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Abstract

Renal scintigraphy using 99mTc-diethy-lenetriaminetpacetic acid (DTPA) or mercaptotriglycine (MAG-3) widldministration of frusemide in
(diuretic renography) is used to estimate absolntedifferential renal function in different pathologl conditions; Nuclear Medicine Scintigraphy has
provided a unique tool for the noninvasive evaluatbnenal pathophysiology. Hydronephrosis is onerofegnic diseases in Sudan which can affect the
kidneys in both short and long time intervals legdio renal failure in future. The aim of this studgs to evaluate the use of quantitative T % value
detection of obstructive and non-obstructive hydronegik using both radiopharmaceuticals (99mTc-MAG3 amdT@9DTPA) and to define the T %2
ranges of each Type of (HyN) in Sudan, and to fiod the radiopharmaceutical of the choice in detactb hydronephrosis, Between Jan 2009 and
November 2009, 100 patients suffering of hydronegibrdivided into two groups in two different hosptédRICK,ELNILINE), each group (50 patient) of
patients were injected with different radiopharmaaalt(group 1 with 99mTc-MAGS3 in RICK) and (group 2 wBBmTc-DTPA in ELNILINE), The
Standardized diuretic renograms were obtained in aucedicine centers T ¥ ranges for obstructive (HyN) wezerange of (<12min) and for Non-
obstructive (HyN) were in the range of (<8-12). Deaya half-time clearance (T ¥2) were lower in all thees of (HyN) injected with 99mTc-MAGS3 than
cases been injected with 99mTc-DTPA, which makéét radiopharmaceutical of the choice in detectiofHyN). This sudy concluded that 99mTc-
MAG3 showed lower T % readings in comparison wi@m3c-DTPA which indicates that 99mTc-MAGS3 is cleafagter than 99mTc-DTPA in all the

pathological conditions of hydronephrosis (Non-alxstive and Obstructive HyN)
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INTRODUCTION

Renal imaging is the ability to monitor biochemicahd

physiological function of the organs as in vivmethod Renal
Imaging can include ultrasound, MRI imaging, congolut
tomography (CT) and the use of radioisotopes a®traders.
Radioisotope imaging involves the ingestion of dio&otope
to help visualize an organ in the body using certai
radioisotopes which are readily absorbed by thedyd, and
this radioisotope is a tracer that probes an imagé the
functioning of the kidneys.

The use of radioisotopes in the studies of the amyin
system is dedicated for three major goals: as dfication of
renal function, dynamic imaging i.e. renography gadenchymal
scintigraphy (Baert and Leuven, 2006).Despite redenhnical
advances in CT, magnetic resonance, and ultrasémading,
nuclear medicine (NM) has maintained its crucidlerin the
functional assessment of the urinary tract, paditythe kidneys.
For hydronephrosis, the detection and evaluatiaridcbe carried
out by using the following radiopharmaceuticals 98rDTPA
(370-555 MBq) or 99mTcMAG3 (185-350MBq), Howeverith
sensitivity could be different or vary in evaluatio of
hydronephrosis in view of sensitivity or physiolodgpending on
T % value (half time of clearance) as a parametdigtire out the
differences in biodistribution and clearance timé loth
radiopharmaceuticals 99mTc-DTPA and 99mTcMAG3 (ktas
et.al, 2006).

This study aimed to evaluate the T ¥z values of comm
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Radiopharmaceuticals (99mTc-DTPA and 99mTc-MAG3) in
detection of Hydronephrosis in Sudan

MATERIAL AND METHODS

A total of 100 patients were undergo kidney nuclear
medicine investigations in two different nuclear dicne
centers (RICK, Elnilen nuclear medicine centers) divided
into two groups Group one 50 undergo 99mTc-MAG3leric
medicine investigation in (RICK) hospital. Group awb0
patients undergo 99mTc-DTPA nuclear medicine ingafbn
in Elnilin hospital. All patients in both groups mesuffering
from hydronephrosis either (obstructive or non-nlxgtve) and
were injected within a specific protocol accordihg the
specific radiopharmaceutical. The method that besed in
administration of both radiopharmaceuticals (MAG3PA) .

