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Abstract: Static renal scintigraphy with Tc-99m dimercaptosuccinic acid (DMSA) is considered a reference
method for assessment the intrarenal focal lesions. The aim of this study was to evaluate Tc-99m methylene
diphosphate (MDP) static scintigraphy for the same purpose. 23 patients (6 males, 17 females) with range
age of 16y -75y (mean 45.6y + 17.4y), submitted to both methods ( by using both tracers **"TC-DMSA and
%MTC-MDP ) from May 2014 to june 2015 for detecting intrarenal focal lesions. *™TC-DMSA images were
compared with images by bone seeking radiopharmaceutical *™"TC-MDP. A cold area without uptake was
demonstrated on late images, reflecting a non-functioning renal mass. Kidney morphology was independently
evaluated by 2 observers. The results showed that sensitivity, specificity and accuracy rates for “"TC-MDP in
detecting intrarenal focal lesions were calculated to be 100%, 71% and 78% for left kidney and 100%, 68% and
74% for right kidney, respectively.

Keywords: Intrarenal focal (cortical) lesions, “™TC-methylene diphosphate (*"TC-MDP), *"TC-
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. Introduction

Functional and morphological investigations with radionuclides play a prominent role in the
diagnostics and follow up of various kidney diseases™? *™TC-DMSA is an excellent agent for detecting focal
abnormalities of the renal cortex, because of its high kidney uptake. The disappereance rate of DMSA from the
circulation is very slow, because it is tightly and almost completely bound to plasma proteins. So, *"TC-DMSA
scintigraphy is considered the most sensitive method to prove existence of parenchymal damage due to acute or
chronic pyelonephritis®*. A kidney with regular shape and a tracer uptake that appeared to be homogenous was
considered as normal. Single or multiple cortical defects, focal or diffuse photopenic patterns in one kidney
were considered as abnormal®®.

Bone scintigraphy is a useful examination for the clinical diagnosis, especially in evaluating and
following up the status of cancer patients with suspicious bony metastasis, but many authors found that there are
a number of renal disorders detected while doing bone scintigraphy because **"TC-MDP is excreted through
the kidneys to provide adequate visualization of the urinary tract, and Michael’ reported that Techetium-99m-
phosphate compounds used in bone scanning are excreted by the kidney, and excellent renal images can be
obtained on routine bone scintigraphy. Furthermore, damage to the kidney is caused by chemotherapy and/ or
radiation therapy when the kidneys are included in the radiation field®. Therefore, the visualization of cortical
focal lesions as well as the detection of bone metastases is useful in patients that received radiation therapy for
detecting undermine renal disorders, and prevent going to irreversible stage of renal damage.

Il.  Material and methods
Subject :-

Between may 2014 and june 2015, 23 patients (within ages ranged from 16years -75years old) who had
undergone *¥™TC-DMSA and *™TC-MDP scintigraphy in Nuclear Medicine division — Radiology department,
Zagazig University Hospital, (Egypt). Because of various renal disorders and for routine indications, evaluation
intrarenal focal lesions using both “"Tc-MDP(methylene diphosphate) and *™Tc DMSA (dimercaptosuccinic
acid) scintigraphy. All 46 studies were performed using both radionuclides for each patient to evaluate the
usefulness of bone tracer in detecting renal abnormalities as compared with renal cortical agent. All
radionuclide studies were carried out using a Dual-headed gamma camera equipped with a low-energy, high-
resolution parallel-hole collimator (GE Healthcare Unveils Discovery NM 630 SPECT). During imaging, the
collimator was set as close as possible to the patients.

¥MTC-DMSA Scintigraphy :-

%MTC-DMSA study had been requested first when intrarenal focal lesions were suspected in patients
with urinary tract infection. There is no preparation for patients during a DMSA Scan, they can eat and drink
normally. The radiopharmaceutical was prepared according to the manufacturer's instruction with the Kit.
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Patients were injected with activity 5.0 mci of the radiopharmaceutical followed by infusion of 20 ml of normal
saline. After 2-3 hours intravenous injection, **"Tc-DMSA static cortical images were acquired in 256 x 256
matrix for each patients in a supine position that appears the best position to minimize renal depth difference,
thus improving the accuracy of cortical imaging and with gamma camera’s detectors placed in a posterior and
anterior, right and left posterior oblique views (250 kcounts / view or 5 minutes / view).

