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Tc-99m-Mercaptoacetyltriglycine and
Tc-99m-Dimercaptosuccinic Acid

Scintigraphies for the Evaluation of Renal
Parenchymal Lesions in Infants

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Scin tig raphy with Tc-99m di mer cap to suc ci nic acid (DMSA) is con si de red
a re fe ren ce met hod for the as sess ment of re nal pa rench ymal le si ons and es ti ma ti on of dif fe ren ti al
re nal func ti on (DRF). Com pa red with Tc-99m mer cap to a cetyl trigl ycin (MAG3), the di sad van ta ges
of DMSA are re la ti vely hig her ra di a ti on ex po su re to the kid ney and lon ger pro ce du ral ti me. The aim
of this study was to eva lu a te the per for man ce of Tc-99m MAG3 dyna mic re nal scin tig raphy in the
de tec ti on of re nal pa rench ymal de fects and in the es ti ma ti on of DRF in com pa ri son with Tc-99m
DMSA scin tig raphy. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  A ret ros pec ti ve re vi ew of the re cords in di ca ted that 29
in fants (20 boys and 9 girls) aged less than 1 ye ar un der went both DMSA and MAG3 scin tig rap hi -
es. The pa rench ymal pha ses of MAG3 scin tig raphy we re com pa red to DMSA ima ges. Dif fe ren ti al
func ti on was cal cu la ted ba sed on the MAG3 and DMSA met hods and the re sults we re com pa red.
RRee  ssuullttss::  The fin dings of the two met hods cor res pon ded comp le tely in 90% of pa ti ents. The re was
no sig ni fi cant dif fe ren ce bet we en cal cu la ted DRF from DMSA and MAG3 ima ges. The re was a high
cor re la ti on bet we en the DRF ob ta i ned using the two met hods (r= 0.91 and r= 0.90 for the left and
right kid ney, p< 0.01). The sen si ti vity and spe ci fi city of the MAG3 cor ti cal ima ges we re cal cu la ted
as 92% and 78%. CCoonncc  lluu  ssii  oonn::  We sug gest that eit her a MAG3 or a DMSA scan can be used for the
cal cu la ti on of DRF. Ho we ver, be ca u se of the low spe ci fi city of MAG3 cor ti cal analy sis, DMSA scin -
tig raphy is re qu i red for the de fi ni ti ve di ag no sis and ma na ge ment of re nal cor ti cal le si ons. 

KKeeyy  WWoorrddss::  Ra di o i so to pe re nog raphy; kid ney cor tex; kid ney cor tex nec ro sis; 
tech ne ti um tc-99m di mer cap to suc ci nic acid; tech ne ti um tc-99m mer ti a ti de

ÖÖZZEETT  AAmmaaçç::  Dif fe ran si ye re nal fonk si yo nu  (DRF)’nun he sap lan ma sın da ve re nal pa ran ki mal lez -
yon la rın de ğer len di ril me sin de Tc-99m di mer kap to sük si nik asit (DMSA) sin tig ra fi si re fe rans yön -
tem ola rak ka bul edil miş tir. Tek nes yum-99m mer kap to a se til trig li sin (MAG3) ile kar şı laş tı rıl dı ğın da
Tc-99m DMSA’ nın de za van taj la rı, böb rek ler üze rin de ki gö re ce da ha yük sek rad yas yon do zu ve iş -
le min uzun sür me si dir. Bu ça lış ma nın ama cı, Tc-99m MAG3 di na mik re nal sin tig ra fi nin DMSA
sin tig ra fi si ile kar şı laş tı rıl ma sıy la, re nal pa ran kim de fekt le ri nin de ğer len di ril me sin de ki ve DRF’nin
he sap lan ma sın da ki per for man sı nı be lir le mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bir yaş al tın da ki top lam 29
be be ğin (20 er kek, 9 kız), hem Tc-99m MAG3 hem de Tc-99m DMSA sin tig ra fi le ri ret ros pek tif ola -
rak in ce len miş tir. Re nal MAG3 sin tig ra fi si nin pa ran ki mal fa zı DMSA gö rün tü le ri ile kar şı laş tı rıl -
mış tır. Di fe ran si ye fonk si yon lar MAG3 ve DMSA yön tem le ri ile he sap lan mış ve so nuç lar
kar şı laş tı rıl mış tır. BBuull  gguu  llaarr::  İki yön te min bul gu la rı %90 has ta da uyum lu bu lun muş tur. Tek nes yum-
99m DMSA ve MAG3 gö rün tü le rin den he sap la nan DRF de ğer le ri ara sın da is ta tis tik sel ola rak an -
lam lı fark yok tur. İki yön te min kul la nıl ma sı ile el de edi len DRF de ğer le ri yük sek ko re las yon
gös ter mek te dir (r= 0.91 ve r= 0.90; sol ve sağ böb rek için, p< 0.01). Kor ti kal faz MAG3 gö rün tü le -
ri nin du yar lı lık ve öz gül lü ğü %92 ve %78 ola rak he sap lan mış tır. SSoo  nnuuçç::  Biz, DRF he sap lan ma sın -
da Tc-99m MAG3 ve ya Tc-99m DMSA sin tig ra fi si nin kul la nı la bi le ce ği ni dü şü nü yo ruz. An cak,
kor ti kal ana liz de Tc-99m MAG3 öz gül lü ğü nün dü şük ol ma sı ne de ni ile re nal kor ti kal lez yon la rın
ke sin ta nı sı ve te da vi sin de Tc-99m DMSA sin tig ra fi si ter cih edil me li dir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Rad yo i zo top re nog ra fi; böb rek kor tek si; böb rek kor ti kal nek ro zu; 
tek nes yum-99m di mer kap to sük si nik asit; 
tek nes yum-99m mer kap to a se til trig li sin
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e nal pa rench ymal (cor ti cal) scin tig raphy is
in di ca ted for the di ag no sis and fol low-up of
fo cal (func ti o nal or ana to mi cal) di sor ders of

