8
0-

,,3
determining absorbed dose estimates for the spinal j Pb
c:rd (Segment 4) and nerve roots (Segment 5) were 8 -

18 and 15.5 ml, respectively (7). Published values j '"In
cf the equilibrium dose constant (ai) were utilized r,

f:r **=Tc, 888"In, 8'Cr (11), and 87Ga (12). The } ' * '-
a values for 8881n and 8a8Pb were obtained through j -s

th3 courtesy of Dr. Robert H. Rohrer (13). Tabu- j
lated values of the absorbed fraction 4,(r *- v) for e

photons of energy 14-kev and above were utilized, j * ' *} yassuming a uniformly distributed source in a small Go

20-gm ellipsoid surrounded by a senttering medium "* Tc
(14). For photons of energy less than 14 kev and

_ sto a- crgrnter than 7.5 kev, fi(r e v) values were derived
for a right circular cylinder of radius 0.8 cm and -

height 11.7 cm (7,15). Photons of energy 7.5 kev
and less were assigned a pi(r +- v) value of 1. The
values of Iaidi(r * v) for the photons of ''"Tc, o'oi o'.o

' ' '
.

888"In, 888In, 87Ga, ''Cr, and 8a8Pb were 0.008, "'" "'" **'" " '**'

O.018, 0.033, 0.018, 0.004, and 0.024 gm-radhCi- FIG. 3. spinor cord d ie red.ction so.fricients for electrons of
br, respectively. The mean absorbed radiation doses sia usily cheleted radionuttides,

from photons (D,,6) for 1 mci of each DTPA radio-
pharmaceutical are given in Tab!c 2 for the spinal general dose equation (with 4: = 1) must be multi-
cord and nerve roots. plied by a dose reduction coefficient C, which takes

The decay of each of the six radionuclides re- into account the presence of a cylindrical source-free
sults in many low-energy internal-conversion and region (the cord or nerve root) (7). Values of C
Auger electrons (Tabic 1), which are absorbed were computed (16) for the six radionuclides from
within very short distances from the surface of the the data of Berger (17,/8) for cylinders of radii r =
spinal cord or nerve root. In order to cletermine ac- 0.5 cm (cord) and r = 0.05 cm (ncrve root) and
curately the, mean absorbed radiation doses from are plotted in Figs. 3 and 4, respectively, as a func-
electrons (D ) at different depths within the spinal tion of the depth within the cord or nerve root from
cord and nerve roots, doses calculated from the the surface. The C values are maximal at the sur-

Volume 16, Number 12 1179
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BROOKEMAN AND MORIN

at each depth for each radionuclide was applied to''-
*

-
the electron contributions (D,) to the calculated !

' mean absorbed doses. The total mean absorbed radi-
ation doses (D + D,) per millicurie of each DTPA$

tis. I" radiopharmaceutical at various depths from the sur-' ' ' '

-
-

faces of the cord and nerve rcots are given in Table

I ' 3. Doses are maximal at the surface, where D, ranges'

from 1.04Do for 82Cr to 8Do for "8"In. At 0.00013 aos;
cm, D, is negligible compared to D o for "Cr-DTPA

5
* ' ~

and less than 0.3D, for all the other radionuclides
u - m

I j except "8"In for which D is about 2.5Ds. By 0.01 |
"

*

cm, D, is only 0.02D3 or less for all the radionu- .

5
'

-

clides except a8Pb and "8"In for which D. is alcout8''' '~I
; j - 0.lD, and 2Ds, respectively. I

.,

*

3
.

DISCUSS!ON*

* *G o The ranges given for the dose estimates in Tables
f . | ' "

2 and 3 reflect the two methods of extrapolating the
!

~ ,,.
Tc clearance data (Figs. I and 2) to inf'mity. There is,

,, C ' however, additional uncertainty in the dose estimates
, , , , , , _ for the nerve roots due to the uncertainty of 7.5 ml

I
- in the spinal fluid volume of 15.5 ml assigned to

Segment 5 (7). Hence, all the dose estimates for
the nerve roots may be additionally higher or lower
by a factor of 1.9 or 0.7, respectively,' ' ' '

o.on o.on
Since all patient data utilized in these absorbedo.,i n .6,wn ... . . . ... icm.1

radiation dose calculations showed slow cisterno-
FIG. 4. Nerve root done reduction coemclents for eiectrons of graphic Clearance (7), the cumulated activities and

.i. .o.ity ch.iot.d rodion ciid. g g g gg

expected for cisternography in the normal individual.
Since the quoted thickness of the pia [0.01 cm

face and decrease very rapidly w.th distance from the (19)] only gives one order of magnitude, no precisei

surface. At 0.01 cm [the thickness of the pia (19)] delineation is made between "pla dose" and " cord
from the surface of the cord or nerve root, absorbed dose.'' Hence the spinal cord doses in Table 3 are
radiation doses from electrons range from 0.004% presented as a function of total depth from the sur-
of the surface doses for "Cr to 26% for "8=In. face including the thickness of the pia.

The values of IaiA(r e v) for the electrons of The absorbed radiation doses in Table 3 decrease
""Tc, "8=In, 8"In, "Ga, 8'Cr, and 888Pb were rapidly with distance from the cord and nerve root
0.036, 0.277, 0.077, 0.069, 0.008, and 0.116 gm- surfaces and for all the radionuclide tags except
rad /pCi-hr, respectively. The appropriate value of C "8"In, reach their average values by 0.02 cm depth.