RESULTS

Results from the collected data presented (T Y2)Her
kidneys for both DTPA and MAG3, Age of hydroneplisofor
patients, endemic cities by HyN, distribution ofrgde based on
pathological condition of HyN and the gender inamhby HyN)
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Figure 1: shows comparison between R.t kidneys for patients in
sample whom been injected either by 9mTc-MAG and 99mTc-
DTPA in time interval between (0-8min) which represents ( non-

obstructive hydronephrosis) casesin the sample.
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Figure 2: shows comparison between L.t kidneys for patientsin
sample whom been injected either by 9mTc-MAG and 99mTc-
DTPA in time interval between (0-8min) which represents (non-
obstructive hydronephrosis) casesin the sample.
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Figure 3: shows comparison between R.t kidneys for patientsin
sample whom been injected either by 9mTc-MAG and 99mTc-
DTPA in time interval between (<8-12min) which represents
(Normal R.t kidneys) casesin the sample.
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Figure 4. shows comparison between L.t kidneys for patientsin
sample whom been injected either by 9mTc-MAG and 99mTc-
DTPA in time interval between (< 8-12min) which represents
(Normal L.t kidneys) casesin the sample.
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Figure 5: shows comparison between R.t kidneys for patients in
sample whom been injected either by 9mTc-MAG and 99mTec-
DTPA in time interval between (<12 min) which represents
(obstructive hydronephrosis) casesin the sample.
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Figure 6: shows comparison between L.t kidneys for patients in
sample whom been injected either by 99mTc-MAG and 99mTc-
DTPA in time interval between (<12 min) which represents
(obstructive hydronephrosis) casesin the sample.

Table 1: shows frequencies of different pathological statementsin
200 kidneys divided according to site of kidney and type of
radiopharmaceutical (9mTc-MAG3 OR 99mTc-DTPA).

Frequency % Non-obstructive | Normal | Obstructive
Kidne hydronephros hydronephrosi
And radioph.
Right kidney 99mTc9- 9 7
MAG3
Right kidney 99mTc8- 6 11
DTPA
Left kidney 99mTc7-MAG3 75 10.5
Left kidney 99mTc-DTPA 12.t 8.5
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Figure 7: showsrepresentation of the Pathological condition
explaining frequencies (per kidney) in percentage.
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Figure 8: showsrepresentation of the frequency of
hydronephrosis casesin different age (years) intervals (classes).
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DISCUSSION

The results of this study show the T % readingshef
right kidney (obstructive and non-obstructive hywphrosis) for
the Patients injected with 99mTc-MAG3, its revehhtt some
patients who were suffering of Non-Ob\HyN havingTreadings
in the range of (0-8 min) as was truly diagnosetNas-Ob\HyN
kidney, and it took in consideration the normal Tréadings in
the range of (<8-12min) as was truly diagnosedaamal kidney,
On the other hand also reveal that patients whe weffering of
Ob\HyN having T Y2 readings in the range of higtemt 12 min
as was truly diagnosed as Ob\HyN kidney, such mrigein
agreement with Fred A. et al, (2006) and also afire©b/HyN
cases) with Francois Jamar et al, (1992) as destiibliterature
review, and disagree with Kletter and Nurnberg&8@) the T %
readings of the Left kidney (obstructive and nowstolctive
hydronephrosis) for the Patients injected with 98AVIAG3,
reveal that some patients who were suffering of -dHyN
having T % readings in the range of (0-8 min) ass waly
diagnosed as Non-Ob\HyN, the table took in consitlen the
normal T % readings in the range of (<8-12min) ass wruly
diagnosed as normal kidney, On the other hand ra¢eal that
patients who were suffering of Ob\HyN having T Yadimgs in
the range of higher than 12 min , such ranges é&gieement with
Fred A. et al, (2006) , (in Ob/HyN cases) with Kmis Jamar et
al, (1992) , and disagree with Kletter and Nurnkerd989) ,the
T % readings of the right kidney (obstructive amd+obstructive
hydronephrosis) for the Patients injected with 9@rDITPA,
reveal that some patients who were suffering of -@dHyN
having T % readings in the range of (0-8 min) as waly
diagnosed as Non-Ob\HyN kidney, and the took insaeration
the normal T % readings in the range of (<8-12ram)was truly
diagnosed as normal kidney, On the other hand ra¢eal that
patients who were suffering of Ob\HyN having T Yadimgs in
the range of higher than 12 min as was truly disgdoas
Ob\HyN kidney , such ranges is in agreement witbdFA. et al,
(2006) , Francgois Jamar et al, (1992) ,the T “ingadof the Left
kidney (obstructive and non-obstructive hydroneplsofor the
Patients injected with 99mTc-DTPA, reveal that sopagients
who were suffering of Non-Ob\HyN having T ¥ readirig the
range of (0-8 min) as was truly diagnosed as NokH@K, On
the other hand also reveal that patients who weftering of
ODb\HyN having T %2 readings in the range of higlent12 min ,
such ranges is in agreement with Fred A. et alD§20 agree (in
Ob/HyN cases) with Francois Jamar et al, (1992)d, disagree
with Kletter and Nurnberger (1989) , comparisonwesn T Y2
readings of R.t. kidney in time interval (0-8) whicepresents
Non-Obstructive hydronephrotic kidneys in both grey which
has been plotted in Figurel, such graph revealghgents from
both groups ,who truly diagnosed with Non-obstmecti
hydronephrotic kidney are falling in range of (OR8in) ,the
graphical plotting also shows comparison betweér: Teadings
in patients who suffering from Non-obstructive Hyl$uch
comparison reveal that the relationship betweeretapsed time
of radiopharmaceutical and T Y readings for padienfected
with99mTc-MAG3 as follows: y = 0.056x + 3.633 , aifior
patients injected with 99mTc-DTPA as follows : yO=056x +
4.156 , where x refer to elapsed time and y refef 2 reading
for the Rt.kidney with Non-Ob\HyN in both equationsgrom
these equations we conclude that 99mTc-MAG3 isasgld more
rapidly from kidney than 99mTc-DTPA, the researchefer the
reason to the differentiation of extt@nefficiency for the