the kid neys, es pe ci ally in chil dren.1-3 Scin tig raphy
with Tech ne ti um-99m di mer cap to suc ci nic acid
(Tc-99m DMSA) is con si de red a re fe ren ce met hod
for the as sess ment of pa rench ymal le si ons and the
es ti ma ti on of DRF.1,4 Tech ne ti um-99m DMSA is
highly sen si ti ve in the de tec ti on of  fo cal de fects,
and re ma ins the gold stan dard met hod be ca u se of
its well known ad van ta ges.3,4 Ho we ver, it has al so
so me di sad van ta ges, such as the fact that the sta tic
ima ging pro ce du re is per for med 3-6 hr af ter the in-
tra ve no us (i.v.) in jec ti on of the ra di op har ma ce u ti -
cal, it re qu i res ef fec ti ve im mo bi li za ti on of the
pa ti ent for 30-60 min and it in vol ves a re la ti vely
high ra di a ti on ex po su re ra te, es pe ci ally in yo ung
chil dren.1,5

Tech ne ti um-99m mer cap to a cetyl trigl ycin
(MAG3) is a re nal ima ging agent, ex cre ting ma inly
tu bu lar sec re ti ons and is used for pla nar dyna mic
stu di es.4,6 Glo bal re nal per fu si on and func ti ons
(con cen tra ti on and ex cre ti on) can be as ses sed with
Tc-99m-MAG3.5,7,8 For most or gans, the ab sor bed
ra di a ti on do se of Tc-99m-MAG3 we re lo wer than
that from Tc-99m-DMSA.5 Mo re o ver, si mul ta ne o -
us in jec ti on of Tc-99m-MAG3 and a di u re tic (F0
pro to col) re sul ted in lo wer than the usu ally re por -
ted ra di a ti on do se for the uri nary blad der (tar get
or gan) and the go nads, and al lo wed eva lu a ti on of
the dra i na ge system.1,4,5 The MAG3 dyna mic stu di -
es do not re qu i re any wa i ting pe ri od af ter in jec ti on
of the ra di op har ma ce u ti cal and the ir ac qu i si ti on ti -
me is abo ut 20-30 min.1,7,9 So me in ves ti ga tors ha ve
eva lu a ted the use of pla nar dyna mic MAG3 scin -
tig raphy for in ves ti ga ting the re nal pa rench yma in

uri nary tract in fec ti on pa ti ents, with va ri ab le re-
sults be ing re por ted.1,4,7,9

This study was plan ned to eva lu a te the per for -
man ce of Tc-99m MAG3 dyna mic re nal scin tig -
raphy in the de tec ti on of re nal pa rench ymal le si ons
and in the es ti ma ti on of DRF and to com pa re the
re sults of this met hod with tho se of Tc-99m DMSA
scin tig raphy in in fants.