,

I

TABLE 3. MEAN TOTAL ABSORBED DOSES (RADS) TO $PINAL CORD AND NERVE ROOTS
- PER MILLICURIE OF INTRATHECALLY ADMINISTERED RADIOACTIVE DTPA
1 3

Depth within spinol cord from surface (cm) Depth within nerve root from .urface (cm]

~

Radle.

s, . nuclide 0.0 0.0001 0.001 0.01 0.02 0.0 0.0001 0.001 0.01 0.02

| "*Tc' O.8 0.3 0.3 0.2 0.2 1.8 0.6 0.6 0.5 0.5

i. "'"In* 1.2 0.4 0.4 0.4 0.3 3.3 1.3 1.2 1.1 1.0

'"in 3.32 0.3 2.7 0.2 2.620.1 2.520.1 2.5 0.110.61 0.3 5.320.2 5.1 0.2 3.010.1 4.9 0.1'

"Co 4.12 0.3 1.520.1 1.320.1 1.420.1 1.420.1 8.22 0.3 3.120.1 3.0 t 0.1 2.820.1 2.820.1
''Cr 1.42 0.7 0.7 0.4 0.720.4 0.720.4 0.710.4 2.12 0.8 1.020.4 1.0 0.4 1.020.4 1.0 0.4

'"Pb 3.91 0.2 2.210.1 2.010.1 1.920.1 1.820.111.92 0.2 4.320.1 4.210.1 3.920.1 3.720.1
D17) 31.121T.9 8.8 2 4.9 7.12 4.1 8.8 * 3.1 8.3 2 3.1 46.6 210.212.9 2 3.610.9 2 4.7 8.3 2 3.6 7.9 2 3.4

| * Sonse of doses < 0.03 rod.

|
'
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!

TABLE 4. COMPARATIVE UsEFUL PHOTO 4 9 tux FOR SAME APPROXIMATE RADIATION DOSE
TO dlNAL CORD

|
Uselv! gomme roys Relative uselvt photon Hva

. Qventity *
)

7 odministered Abundonce
latrothecolly per,

Compound (mci) Energy (hev) disintegrotion At0 hr At 24 hr At 48 he
h *l.lHSA* 0.1 344 0.83 tti) 0.4 0.4 0.3' '

**Yb.D T PA * 0.4 177 ond 198 0.55 (f 3) 1.0 1.0 1.0
.

*
***Tc.D TPA 9.0 140 0.88 (Ill 33 2.2 0.1.

""In-DTPA 12.0 393 0.65 (1il 33 0.002 Negligible'"in DTPA 0.9 172,347 0.90. 0.94 (f 3) 3.6. 3.8 2.9. 3.c 2.3. 2.4'Go.DTPA 1.5 91-388 0.02-o.4 (12) 0.1-2.6 0.08-2.0 0.05-1.5*

*Cr.DTPA 3.2 320 0.07 (ii) 1.3 1.3 1.3
**Pb DTPA 1.2 279 0.81 (I2) 4.3 3.2 2.4

* Utilialag results presented in Ref. 7

.

8
These average values are solely caused by photons subarachnoid space are equal. However, since the
and persist throughout the cord and nerve roots. The chelates appear to cicar more rapidly from the cere-e

f doses from "8"In-DTPA fall off most slowly with brospinal fluid circulation than albumin (5,6), the
h depth, as expected from the "8"In electron dose re- useful photon flux of "'l-lHSA would be expected

duction coefficients (Figs. 3 and 4). Technetium- to increase with time fo!!owing injection relative tor
99m gives the lowest radiation doses to the spinal the radioactive chelates, and hence the photon flux

f cord and nerve roots, per millicurie of radioactive ratios of "'I-IHSA compared to $a"Yb-DTPA at
DTPA administered, followed by "8=In and a'Cr, 24 and 48 hr will be slightly greater than given in

3 ''Ga, 8"In, and ""'Pb. The absorbed doses at the Table 4.
surface of the spinal cord and nerve roots per milli- Inspection of the photon flux ratios in Table 4

-

) curic of tagged DTPA are greatest for 2"'Pb (Ta- indicates that all the DTPA radiopharmaceuticals
: ble 3) but, as expected from the electron dose are superior to "'l lHSA. When useful cisterno-

reduction coefficients (Figs. 3 and 4), these decrease graphic information can be obtained within 24 hr,4

3 more rapidly with depth than those for "'In, which """'Tc-DTPA offers considerabic photon flux advan-
gives the largest doses per millicuric away from the tages as a cisternographic imaging agent. The longer8

3 surface. physical half-lives (Table 1) of the radionuclides
e The absorbed radiation dose estimates, however, other than "8-In and ***Tc result in photon fluxes
*

do not give any indication of the relative usefulness which change much ! css drastically with time during
for cisternography of each DTPA radiopharmaccu- the 48 hr after administration. Of the multiple-

e tical in terms of useful photon flux and therefore photon emissions from "7Ga, the 93-kev gamma ray
.t image quality at various times after injection. Table has the greatest abundance per disintegration: 0.4
it 4 summarizes, for the six DTPA radionuclide tags (12). Lead-203-DTPA and '"In-DTPA appear to

j , under consideration and for '""Yb and "'I (7), be the best cisternographic agents of those consid-1.

