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Technetium Tc 99m Dimercaptosuccinic Acid Renal 

Scintigraphy in Diagnosis of Urinary Tract Infections 

in Children with Negative Culture 

Ahmad Ali Nikibakhsh,1 Zahra Yekta,2 Hashem Mahmoodzadeh,1 Mohammad 

Karamiyar,1 Mehdi Fazel3

Introduction: The aim of  this study was to evaluate the accuracy of  Technetium 

Tc 99m dimercaptosuccinic acid (99mTc-DMSA) renal scintigraphy in the diagnosis 

of  urinary tract infection (UTI) in children with suspected infection but with a 

negative urine culture.

Materials and Methods: The records of  all children with suspected or definite 

diagnosis of  UTI presented during a 2-year period were reviewed in this study. 

Abnormal findings on renal scintigraphy, voiding cystourethrography (VCUG), 

and ultrasonography were evaluated and compared between the patients with 

the definite diagnosis of  UTI and those with suspected UTI and negative urine 

cultures.

Results: Of  210 patients, 86 had a definite diagnosis of  UTI (group 1) and 

124 had suspected UTI without a positive culture (group 2). Abnormal findings 

on DMSA scans were seen in 76 patients (88.4%) in group 1 and 84 (67.7%) in 

group 2. Vesicoureteral reflux was detected by VCUG in 50% and 32.3% of  the 

patients in groups 1 and 2, respectively. In group 2, vesicoureteral reflux was seen 

in 40.5% of  the patients with abnormal DMSA scan. Ultrasonography findings 

were abnormal in 51.3% and 39.8% of  the patients with abnormal DMSA scan 

findings in groups 1 and 2, respectively. 

Conclusion: According to our findings, in children with a negative urine culture 

and abnormal urinalysis, 99mTc-DMSA renal scintigraphy is helpful in diagnosing 

UTI and vesicoureteral reflux; we recommend VCUG when DMSA scan supports 

UTI despite a negative urine culture and a normal ultrasongraphy.
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INTRODUCTION

Urinary tract infection (UTI) is 

considered as a complicated disease 

in childhood and its recurrence may 

result in damage to the kidneys, finally 

leading to chronic kidney disease at 

puberty.(1-5)

The symptoms of  UTI are 

nonspecific in children (including 

malnutrition, diarrhea, vomiting, 

restlessness, and failure to thrive). On 

the other hand, urine sampling from 

most children is difficult in outpatient 

settings. Therefore, the diagnosis of  

UTI with the classic criteria used for 

adult patients is not always possible 

in children. This may lead to missed 

diagnosis of  UTI in this group of  

patients.(4,6-8)

Furthermore, in young ages, the 

probability of  damage to the kidney 

parenchyma is high and it may result 

in irreversible complications. Thus, 

early diagnosis of  UTI requires 

more sensitive techniques. Renal 

Scintigraphy using Technetium Tc 
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99m dimercaptosuccinic acid (99mTc-DMSA) is one 

of  the imaging methods with a significant role in 

the diagnosis of  both acute pyelonephritis and 

its complications on the kidney parenchyma.(9-16) 

Suprapubic sampling is not a routine technique for 

detection of  UTI in out-patient setting; therefore, 
99mTc-DMSA renal scintigraphy may be helpful in 

children at the risk of  kidney scarring.(17,18) The aim 

of  this study was to evaluate the accuracy of  this 

technique in the diagnosis of  UTI in children with 

suspected infection but a negative urine culture.

