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syncor

NRCTADM
July 22, 1990

william J. Adam, Ph.D.

Material Licensing Section

U. 8, Nuclear Regulatory Commission
Region 111

799 Roosevelt Road

Glen Ellyn, Illinois 60137

RE: Am ndment Request for NRC Materials License Number
24-16617=-01MD Kansas City, MO, This is an amendment request that
we have been discussing with Dr. Bill Adam. I would appréCiate 1t

very much if he was assigned this amendment request, x
e
)

Dear Dr. Adam: S

@3A13238

Please amend our NRC Materials License Number 24-16617-03MD,
Kansas City, for authorization to label white blood cells: (WBCs)
with T¢~99m Ceretec and to dispense this material upeon O
prescription to authorized recipients. In support of this request
please see the attached documents relative to the use of this NDA
drug for a use not listed in the package insert.

This material will be administered to the patient using the same
route of administration and in the same recommended quantities as
stated in the package insert. The radiation dose to the critical
organs is about the same for Tc=99m and In-=111 since the amount
of activity is larger using Tc99m., The images thus the diagnostic
information is superior using Tc99m since better statistics are
available for imaging.

I have asked Dr. Hoogland to include a letter to you concerning
his conversation with the FDA contact. He has alsc listed the
information ccntained in the attached documentation. ”’,/

Your consideration in this matter is appreciatffv———
of

Remittar
Singerely, Check No. &l
Amount
WW @W Fog Catornry .
Frank M Comer Typa of Fee
Manager, Regulatory Compliance fute Chrek et

Dot Crimpletud

ce, Deborah Kaminsky Enclosure: AmepBhent feR ¥

0r Hoogland <
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syncor

July 20, 1990

William J. Adam, Ph.D.
Material Licensing Section
U.S. Regulatory Commission
Region I1I

799 Roosevelt Road

Glen Ellyn, 111inois 60137

Dear Dr. Adam:

With regard to Syncor Nuc'ear Pharmacies providing nuclear medicine
departments Tc-99m Cereted (HMPAO) labeled White Blood Cells (WBCs), the
following data are provided for your records:

1. Letter: Syncor to FDA requesting definition that the Syncor method for
preparing T¢-99m WBCs is considered the dispensing of an approved
drug for an unapproved use, and therefore, does not require an IND
status.

2. Letter: FDA to Syncor confirming IND status is not required for the
approved drug (Tc-99m Ceretec) being used to label WBCs for
patient administration (unapproved use of an approved drug in
physicians practice of medicine).

3. ICRP Publication 53 Reference
A. Radiation dosimetry In-111 WBCs
(Current commercial WBC labeling product)
B. Radiation Dosimetry Tc-99m WBCs
(Proposed product)
4. Package insert for Tc-99m Ceretec which indicates radiation dosimetry
for any drug which may leach from WBCs which is minimal.
5. Journal Article: Inflammation: Imaging with Tc-99m HMPAO-labeled
| leukocytes (Ceretec = HMPAQ) which also contains data relating to
, radiation dosimetry and clinical efficacy.
| 6. Journal Article: iIn Vitro and In Vivo Evaluation of Granulocyte
Labeling with Tc-99m HMPAO which describes a labeling procedure,
| Tc-99m wash out values, biodistribution, and clinical efficacy.
7. Journal Article: Tc-99m Ceretec-lLabeled Leukocytes in Detection of

Inflammatory Lesions: Comparison with Ga-67 Citrate,

w Innovators in high-tech pharmacy services

Sviicor International Corpotation * 20001 Praitie Street @ PO, Box 2185 * Chatsworth, Callornia 9[313-2 (X
N IX) RRET40) » ) \\,\ ) 9Q3ASHT o Jaolox MO ¢ [ 8542 Svncor CH ATS

hmww. 59917



(2.)

Mr. Mark Anderson of the FOA (301/443-5963) has verbally verified on July
13, 1990 that dispensing Tc-99m Ceretec WBCs instead of [n-111 WBCs upon a
physicians prescription for patient diagnostic studies is recognized as an
unapproved clinical use of an approved radiopharmaceutical. This clinical
application is outside the requirements of 21 CFR Parts 50 and 55,
respectively. Neither IRB approval, nor patient consent is required when
Tc-99m Ceretec WBCs are administered to a patients upon a physician
prescription for the purpose of diagnosing their condition.

This diagnostic clinical application of Tc-99m Ceretec WBCs is identical
to the use of Tc-99m DTPA as a lung aerosol, Tc-99m sulfur colloid for
evaluating gastric emptying times, [n-111 DTPA for evaluating gastric
emptying times, Tc-99m MAA for radionuclide venography, Tc-99m and T1-201
for parathyroid evaluation, Tc-99m sulfur colloid or Tc-99m MAA for Levine
shunt patency, Tc-99m red blood cells for radionuclide venography, etc.
These clinical diagnostic procedures require neither I[RB approval nor
patient consent before accomplishing diagnostic studies not listed in the
package insert of an NDA approved radiopharmaceutical.

Syncor requests that its FDA communications contained in this letter
should be kept confidential.

If | can be of any additional service, please ask,

Sincerely,

9L

Dennis R. Hoogland, Ph.D., BCNP
Manager, Technical Training and Development

¢c: Frank Comer, Syncor RSO

Enclosures
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4N May 1, 1989

-

Mark D. Anderson

Robert L. West, M.S.
Consumer Safety Officers
United States Food and Drug Administration
Center Drugs and Biologics

Office Drug Research and Review
Radiopharmaceutical Drug Products
5600 Fishers Lane

Rockville, Maryland 20857

Dear Messrs. Anderson and West:

Syncor nuclear pharmacy service centers have received physician
requests to label white blood cells (WBCs) with technetium-99m
Ceretec based on clinical literature. Technetium-99m Ceretec,
which 1s approved as an adjunct in the detection of altered
regional cerebral perfusion in stroke, will be administered to
patients as Tc-99m 1labeled white blood <cells to diagnose
inflammatory processes.

Based on past responses from FDA, filling prescriptions for Tc-
99m 1labeled WBCs using an approved radiopharmaceutical Tc-99m
Ceretec for an "unapproved use" is within FDA’s position relative

to the use of approved drugs (21 CFR 312.2(b); April 1982 FDA
Drug Bulletin).

Before approving the dispensing of Tc-99m labeled WBCs, Syncor
would like a reply from your office that FDA's position has not

changed relative to previous communications citing the above
references,

Thank you in advance for your attention to our request.

Sincerely,

BN Yt

Dennis R. Hoogland, Ph.D.
Manager, Technical Training and Development

=
=== Innovators in high-tech pharmacy services
Syncor International Carporation « 20001 Prairie Steeet » P.O. Bax 2185 « Chatsworth, CA 91313.2185
(B18) 886-7400 « FAX 886-6018 ¢ Telex MCI 6718642 Syncor CHATS

CONTROL K&. 89917



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Admimistration
Rockvilie MD 20857

MAY | T (333
Syncor International Corporation
20001 Prairie Street
P.0. Box 2185
Chatsworth, California 91313-2185

Attention: Dennis R, Hoogland, Ph.D.
Manager, Technical Training and Development

Dear Dr. Hoogland:

Reference is made to your May 1, 1989 letter regarding clarification
of FDA's position stated in the April 1982 FDA Drug Bulletin aad IND
regulations concerning the use of approved drugs for unapproved
indications. Specifically, you have inquired about the
acceptability, under the practice of medicine and/or pharmacy, for a
licensed nuclear pharmacy to radiolabel a patient's white blood
cells (WBCs) with Ceretec, a radiopharmaceutical approved by FDA for
the detection of altered regional perfusion in patients with

stroke. Once labeled with Ceretec, the WBCs are to be used for an
indication which is not approved, i.e., localization of inflammatory
processes.

As you have mentioned, FDA published revised New Drug, Antibiotic,
and Biologic Drug Product Regulations in the Federal Register (52 FR
8798-8847) on March 19, 1987, which became effective on June 19,
1987, Those regulations [21 CFR 312.2 (b)(1)] state that the
clinical investigation of a drug product that is lawfully marketed
in the United States is exempt from the IND requirements if all of
the following apply:

1. The study does not involve a route of administration or
dosage level or use in a patient population or other factor
that significantly increases the risks (or decreases the
acceptability of the risks) associated with the use of the
product.

2. The study is not intended to be reported to FDA as a
well-controlled study in support of a new indication for
use nor intended to be used to support any other
zign1f1cant change in the labeling or advertising for the

rug;

i 1 formed patient consent is to be obtained and the study
ha. been reviewed and approved by an Institutional Review
Board (IRB) in accordance with the requirements of 21 CFR
Parts 50 and 56, respectively.



Page 2 Dr, Hooglund

4, The investigation is conducted in compliance with the
requirements of 21 CFR 312.7, i.e., the investigational
drug may not be represented as safe or effective for the
purposes for which it is under investigation nor may it be
commercially distributed, test marketed or sold.