| the useful gamma rays and their abundance per dis- cred. For the combined abundance (1.84) of both
| integration. Also listed in Table 4 are the quantities '"In gamma rays, the photon flux from 0.9 mci

-

of each radioactive DTPA compound and of "'I- 8"In-DTPA is greater than that from 0.4 mci,

IHSA which, intrathecally administered, would re- '""Yb-DTPA by a factor of 7.4-4.7 over a 48-hr
sult in about the same average dose to the spinal period.
cord and about the same total radiation dose at Other advantages in using radioactive chelates for
0.01 cm depth [the approximate pia thickness (19)]. cerebrospinal fluid scanning over "'I-IHSA have been
Hence, utilizing this information and the physical well documented (1-7). The choice of radionuclide tag
decay of the radionuclides and assuming other things for the chelate is based on the physical characteristics
equal, the useful photon flux from the radiopharma- of each radionuclide and the radiation dose to spinal
ceuticals at 0,24, and 48 hr after intrathecal admin- cord and nerve roots. Of the radionuclide-labeled
istration of the quantitics listed were determined chelates considered in this report, the following addi-
(Table 4), relative to SaYb-DTPA. The values given tional observations can be made. The higher-energy
for "'l-lHSA at 24 and 48 hr assume that the rates of gamma rays of '"In, *7Ga, 8'Cr, and "'Pb are not
clearance of albumin and DTPA from the spinal so flexible regarding collimation, while conversely,

a Volume 16 Number 12 1181
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the lower-energy gamma rays of 8"Yb, SaTc, "'In, son between "I.IIISA and "Yb.DTPA for cisternography.
/ Nuct Afed 14: 765-768, 1973 }and ''Ga are most suitable for use with the various'

t new low-energy scintillation camera collimators com- 7* M0"'" . RL, BnooKEM AN VA: "Yb-DTPA distribu-
osimetry m cisternography.1 Nuct Afed 15: 786-'.'" "

} mercially available. Short-lived "'"'In and "'"Tc are 796,I974
not suitable for delayed studies or strict radiophar- 8. HosAIN F. RtnA RC, WAcNon HN: Measurement

3
maceutical quality control prior to administration. of glomerular filtration rate using chelated ytterbium-169.
These disadvantages do not apply to a'Pb, "8In, Int / Arvi Radiar Isor 20: 517-521, 1969

5 9. Sou P. IlosAIN F, WAGNr.n HN: Kinetics of agentsand "'Ga, with intermediate physical half-lives of used for cisternography. / Nuct Afed 12: 396. 1971
2-3 days (Tabic 1), or to "Cr and '"Yb, with long 10. LoEVINGEn R, BtnMAN M: A schema for absorbed-.-

phys.ical half-lives, which addit.ionally provide long dose calculations for biologically distributed radionuclides.'-

~ radiopharmaceutical shelf-life. MIRD Pamphlet No I, / Nuel Afed 9 (Suppl 1): 7-14,1968
11. DILLM AN LT: Radionuclide decay schemes and nu.*
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SUMMARY OF CURRENT RADIATION DOSE ESTIMATES
TO NORMAL HUMANS FROM *S"'Tc AS SODIUM P E R-
TECHNETATE January 1976

( - 3 BIOLOGIC DATA

SUMMARY OF ESTIMATED ABSORBED DOSES The human distribution and excretion functions
TO NORMAL HUMANS FROM so=Tc AFTER

for ""Tc-pertechnetate administered as sodium per-A SINGLE INTRAVENOUS ADMINISTRATION
OF LABELED SODIUM PERTECHNETATE. technetate used in this report are based on a model

developed by Hays and Berman (3). This model
3 ,,,,,, ,,,,

was constructed on the basis of data obtained by theag,od./ mci or Tc

adminlitered) authors, supplemented by published data (4-8),
and subsequently modified by additional unpublishedseier., Non,e.iing

Toroet ersea PePulation population data provided by K. Lathrop. In developing the
model, data on ""Tc activity in plasma, crythro-niedder o i o.oss o.oss

co.trointe.finos emct. cytes, saliva, stomach plus contents, intestine plus v.

$6s
e ntents, urine, feces, and total body, derived from~ ~'

o. 2' p., lorse int .tiae t.on) one or more of the above sources, were used. These
so.or ioree inteiriae ( ii) 0.o61 o.i t

i, o.orie s o.o22 o.oso data were obtained from subjects who had not been
~.