radiopharmaceuticals (99mTc-MAG3, 99mTc-DTPA)
because Non-obstructive hydronephrotic kidney igallg result
from infection, vesicouretral reflux, or previoudstruction ,this
will increase the pelvic pressure inside the kidreayd as 99mTc-
MAG3's extraction efficiency is 95% mainly througlbuler

secretion and 99mTc-DTPA's extraction efficiency is

20% mainly through glumeuler filtration, the abmauses of Non-
Obstructive hydronephrosis will directly increaske ttubuler
rejection back to collecting tubules, which isumrt will reduce the
T Y value of 99mTc-DTPA, This result shows agreemeth Fred
A. et al, (2006), Adachi | et, al(1994), (Yusukeolr, et, al)
(1999), KARAM, M, (2009) .comparison between T Yadmgs
patients who suffering from Non-obstructive HyN ,uc8
comparison reveal that the relationship betweerethpsed time of
radiopharmaceutical and T % readings for patiemgcied
with99mTc-MAG3 as follows: y = 0.057x + 5.304 , arfor
patients injected with 99mTc-DTPA as follows : y0:002x +
5.676 , where x refer to elapsed time and y refélr ¥ reading for
the L.t.kidney with Non-Ob\HyN in both equationgrom these
equations we conclude that 9mTc-MAG3 is releasecemapidly
from kidney than 99mTc-DTPA, the researcher refier treason to
the differentiation of extraction efficiency for dh
radiopharmaceuticals (99mTc-MAG3, 99mTc-DTPA) beaeau
Non-obstructive hydronephrotic kidney is usuallysuk from
infection, vesicouretral reflux, or previous obstian ,this will
increase the pelvic pressure inside the kidney,aa@mTc-