In addition to FDA's receit actions, on April 1, 1987 the United
States Nuclear Regulatory Commissior (NRC) revised their regulations
and published them as a final rule in the Federal Register of
October 16, 1986 (51 FR 33932-36951). These regulations state that
the NRC will no longer re-uire a physician to obtain an IND in order
to administer an approved -adiopharmaceutical by a route or for an
{ndication ciher than that provided for in the approved labeling for
the product,

Like the NRC's regulation, FDA's new regulation 1s not intended
necessarily to tie the investigator to the dose, route of
administration and patient population(s) described in the drug
product's approved labeling, but rather is designed to permit
deviation from the approved labeling to the extent that such changes
are supported by the scientific literature and generally known
clinical experiences. As noted in the April 1982 FDA Drug Bulletin,
FDA does not regulate the practice of pharmacy or medicine, which
the Agency has consistently viewed as including the use of marketed
drugs for unlabeled indications in the "day to day" treatment of
patients.

Upon review of the information provided in your May 1, 1989
communication, we conclude that your proposal to label WBCs with
Ceretec meets the requisites of 21 CFR 312.2(b)(1) and may be
performed under the practice of medicine and/or pharmacy without
benefit of an IND, However, as noted in the regulation cited above
and if clinica\ .tudies are to be conducted, both patient informed
consent and internal review and approval by the appropriate
committee within the referring institution are required, In
addition, no data have been submitted to the Agency to support the
safety and effectiveness of using WBCs labeled with Ceretec for
localization of imflammatory processes. Therefore, you may not
actively promote the use of Ceretec for the unlabeled indication,

Sincerely yours,
it ot f-

A, Eric Jones, M.D.

Group Leader

Division of Radiopharmaceutical,
Surgical and Dental Drug Products
0ffice of Drug Research and Review
Center for Drug Evaluation and Research

CONIROL 1. . B8O91T
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Ceretec ' kit for the preparation of
Technetium Te89m Exametazime injection

Diagnostic ragiopharmaceutical:
For intravenous single use oniy

DESCRIPTION
The Amersham Ceretec™ kit 1S SUDDIeO Bs packs of §
single doss vial units lor use n the Drenaraton of @
wehnetium TeS9m exametalime NUavenoys ineston as
& JAONGALC (A0IOPNAIMACeUtcd’ 1Sf Use as an agunc! in
the getecton of allered reQONal COrebral pertysion Each
$iNgle 0OSe vial uni! COMAINS & pre-Ospensed sterile Non-
pytogenic tyophiizec mixture of 0.5 mg exametazime
[(FA S8 144 B oiaza-2 € Gotetramelhyiungecans
10-gione isonime| 7 6 ug S1aNN0US Shionge Linyorate
{minimum s1annous tn 0.6 ug MANMUM 1918 S1annous
#NC stAnmc bn 4.0 ug per via ant 4 § mg sogum
chionge, sealed unde: NIYogen atMosphare with a rubber
closure The produc! contains NO aNtMcrobia!
preservative
Caution. Federal (U5 A.) Law prohibits dispensing
without 8 prescription.
Priof to Lublication of the USAN exametazime was
formerly knOwn as hexamenyinioDylene amine oxime
(HM-PAQ; The name HM PAQ appears in many
pubhcanons
The structural tormula of exametazims 1s

. e - o
B ' (
- NH HN | M. NH HN "
u"l l Mo "l e
(] 3 P
~ 0'4 N - - T N© ™
L)
oM MO ! CH MO
SN0,

When stere cyrogen-free sodium pertechnetate Tedgm
In ISOONIC SaNe is addad to the vial, 8 kRA9™ compie. of
exametazime s lormed

Administration 5 by intravenous iechion for diagrostic
use

Physical Characteristics

Technetium ToS9m decays by isomenc transition with @
physical hail-ife ot £ 03 hours (11 Photons 1hat are usstul
for imaging studies are isted in Tadie 1

Tabie 1. Principal raciation emission aati - technetium
Te99m

Mean %o Mean energy
Radiation disintegration (xev)
Gamma 2 87.87 140 6

1) Diman. L T ang Voo der Lage FC Ragionuciioe
Jocay schemes and nuciear parameters for use in

ragiation-gose estimation. MIRD Fampniet No. 10, pé2.

1678

External radiation

The specitic gamma ray sonstant for technetium TeOom ig
206 microCoulomb xg /37 MBa-h, (0 8 Rumitlicuren at

1 ¢m The firs! hall-value thickness of lgaa (Pb) tor
1echnetium Te09m 18 0.2 mm. A range of values 1or the
relative attenuation of the ragation emitted By this
ragionuciige 1hat results from interposition of varnious
thickngases of P 1s shown in Tabie 2 For exampie. the
use of a 2 7 mm thickness of Pb will decrease the
exiernal racianon exposure by a factor of 1.000

Table 2. Raciation attenuaton by laad shigiging

Shield thicknass Coelticient of

(Pn) mm attenyation
Q.2 08
9% 104
18 102
27 103
36 1o+
45 10

T correct lor shysical decay of this radionuciige the
fractions 1hiat remain at seeclad Mgl vals reiatve 1o the
ime of calibration are shaown in Tabie 3

Yanie 3. Prysicar gacay Chatt = Tebym natt

e & CJ Bgurs

Fraction Eracuon
HMOours Temaning MOuTS remaining

o 1000 1 C 447
1 (o & 0 394
P4 0 795 El 03585
3 0708 10 0517
4 0631 1)) 0282
L) 0.66% 12 0252
& 0 502 <4 0 083

‘Calpration ime (ume Of preparauon;

CLINICAL PHARMACOLOGY

Wnen 1echnetium To9m nertechnerate is asoed lo
exametazime in the presence of slannous recuciant, a
hpophiic 1echnetum TeO9m compiex ts formed Thig
hpOph.aic compiex 1S the active maety I converts with
time t0 @ seconcary cOMPIex which is less hipoprulic
Whar (he secongary COMDIer 18 isolated Irom the
ipophinc species, it has been shown (o be ynadie 1o
Cross e blood brain-bartier A consequence of the
conversion of ipophilic 10 seconaary complex is that
the usetul lite of the reconstituled agent is restricted
1o 30 minutes.

Stugies in normal volunteers have shown 1hat the
technetium Teddm complex of the RR §5(3.))
diastereoisomer of examelazime is rapidly cieared from
the biood aller Inzavenous Injechion Uplake n the Lrain
reaches @ maximum 0! 2. 5.7 0% ol the inected dose
withun one minute of injecton. Up to 158% of the achwty 1§
eliminated from the brain by 2 minutes pos! ivecton atier
which itiie activity 1S 10st 107 the foliowing 24 hours except
Dy physical decay o technetum Te8om, The actvity not
associaley with the dran 1S widely gistributed throughou!
the body particularly in muscie and sof! issue About
30% o! the injected cose s found in the gastrointestinal
tract imn v aller imection and abou! 50% of this s
excreted throvgh the intesiinal Irac! over 48 nours. Aboyt
40%: of the mnjected dose is excreled through the kiineys
ant urine over the 48 howrs alar inection resulting in @
reguction in general muscie and solt issue backgrouns

INDICAT NS AND USAGE

Tecnhnetw - Te99m exametazime Scintigraphy may be
use T2 wunctin the detection Of anered regional
¢ T pet.unOn N Stroke

CUN .+ 3'NTICATIONS
b ne know!

PRECAUTIONS

The contents ot the Ceretec v.ar are no! radicactive
However. after the sodium periecnnetate Te94m 15 adaed,
adequate shieiding of the final preparation mus! be
maintained

The contents of the Ceratec™ vial are imtanaed anly for
use in pregacation of tlechnetum Te88M exametazime
injection and are NOT 10 be administerad tirectly 10 the
patent

A thorough knowiledge of the normal distribution of
ntravenously agministered lechnetium Tegom
examelazime 1nechion is essential in Orger 1O interpet
pathoicgic studies accurately

The technatium Ted9m labeing reaction inveived in
prepanng technetium Te9im exametazime injestion
gepends on maintaning hn in the divaien! (reguced) state
Any Oxigant present in the sodium pertechnetate Teasm
employed may adversely aftect the guaity of the
preparation. Sodwm pertechnetate f99m containing
oxigants snould not be used ot the preparation of the
labeled proouct To meet the Iast requirement. a
generator must be eluted within 24 nours prior 10
obtaining any eiuate for reconstitution with the
Ceretec kit

Sodium Chiofide injection USP must be used as the
ailuant Do not use badiencstatic sodium chionige as a
diluent tor sodium pertecnnetate Te98m mection becayse
it will increass 'Ne oxiganhcn progucts anu adversely attect
the pioicgical astribution of Ceretec

GENERAL

The comtents of the Cecetec vial are sterie ang pyrogen
free. The vial contains no DActenosiatc preseryatve |t is
essential that the user toliow the directions carelully and
adnere (o sirct aseolic procedures duning preparation of
the raciopharmaceuhcal

Technetum To8%9m exametazime injection, hke pther
ragioactve drugs mus! be nandied with care ang
APPrUpriate sarety measures should be uset 1o minimize
fagianon exposure to chmcal personnel Care snouio aiso
De lanen o minimiza radialion exposure 'C the paten!
consstent wilh propes patent nanagement

CONTROL hu.