; ,,'d
"*"** jy y pretreated with blocking agents such as NaCIO.,8

, KCIO., or ,odide. In analyzing the data in terms ofiThyroid o.13 o.13

Tet. bedrt o.oid o.oi s the model it became apparent that they fell into two
distinct groups possibly related to inactivity (rest-

* These dose estimates are for subjects not pretreated with ing) and to normal physical activity (nonresting) of
bloding ogents such as NoCO,, KCIO , or iodide.,

the subjects. Hence, two sets of biologic parameterst Technetium 99m is assumed to be distributed waiformly
in the total body, are derived, forming the bases for computing lower

k J and upper radiation dose estimates.
A histogram of the distribution of "*Tc activity

RADIOPIIARMACEUTICAL Fig.1, and the biologic parameters are g.iven in
Technetium-99m-sodium pertechnetate as a radio- Table 2.

pharmaceutical may be obtained as a sterile solution
in isotonic sodium chloride or by clution from a
sterile radionuclide generator. The U.S. Pharmaco- TABLE 1. NUCLEAR DATA *
pela XIX (1) specifies that the "=Tc present must

" ' ' , ,o;[i n, n,-.
be between 90 and 110% of the labeled quan- '" d '"""d(;,,c

3,

tity, of which 95% of the "*Tc must be present as e.,oy ,o ,,o ,

pertechnetate. The allowable radionuclidic impuri- mode or duoy . tiomeric transition

ties, which will vary with the method of production, e,.iiibri.m do.e .... toot so,

are also specified by the Pharmacopeia (1). For a*apea''auas adia"aa

I'*'"d'"C W " '''
purposes of these dose calculations, the radionuclidic

'''"'P*'P*'*"' '' (Mev) nih
and radiochemical purity of the pharmaceutical are
assumed to be 100%. o.o ' 8 ^* o.077 |

o.id " o.879

NUCLEAR DATA ,

* For complete compilotion of nuclear doio reodor is re. .

Nuclear data for "=Tc are given in Table 1 (2). rened = ser. 2. Tobie lists only photons with mean yleid I

The decay of I mci of ""Tc results in the production P" d i''"* 8 '''''" > 0 O b h '' P ''*" '"' '8 73 " ' '' "''"h

number of photons per dialntegration.
of approximately 3x10 ' mci of "Tc (half-life t wer hied mean eaerer of K .cors.s

2.1 x 10' year). _|

74 JOURNAL OF NUCLEAR MEDICINI; \

" - ' - - - - -w,ng ymmiww.u=T*'-'Tru- ." 1 .
- . _ . - . . - - . - -



~ - _

1
*

..,
MIRD/ DOSE ESTIMATE REPORT: SODIUM PERTECHNETAT".

:

0.t hr I hr IO hr 100 hr O.t hr I hr 10 hr 100 hr
-

y OTHER
4 EXCRETED res=: STOM (t) 7 EXCRETEDmmz STOM(l)

SG (3) SG(2)
OTHER Q' THY (1) ( 6.: R

---

%]
'
THYRoiO

22 EXCRETED(THY)(l)

16 STOM
STOM 46 EXCRETEDh SALfVARY OTHER (2)

h2)LA38 PLASMA } } 55 EXCRETED - {,)

THY (1) b (L1) 96 EXCRETED
I

21 PLASMA
21 PLASMA

P
RED 23 STOM 3.6 A OTHER

gd BLOOO RBC
{6/ RBC

{6/ RBCh CELLS OTHER (2)-

(RBC) '1 PLASMA LIs

RBC(l) q g
STOM(2)

EXTRA- STOM (I) PL AS.(2)-
"

46 vaSCLAAa 45 EV 39 EV 45 EV 44 EV R8C(t)

(EV)
24 EV

27 EV

B E'EV@
'

A
,, ,

---___

!
techaetote. Corrected for radioactive decay. v) Resiing population,
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TABLE 2. BIOLOGIC PARAMETERS OF THE FRACTIONAL DISTRIBUTION FUNCTIONS a m Mh '

PERTECHNETATE FROM A $1NGLE INTRAVENOUS ADMINISTRATION OF $0DIUM PERTECHNETATE *t

e- A ' + a e-A'e- A ' + ae- A ' + a s
c (t) = Io ,3c- A ' = abie- A ' + a

s bsn ksn hsi ks
h

i

cS8 h
Sovece orgens ake *he *ht hs

Resting population
A = 7.92 hr-' ks = 0.630 hr-' As = 0.0702 hr-s A. = 0.00396 hr-'

i

fatrovescolor -0.0739 0.0962 - 0.402 -

Large intestine - 0.0107 - 0.231 0.220 -

Flosmo 0.093 0.301 C.0497 0.00582 -

- .

Red blood celts 0.026 0.0860 0.0142 0.00132 *

0.0300 0.00632 0.000546 -

Sotivory glands -

Stomoch 0.0345 -0.477 0.424 0.0191 #
-

Thyroid - 0.0199 0,0165 0.00307 0.000268 -

0.0663 0.259 0.675 -

Total bodyt -

A = 7.98 hr-' he = 4.82 hr-' As = 0.553 hr-' As = 0.115 hr-' As = 0.0246 hr-'Nontesting populogion
i

0.0199 0.268 0.194
tstrevoscutor - 0.058 -

torge inte seine - 0.049 0.103 -0.266 - 0.051 0.263

0.259 0 060 0.0049
Plosmo 0.124 -

0.074 0.017 0.0014

0.0270 0.0077 0.00057 jRed blood cells 0.036 -

Solivery glands - 0.035

5tomoch 0.132 - 0.214 0.0128 0.0656 0.0037 I
-

0.0149 0 00J7 0.000285
Thyroid - 0.0189 -

- - 0.518 0.482
Total bodyt -

* The ottivity in the source region r. of time I offer odministration of the radionuclide of activity A. Is given by A>(t) =
sk{tje-ht, where qm(t) = A.%ange- A ', ans is the laitial volve of the j'" esponential component of that fraction of the pertechne.s "
tote administered os sodium perfechnetote that oppears in source region r., As Is the biologic disappearance consfont of the [
empenentiot component, and A is the physical decay constant of the radionuclide. The cumulated ottivity in source region re over
en inAnite period is given by A*(0,cc) = A.Ia.i (As + A)./

s

t Volves for tefol body incfwde off tissves.
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>