MA TE RI AL AND MET HODS
A to tal of 29 in fants (20 boys and 9 girls; to ta ling 58
kid neys) aged 0-1 ye ar (me an, 0.48 ± 0.5 months),
we re inc lu ded in the study. In for med con sent was
ob ta i ned in all ca ses be fo re any tests we re per for -
med. All pa ti ents un der went uri naly sis and ro u ti -
ne blo od tests for uri nary in fec ti on pri or to
scin tig rap hic stu di es (Tab le 1). All pa ti ents with va -
ri o us kid ney di sor ders, inc lu ding cli ni cal in di ca ti -
ons for re nal pa rench ymal eva lu a ti on and sus pi ci on
for uni la te ral or bi la te ral cor ti cal are as with dec re -
a sed func ti on, un der went both DMSA and MAG3
scin tig raphy wit hin thre e we eks of each ot her.

18-56 MBq (0.5-1.5 mCi) Tc-99m DMSA was
in jec ted in tra ve no usly. Af ter 3-6 ho urs, pla nar Tc-
99m DMSA ima ges at an te ri or, pos te ri or, and right
and left pos te ri or ob li qu e po si ti ons we re ac qu i red
for 500 kco unts. A CamS tar AC/T gam ma ca me ra
(GE-Mil wa u ke e, Wisc., USA) equ ip ped with a LE -
AP col li ma tor was used. Ima ging pa ra me ters we re
se lec ted at 256 x 256 mat rix and 140 keV ± 20% en-
ergy win dow. All pa ti ents we re se da ted with chlo-
ral hydra te for ef fec ti ve im mo bi li za ti on du ring the
study. Sta tic ima ges we re vi su ally eva lu a ted for fo -
cal de fects. The frac ti o nal left and right re nal ac ti -
vity was cal cu la ted, using the back gro und-
cor rec ted ge o met ric me an met hod. 

WBC CRP RBC in urine WBC in urine Urinary microorganisms

N A N A N A N A P Ne

19 10 19 10 16 13 17 12 11 18

TABLE 1: Routine laboratory values for urinary infection analysis for all 29 patients in the study.

WBC: whi te blo od cells; CRP: C-re ac ti ve pro te in; RBC: red blo od cells  

N Ca se num bers with nor mal va lu es, A Ca se num bers with ab nor mal va lu es, P Ca se num bers with po si ti ve mic ro or ga nism in uri ne, Ne Ca se num bers with ne ga ti ve mic ro or ga nism in

uri ne.
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On a se pa ra te day, af ter a bo lus in jec ti on of Tc-
99m MAG3, re nog raphy was car ri ed out with the
pa ti ents well hydra ted and in a su pi ne po si ti on
with a dyna mic 25 min ac qu i si ti on at 1s/fr for 60
sec, 15s/fr for 4 min, and 30s/f for 20 min. The pa-
ti ents we re in jec ted with a do se of 18-74 MBq (0.5-
2 mCi; IV) Tc-99m MAG3. Ima ging pa ra me ters
we re se lec ted at a 128 x 128 mat rix and 140 keV ±
20% energy win dow. Re nal and pe ri re nal re gi ons
we re cre a ted and ti me-ac ti vity cur ves we re ge ne -
ra ted for both kid neys. The DRF was cal cu la ted
from the slo pe of the back gro und-sub trac ted re nal
cur ves. The analy sis was per for med with an ima ge
ob ta i ned 60-300 sec fol lo wing the in jec ti on. The
DRF re sults of MAG3 scin tig raphy we re com pa red
to DMSA re sults for each kid ney. Then, the pa -
rench ymal pha se (4 min) ima ges of MAG3 we re
com pa red to DMSA ima ges for right and left kid-
neys se pa ra tely. 

Sta tis ti cal analy sis using a pa i red Stu dent’s t
test and Chi-Squ a re test was per for med in this ret-
ros pec ti ve study, in which DMSA scin tig raphy was
con si de red the gold stan dard.

RE SULTS
The fin dings cor res pon ded comp le tely in 90% of
pa ti ents for both kid neys. Dif fe ren ti al re nal func ti -
on of both ra di op har ma ce u ti cals cor re la ted very
well and the cor re la ti on co ef fi ci ent bet we en the
two met hods was 0.99 (p≤ 0.01) for both kid neys
(Fi gu re 1A, 1B and 2A, 2B).

Com pa ri son bet we en the sum med Tc-99m
MAG3 ima ge and the Tc-99m DMSA ima ges for 29
left kid neys yi el ded 100% sen si ti vity, 66% spe ci fi -
city and 86% ac cu racy (Tab le 2). For the right kid-
neys (n= 29), the sen si ti vity was 95%, the
spe ci fi city 89% and the ac cu racy 86% (Tab le 3).