Ha0oDnaimargetit @iy $RLUIC DE used O by o Uhoe!
he Conto o phvsCans who afe Juanhes Dy hanng ang
vID@rencE 11 the SATE use anc hangding o' ragonychoes
BNC WNOSE BXPENENCE aNd MAINING Nave DESN ADPIOVES
by 1he aporpprigte governmental agency autnorzed to
hcense the use of redionuciKies

To minimize ragiation 00se 10 the DIagoer 1he patent
SNoUlt L encouraged 1o voig when (he exammaton is
competec ang as ollen therea'ier as possibie Asequate
hveranon shoulc be encouraged 1o permit requent
vOiting

Carcinogenesis Mutagenesis. Impairment of Fertility
No ong lerm arumal sluties have been Derlormed o
evaluale Carninogenic potentia/ or whether lechneum
Tedom exametazime attects leriity in maes of lemaies
Stuoies in rats g ot vemonsirate mutagenic notentai
tollowing int-aperiioneal s0mimsiraton at doses of 70,
140 and 280 mgg.

Pregnancy Category C

Since adequate reproduchon stuties with technetium
Te99m exametazime have not been pertormed in armais
10 neterming whether this orug &ifects leruity in mawes
and femaies. has teratogenic potential. o/ has other
adverse eftecis on the felus. this radiopharmaceutical
preparation should Not be adminisiered 1¢ pregnant o
nUISING women uniess it 1§ consigered tha! the benelits 1o
be ganea ocutweigh the potential hazaros

Ideally examinations using ragiopharmaceuticals.
especialiy those which are glective in nature in women of
childbeanng capatuily shoult be perlormed during the
fies! tew (approximalety 10) gays following the onset of
menses

Nursing Mothers

Technetium k8Ym is excreted in humarn milk cuting
lactation 1115 Not xNown whether exametazime 1§
excroted in human mik Theretore, formula leedings
should be substtuled lor dieas! leeding

Fediatric Use
Satety and afectveness in chikdren have not been
eslabhshed

ADVERSE REACTIONS

Hash with generaiizec ervthemna. lacial edema anc lever
has been reporied. A ransent INCrease in HINOT pressure
was seen in 8% of panents.

DOSAGE AND ADMINISTRATION
The user should wear waterproo! gloves and use
shieiding at all uimes when hanaiing the vial ana syringes.

The recommended dose range 1of L v. administration, alter
reconshtution with scgium pertechnetate Te%9m o be
used in the average agult (70 xg) 1 370:740 MBg

(10-20 mCi).

Do not use the final radiopharmaceulical preparation
atter 30 minutes from the ime of reconstitution.
Oiscard any unused material.

Oynamic imaging may be pettormed betwesan 0 10 10
minutes 1olowing inection  Static imaging may be
pertoimed from 15 minutes up 10 & hours after injaction

Althougn gross abnarmanties of regional ceredral
pertusion may be visuahzed by plasar imaging. it
suongly recommended that SPECT imaging 1s carmea out
1o maxnmize the value of the sludy

RADIATION DOSIMETRY

Based on human data the absorbed rarkation gose 1o an
average human adull (70 kg from an intravenous
njection of tis product are estimated beiow The vaiues
are (sled as wGyMBq [racs/mCi] with unination every 2
houts Blaader wall gose 1s 19 wGy'MBq [0 07 radsmCi)
with 4 hour unnation and 89 wGy/MEQ [C 33 rags/mCi)
with ne unnation

Table 4. Estimated Absorbed Radiaton Dose*

Targe: organ ADSC/ T BARON J08e LTI Quameal he ovecten
slyveg s AGy MO MEG  1aos 20 G
LKrNY gl 634 G %8 L% 516
Gaibaaoe wad $10 o mn kT
Kainey Bo o 359 1%
Tavod ral ¢ 1999 Pl
Ao age esre w210 com LR 158
Lve 150 Ois e ‘08
Bmas trastne mat 120 00 88 088
Lowe @ Tmsine wal A0 00 1 108
Urnary aacer A 130 oo $62 [
Bran (1] 00 L 31 R
Tvates L&) 09 ‘8 L
Tevias eF | 0ot A (AT
Where Doy 38 gon 8 0
e Marow 3 001l o8 e
Borte Surticey it UL 18 0%
Eoey 83 oo 31 o8

*Data suppied by Oax Fudge Assacra!ec anwshes
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Radiation Dose to Patients from
Radiopharmaceuticals
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Inflammation: Imaging with Tc-99m
HMPAO~-labeled Leukocytes’
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Leukocytes labeled with techneti-
um-99m hexamethylpropylene-
amine oxime (HMPAQ) were used
in 100 patients: 32 with suspected
inflammatory bowel disease, 17
with fever of unknown origin, 21
with suspected abdominal sepsis, 20
with susnected bone sepsis, seven
with bronchiectasis, and three with
recent myocardial infarction. The’
distribution of activity in patients
subsequently shown not to have in-
flammatory bowel disease was simi-
lar to that previously described for
indium-111-labeled leukocytes,
However, in this study, activity was
also seen in the kidneys and bladder
and occasionally the gallbladder on
both early (13 hours) and late (24
hours) views, and in the colon in
late views. Migration of T¢-99m-la-
beled granulocytes was seen in in-
flammatory disease as early as 30
minutes after injection, while nor-
mal bowel activity was niot seen be-
fore 4 hours, The sensitivity of Te«
99m-labeled leukocytes in the de-
ection of inflammation was 100%,
the specificity was 95%.

indes terma: Hexamethylpropyleneamine ox-
ime « Inflammaiion, radionuchide studies,
70125 ¢« Leukocytes » Radionuchide imaging.
radiation dose, 70.125 » Technetium, radivac
tuve
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HE use of indium-111<«labeled
leukocytes has become estab-

lished as a noninvasive and accurate
means of diagnosing a variety of in-
flammatory conditions in which
granulocyte migration is a prominent
pathologic feature (1-4). For reasons
of convenience, radiation dosimetry,
expense, and image resolution, there
have been many attempts to replace
In-11} with technetium-99m in the
form of lipid-soluble complexes—
such as Tc-99m oxine (5), and with
reducir g agents such as Tc-99m stan-
nous pyrophosphate (6, 7), T¢-99m
porphyrin complexes (8), and Te<99m
tin colloid for phagocytic labeling (9,
10), None of these approaches has
had lasting success, either because
the complexes and/or labeling have
proved unstable or, in the case of
phagocytic labeling, because the cells
have become activated and seques-
tered in the lungs immediately fol-
lowing injection (11).

A new agent, Te-99m hexamethyl
propyleneamine oxime (HMPAOQ),
has recently been introduced for
brain imaging (Amersham, Arlington
Heights, 111) (12). Because it is lipo-
philic, it was thought that this agent
could bind to blood cells, we have
shown that it does label leukocytes
and is n.ore stabie with granulocytes
than with mononuclear cells (13). We
used Te-99m HMPAO as a leukocyie-
labeling agent in a series of 100 pa-
tients suspected of having various in-
flammatory conditions

PATIENTS AND METHODS

The 100 patients comprised six clinical
groups. Thirty two had known of sus:
pected inflammatory bowel disease, 17
had fever of unknown origin, 21 had sus
pected intraabdominal sepsis, 20 had sus-
pected osteomyelitis, seven had bronchi-
ectasis, and three had had a recent large
myocardial infarction (Table 1) The clini-
cal diagnosis was conlirmed with surgery
in 18 patients, with histologic and/or m-
crobiologic findings in 46, and by means

of computed tomography (CT) in 17. The
diagnosis was based on clinical fingings
in 13 patients. In three patients, no final

. diagnosis was made, and in the three pa-

tients with myocardial infarction, no final
diagnosis was made since no alternate
techniques were available to confirm
granulocyte migration into the myocardi-

um.

First, 102 mL of fresh venous blood was
collected into 18 mL of acid citrate dex-
trose (ACD, National Institutes of Health
formula A). Then, 20 mL was immediate-
ly centrifuged at 2,000 g for 10 minutes 10’
give plasma, which was used to suspend
cells for labeling and reinjection. The re-
maining 100 mL of anticoagulated blood
was used 1o isolate mixed leukocyles, as
previously described (3). A 6% wi/vol so
lution of hydroxyethyl starch was added
to the whole blood in a ratio of one vol-
ume hydroxyethyl starch to ten voluines
blood te promote red blood cell sedimen:
tation.

Te-99m HMPAO was formed by adding
450600 MBq Te-99m in 5 or 6 ol wsoton:
ic saline to a vial of Ceretec (Amersham)
containing 0.5 mg HMPAQ, 7.6 ug stan-
nous chloride dihydrate, and 4.5 mg sodi-
um chloride with nitregen. After the vial
was shaken 10 dissolve the contents, 4 of
& mL of the Te-99m complex was immedi-
ately added to the mixed leukocytes Ali-
quots of the remaining 1 mbL were used to
determine the extent of complex forma-
tion.