AaSoRaED-Dose ESTIMATES pro ,

TAaLE 3. MASS OF TARGET ORGANS (I3) 197|
The values of cumulated activity for the labeled f

7"a'' *a" * (* *) edpertechnetste located extravascularly, in plasma and
in the red cells, were computed using the data in Ta- as.ede won 4s FA) '

ORC*''aia**'iaat emce,ble 2. The absorbed fractions for these source regions
were assumed to be equal to those for sources uni- ',)"**[,' off ;",

,,,,,;,,,

n roe forformly distributed in the total body.
22o ph,The activity contained in the large intestine was """,,a'',,,,,,,,,,

'],

assumed to be uniformly distributed with respect to ..n i6o
c aware tarweight between the contents of the upper and lower 3,,,

0"'i.s s.3
large intestines. The above was an approximation Die

since the fraction of the administered activity and 7,,',,""** $"* Mi

its residence tirae in the intestinal wall were unknown. thyr.ld le.6
T**' "df 'WO

The dose to the intestinal wall was calculated on the
assumption that the contents of the intestine were r
irradiating the wall.

The activity contained in the stomach was dis- plete energy spectrum of penetrating and nonpene-
tributed between the contents of the stomach and trating radiation emitted by "*Tc, instead of from
the lumen of the gastric glands. The exact distribu- the interpolated values of absorbed fractions pub- /
tion between the two regions was unknown. For the lished in MIRD Pamphlet No. 5 (12). The hetero-

. purpose of these dose calculations, all of the acc geneous phantom (13) used for these calculations
tivity was assumed to be located in the contents of is a modification of that described in MIRD Pam- ?

the stomach. phler No. 5 and more nearly simulates man.
To calculate the cumulated activity for the blad- The dose from the "Tc associated with ""Tc has

der contents, Ant.we, the bladder was assumed to fill been neglected since these doses are five orders of
-

at a rate of 62.5 ml/hr and to empty completely five magnitude less than the dose from "=Tc.
times daily at regular intervals of 4.8 hr (9). A maxi-

REFERENCES
mum value of Anrai,e was calculated .by assuming

~ hat the bladder was empty at the time sodium per. 1. Sodium pertechnetate Tc.99m solution. In U.S. Phar-t
technetate was administered. The rate constant for **coPela XIX, Rockville, Md 1975, pp 463-464

2. Dillman LT, Yon der 1.ase FC: RadionucIlde Decay
plasma-to-ur.me transport of pertechnetate is 0.228 3,3,,,, ,,j y,,f,,, f,,,,,,,,,, f,, y,, f, g,gf,,7,, p,,,

hr*8 for the resting population and 0.402 hr-t for the g,,fmar,,, MIRD Pamphlet No 10, New York, Society of
nontesting population. The details for computing Nuclear Medicine,1975
Antatic are available from the MIRD Committee. J. Hays MT Berman M: Pertechnetate distribution in

m8nt A e mpartmental model: Submitted for publication
The average dose to the bladder wall was computed 4. Beasley TM, Palmer HE, Nelp WB: Distribution and
using the method descr. bed by Snyder et al (10,11). excretion of technetium in humans. nearth Phys 12: 1425-i

The salivary glands were used as source organs 1435,1966
because of their high uptake of "a'Tc. To obtain the J. Lathrop KA, Harper PV: Biologic behavior of **Tc

I'0m **Tc. pertechnetate lon. Prog Nuct Med I: 145-I62.
necessary absorbed fractions for the salivary glands ,9

as a source organ, which are not yet available in the 6. Harden RMcG Alexander WD: The relation between-

heterogeneous phantom (12), the absorbed fractions the clearance of iodide and pertechnetate in human parotid
for the thyroid were used since the locations and saliva and salivary now rate. clin sel 33: 425-431, 1967
sizes of these organs are similar. To calculate the 7. Welch MJ, Adatepe M. Potchen EJ: An analysis of

technetium (*"TcO,-) kinetics: The effect of perchlorate
dose to the thyroid from the activity in the salivary and lodide pretreatment, int / Appl Radiat Isot 20: 437-
glands, only the absorbed fract. ions for penetratm.g 445,1969
radiations were used, it was assumed that the activity 8. Hays MT: **Tc.pertechnerate transport in man: Ab.
In the salivary glands was located in the thyroid. sorption after subcutaneous and oral administration: secre.

tion into saliva and gastric Juice. / Nuct Med 14: 331-335.
This approximation will result in an overestimate of

1973
the dose. 9. Snyder WS, Ford MR: A dosimetric study for the

The masses of the target organs are given in Ta- administration of Neohydrin labeled with '"Hg and "'Hg. In
ble 3. Health Physics DIvlsion Annual Progress Report, Oak Ridse.