¥mTC-MDP Scintigraphy :-

%MTc-MDP Static cortical images were performed in another day, for comparison with *™"Tc-DMSA
Static cortical images for the same patients. Data collection and analysis were repeated under the same
conditions, and observers check all images to detect intrarenal focal lesions by two tracers.

Data Analysis :-

Using the posterior and anterior digital images, regions of interest are placed around both kidneys and
background drawn below both kidneys . Then, the observers check the contours of kidneys in all images by
using two tracers to assessment the efficacy of **"TC-MDP in detecting intrarenal focal lesions as compared
with cortical images by using **"TC-DMSA. Comparison of focal lesions analyses was performed using Chi-
squared test.

I1l.  Results
The results of assessment of cortical defect showed that intrarenal focal lesions associated with the left
kidneys greater than the right kidneys, and normal cases in 52% of left kidney and 57% of right kKidney as
shown in (Fig.1). Sensitivity, specificity and accuracy rates for **"TC-MDP in detecting intrarenal focal lesions
were calculated to be 100%, 71% and 78% for left kidney and 100%, 68% and 74% for right kidney,
respectively as shown in Table 1 and Table 2.

Table 1: Comparison between 46 functional images of left renal cortex by using both *™TC-MDP and *™TC-
DMSA (23 images for each tracer), Sensitivity=100%, specificity=71% and accuracy= 78%.

MDP Images

Normal Abnormal Total
DMSA Normal 12 5 17
Images Abnormal 0 6 6
Total 12 11 23

The observers showed that the kidneys with clear intrarenal focal lesions by “"TC-DMSA
scintigraphy have the same defect on ™ TC-MDP scintigraphy, as shown in (Fig. 2) and (Fig. 3). False positive
results were observed in *™TC-MDP images for 5 patients, whose have normal “"TC-DMSA results for the
left kidney (Table 1 ). The number of cases where a left focal lesion detected by *"TC-MDP were slightly
higher than those detected by “™TC-DMSA as shown in (Fig.4). However, there is statistical difference in the
comparison between the two tracers for left intrarenal focal lesion with kappa=0.556.

Table 2: Comparison between 46 functional images of right renal cortex by using both *™TC-MDP and
¥MTC-DMSA ( 23 images for each tracer), Sensitivity=100%, specificity=68% and accuracy= 74%.

MDP Images

Normal Abnormal Total
DMSA Normal 13 6 19
Images Abnormal 0 4 4
Total 13 10 23

In six patients, “"TC-MDP scintigraphy gave false positive results for right intrarenal foal lesion
compared with “"TC-DMSA scintigraphy . Also, The number of cases where a right focal lesion detected by
%MTC-MDP were slightly higher than those detected by *"TC-DMSA (Fig.4). However, there is statistical
difference in the comparison between the two tracers for right intrarenal focal lesion with kappa=0.430.
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B
( Fig.1):- Normal kidneys, normal case for female with age 24 years. A, image derived from (2—3 hours) static
%¥MTc-DMSA scintigraphy. B, ™ Tc-MDP scintigraphy.

B
( Fig. 2):- Abnormal case with a focal defect and changes of contours for female with age 68 years, A: Renal
%MTC-MDP scintigraphy ; B: Renal *"TC-DMSA scintigraphy for the same patient.

A

DOI: 10.9790/4861-07431317 www.iosrjournals.org 15 | Page



Assessment the intrarenal focal lesions using bone tracer *"TC-MDP compared with renal cortical...

B
( Fig. 3):- A: Normal kidney and normal contours on renal *"TC-DMSA scintigraphy for male with age
75 years, B: Focal defect and change of contours on renal “™TC-MDP scintigraphy for the same patient.

B
( Fig. 4):- A: Renal " TC-MDP scintigraphy for male with age 19 years, B: Renal *™TC-DMSA
scintigraphy for the same patient.

IV.  Discussion

The scan was considered to be abnormal for an old lesion when one or more areas of focal decreased
uptake associated with contraction and loss of volume in the involved cortex were noted °, and Tc-99m
dimercaptosuccinic acid (DMSA) scintigraphy has been considered the investigation of choice in the assessment
of renal cortical lesions** for almost 30 years. Other non-invasive procedures such as intravenous urography
(IVU) and ultrasound (US) are considered less sensitive in detection of cortical lesions™®, the former at the
same time delivering higher radiation dose®’. The aim of this prospective study was to evaluate the efficacy of
bone tracer to visualize intrarenal focal lesions during bone scintigraphy to assess undermine renal disorders.