With method A, used in 18 patients, 5
;L Te-99m complex was added to the
mixed leukocytes, which were suspended
in 5 mL phosphate-bulfered saline en-
riched with 1 mL autologous plasma; that
is, the cells were labeled in 10% plasma at
an HMPAO concentration of 42 sg/mL

With method B, used in 82 patients, 4
mL Te-99m complex was added to mixed
leukocytes in 1 mL plasma; that is. the
cells were labeled (n 20% plasma at an
HMPAO concentration of 80 wg/mL

With both methods, the cells were in-
cubated for 10 minutes #t room lempera:
ture, washed with 10<15 mL plasma con-
taining hydroxyethyl starch, and centri-
fuged at 150 g for 5 minutes The cell
pellet was resuspended in 810 mL plas
tna without hydroxyethyl starch and rein-
jected. The dose was aboul 200 MBg (5.5
mCi).
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Figures 3, 4
abnormal sccumulation in U.e entire colon (N

(3) Gallbladder activity (arrow) at 3 hours in & patie

.

ormal Lmage shows colonic achviry

5b.

Sa.

Flgures 5, 6.
colitis. Views obtained (a) 30

(5) Abnormal uptake in the left
minutes and (b)

inflammatory bowel disease b ® bladder (6) Im
strated in o 10-year-old boy with Crohn disease

an image obtained | hour after injection

The labeling efficiency was slights
ly but significantly (P < .05) higher
with method B (56% & 13%, n = 82)
than with method A (49% & 10%, n =
18). The distribution of cell-bound
activity with method A was 78%,
15%, and 7% for the granulocytes
mononuclear leukocytes, and plate-
lets or red blood cells, respectively,
with method B, the corresponding
values were 77%, 17%, and 6%

The granulocyte recovery at 45
minutes was 40% # 13% for method
A (n®10)and 34% £ 15% for method
B(n= 16). The difference was not
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ilia¢ fossa (arrow) Ln & patient with ulcerative
3 hours altet injection confirm the presence ol
proved resolution with Te:99m is demon-

involving the terminal ileum and cecum, on

significant, and the overall mean re-
covery was 37% & 14% (n = 26)
Normal distribution —During the
first hour, activity was seen in the
lungs. liver, spleen, and bone mar-
row. This distribution of activity (Fig
1) is very similar to that seen with
pure granulocytes separated and la-
beled in plasma with In-111 tropo-
lonate. In addition, bladder activity
was seen in ali patients. The kidney

and renal pelvis were also occasional-

ly seen (66%), especially in thin pa-
tients. (Fig. 2). Gallbladder activity
was seen in 4% At 4 hours, lung ac-

4

nt with ulcerative colitis, &s seen on (a) ante

rior and (b) right lateral views 'lote
at 24 hours, Note gallbladder (arrow) and bladder activity

tivity was minimal and bone marrow
uptake was more marked. The activi-
ty in liver, spleen, kidneys, and blad-
der remained unchanged. The gall-
biadder was still rarely visualized
(10%) (Fig. 3). However, faint bowel
activity (in the proximal colon) was
visible in five patients (5%) without
evidence of inflammatory bowel dis-
ease or pulmonary sepsis. At 24
hours, the normal distribution of ac-
tivity remained the same as thatat4
hours, except that activity was also
seen within the colon in all patients
(Fig. 4)

Inflammatory disease —All patients
with inflammatory bowel disease (ul-
cerative colitis, Crohn disease, or ra
diation-induced colitis) showed in-
tence activity in the affected bowel
during the first hour, with a further
increase in activity by 4 hours (Figs.
5, 6). One patient with Whipple dis-
ease and another with Behget syn-
drome, both of whom had bowel in-
volvement, did not show intense
bowel activity until 4 hours. The nor-
mal bowel excretion of Te-99m
HMPAO made the 24-hour images
not helpful in this group of patients
unless they also had an associated ab-
dominal abscess without enteric com=

munication, in which case there was
a further focal increase in activity
(four patients). No false-positive gut
activity was seen at | hour. Abnormal
bowel activity was therefore easily
distinguishable from normal bowel
activity, w .ch probably represents

Radiology » 769
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Figures 7,8, (7) Cholecystitis in & 60-year-old man, manli(ested by fever of unknown origin. () Te-99m MMPAO Image ot | hour shows up-
take in the galibladder wall (arrow) but not in the lumen. (b) Te-08m HIDA image at | hour (obtained 2 days later) demonstraies s nonlilling
represented sbnormal migration of leukocyles (8) Intraabdominal collec:
(81 3 hours) shows the collection in the left patacolic gutter (b) Late
the ascending snd transverse colon. This activity

gelibladder, .7 dicating that the activity seen after Te-99m labeling
tion complicating acute pancreatitis in o 40-year-old man (a) Early view
wiew (a1 24 hours) sgain demonstrates the collection, but bowel sctivity is 4180 peen in

could be normal or could represent enteric drainage of the abdominal collection

early biliary excretion of Te-99m
HMPAQ, Of 17 patients with fever of
unknown origin, 2 showed no ab-
normal actvity, Of the five who did,
two with grafteversus-host disease
following bone marrow transplanta
tion showed intense early (1-hour)
uptake in loops of the small bowel
~One patient showed intense uptake
t the site of a gastrojejunal anasto-
nosis that had broken down. Of the
remaining two patients, one had ac-
tivity in the wall of a distended gall-
bladder (Fig. 7). No activity was seen
within the lumen of the galibladder,
which was shown with Te-99m
HIDA scanning to be obstructed
Acute cholecystitis was diagnosed.
The fifth patient showed early (3-
hour) activity in loops of the smali
bowel, but no final diagnosis was
reached and this patient was not in-
cluded in the accuracy analysis.

Of the 21 patients with suspected
intraabdominal sepsis (Fig. 8), 17 had
positive images with uptake in the
abscess by 4 hours and a furtherin-
crease at 24 hours, At laparotomy,
one patient was found to have a
bleeding splenic artery correspond-
ing to the abnormal focus on the im-
ages, while inanother a focus of in+
tense uptake seen anterior to the
spleen could not be confirmed with
CT. These two patients therefore had
false-positive results

Twelve of the 20 patients with sus:
pected bone sepsis had prosthetic
joints or fixation plates (Fig. 9). Two

of them showed abnormal activity
around the prosthesis, and infection
was confirmed during surgery. One
patient whose right knee was swol-
“len and painful showed several areas
of focal activity around both knees,
and bilateral septic arthritis was ini-

N L Dadlalans

Figure 9. Osteomyelitis in s patient with e femaoral nail. The nail wes inserted 12 months
previously, slter the shafl of the femur was fractured. Images obtained 2 hours alter injec:
tion show two foci of migrating cells, (n the midshaft at the site of the fracture (a) and st the
lower end of the nail (b) Normal circulating sctivity is visible in the blood pool o the

limbs. (¢) Radiographic appearance

tially suspected. A sulfur colloid
scan, however, showed normal bone
marrow, and this case was classified
as a false-positive result, Seven pa-
tients with known bronchiectasis
were imaged. All showed activity in
areas of bronchiectatic lung at 24
hours, but the intensity was not
great, Furthermore, the 4&-hour im-
ages were normal in three of these
patients. One patient who received
labeled cells 24 hours after a large in-
ferior myocardial infarction showed
abnormal activity in the region of the
infarct 24 hours after injection, but
the results were negative in two pa-
tients with documented myocardial
infarctions who received Tc-99m
HMPAQO-labeled cells 48-72 hours
after infarction

The doses received by the target

org ins=—=spleen, liver, and bone mar-
row==were 21.3 mQy /100 MBq (0.79
red /mCi), 2.5 mCy /100 MBq (0.093
rad/mCi), and 2.3 mCy/100 MBq
(0.085 rad /mCi), respectively. The
corresponding doses for In-111=«la-
beled granulocytes were 716 mGy/
100 MBq (26.5 rad/mCi), 86 mGy /100
MBq (3.2 rad/mCi), and 70 mGy /100
MBq (2.6 rad/mCi), respectively. The
effective dose equivalents were 0017
mSv/100 MBq (0.063 rem/mCi) and
0.57 mSv/100 MBq (2.1 rem/mCi), re-
spectively. The imaging dose for Te-
99m MMPAQ, however, is higher
than that for 1n-111==200 MBq (5.4
mCi) versus 12 MBgq (320 Ci), giving
dose ratios (T¢-99m to In-111) per im«
aging dose of 0.5, 0.48,and 0 55 for
spleen, liver, and bone macrow, re
spectively

Mareh  19RR



/ DISCUSSION

In<111 labeling of leukocytes is
useful in the detection of certain in-
flammatory conditions (18) Howevs
er, although it has a suitable hall-life
for abscess imaging, In-111 is expens
sive and gives a high radiation dose
to the target organs (bone marrow
and spleen). Te-99m is more conve.
nient to use and gives better resolu-
tion than In-111, but no Te-99m
agents have been established for leu-
kocyte labeling The rationale for
testing Te-99m HMPAQ is that it is
highly lipephilic, which is why it is
uls;d ininaging cerebral perfusion
(12).