Tenn, ORNI. 4:6s, suiy si, i967, pp 267-273
The absorbed fractions usco for the dose estimate 10. Snyder WS, Ford MR, Warner GG: Estimation of

calculations in this report were obta.med from special dose and dose commitment to bladder wall from a radio.
Monte Carlo computer calculations, using the com- nuclide present in urine. In Itcalth rhysics t>Irision Annunt _,
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TASK GROUPof tbsorbed fractions for monoenergetic pho, ton sources uni-

formly distributed in various organs of a heterogeneous K. A. Lathrop, University of Chicago, Chicago, Ill.
phIntom. MIRD Pamphlet No 5,1 NucI Med 10 (Suppl 3): H. L Atkins, Brookhaven National Laboratories, Upton,
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New MIRD Committee Publications :

Pamphlet #10--Rodionuclide Decoy Schemes and Nuclear Parameters for Use in Radiatien. Dose '

Estimation-Approx.125 pp.
Provides essential radioactive decay scheme information in convenient form on more than 120

medically important radionuclides. This publication updates and supersecles Pamphlets 4 and 6 which
provided data for 54 radionuclides. In loose-leaf binder format for ease of updating and adding
odditional radionuclides. I

$8.75 with binder; $6.50 without binder. !

Pamphlet #11 "S" Absorbed Dose per Unit Cumulated Activity for Selected Radionuclides and j j
Orgons-Approx. 255 pp. i

k-The tabulated values of "S" In this publication Implify dose calculations, instead of requiring j,
separate consideration of each radiation of the decay scheme and its associated obsorbed fraction, j-
the "S" tabulation permits dose calculations by simply referring to a single table entry for each organ I

combination. This pamphlet provides "S" volves for 117 radionuclides plus 6 parent and short.fived I

daughter combinations as a uniformly distributed source in 20 source organs irradicting 20 target
orgons which include ovaries, red bone morrow, testes, and total body. In loose. leaf binder format
for ease of updating and adding additional radionuclides and source and forget or2ans.

,

$10.20 with binder: $7.95 without binder,

Extro binders available at $3.75 each.
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Pamphlet #7-Distribution of Absorbed Dose cround Point Sources of Electrons and Beta Particles
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Pamphlet #8-Absorbed Fractions for Smo!! Volumes Containing Photon. Emitting Radioactivity I*

Pamphlet #9-Radiation Dose to Human from "Se.L. Selenomethionine-$3.00 l

Please address all orders to:
MIRD Committee )404 Church Avenue, Suite 15 '

Maryville, Tn. 37801

CHECKS MADE PAYABLE TO THE " SOCIETY OF NUCLEAR MEDICINE" OR A PURCHASE ORDER MUST
ACCOMPANY ALL ORDERS, i
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Auguyt,19$1
1.0 N hydrochforic acid in water; five rterile syringes preparation (fter six hours from the time of for. '

(tabeted "A"). each contammg 1.9 mg sodium mutation. The preparation contains no
thiosulf ate anhydrous in 1.1 me aqueous solution; five bacteriostatic preservative.
sterile synnges (tabeled ''B"), each containing 5 3 mg 10. Prior to removal of patient dose or patient Medi Physics, tr10.
gelatin m 2.1 mi aqueous buffer solution containmg injection, gently shake preparation to assure Emeryville, California 94603
177 mg sodium acetate antydrobs. homogenous suspension.

kit Contents Note: It is recommended that with proper shielding ,

and equipment, the final formutation be tested for
5 STERILE REACTION VIALS, each containing radiochemical purity (percent Technetium Tc 99m bin- TECHNETIUM 99m -0.5 ml 1.0 N hydrochtonc acid in water. ding) and each patient dose be visually 6nspected for
5 STERlLE SYRINGES,(tabeled''A").each contairk foreigri rnatter. If the radiochemical purity is not ade-

ing 1.9 mg sodium thiosulfate anhydrous itt 1.1,as quate or foreign matter is observed in the patient
aqueous solution. dose, it is recommended that the patient dose be ,

5 STERILE SYRINGES,(labeled B-),eachcontair, discarded.
ing 5 3 mg gelatm in 2.1 mi aqueous buf f er solution it is recommended that with proper shielding the TECHNETIUM Tc 99m
containmg 177 mg sodium acetate anhydrous. reaction vial be visually inspected for foreign mat- p, as g. :D P^' 8 ^ 8M VIT

ter. If f reign matter is bserved, the prepared QULrun uvLLUlu ni sto PRESSURE-SENSITIVE LABELS for fmal
5 '"' *" 5" "'d " ' b* "*"Tecnnetium Tc 99m Suifur Cosioid iniection prep. DIAGNOSTIC-FOR INTRAVENOUS

aratien. 1 Lead Shield available Catalog No. 5708.