There were two tracers that used in this study, the first was *™Tc- dimercaptosuccinicacid (*™Tc-
DMSA) is an agent that is actively taken up by the proximal and distal renal tubular cells, directly from the
peritubular vessels, not secreted to the tubular lumen™ and accumulates in the renal cortex™. This modality is
primarily used for imaging functioning cortical mass and individual renal function'?, and it is the most reliable
method for assessing chronic cortical scarring™.

The second was TC-99m MDP is currently recognized as the most common radiopharmaceutical tool
in detecting skeletal metastasis. Techetium-99m-phosphate compounds used in bone scanning are excreted by
the kidney, and excellent renal images can be obtained on routine bone scintigraphy. In another study that show
the role of ®"TC-MDP in detecting undermine renal disorders, the preoperative bone scans of 49 patients who
underwent radical nephrectomy for renal cell carcinoma between 1981 and 1985 were reviewed for renal
imaging. Ninety-four percent of the patients had abnormal bone scan renal images (82% had focal decreased
uptake, and 12% had focal increased uptake ) ’. Six percent of the renal images were symmetrical bilaterally.
When bone scans are employed in the postoperative follow-up of patients with renal cancer, they can be used to
assess the status of the remaining kidney’.

The detection rate of diagnostic values of renal imaging obtained incidentally during bone scintigraphy
with TC-99m phosphate compounds ranged from 97.4% *® for various renal abnormalities to 50% renal space-
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occupying lesions *°, and many authors®*?* reported information about a number of renal abnormalities can be

obtained from bone scintigraphy because “™TC-MDP is excreted through the kidneys to provide adequate
visualization of the urinary tract. These abnormalities have included absent renal activity, small or displaced
kidneys, urinary obstruction, focal renal parenchymal abnormalities, unilateral decrease in renal function, and
asymmetric uptake. Thus, accompany with sufficient excretory amount of MDP, it provides excellent images
on kidney at the time of bone scanning, and by high resolution gamma cameras, We can visualize excellent
renal image and dynamic derangement of urinary excretion at the time of bone scanning®. However, Park® and
Vieras® showed that the detection rate for renal abnormality was 97.4%. Also, Wen-sheng®’ state that *™Tc-
MDP used in detecting renal abnormalities may improve the selection of patients for excretory urolography, and
prevent those with high risk of renal abnormalities from going to irreversible stage. So *"TC-MDP and *™TC-
DMSA examinations should be performed on different days for comparison between their accuracy in detecting
intrarenal focal lesions. This study is useful for patients that received radiation therapy and have bone ( *™TC-
MDP) scintigraphy for early renal damage diagnostic to prevent kidneys from high risk stage.

V.  Conclusion
The result confirmed that *™TC-MDP scintigraphy can simultaneously assess intrarenal focal lesions and
skeletal lesions for some patients, but its performance in detecting intrarenal focal lesion is lower than that of
®MTC-DMSA (renal cortical agent). Therefore, in this study for some cases **"TC-MDP is not a favorite
replacement of *™TC-DMSA for focal lesions diagnosis.

Reference

[1]. Gordon, |., Pediatric aspects of radionuclides in nephrourology. In: MURRAY, 1., P. ELL (Eds.): Nuclear medicine in clinical
diagnosis and treatment. (Churchill Livingstone, London, 1998).

[2]. Van de Flierdt, E., H. R. LANGHAMMER, Static renal scintigraphy. In: HOR, G., H. W. PABST (Eds.): Kidney / Niere. (Gustav
Fischer Verlag,Stuttgart, Jena, New York, 1996).

[3]. Piepsz, A., P. Colarinha, I. Godon, K. Hahn, P. Olivler, I. Roca, R. Sixt, J. Van Velzen, Guidelines on 99m Tc-DMSA scintigraphy
in children. EANM guidelines-under the auspices of the Pediatric Committee of the European Association of Nuclear Medicine,
2000.

[4]. Piepsz, A., M. BLAUFOX, I. GORDON, G. GRANERUS, M.MAJD, P. O’REILLY, A. R. ROSENBERG, M. A. ROSSLEIGH, R.
SIXT, Semin. Nucl. Med., 12 (1999) 160.

[5] Jakobsson B, Berg U, Svensson L. Renal scarring after acute pyelonephritis. Arch Dis Child. 1994 Feb; 70(2): 111-115.