In preliminary work (13) with
method A, we found that Te-99m
HMPAO labeled cells with teason-

able eificiency. Like the In-111 com-

lexes, Te-99m HMPAO selectively
abels the leukocytes, but unlike In-

111 it fortuitously labels the granulos

cytes with significantly more stabil.

ity than the mononulcear cells. Fur-

thermore, labeling can be performed
in the presence of plasma, which we
have previously shown to be benefi-
cial to the ultimate functional integ-
rity of the granulocytes (3).

We were unable to observe any dif-
ferences in activity distribution or
granulocyte recovery between meths
ods A and B, but we have adop*ed
method B because we prefer to main-
tain the cells in the highest possible
piasma concentration compatible
with efficient labeling. Although 102
ml of blood is routinely obtained
(giving a total volume with anticoag:
ulant of 120 il.), a smaller volume
can be obtained from children and
patients with difficult venous access
or high neutrophil counts (>20,000/
mm?[20.0 X 10°/L)).

Chromatography demonstrated
that, at the time of labeling. about
85% of the Tc-99m HMPAQ was lipo-
philic. Because of the early appear-
ance of bladder activity and absence
of thyroid activity, free activity eluts
ing from the cells is probably in the
form of a hydrophilic compiex. Thus,
at no stage do the images resemble
those seen after direct Te-99m
HMPAOQ injection as for brain imag:
ing; for instance, there is No sugges:
tion of cerebral activity.

Activity circulating in the blood
remained predominately cell bound
(90%), suggesting that eluted activity
is rapidly cleared from biood. Be-
cause this eluted activity originates
predominately from the mononucle
arcells (13), and because the agen!
has a high degree of selectivity for
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leuboeytes in the first place, Te<99m
MMPAQ provides an essentially pure
granulocyte label A potential disad-
vantage of the low level of stability
in lymphocytes is the possibility of a
bigher frequency of chromosomal
aberrations resulting from a nonle-
thal dose. Whether this represents a
significant problem remains contro-
versial and has been the subject of
much discussion (19)

Early images suggest that the la-
beled leukocytes are functionally op.
timal, as suggested by tminimal se-
questration in the lungs and minimal

" hepatic activity, criteria that we have

ruwoutly shown to be related to
eukocyte activation and/or damage
(20). Splenic activity is ‘uitense, but

. this is the result of physiologic yrans

ulocyte pooling in the spleen (14).
Further evidence that the granulo-
cytes are intact is the high recovery
of granulocyte-associated activity in
the blood 45 minutes after injection.
This recovery was 37%, very similar

4o *hat of pure granulocytes separats

ed on plasma-enriched, density gra-
dient columns and labeled in plasma
with In<111 tropolonate (15) and only
slightly lower than the 45% reported

. for granulocytes labeled with phos-

phorus-32 disopropyl fluorophos-
phonate (21).

The normal distribution of activity
is similar to that seen with In-111 la-

‘beling, except that bowel activity is

also present. This activity probably
arises from biliary excretion, but we
do not know whether it is in the
form of the primary lipophilic com-
plex, which when used ‘or cerebral
imaging does undergo  anificant he-
patic uptake and ultimutely appears
in the bowel (22), or in the form of a
secondary metabolite. As with the
bladder activity, we initially thought
that this normal bowel activity
would make it difficuit to interpret
abnormal abdominal activity, but this
has not been the case. Thus, in pa-
tients without inflammatory bowel
disease, activity does not appearin
the bowel until about 4 hours alter
injection, whereas activity on migrat-
ing cells is usually visible inin.
flamed bowel much earlier than this,
gometimes as early as 15 minutes af-
ter injection, Furthermore, it i much
more intense than the normal acuvi-
ty, and in the two patients (with
Whipple disease and Behget syn-
drome) in whom migrated activity
was not seen until 4 hours, thisin.
tensity enabled us to make a positive
diagnosis of complicating inflamma-
tory bowel disease. Bladder activity
in the collecting system is cleared

——

early, leaving only faint patenchy-
mal activity, and has also not caused
any diagnostic confusion. Itis usual
ly identified as bladder activity by
comparison of anterior and posterior
images, However, it is possible that
an element of urinary stasis in the
kidney of collecting system could ob-
scure, of be misinterpreted as, sepsis,
or, conversely, that migrated neutro-
phil activity could be misinterpreted
as bladder activity.

Only four of 17 patients with fever
of unknown ornigin had true-positive
findings with Tr-89m-labeied leuko-
cyte imaginp a proportion consistent
with the known low frequency of in+
fection in this clinical setting (23),
The majority of patients with sus-
pected intraabdominal sepsis had
“usitive findings, although there
wers false-positive results in two In
spite of the short hall-life of T¢-99m,
24-hour views may still be helpful
for confirming abscess by showing a
further increase in activity. Late im-
aging is made possible by the stabil-
ity of the Te:99m in the abscess.

Osteomyelitis has always been
thought of as difficult to demonstrate
with labeled leukocytes, and gallic
um-«67 has been proposed as a superi-
or radionuclide (24) However, we
have had good results with labeled
leukocytes in osteomyelitis (25), and
our success may be due to the use of
pure granulocytes and maintenance
of the cells in plasma throughout la-
beling. Abundant bone marrow ac-
tivity is seen with these cells, proba-
bly as the res Ut of reticuloendothelis
al destruction in bone marrow (16);
this may interfere with the interpre-
tation of the images in bone infec-
tions. Thus, we had {alse-positive re-
sults in one case in this clinical cates

ory. Imaging the bone marrow with
%owm sulfur colloid alter leukocyte
labeling is therefore often helplul.
Bone marrow activity seemed more
intense than after In<111 labeling of

ranulocytes, possibly because ol the
g:ghn photon flux,

Bronchiectasis has previously been
reported to appear markedly abnor-
mal on In-111=labeled leukocyte im»
ages (26), and so out finding of only
minimally positive images was some-
what dissppointing and puzzling.
This may partly be explained by the
normal puimonary uph\k! of free
amine (22), which elevates the lung
background activity.

In-111 labeling of leukocytes has
been proposed as a means of moni.
toring myocardial inflammation alter
infarction but has not been successiul
(27). One explanation is the relatives

Radialogys 771
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ly p:)or resolution with In-111. Be-
rause of improved resolution and

th photon flux, TesS2m labeling
oy offer an exciting new approach
to the study of myocardial inflamma-
tion. Of the three patients with myo-
cardial infarction in our series, the
results were positive only in the one

tient who was studied within 24

ours of infarction. Although they
had elevated enzyme levels and elec-
trocardiographic changes indicative
of infarction, all three patients were
classified as having ho final diagno-
#is, since we had no alternate method
to confirm granulocyte migration
into the myocardium,

As expected. the radiation dose is
less with Te-99m labeling than with
In<111 labeling. Our calculated val-
ues for tt _effective dose equivalents
are very similar to previously reports
ed values for both agents (28),

In conclusion, Te-99m HMPAO-Ja-
beled leukocytes have been success
fully used for imaging & wide variety
of inflammatory processes, with an
accuracy comparable to that achieved
with In-111 labeling. In addition to
greater convenience and a reduced
radiation dose, Tc-99m labeling en-

Sles the imaging of low-grade in-
nmatory processes not readily im-
.ged with In-111, We believe that Te«
99m will soon be the preferred agent
for routine abscess imaging. ®

Acknowledpments: We are grateful 1o Mel-
vyn | Myem. PhD, for doing the dosimetric
calevlations and to Tracey Reedy for typing the
manuscript
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microscopy and enzymatic and functional tests. Clinical
studies have been performed in orthopedic patients with
proven infections to demonstrate the clinical usefulness
of the labeled granulocytes.

MATERIALS AND METHODS

Separation of White Blood Cells

The separation method is schematically shown in Figure |

Secimenmtation of red blood cells for | hr 1o obtain leusocyte
and platelet-rich plasma (LRP) was facilitated by the addition
of 2 ml of 2% (w/v) methylceliulose to a mixture of 10 ml
ACD and 50 ml whole blood. After centnfugation (150 g, 8
min) of the LRP, a second centrifugation (2500 g, 7 min) of
the supernatant (plateletsrich plasma or PRP) was performed
follows by filtratien of the supernatant (platelet-poor plasma
ot PPP) through o 0.45 um fliter resulting in cell«free plasma
(CFP).