1 PACKAGE INSERT. *

storage * Assembly of Syringes:
CaWuh semw me @ngw d W h rhStore kit at room temperature; refrigeration not re. plunger. (Do not press on plunger.)quired *

2. Holding the syringe in an upnght position (plungerPreparat;on rod dcwn), with a slight twisting rnotion remove the
The fostowing directions must be carefutty followed for gray rubber tip guard.
optimum preparation ot the Technetium Tc 99m Sulf ur 3. If needte is not affixed, place the dsposable r eedle
Colloid injection. on the upright synnge by pressing termly with a description
1. Affix finished drug label to reaction vial and lead dght twisting rnotion. Each kit contains sufficient material to prepare 5) five

formulations. Each formutation consists of a reactionshield with fitted cover then place vial m the lead .

vial contaming 0.5 ml 10 N hydrochloric acid, and twoshield.
d sposal synnges, one contammg a 11 ml aQucous solution of

2. Asepticaity inject 0.15.0 mi of sterile Sodium Per- 19 mg sodium thiosultate anhydrous and the other
technetate Tc 99m. up to 400 millicunes which The residual materiats may be discarded in ordmary containmg 5 3 n'g gelatm m 21 ml of an aqueous
must contam Mss than 10 micrograms of trash provided the viais and synnges read butte, soiution contaming i77 mo sodium acetate. All
atummum,into a s*sielded reaction vial. Relieve the background with an appropnate low range survey components are stenie and pyrogen.Iree. Wren a solu-
excess pressure in the viat by withdrawing an equal meter. All identifymg labels should be destroyed lion of stente and pyrogen-free Sodium Perfechnetate
volu-ne of air. Min the solut:on. before discardin9- Tc 99m m isotonic sal ne es mixed with these com.

'3. Assemble the theosulfate syringe (tabeled "A" in in,s te. geni a.i is approved tor use n, pe, sons hcensed ev ihe ponents following the instructions provided with the
black pnnt.}and insect the contents into the reaction U s Nuc.iear Regulatory Commession pursuant to sec 3514 kit. Technetium Tc 99rn Sulfur Colloid injection is
vial wtth gentle agitatiot Relieve the excess 8"d S*C 35 'E'oup lit of to CF R Part 35 or undes equsvaie*' formed. The product so derived is intended for in.

"C'"'''"'"9'"'8'*'''pressure by withdrawing an equal volume of air and travenous insection. The precise structure of
remove the needte. s TECHNETIUM 99m Technetium Tc 99m Sulfur Co:loid injection is not

4. Remove reaction vial wit 7 tongs from vial shield "4 known at this time.
and immediately immerse into a shielded vigorous-
ty boiling water batn, deep enough to cover the erk physical characteristics
' f '%"h for 5 n ni's";"O,**fu's"M*3"m'd TECHNETIUM Tc 99m

* "''"'* "*J gaf,' =J,Ee*o,'; J; 1'',;"{"pn ",*,"$''g,"2k d >'

,

MUM COR00 MT use'=i 'ar detectioa and 'm=9 a9 $'udies are as'ad in5. Durmg heating step, assemble buffer syringe car. >

indge (tabeled "D'* *m rec prmt.) Q Table 1.
6. Remove vial from water bath, place in lead shield. _.I

and vent usmg a 10 cc synnge with a 20 gauge _T table 1. prmcipal radiation emission data ,

needle, g For ordering of technicalinformation, raduten meu vomntryaren er ean energy thev)

contact manufactumG Gma-2 88 97 140 57. Immediately inject contents of synnge B into re- g ,

actmn mal " Martin. M.J., Evaluated Nuclear Structure Data F4:e. Nuclear
8. Remove venting syringe, place fitted cover on h Data r'roject, Oak Ridge National Laboratory,1977. '

lead shield and shake gently for a few seconds. Medi-Physics, Inc.
3

5801 Christie Avenue I
9. Cool to room temperatare (note: solution may be

cooled rapidly in a shielded ice bath if so desired) Emeryville. Califomia 94608 '

before use. Maintain adequate shielding of the [
5 b PrtntedinU.S.A.radioactive colloid preparation. Do not use the August.1981 L3t3-9 F

7
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external radiation adequate shielding of the final preparation must be been reported in patients receiving sulfur colloid prep- i
arations.maintained. ,

The sp'ecific gamma ray constant for Technetium One death and several cases of lung and soft tissue -

Tc 99m is D 8 fUmillicurie-hour at 1 cm. The first half- Erecautions uptake other than RES have been reported in the #. /
value thickness of lead (Pb) for Technetium Tc 99m is The corr'ponents of the kit are sterile and pyrogen-free, association with the use of Technetium Tc 99m
0 2 mm. A range of values for the relative attenuation of it is essential that the user follows the directions care. Sulfur Colloid Injoction.
the radiation emitted by this radionuchde that results fully and adheres to strict aseptic procedures during drug abuse and dependencefrom interposition of various thicknesses of Pb is preparation of the colload.shown in Table it. For example, the use of 2.5 mm of Pb There is no report of any drug abuse or dependence
will decrease the externat radiation exposure by a fac- The stabiftty of the colloidal preparation may be de-

creased in the presence of polyvalent cations, thus re. with this diagnostic agent.
for of 1.000. sutting m the agglomeration of the individual colloidal overdosa9etable 11. radiation attenuation by lead (Pb) shielding particles.These larger particles are hkefy to be trapped increased radiation exposure would be expected if anspese menness (Pti) mm Coefhtent of Wienua00n by the pulmonary capitiary bed fonowing intravenous **9* 9" * #