of Lt. kidney in time interval (0-8) which represen Non-
MAG3's extraction efficiency is 95% mainly througkbuler
secretion and 99mTc-DTPA's extraction efficierisy
20% mainly through glumeuler filtration, the above casi®f Non-
Obstructive hydronephrosis will directly increaske ttubuler
rejection back to collecting tubules, which isumrt will reduce the
T % value of 99mTc-DTPA.this result also shows agrent with
Fred A. et al, (2006) and Adachi | et, al(1994)ug¥ke Inoue, et,
al) (1999), KARAM, M, (2009) .T % readings of RKidney in
time interval (<8-12) which represents the normidhky readings
in both groups , which has been plotted in Figuresi&h graph
reveal that patients from both groups who trulygdiased with
Normal kidneys are falling in range of (<8-12 mitf)js result is
showing agreement with Fred A. et al, (2006), (daykt al.
(1994),and Adachi | et, al(1994) this result algeeg statistical
comparison between the two radiopharmaceuticalmésn of T
readings during normal status of the kidney wheré aeveal that
99mTc-MAG3 is excreted rapidly from kidney than 9RivDTPA
according to the following equations, the relattopsbetween the
elapsed time of radiopharmaceutical and T Y2 readiog patients
injected with99mTc-MAG3 as follows: y = - 0.040x10.73 ,and
for 99mTc-DTPA is: y = -0.038x + 12.08 and the eesber refer
this result to the fact that 99mTc-MAG3 is morerthiwice higher
in extraction efficiency than 99mTc-DTPA where aSnmdc-
MAGS3 is concentrating in kidney (which produce meegisfactory
images) through two path ways, tubular secretion %% and
glomerular filtration 5-10%,while 99mTc-DTPA is appimately
20% (extraction fraction) bounded to plasma proteiand then
tubular secretion renal agents are better becauggvés low
radiation exposure to the patient (rapid execratiand provide
satisfactory images through (higher extraction cefficy) good
biodistribution in renal parenchymashowing agreement with
Fred A. et al, (2006) ((Taylor et al. (1994) anda&di | et,
al(1994), (Yusuke Inoue, et, al) (1999), KARAM, K2009) .
comparison between T % readings of L.t kidneyrimetinterval
(<8-12) which represents the normal kidney mga&l in both
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groups, which has been plotted in Figure 4, sueplgreveal that
patients from both groups who truly diagnosed wiNbrmal

kidneys are falling in range of (<8-12 min), thesult is showing
agreement with Fred A. et al, (2006) ((Taylor et(4P94) and
Adachi | et, al(1994) this result also gives stati8 comparison
between the two radiopharmaceuticals by mean of feddings
during normal status of the kidney where as it attleat 99mTc-
MAG3 is excreted rapidly from kidney than 99mTc-DNP
according to the following equations, the relatlupsbetween the
elapsed time of radiopharmaceutical and T Y2 readiogpatients
injected with99mTc-MAG3 as follows: y = 0.011x +589,and
for 99mTc-DTPA is : y = 0.012x + 9.881, and theeagsher refer
this result to the fact that 99mTc-MAG3 is morerthaice higher
in extraction efficiency than 99mTc-DTPA whereasmde-

statements in 200 kidneys contained in sample @& Aftients
divided according to site of kidney and type of
radiopharmaceutical (99mTc-MAG3 OR 99mTc-DTPA), and
shows that Non-obstructive HyN is affecting thentigidney more
than Lt. kidney, also shows that Obstructive (HyNalso affecting
the right kidney more than Lt. kidney.the Pathatagicondition
explaining it's frequency (per Kidney ) In the wlaglample and it's
frequencies per percentage ,which is plotted igu(® 7) , such
graphical plotting shows that Obstuctive (HyN) i®r frequent
than (HyN) from Non-Obstructive causes , and thasult is
representing only the patients sample of the s(w@9 patient). the
age's frequency in the whole sample of 100 patientanged
according to the age intervals which has beengaoitt figure(8)
,such graphical plotting shows that by dividinganple of 100

MAG3 is concentrating in kidney (which produce more patients in age intervals starting from the classrival (4-

satisfactory images) through two path ways , tubségretion 90-
95%,and glomerular filtration 5-10%,while 99mTc-DAPis
approximately 20% (extraction fraction) bounded ptasma
protein , and then tubular secretion renal agerdatter because
it gives low radiation exposure to the patient {dapgxecration)
and provide satisfactory images through (higherraekion
efficiency) good biodistribution in renal parencheym showing
agreement with Fred A. et al, (2006) ((Taylor et(4994) and
Adachi | et, al(1994), (Yusuke Inoue, et, al) (1990ARAM, M,
(2009) . comparison between T % readings of Rndydin time
interval (12<min) which represents Obstructive loydiphrosis
cases in both groups ,the data from has been glott&igure 5,
such graph reveal that patients from both group® wriuly
diagnosed with Obstructive (HyN) are falling in ganof (<12
min), this result is showing agreement with FredefAal, (2006)
and Frangois Jamar (1992) , the relationship betwiee elapsed
time of radiopharmaceutical and T %2 readings faiepés injected
with99mTc-MAG3 as follows: y = 0.018x + 25.26 ,arfidr
99mTc-DTPA is : y = -0.179x + 22.80 , which revédat 99mTc-
MAGS3 is also released rapidly from kidney than 9@aiDTPA ,
and the researcher reveal this result to two re;astire first one is
that 99mTc-MAG3 has higher extraction efficiencath99mTc-