The leukocyie-rich pellet was resuspended in | mlof Hanks'
batanced salt solution (HBSS) contaming 0. 1% albumin. and
ithe remaining red blood cells (RBCs) were eliminated by
nypotonic lysis for 20 sec. The debris of the RBC on the
suttace of the pellet obtained aier a subsequent centniugation
(150 ¢ 5 min) was eliminated by gently pipetting | mi of
HBSS and aspirating the Nuid. The remaning pellet was
resuspended in 2 ml of cell-free plasma

SCPARATION OF GRANVLOCYTES
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FIGURE 1
Schematic survey of separation procedure
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Further purification was performed by discontinous gra-
dient centnfugation of the mixed WBC pellet applied on the
wp of three lavers of Fercollsplasma mixtures of increasing
density (5%, 60%. S0% (v/v) Percoll with a density of 1.129
g/mh). The bottom layer was washed with & ml of 0.9% (w/v)
NaCl and centrifuged (150 g, 3 min) to obtain a WBC peliet,

Labeling Method

d. 1-HM-PAO was synthesized fallowing a published pro-
cedure (7). Five micrograms of SnCl; 2H;0 in 2.8 ul HCI
0.08 N was added 10 0.5 mg HM-PAO dissolved in | mi of
water. Neutralization of the very small amount of HCl duning
labeling was not necessary as the final pH was still slightly
alkaline. 120 mCi of [*™TelNaTel, dissolved in 4 mi saline
was added. The prepuration was diluted with saling to &
concentration of 20 mCi/ml. The pellet of granuloeytes after
Percoll separation was resuspended immediately 1n 20 mCi of
(" Te)d. 1 -HM-PAQ in saline (1 ml) or was first resuspended
in 1 miof 0.9% NuCl and then added to 20 mCi of (*™T¢)
d. L -HM<PAO i1 | ml, The incubation time was 20 min, After
centrifugation, the radioactivity associated with the cells was
determined. Belore use, each preparation of [™™Tejd 1+
HMPAQ was analyzed by thin-layver chromatography on
ITLC SG sheets with acetone and saline as mobile phases to
check for *polar” [“"Te]HMPAO and pertechnetate. respec-
tively, Paper chromatography with acetonitnie-water (1:1) as
the mobile phase was used to determing the content of colloi-
dal ™™ Te. Only prepurations with a radiochemical punity over
8E% were used for WBC labeling.

Fyaluation of the Incorporation and the Washout of the
Tracer

Aliquots of the incubation mixture were withdrawn al
different tme intesvals (5, 10, 18, 20, 28, 30, 40, 50, and 60
mini and the radicactivity mn the cells and the supernatant
was measured alter centrifugation,

After labeling, the cells were resuspended in plasma and
preserved at 37" C for 24 hr after labeling. Ahiquots were taken
at 1.2, 3.4, 8 and 24 hir, and the radiogctivity associated with
the cells was measured after centrifugation

In Vitro Tests of Granuloeyte Function

L. In the first experiment (n = 33, the cells (30 x 10%) were
incubated for 20 min with differgat concentrations of M-
PAO (005, 025 and 0.3 mg HMPAD/mh. The added
amount of tracer vared between | and 18 mCi

3. Inasecond experiment (n = 3} the tracer dose, dissolved
in 4 canstant volumg, was varied (0, 1, $ and 15 mCi) while
the concentration of HM-PAO (0.25 mg/mi). the incubation
valume |1 mi), and the number of cells (40 x 107 were kept
constant

The labeled cells obained 10 these experments were ¢\l
wated with the tollowing ¢nzy natic and tunctional tests

The mveloperaxidise ‘XIPO gomient o Sranulocies was
assived spectrophotomatrically using a horseradish perosidase
stanctard Enzyme activity is expressed in uniis of NPO 20
PMIN. Normal values 1128 2 190 anis/2 107 granulos
ovies

Synerovide generation (8O was quantified spectrophot.
mettcalls at $30 nm by the superovde dismulase-sensitive
reduction of ferneviochtome C. Zymosan activated by autalo-
gous serum (SAZ, 0.8 mi/ 107 PMNY was used as standard
stimulant moa concentravon of 2.8 ng/dl The results are

CONRUL . B9 L des



expressed g mmol of evtachirome C reduced per & 10 PMN
m 18 minotes. Normal calugs Y691 & 3 3

Chemipravis was esulupted by measuring the migraton
() under aparose (097 w/v gparose) ZAS (2ymosan act
vated serum) and FMLP (forms lbmethions Meugs lphenyl
hine were used as chemoatiraciants. Normal values. random
migraticn 430 & Y0 um. chemoans ZAS 180 2 20 um
FMLP 1340 2 270yt

Phagacytonis @ud mvacelinlae Killing capacity of granlos
evtes were aasaied using U poursplating wehnigque, The resulis
nre expressed as o percentage of Staphviococcis aureus phag-
oeviosed and of Siapiivicoecies @reecies kilied after 20 min
The killing/phagocytosis index 1§ an accurale mepsure of
primulocyte antibagtenial efficieney . Normul values are: phagon
evtosi: B303 & SO7%: killing: 72.7 & 6.26%: Killing/phago-
evtos indes: 086 = (.04

Adlerence wis assaved by the ability of PMN o adhere (o
gelutinscouted plastic surfuces (avernight coating of culture
plates with 1% gelatin solution). Labeled PMN and a free
chelator were added to each well and preincubated at 37° C,
wher 10 min. the simulanit (FMLP 10778 was added and
the plates imgubated for another 30 min. The supernatant was
then curefully remosed. and the peller was washed twice with
warm HBSS-ALB. and then Tvsed twice with NgOH (L1 N
The radicactivity in the supernatant and peliet was coutted
und results expressed as percent adherence. Each assav was
performed in gquadruplicate, and the results were caleuimed
as the mean pereentage of adherence or the mean perceniuge
of cantrol

Electron Nlicroscops

Cell peliets were resuspended in 1.5% v/v glutaraldehyde
i O M cacodylate buffer (pH 7.3 370 mOsmi/i) for 30 min
at room wemperature. After washing in O 1.0/ cacodylate buffer
cantaining 4% w/y sucrose (pH 7.3 320 mOsm/l) the cells
were postfixed for | hrin 1% w/v OO, in Sorensen phosphate
buffer (pH 7.3 380 mOsm /1) Cells were washed in cacodviate
buffer containing sucrose and stored overnight i 70% v/
alenhal in water. After dehydration in & graded series of
ethanol and washing i propylene oxide. the cells were resus-
pended 1in a mixture of 1 voiume of propviene oxide and 4
volumes of epon fer | nr. After centrifugation. the propylene-
oxde-epon mxture was replaced by cpon. The cells were
embedded in Beem polyethviene capsules and centrifuged at
0.000 g for 30 min before polvmenzation.

The cell peilets were sectioned with a diamond knife on an
LKB I microtome. Ultrathin sections. sigined with uranvl
acetate and lead cnrate. were examined with an gleciron
microscope (Zeiss EM 1)

Patient Studies

Seventeen orthopedic patients with proven infections were
injected with teukocstes labeled with 1012 mCi of ™ T¢)
d HMPAO: eight patients with an infected fracture. seven
with an infecteq 101al hip prothesis, one with a malum perfor-
ans. and one with an infected joint afier an intra-articular
injection. All the infections were confirmed by cultures, cline
1wl evaluation, radiology, or surgical findings. Eleven patients
werg injected under g double<headed camera (SELO GAMMA
CAT) interfuced 10 a computer system (PDP 11/34 (DEC)H
and were continuously momitored 1o evaluate lung, liver. and
spleen uptake. Delaved imuges were made 3=4 hr and 21 hr

2024  Morteimans, Malbrain. Stuyck et al

postimeetion Two expenenced readers praded the images as

follows () negaiive, 1 possibls pesitive 3 Seswst. 3 positive

RESL O TS

The incorporation of ["™TeRLI-HM-PAO in the
white bload celis and the washout of the radionuchicde
in function of time 1s shown in Fygures 2 and 3 The
results of the funcuonal 1ests of granulocvies labeled
with varving amounts of HNLPAO are presented in
Table 1. The results of the same tests obtained with g
constant amount of HM-PAD but varving trager ac-
tvines are shown in Table 2

The uitrastructure of a neutrophil granulocyte cell
after labeling is shown in Figure 4,

Figure § shows the time activity curves during the
first hour in the region of the lungs, the spleen and the
hver of one of the patient studies. A clinical example of
uptake of “"Tedabeled WBC in an infected fracture of
the left ankle of a patient s illustrated in Figure 6.
Eleven patients had the highest score: two patients were
scored as highly suspect, three were interpreted as pos-
sibly infected: and one had & negative scan.

DISCUSSION

The most important reasons for investigation of @
labeling technigue with ™" T¢ are the better phvsical
charactenstics of the tracer. the lower radiaiion dose,

~ 801
1
604
O
pus
= 401
2
- 204
O — . -
20 &0 60 80
TIME (minutes)
FIGURE 2

incorporation of [™ TelHM-PAQ in the leukocyles (%)
versus time for two different incubation volumes. ‘@®": The
granulocytes (80 x 10% are resuspended in 1 mi of 0.9%
NaCl and 1 mi [™"T¢)HM-PAQ (54 ug HM-PAQ; 11.1 mCi
of *Tc) ‘@ The granulocytes (60 x 10%) are resus-
pended in 1 mi [*"Tc|HM-PAQ (54 ug HM-PAQ, 12.7 mCi
of ¥ T¢).
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FIGURE 3

Percentage cf the rad oactivity retained in the cells versus
time. Atter ‘adeing (uir. Figure 2; method 2), the granulo-
oytes were resusosnded in plasma and kept at 37°C for
24 hr. Sequenually the radioactivity remaining in the cells
was measured

the lower cost. and the ready availabiliiy of a “Mo-
wmre generator, Peters et al. (9) recently introduced
[“*Teld L -HMPAO labeling of WBC as a new alter-
native 1o currently used methods of labeling with "in
or ™™ T¢. Many papers have since described the use of
this technique 10 replace ''In labeling of granuloeytes
(12-22), The suceess and usefulness of this labeling
method wiil greatly depend on the functional integnity

of the white blood cells after labeling, which is necessary
for their localization at the inflammation site.