02 05
08 10i ini'CD0"-

It is recornmended that Sodium Pertechnetate Tc 99m dosage and administration
16 10 ' solutions contaming more than 10 micrograms /mi of The suggested intravenous dose range used in the
25 10 a average patient (70 kg) is 1 to 8 millicuries of
33 104 aluminum ion not be used for formulation of the

Technetium Tc 99m Sulfur Colloid inlection. The Technetium Tc 99m Sulfur Cottoid injection.
Sodium Pertechnetate Tc 99m solution rnust also be The patient dose shoutd be measured by a suitableTo correct for physical decay of this radionuctide, the free of any traces of oxidizing agents such as radioactivity calibration system immediately prior tofractions that remain at selected intervals relative to Peroxides and hypochlorites. admimstration.the time of calibration are shown in Table fit. Technetium Tc 99m Sulfur Colloid injection is physi- Radiopharmaceuticals should be used only by physi-table itL physical decay chart: cally unstable and as such the particles will settle with cians who are qualihed by specific training in the safe

Tc 99m. hatt-life 6 02 hours time. Failure to agitate the vial adequately before use use and handling of radionuclides produced by nuc-, , , , , , em may result in non-uniform distnbution of radioactivity. tear reactor or particle accelerator and whose experi-
nouis ,m.n,ng fleurs trininmg

tt is also recommended that because of the increas- ence and training have been approved by the approp-
0* 1 000 7 W

ing probability of agglomeration with aging. a batch of nate government agency authonzed to license the use
t 831 8 393 Technetium Tc 99m Sulfur Colloid injection not be

used aftet six hours from the time of formutation. ,ycy s dWW
n

2 m 9 .355

3 xs 10 .31 6

4 631 ft .282 The preparation contains no bacteriostatic for particutate matter and discoloration prior to
5 m 12 .251 preservative- administration whenever salution and container por-

6 .501 Pregnancy Category C. Animal reproduction studies radiation dosimetry
mit.

have nct been conducted with Technetium Tc 99m"Caieration Twne (Time of Preparation)-

clinical pharmacology Suffur Colloid. It is also not known whethef The estimated absorbed radiation doses * to an aver-
Technetium Tc 99m Suttur Colloid can cause fetal age patient (70 kg), or to patients with diffuse paren-

Following intravenous administration. Technetium harm when administered to a pregnant woman or can chymalliver disease from an intravenous inje: tion of a
Tc 99m Sulfur Cotioid Injection is rapidly efeared by the affect reproduction capacity. Technetium Tc 09" maximum dose of eight millicuries of Technetium
reticutoendothelial system from the blood with a nomi. Sulfur Colloid should be given to a pregnant woman Tc 99m Sulfur Colloid injection are shown in Table IV.
nal clearance half-hfe of approximately 2Y: minutes. ,

only if cierty needed. table lV. radiation dosesUptake of the radioactive colloid by organs of the aesarbed rasanan deses trads) 4 macures Tc 99mreticutoendothelial system is dependent upon both idealty, examinations using radiopharmaceuticats,
sissue cormal hver oittese parenc'irw escase

their relative blood flow rates and the functional capac- especially those elective in nature. of a woman of
sty of the phagocytic cefis. In the average patient 80 to childbeanng capability should be performed during cary nuermeure

sitermeeate savancea
90% of the injected coitoidal particles are phagocytized the first few (approximately 10) days following the o ia

by the Kupffer cells of the hver,5 to 10% by the spleen onset of menses. s.,. r r, : a.
s i

and the balance by the bone marrow. it is not known whether this drug is excreted in human , ,

i.,,,, , , , , , ..a em
Indications and usa 9e mith. As a general rule, nursing should not be under-
Technetium Tc 99m Sulf ur Colloid Injection is used as taken while a patient is on a drug since many drugs are g ;p jy M
an agent for imaging areas of functioning reticuloen- excreted in human milk. grc Su

"od ied m mma C a

dothelial celts in the hver, spleen, and bone marrow. Safety and effectiveness in children have not been es,
r

,, , , , ,
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contrain cations tablished.
No. I.10aA 8 (1975LTechnetium Tc 99m Sulfur Colloid Insection, as well asNone known- other radioactive drugs, must be handled with care and g,

warnings appmpraate safety me_asures should be used to ti org- W N'
The contents of the two syringes, one syringe contain- minimize extenal radation exposure 6 chmcal pw* Taqpi taili esm400mC4 tima *nts<q
ing the sodium thiosulfate solution and the second Sonnel Also, care should be taken to mirumize radia- Extremity Dose 23. mm rirn 2. mA rent

syringe contasnmg the appropriate buffer solution, are exposwe to patients, conssMnt M pmpp p mole Bo4 De 1. milli rem ti muhn
intended only for use in the preparation of the '
Technetium Tc 99m Su! fur Colloid injection and are o o use th paration af ter six hours from time of how supp!!ed
not to be directfy administered to the parlent formutation. The TECHNET!UM 99m SULFUR COLLOID KIT e,s
The contents of the kit are not radioactive. However, adverse reactions supplied as a sterile pyrogen-free kit consisting of:
after the Sodium Pertechnetate Tc 99m is added, Hypersensitivity reactions. including anaphylaxis, have five reaction vaals, each containing 0.5 mi
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