The ima ge qu a lity was eva lu a ted for each kid-
ney vi a vi su al ins pec ti on by two ob ser vers. A kid-
ney was con si de red ab nor mal if the DRF was <43%
and/or if a fo cal de fect was se en on the DMSA. For
ima ging re nal pa rench yma, the MAG3 and DMSA
stu di es we re in ag re e ment in 50/58 kid neys and
25/29 in fants (Fi gu re 1A, B). In thre e kid neys, the
MAG3 ima ge was eva lu a ted as nor mal whi le the

DMSA was ab nor mal for the right kid ney (Fi gu re
2A, B). In fi ve kid neys, the MAG3 ima ges we re
eva lu a ted as ab nor mal whi le the DMSA we re nor-

FI GU RE 1A: Tc-99m DMSA scan of an in fant shows a fo cal pa rench ymal de-
fect in the left up per po le. Dif fe ren ti al re nal func ti on (DRF) of each kid ney is 50%. 

FI GU RE 1B: Regional parenchymal dysfunction in the left upper pole is de-
tected on a dynamic MAG3 study at 2-3-4 and 5 min (arrows) in the same in-
fant presented in figure 1A with clinical and laboratory presentation compatible
with acute pyelonephritis. The DRF of each kidney is also 50% according to
the DMSA scan. (The left kidney is bigger than the right on USG.) We think that
this equality in DRF is false; this may have resulted from the kidneys being dif-
ferent in size, with the left kidney appearing larger than the right on USG.



Turkiye Klinikleri J Med Sci 2009;29(5) 1209

Nuclear Medicine Yaylalı et al

mal (fo ur left kid neys and one right kid ney). Ho w-
e ver, the re was a go od cor re la ti on bet we en two
scin tig rap hic stu di es for de tec ting right and left re -
nal pa rench ymal le si ons (Kap pa= 0.700). 

DIS CUS SI ON
Tech ne ti um-99m DMSA is cur rently con si de red
the best agent for re nal ima ging in cli ni cal si tu a ti -
ons such as acu te pye lo nep hri tis or chro nic ref lux
nep hro pathy in chil dren.1,3,4,9-11 Ho we ver, DMSA
re qu i res a wa i ting pe ri od of at le ast 3 hr af ter in-
jec ti on, an ac qu i si ti on ti me of no less than 30 min
and ef fec ti ve im mo bi li za ti on or se da ti on of the pa-
ti ent.1,4 Be si des, in pe di at ric pa ti ents, the re is a ne -
ed to re du ce the ra di a ti on ex po su re as much as
pos sib le. The Tc-99m MAG3 is an ide al agent for
dyna mic re nal scans be ca u se it ex hi bits high plas -
ma pro te in bin ding (90%) and a high re nal ex trac -
ti on frac ti on (40%), with 70% of the iso to pe be ing
in the blad der at 30 min.1,7,12 The ra di a ti on ex po su -
re from MAG3 (who le body do se, 0.25 mGy/MBq)
is less than that of DMSA (WB do se 1.60
mGy/MBq).5 MAG3 is the re fo re a su i tab le agent for
use whe ne ver dra i na ge of the kid ney re qu i res in-
ves ti ga ti on.7,8,13 A subs tan ti al con trast (ap prop ri a te
for as sess ment of pa rench ymal da ta) bet we en the
re nal pa rench yma and the back gro und is ob ta i ned
du ring the early (4-5 min) pe ri od af ter ra di op har -
ma ce u ti cal in jec ti on. Pub lis hed stu di es re por ted
va ri ab le re sults, when the simp le sum med MAG3
ima ge was com pa red to DMSA for the de tec ti on of
re nal pa rench ymal de fects.1,4,5,7,9,14 The gre a test ad-
van ta ge of MAG3 is the short du ra ti on of the test (5

FI GU RE 2A: The DMSA scan in an infant with acute pyelonephritis shows a
parenchymal defect and slightly decreased uptake in the right kidney. DRF for
left and right kidneys are 53% and 47%, respectively.

FI GU RE 2B: Normal parenchymal uptake in the right and left kidneys are ob-
served on the dynamic MAG3 study at 2, 3, 4 and 5 min in the same infant in
Figure 2A. The DRFs of left and right kidneys are 53% and 47%, respectively.

Tc-99m MAG3 (60-300 sec image)

Tc-99m DMSA Normal Abnormal

Normal 8 4

Abnormal 0 17

TABLE 2: Comparison of MAG3 to DMSA images for
29 left kidneys.

Sensitivity=100%, Specificity= 66%, Accuracy= 86% for Tc-99m MAG3 study.

Tc-99m MAG3 (60-300 sec image)

Tc-99m DMSA Normal Abnormal

Normal 8 1

Abnormal 3 17

TABLE 3: Comparison of MAG3 to DMSA images for
29 right kidneys.