As illustrated by a previous study, it 18 essential 1o
perform granulocyte functional tests in vitro on the
purest possible cell population because contaminating
cells (platelets, monocytes) definitely influence the re.
sults of the very sensitive granulocyte tests 10 a varying
extent (22). For this reason, further steps like hypotonie
lysis and percoll gradient were added 1o the separation
procedure. Although it is well known that some act-
vation of cells certainly oceurs and although there may
be some phagocytosis of silica particles present, sufti-
gient granulocyte functional capacity 1s preserved 1o
perform experiments in controlled conditions. Phago-
evtosis, in particular, 18 still sufficient, as s illustrated
by its control value of 93% and 86% (Tables | and 2).
The labeling of RBC fragments by lipid soluble tracers
a.ter the hypotome lysis is prevented by three extra
separation steps: (a) centrifugation of the 1s0tonic mix-
tute. (b) gently pipetting and aspration of | mi of HBSS
for the elimination of the debns of the RBC, and (¢)
further purification by discontinuous gradient cer:tnl-
ugation. Labeling of the isolated cells in saline was
performed 1o enhance the labeling yield since the results
of functional and morphologic tests could not demons
strate a deleterious influence of short incubauon of the
granulocytes in a medium without plasma.

As published previously (24), the separation tech-
nique developed in our laboratory delivers functionally
and morphologically intact cells. In this study. normal
vaiues of lung tranzit ime and spleen and hiver uptake
cere mensured. which 1s an argument that the leukos
cvies were not affected by the lubeling procedure (Fig.
$)

TABLE 1
N sunctional and Enzymatic Test of Leukocytes Labeled with Ditterent HM:#AD Concentrations
HM-PAD
“ost Blanc 0 06 mg/mi 0 25 mg/mi 0 & mg/mi
W&0 119213 112%20 1118 117415
g8 271207 872156 21217 267229
Facocyions (%) 923218 847 £93 K9 2217 832 2105
NG ) Bag x40 804 %147 8062 174 617222
K Torgex 080 = 0.04 0.8t ¢ 0.00 D68 x 019 0732019
ST CIANS (um)
gne + 362 2040 » 383 2080 ¢ 335 2060 2 330
cAS x 260 1440 = 463 {780 « 195 1720 = 200
5 600 & 163 670 = 163 860 = 137 827 £ 129
Asmeseh
Basa 224 1612758 84 280+ 10
P 50.7 S84z 70 D0z 58 §37 ¢80

" PN

Mysopwraxcase content (umts MPO 2 I

" Buperea ce generation (nmoi of eytashrome C reauced per 4 10° PAIN in 15 min

TFormyt =g owonyl leucy! phenylaine
Y Zymosan actvaled serum
.

Rargorm mcranon
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FIGURE 6

WBC scan s shown of a patient with a left bimalieolar
ankle fraciure. Me was trealed & mo ago with an open
reduttion and was agmitted (o the hospital with complaints
of pain and inflammation. On the upper ray: the anteror
projection of both ankles and the lett lateral ang medial
projection of the left ankie 1 hr postinjection are shown
There is a clear uplake of 'abeled cells in the cistal tibia
and the left ankle. The same projections 3 hr postinjection
are shown on the iower ray A more focal accumulation in
the medial malleoius. distal tibia and ankle joint is shown
The three-phase skeletal scintigraphy was positive in all
phases The x-rays of the ieft ankle were compatibie with
a septic arthritis. The cultures of the exudate showed the
presence of Staphylococus aureus

(range 18=78). This means that. with an average lew.
koevie count of 7000 ¢ells per ul, 8 10 26 X 10 celis
were used Tor labeling. The average labeling efficiency
in the case of the 17 patients was 69.3% (ronge 30811,
thus demonstrating the effectiveness of our labehing
method as compired w the lower results of other au-
thors (/%) As shown in Figure 3 the labeling s quite
stable, and only 209 of the bound tracer activity s
elited from the cells during the first 24 he. It is not
known in which chemical form ™ Te 18 released trom
the cells. but free pertechnetate is excluded hecause no
thyrond uptake has been Jemonstrated

Some guthors (%2.49) have reported that in vitro the
activity elutes less from granulocyvies (6,14 over 2 hr)
than from mononuclear cells (30% over 2 b Based
an these observations, one may condlude that the white
Blood geil suspension obtained atter the hemotysis step
(Fig, 1) does not have to be purilied any further by
supplementary steps (gradient centriugation. e1c.). As
only one-fifth of the [ Teld. i-HAMPAQ preparation
15 used during the jubeling step. the granulocyres werg

Vaoiume 30 « Nymber 12 « December 1989

incubated with no more than 0.1 mg of HM-PAO and
I ug of SnCl; 2H.0. The addition of such small
amounts of these substances undoubtedly reduces the
risk of aleration in the cell structure (Fig, 4).

Transmission electron microscopy (TEM) is a valu.
able tool in the evaluation of labeled cells, as was
demonstrated in our previous study on the ''In labeling
of white blood cells with three different chelators (25)
In this article, the deleterious effect of oxine and Mere
on the morphology of cells was clearly demonstrated
by TEM. As shown in Figure 4, the TEM image of the
technetium-labeled white blood cells was completely
normal, which is another argument in favor of this
method

The scintigraphic images of the patient studies have
some special features. The bladder is visualized ear'y
whereas the thyroid gland was never seen. Bone marrow
uptake is prominent, and there is some bowel visuali-
zation without previous hepatic secretion after 4 to 6
hr. In case of bowel disease. the early uming of the
images and the intensity of the tracer uptake can be
helptul in the final diagnosis (9.77). A 24:hr study with
regular acquisition of the abdomen of normii persons
could provide more information of the normal se-
quence of the intesting uptake.

The scintigraphic score was 2 (suspect) or 3 (positive)
in 13 of the 17 patients. These lesions were already
clearly visible at 3 hr and no extra lesion was tound at
24 hr (Fig. 6). Some authors mention that most lesions
become positive already 30-60 min after mjecton
(9.10.13«15), This finding is also demonstrated in the
chinical example showing o ¢lear hot zone in the distal
tibla. A more loculized uptake 1s found on the images
3 hr pi. There was one false-negative result with a
patient with an infected fracture of the tibia. The lung
transit of this study was prolonged, so this negatve
result could be explithed by an improper separation or
labeling step.

The images are as good or better than those obtained
with indium-labeled WBC. This 1s 1n agreement with
the findings of other authors who already used HM-
PAO labeling (26.07). Comparing the images of simul.
taneously injected (M Te)d. [<HM-PAQ and ["Injoxi
nate lubeled white cells in 12 putients, Lui found com-
plete agreement in lesion detectability but a supenor
auabity (better spatial and contrast resolution) when
usinig the “™Te-labeled agent (/3) An addinonal im-
portant advantage of the """ Telabeled granulocytes is
the lower radiation dose (92), which permits the us¢ ot
nighee activines

It 15 concluded that labeling of leukoeyles with
(“"Teld 1-HM-PAO results in functionally and mor.
phologically intact cells. The cost, avariability, and
physicd! charactensties of the tracer and the final clin-
cal results tustify this cell-labeling technigue as a valy-
ahle alternative for 'in labeling
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Technetium-99m HM-PAO-Labeled
Leukocvtes in Detection of Inflammatory
Lesions: Comparison with Gallium-67 Citrate

Martti Vorne. lrma Soini, Tuomo Lantto, and Seija Paakkinen

Department of Nuclear Medicine, Payat-Hame Central Hos

; r } L\ N0
ital, Lahn, Finland. Deparimen

of Nuclear Medicine, Turku University Central Hospinal, Turku, Finland

Forty-three patients with suspected bonign, iInflammatory. or infectious diseases were Imaged
with (" To|MM-PAO-labeied leukocytes and [*'Gajcitrate. Technetium-§8m eukocytes
showed 22 true-positive, no false-positive, 19 true-negative, and two false-negative indings
and (Y Gajettrate 28, 7, 12 and 1, respectively. The sensitivity, specificity. anc accuracy
values with "™ T¢ leukocytes were 92%, 100%, and 95%, and with [*'Galcitrate 96%, 63%
and 81%. Technetium-89m leukocyte scintigraphy has a promising future in comparison with
[*"Ga|citrate because of the ready availability of [*"T¢|MM-PAD, the good image quality
mare repid results (within few hours), and the lower radiation exposure 10 the patient with