10) as the lower limit and end with class interval @8- as an
upper limit, the researcher found that hydronepbris affecting
mostly the age class between (28-34) years whiapjmaring as
the most frequent age class with such conditionsSimdan
representing 31% of the cases and the “critical dge
hydronephrosis in Sudan” , at the second classgef iatervals
comes the age class between (40-46) years repregedit% of
hydronephrosis cases , third class of age intemrath is most
effected by hydronephrosis is the class intervawben (34-40)
years which is represents 16% of the sum of thescaghe age
intervals (classes) (22 - 28) (4-10) , (10-16),2P9{46-
53),and(53-59) are representing the minimum peagss of the
sum of the cases(11%,6%,2%,7%,2%,4% respectivellglchw
indicates that people in these age intervals aedyraffected by
hydronephrosis . the frequencies of hydronephiiosi®0 patients
arranged according to the cities, the study reverads Khartoum
city is the most endemic area by HyN which take$o6af
hydronephrosis cases, Madani 9% Kasala 6%, Al-Gbaye
Dongola, Al-jazeera, AL-Nohood, Rabak, Sinnar, Addarif,
Shandi and Al-nile Alazag are representing the toeedemic
areas by HyN and they takes 5%, 1%, 3%, 1%, 1% 4%%6,2%
and 5% respectively. The endemic could be tiudnigh

DTPA , and the second one that 99mTc-MAG3 has ibettepopulation in Khartoum and the lack of national leac

response to fursmide (which is injected 15-20 mifiera
administration of the radiopharmaceuticals) whisha strong
diuretic compound to help the obstructive kidneywashout the
radiopharmaceutical into urinary bladder, showiggeament with
Fred A. et al, (2006) ((Taylor et al. (1994) anda&li | et,
al(1994), (Yusuke Inoue, et, al) (1999), KARAM, 2009),and
Adil A. Al-Nahhas (1988) . comparison between T éadings of
Lt. kidney in time interval (12<min) which represgi®©bstructive
hydronephrosis cases in both groups ,the data Figore 6, such
graph reveal that patients from both groups (1,2jo wiruly
diagnosed with Obstructive (HyN) are falling in ganof (<12
min), this result is showing agreement with Fredefal, (2006)
and Francois Jamar (1992), the relationship betweerelapsed
time of radiopharmaceutical and T %2 readings faiepés injected
with99mTc-MAG3 as follows y = -0.267x + 26.72, affidr
99MTc-DTPA is : y = -0.226x + 29.35, which revdaht 99mTc-
MAGS3 is also released rapidly from kidney than 9@aiDTPA ,
and the researcher reveal this result to two reastre first one is
that 99mTc-MAG3 has higher extraction efficiencath99mTc-
DTPA , and the second one that 99mTc- MAG3 hasebett
response to fursmide (which is injected 15-20 mifiera
administration of the radiopharmaceuticals) whishai strong
diuretic compound to help the obstructive kidneywashout the
radiopharmaceutical into urinary bladder showingeagent with
Fred A. et al, (2006) ((Taylor et al. (1994) anda&li | et,
al(1994), (Yusuke Inoue, et, al) (1999), KARAM, NR0O09) .
Table 1 shows frequencies in percentage of diftgpathological

medicine centers. The main expected causativesrfamt HyN

is the water pollution, as has been noted by UNESQQ05)

that Khartoum state, Khartoum north and Omdurmare wee
most cities haves polluted ground water . the feegies of
hydronephrosis in Sudan of the whole sample of g&@ents
arranged according to Gender Type, it shows th&l with it's

both types (Obstructive and Non-Obstructive) iseetihg

Males (54%) more than Females (46%) but there'such big
difference between the two genders and the pergertdan be
changed according to the risk factors in both gen@eolluted
water, hormone disturbance ... etc

CONCLUSION

This sudy concluded that 99mTc-MAG3 showed lower T
% readings in comparison with 99mTc-DTPA which aades that
99MmTc-MAG3 is cleared faster than 99mTc-DTPA in die
pathological conditions of hydronephrosis (Non-albsive and
Obstructive HyN) this conclusion is confirmed al&y the
comparison between the normal cases in the sansphg the
two radiopharmaceuticals (99mTc-MAG3 and 99mTc-DJPA
in which we can conclude that 99mTc-MAG3 is prorgigood
Quality images beside low radiation dose to thdepatand
Nuclear Medicine technologist.
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