[6]. Marra G, Barbieri G, Dell'Agnola CA, Caccamo ML, Castellani MR, Assael BM. Congenital renal damage associated with
primary vesicoureteral reflux detected prenatally in male infants. J Pediatr. 1994 May;124(5 Pt 1):726-730.

[7]. Michael B. C., John W. K., and Grossman H.B. Diagnostic Value of Routine Bone Scintigraphy Renal Imaging in Renal Cell
Carcinoma. Urology, XXXII1 (5);440, 1989.63.

[8]. Muram D, Oxorn H, Curry RH, Drouin P, Walters JH: Postradiation ureteral obstruction: A reappraisal. Am J Obstet Gynecol 139:
289, 1981.

[9]. Biggi A, Dardanelli L, Cussino P, Pomero G, Noello C, Sernia O, Spada A, Camuzzini G. Prognostic value of the acute DMSA
scan in children with first urinary tract infection. Pediatr Nephrol. 2001 Oct;16(10):800-804.

[10]. Lythgoe MF, Gordon I. Estimation and relevance of depth correction in paediatric renal studies. Eur J Nucl Med. 1998;25:115-119.

[11]. Miyazaki C, Harada H, Shuke N, Okizaki A, Miura M, Hirano T (1999). (99m)Tc-DTPA dynamic SPECT and CT volumetry for
measuring split renal function in live kidney donors. Ann. Nucl. Med., 24: 189- 195.

[12]. Ritchie G, Wilkinson AG, Prescott RJ (2008). Comparison of differential renal function using technetium-99m
mercaptoacetyltriglycine (MAG3) and technetium-99m dimercaptosuccinic acid (DMSA) renography in a paediatric population.
Pediatr. Radiol., 38: 857-862.

[13].  Summerlin AL, Lockhart ME, Strang AM, Kolettis PN, Fineberg NS, Smith JK (2008). Determination of split renal function by 3D
reconstruction of CT angiograms: a comparison with gamma camera renography. AJR Am. J. Roentgenol., 191: 1552-1558.

[14].  Pusuwan, P., L. REYES, I. GORDON, Eur. J. Nucl. Med., 26 (1999) 438.

[15]. Bailey, R., K. LYN, R. ROBSON, A. SMITH, T. MALING, J. TURNER, Clin. Nephrol., 46 (1996) 99.—

[16].  Smellie, J. M., S. P. A. RIGDEN, N. P. PRESCOD, Arch. Dis. Child., 72 (1995) 247.

[17].  Smith, T., I. GORDON, J. P. KELLY, Br. J. Radiol., 71 (1998) 314.

[18]. Subrammian G, McAFFE JG, Bell EG, Blair RJ, O'Mara RE, Ralston PH: 99m-TC labeled polyphosphate as a skeletal imaging
agent. Radiology 102: 701-704, 1972.

[19]. Biello DR, Coleman RE, Stanley RJ : Correlation of renal images on bone scan and intravenous pyelogram. Am J Roentgenol
127:633-636, 1976.

[20]. Adams KJ, Shuler SE, Witherspoon LR, Neely HR. A retrospective analysis of renal abnormalities detected on bone scans. Clinical
Nucl Med 1980; 5:1-7.

[21]. Chayes ZW, Strashun AM. Improved renal screening on bone scans. Cli Nucle Med 1980;5:94-97.

[22].  Koizumi K, Tonami N, Hisada K. Diffusely increased TC-99m-MDP uptake in both kidneys. Clin Nucl Med 1981;6:362-365.

[23]. Jacobson AF. Diffuse renal retention on bone scintigraphy in localized clear-cell renal epithelial neoplasm. J Nucl Med
1995;36:817-819.

[24]. Haden HT, Katz PG, Konerding KF. Detection of obstructive uropathy by bone scintigraphy. J Nucl Med 1988;29:1781-1785.

[25]. Park CH, Glasman LM, Thompson NL, Mata JS: Reliability of renal imaging obtained incidentally in 99m-TC polyphosphate bone
scanning. J Nucl Med 14: 534-534, 1973.

[26]. Vieras F, Body CM: Diagnostic value of renal image incidental to bone scintigraphy with 99m-TC-phosphate compounds: J Nucl
Med 16: 1109-1114, 1975.

[27].  Wen-Sheng Hwang, You-Chung Chou, Tom HO, J Med Sci 6(2): 185-193, 1985.

DOI: 10.9790/4861-07431317 www.iosrjournals.org 17 | Page