W Te leukooytes. The usefuiness of " Te leukoctytes in chronic osteomyelitis needs further

evalualion

J Nuel Med 30:1332- 1336, 1989

G.ﬂlmm-b" (*'Ga) oitrate was first shown 10 accu-
mulate in inflammatory lesions in 1971 (/) and there-
after it has been used routinely in the detection of
inflammation. In 1976 McAfee and Thakur () first
investigated the use of indium-111 (""'In) oxine for the
labeling of leukocytes and since then "'In leukocyte
scans have been shown to be useful in detection ol
infections and inflammatory lesions and successfully
applied to the evaluation of a varety of pathologic
inflammatory conditions (J.4). The sensitivity of [*'Ga)
citrate and '''In leukocvtes to detect inflammation is
relatively equivalent but increased specifiaity of ''In
leukocytes has made it the procedure of choice (4)
However, [“'Ga)aitrate has & greater sensitivity in the
identification of prolonged infections of more than 2
wk duration (§), Technetium-99m (*"Te¢) hexameth-
ylpropyleneamine oxime (HM-PAO) has recently been
shown to radiolabel leukocvies in vitro (8) and prom-
ising results of its clinical use in the idenufication of
inflammatory lesions have been published (7=1//)
Technetium-99m HM-PAQ leukocvie method has
many advantages over ['"'Injoxine with respect to im-
age quabty, acquisition time, and radiation dose 10 the

-
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patient and 1t has & promusing future as an IMaging
agent in inflammatory diseases (2,10,12,13)

In the present study we have compared (""" T¢]HM-
PAO leukocyte and [YGalcitrate scan findings in a
senes of 43 pauents suspected of having vanous benign
mllammatery conditions

MATERIALS AND METHODS

Patients

Forty-three patients (27 mea, 16 women, age range 2578
ve, mean age 61 yr) were imaged with [*"T¢]HM-PAQ-.
laLeled leukoevies and [Y'Gajertrate within 10 days (mean 4
davs). The first study was ™™T¢ leukocyie scan in 40 cases
and *'Go scan with three pauents

Seventeen patients had suspected bone or )oint infection
11 had suspected prosthetic vascular graft infection, four had
suspecied inflammatory bowel disease, five had suspected
intre-abdominal abscess, five had fever of unknown ongin
and one had suspected pulmonary infection. The final diag-
nosis was confirmed in every case by one or more of the
following diagnostic procedures: bactenologic culture, labo-
ratory tests, histology, standard x-ray procedures, computed
tomography, ultrasonography, endoscopy, and bone scan, in
combination with ¢linically relevant signs and favorable re-
£D0NSe 10 antimicrobic therapy
Leukocyte Labeling with [ T¢]HM-PAO

Mixed leukocvies were 1solated and labeled as descnbed
previously (/7). Forty milliliters venous blood was drawn into
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TABLE 1
Results of maging with "*"Tc-Labeled Leukocytes and [VGa|Citrate

T leukooytes (Y Gajetrate

initial diagnosis ™ P IN N P FP TN N
Bone or jint disease (n = 17) 8 0 7 2 ) 2 5 1
Prosthetic vascular graft infection (n = 11) 8 0 3 0 8 1 2 0
Inflammatory bowel disease (n = 4) 2 0 e 0 b 1 i 0
intra-abdoming abscess (n = §) 3 0 2 0 3 2 0 0
Fever of unknown ongin (n = &) 0 0 5 0 0 1 4 0
Pulmonary infection (n = 1) 1 0 (4 0 1 0 0 0
Total (n = 43) _ o el 0 19 LR 23 4 12 1

u 60.ml plastic synnge contaning 10 ml acid citrate dextrose
and 10 mil 6% hydroxy ethyl starch 10 fasten the sedimenta-
tion. The ervthrocvies were allowed to sediment at room
temperature for | hr. The supernatant was centnifuged in
sterile tubes at 100 ¢ for § min. The platelet-nich supermatant
was separated and centrifuged at 2,000 g for § min to obtain
eell free-piasma. Leukocyies were suspended into | mi cell
free plasma. Technetium-¥9m HM-PAO was formed by add-
ing 600 MBq *™T¢ in 6 ml isotonic saline 10 a vial containing
HM-PAQ (Ceretee, Amersham International). Five milliliter
(500 MBq) of [""T¢I]HM-PAO<complex was added 1o the
leukocyvte suspension which was left for 10 min at room
temperature. The cells were repelletted at 100 g for 5 mun,
resuspended in 5 mi celi-free plasma, and reinjected intrave-
nously. The cell labeling efficiency was 39% (range |8-72%)

Scintigraphy and Analysis of Scintigrams

Planar images were obtained at 0.5 br, 2 hr, 4=6 hr, and
18+24 hr after the injection of ™™ T¢ leukocytes, and 24-72
hr after thie administanon of 110-188 MBg of [ Gajertrae
Two nuclear physiciuns interpreted the images without the
knowledge of ¢linical diagnosis. The intensity of uptake was
praded as weak. moderate, or strong by subjective evaluation
On rare occasions when the readings differed, the final result
was obtained by consensus. A s¢intigram was considered “true
positive” when the pathologic uptake was caused by a benign
inflammatory or infectious disease confirmed by other diag-
nostic procedures mentioned earhier. A positive sCintigram
was considered “false positive™ when the finding was venfied
10 be noninfectious and noninflammatory by other diagnoste
modalities, A negative seintigram was considered “true nega-
tve” when no focal infectious or inflammatory benign process
wis found. and “false negauve™ when & tocal infectious or
inflammatory process was found by other diagnostic proce-
dures

RESULTS

The results of the scintigraphic examinations are
presented in Tables 1 and 2. The sensitivity of [V'Gu]
gitrate was a hittle better than that of *™T¢ leukocytes
but “™Te leukoeyte scan showed much greater specific-
ity. accuracy, and positive predictive value

The normal distribution of the activity in ™"T¢ leu-
Kocyte scan was similar 1o that seen with ''In-labeling

Volume 30 « Number 8 « August 1988

with exception of urinary bladder visualization in all
patients. The normal distribution has been described in
detail previously (6.8,9,/2-14),

All patients with true positive findings in inflamma-
torv or infectious disease, showed abnormal uptake
aven at 0.5 hr after injection of ™™ T¢ leukoevtes and
the intensity of uptake increased tn later images. The
final diagnoses of the 17 patients with suspectedt bone
or joint infection were four acute, two subacute, and
three chronic osteitis or prosthet. joint infection; two
metastatic malignancies, one regctive arthritis, and five
with no inflammatory or malignant bone disease. Eight
were true positive with “™T¢ leukocytes and nine with
[*"Gajeitrate. Results in acute and subacute infections
were comparable, Two patients with bone metastases,
one from lung carcinoma and the other from malignant
melanoma had true-negative ™ ™Te leukocyte scans but
false-positive [*'Gajeitrate scans. Two patients with
chronic osteomyelitis showed false-negauve ic leu-
kocyte scans but positive [*'Galeitrate scans, however,
one patient with chronic osteomyelitis wis negative
with [*'Galcitrate but positive with ™ T¢ leukocytes
One patient with bacteniologically verified subacute
prosthetic hip joint infection was moderately positive
with "™ T¢ leukocyvies but only weakly positive with
#'Ga citrate (Fig. 1)

All prosthetic vascular graft infections were positive
with both agents and the information obtained was
relatively comparable (Fig. 2). In addition there was

TABLE 2
Sensitivity, Specificity, Accuracy, and Predictive Values
of *"T¢ Leukocyte and (*'Ga|Citrate Scintigraphies in
the Detection of Benign Intectious of Inflammatory
Diseases

#oTe leukocyte [YGalaitrate

Sensitivity (%) a2 a6
Specificity (%) 100 63
Accuracy (%) 98 81
Positive predictive vaiue (%s) 100 77
Negative predictive valae (%) 80 92
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mation which is in agreement with some previous stud-

ies with In leukoovies (15.21)

Both “™T¢ leukooyres and [“'Galeitrate scan were
found 10 be very reliabl, in detecting prosthetic vascular
graft infection, which agrees with results described pre-
viously ( 24« 26). All five patients with fever of unknown
ongin were true negative with “*Te-labeled leukocytes
It has been shown previoushy that there s very low
frequency of det...able infection in tius clinical situg-
tion (27)

Recent comparisons of “™T¢ leukocites and 'In
leukoevies have shown the " Te method equal or better
than the '""In method and the quality of images has
been better in *™Tedabeled leukooyte scan (6,710,712
13}, Technetium-99m leukocytes were also supenor to
1ocing- 12 3-Jabeled monoclonal antibodies against gran-
ulocytes 1n a recent study (/4)

In conclusion, ["*"Tc¢]HM-PAO-labeled leukocyvie
scintigraphy seems a very useful tool in the diagnosis of
various infectious and inflammatory processes. Both
the *™Te¢ and HM-PAQO kit are readily avalable even
for emergency use in many countries. The quality of
“mTe leukocyte image is superior to that of [V"Galcitrate
and '"'In leukocytes, the result is available more rapidly,
and the radiation dose to the patient is lower (&8,/2).
The usefulness of this method in chronie osiweomyelitis
and possibly 1n other ¢chronic diseases needs lurther
evaluation.
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