MATERIALS AND METHODS

The records of  all children with a suspected or 

definite diagnosis of  UTI presented to Imam 

Khomeini Hospital of  Urmia between 2000 and 

2002 were reviewed in this study. The children were 

divided into groups 1 and 2 based on the following 

characteristics:

Group 1 consisted of  the children with the definite 

diagnosis of  acute pyelonephritis according to the 

concurrent signs of  an auxiliary temperature over 

37.5˚C, a positive urine culture for a microorganism 

with a  colony count of  105 or greater (using urine-

bag sampling), and pyuria (more than 8 white blood 

cells per high-power microscopic field [HPF]). Group 

2 consisted of  the children with the diagnosis of  

UTI but a negative urine culture. Diagnosis had been 

made in the absence of  the classic criteria in favor of  

UTI, with (1) nonspecific symptoms, (2) abnormal 

urinalysis results including more than 8 white blood 

cells per HPF solely or accompanied by microscopic 

hematuria, or more than 5 red blood cells per HPF 

solely or with pyuria, and (3) a colony count of  less 

than 102 for a microorganism cultured in a urine-bag 

sample or the mixed/negative urine culture of  the 

microorganisms. 
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Reports of  renal scintigraphy with 99mTc-DMSA were 

reviewed and the results were considered abnormal 

if  a significant decreased radioisotope uptake in the 

renal cortex (cortical inflammation) and obvious 

defects in the kidney contours (scar formation) were 

present.(9,10) Voiding cystourethrography (VCUG) 

and ultrasonography (US) had been performed in all 

children of  both groups. Voiding cystourethrography 

would be performed if  DMSA scan and US 

revealed abnormal findings or if  recurrent pyuria or 

microscopic hematuria (in more than 3 laboratory 

studies) were present. 

The results of  DMSA scan, VCUG, and US were 

compared between the 2 groups. The chi-square test 

was used for comparison of  qualitative variables. 

RESULTS

Of  210 patients, 86 had a definite diagnosis of  UTI 

(group 1) and 124 had a suspected UTI without a 

positive urine culture (group 2).  

In group 2, there were 35 boys (28.2%) and 89 girls 

(71.8%), with a mean age of  6.0 ± 1.7 years. Thirty-

three (26%) patients were younger than 1 year old, 

45 (33%) were 1 to 5, 35 (28%) were 6 to 10, and 11 

(13%) were older than 10 years old. In this group, 84 

patients (67.7%) had abnormal findings on DMSA 

scans (Table 1), of  whom 22 (26.2%) were boys, 62 

(73.8%) were girls, and 48 (57.1%) were 5 years old 

or younger. Vesicoureteral reflux (VUR) was detected 

by VCUG in 50% and 32.3% of  the patients in 

groups 1 and 2, respectively (Table 1). Detection of  

VUR reached 40.5% in group 2 when DMSA scan 

was abnormal (Table 2). In addition, there were 34 

children in group 2 with normal DMSA scan and US 

that only 3 of  them had VUR. Reflux grades in the 

patients of  group 2 are demonstrated in Table 3.

Ultrasonography findings were abnormal in 51.3% 

and 39.8% of  the patients with abnormal DMSA 

scan in groups 1 and 2, respectively (Table 4). The 

detected abnormalities on US of  the patients in 

group 2 are shown in Table 5. 

Table 1. Results of Diagnostic Tools in Patients with Definite Diagnosis of UTI (Group 1) and Those with a Suspected UTI (Group 2)* 

*Values in parentheses are percents. UTI indicates urinary tract infection; DMSA, dimercaptosuccinic acid; VCUG, voiding cystourethrography; 

and US, ultrasonography.

Group 1  Group 2 

Diagnostic Tool Abnormal Normal  Abnormal Normal 

DMSA scan 84 (67.7) 40 (32.3)    76 (88.4)    10 (11.6) 

VCUG 40 (32.3) 84 (67.7)  43 (50) 43 (50) 

US 40 (32.3) 84 (67.7)  43 (50) 43 (50) 
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Table 3. Grade of VUR in Patients with Suspected UTI (Group 2)*

*Values in parentheses are percents. UTI indicates urinary tract infection and VUR, vesicoureteral reflux.

Unilateral Involvement  Bilateral Involvement 

VUR Grade Right Left  Right Left 

Mild (grades 1 and 2)    8 (53.3) 6 (50)   3 (23.1) 3 (23.1)

Moderate (grade 3) 6 (40) 6 (50)   9 (69.2) 8 (61.5)

Severe (grades 4 and 5)  1 (6.7) 0 (0) 1 (7.7) 2 (15.4)

Total 15 12 13 13

Table 2. Results of DMSA Scan and VCUG in Patients with Definite Diagnosis of UTI (Group 1) and Those with Suspected UTI (Group 2)*

*Values in parentheses are percents. UTI indicates urinary tract infection; DMSA, dimercaptosuccinic acid; and VCUG, voiding cystourethrography.
†P = .50.
‡P = .005.