Sensitivity= 95%, Specificity= 89%, Accuracy= 86% for Tc-99m MAG3 study.
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min for pa rench ymal ima ging), which re qu i res no
wa i ting pe ri od af ter in jec ti on. Im mo bi li za ti on is
ea si er in this short pe ri od and se da ti on is not ne c-
es sary for in fants.1,4

Our study sho wed that Tc-99m MAG3 dyna -
mic ima ging had a si mi lar sen si ti vity (95-100%) to
DMSA scin tig raphy for re nal cor ti cal le si ons in in-

fants. So me pa ti ents had only MAG3 ab nor ma li ti es,
re sul ting in a lo wer spe ci fi city (66-89%) for MAG3
com pa red with DMSA when the lat ter was con si de -
red the gold stan dard test. The ma in di sad van ta ges of
the Tc-99m-MAG3 ima ges are the use of only pos-
te ri or pro jec ti ons that may be an im por tant draw-
back in pa ti ents with ab nor mal kid ney po si ti ons and
lo wer ima ge co unts and lar ger pi xel si ze be ca u se of
dyna mic-ac qu i si ti on. Most of the MAG3 re nal cor-
ti cal ab nor ma li ti es we re ob ser ved in the left up per
po le of the kid ney (Fi gu re 3A). The exp la na ti on for
this is pro bably re la ted to the at te nu a ti on by the pro-
jec ti on of the 11th left rib and the di ap hragm (pars
lum ba lis di af rag ma tis) be ca u se of the hig her re la ti -
ve lo ca ti on of the left kid ney (Fi gu re 3B, 3C).15 The
cor re la ti on bet we en re sults re gar ding the exact si te
of the fo cal ab nor ma lity re ve a led mo re ab nor ma li ti -
es on func ti o nal MAG3 ima ge than on the DMSA
scan. This fin ding is pro bably re la ted to the sum med
ima ges of Tc-99m MAG3 be ing no isy, re sul ting in a
high fal se po si ti ve ra te and gi ving a low spe ci fi city.
Ho we ver, re nog raphy may pro vi de in te res ting and
va lu ab le in for ma ti on re gar ding the tran sit pa ra me -
ters. We sug gest that com bi ning the tran sit pa ra me -
ters with the re nal ima ging da ta in one sing le study
is a ma jor ad van ta ge of MAG3 re nog raphy wit ho ut
ex tra bur den to the in fant.

In this ho mo ge no us gro up, the re sults sho wed a
high cor re la ti on (r= 0.99; p≤ 0.01) bet we en the DRF
me a su red by MAG3 and DMSA. We ha ve de mons -
tra ted that the Tc-99m MAG3 is al so an ide al agent
to as sess DRF in in fants sin ce it de li vers al most iden-
ti cal in for ma ti on abo ut the re nal pa rench ymal func-
ti on to the DMSA scan. Ad di ti o nally, it pro vi des
mo re in for ma ti on abo ut per fu si on, ex cre ti on and
pel vic dra i na ge. Mo re o ver, the ra di a ti on ex po su re
ra te is sig ni fi cantly lo wer in MAG3 scan ning than
that of DMSA.1,5,7,12,16,17 This ex pe ri ment sup ports the
pos si bi lity that MAG3 scin tig raphy may be a sa fe,
fast and ac cu ra te tech ni qu e for the eva lu a ti on of re -
nal cor ti cal de fects, es pe ci ally in in fants.1,5,7

CONC LU SI ON 
Our re sults sho wed that in ro u ti ne cli ni cal prac ti -
ce, a Tc-99m MAG3 scan wo uld pro vi de ac cu ra te
DRF and that most of pa rench ymal le si ons de tec ted

FI GU RE 3A Parenchymal defect in the left upper pole is detected on a dynamic
MAG3 study of an infant with normal DMSA scan. We think that this defect in the
left kidney is false and that it has resulted from the projection of the 11th rib.

FI GU RE 3B, C: The attenuation of the 11th left rib projection and diaphragm.
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on DMSA scans co uld be iden ti fi ed on MAG3 pa -
rench ymal scans in in fants with nor mal kid ney po-
si ti on. The gre a test ad van ta ge of this tech ni qu e is
that it al lows the comp le ti on of the study wit hin 5
min af ter in jec ti on; it al so has the ad van ta ge of a
smal ler ra di a ti on do se in in fants. Ho we ver, be ca u -
se of the low spe ci fi city of Tc-99m MAG3 cor ti cal

analy sis, Tc-99m DMSA scin tig raphy is re qu i red
for the de fi ni ti ve di ag no sis and ma na ge ment of re -
nal cor ti cal le si ons. 
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