VCUG

Groups Abnormal Normal Total 

DMSA scan in Group 1
†

    

Abnormal    39 (51.3)    37 (48.7)   76 

Normal   4 (40)   6 (60)   10 

Total 43 (50) 43 (50)   86 

DMSA scan in Group 2
‡

    

Abnormal    34 (40.5)    50 (59.5)   84 

Normal   6 (15) 34 (85)   40 

Total    40 (32.3)    84 (67.7) 124 

Table 4. Results of DMSA Scan and US in Patients with Definite Diagnosis of UTI (Group 1) and Those with Suspected UTI (Group 2)*

*Values in parentheses are percents. UTI indicates urinary tract infection; DMSA, dimercaptosuccinic acid; and US, ultrasonography.
†P = .50.
‡P = .005.

US

Groups Abnormal Normal Total 

DMSA scan in Group 1
†

    

Abnormal   39 (51.3)    37 (48.7)   76 

Normal   4 (40)   6 (60)   10 

Total 43 (50) 43 (50)   86 

DMSA scan in Group 2
‡

    

Abnormal    34 (40.5)    50 (59.5)   84 

Normal   6 (15) 34 (85)   40 

Total    40 (32.3)    84 (67.7) 124 

The associations of  the clinical and paraclinical 

findings with DMSA scan results are shown in 

Table 6. There were no association of  DMSA scan 

results with fever, pyuria, hematuria, leukocytosis, 

erythrocyte sedimentation rate, and C-reactive 

protein.

DISCUSSION

In our study, the frequency of  abnormal DMSA 

scan in children with a definite diagnosis of  UTI 

was 88.4%, which agrees with most of  the previous 

studies.(9-11,13,16,19,20) In the children with a probable 

diagnosis of  UTI (with abnormal findings on 

urinalysis and a negative culture), 67.7% had an 

Table 5. Abnormal Findings on US in Patients with Suspected 

UTI (group 2)*

*Values in parentheses are percents. UTI indicates urinary tract 

infection and US, ultrasonography.
†More than 2 mm with a full bladder and more than 5 mm with an 

empty bladder

Findings Patients 

Mild hydronephrosis   11 (27.5) 

Calculi     3 (7.5) 

More than 2 cm difference in sizes of the kidneys 10 (25) 

Increased echogeneity of the kidney parenchyma    8 (20)  

Ectopic kidney      1 (2.5) 

Doubled system                         2 (5) 

Increased thickness of the bladder
†

      5 (12.5) 

total   40 (100) 
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abnormal DMSA scan. Also, fever was not present in 

nearly half  of  the patients with an abnormal DMSA 

scan which shows that there is no specific hallmark 

such as fever in patients with UTI. 

Ultrasonography was not as accurate as 99mTc-

DMSA renal scintigraphy for showing the pathologic 

changes in the kidney due to UTI; in our study, the 

US findings were abnormal in 40.5% and 51.3% of  

those with abnormal DMSA scan in groups 1 and 

2, respectively. In other studies, the same results 

have been reported.(19,20)  In a study on 89 children 

with UTI, approximately 50% of  normal kidneys on 

US showed either suspected or established scars on 

DMSA scan.(20) However, Morin and colleagues have 

reported better results by high-resolution US.(12)

In most studies,(15,20-22) detection rate of  VUR in 

UTI has been reported to be 30% to 50%. In our 

study, abnormal DMSA scan was associated with 

VUR. In group 2, VUR was present in one-third 

of  the patients, and we could find VUR in 40.5% 

of  the patients with an abnormal DMSA scan as a 

criterion of  UTI diagnosis when the urine culture was 

negative. When UTI is accompanied by an abnormal 

finding on renal scintigraphy, it is a main risk factor 

of  damaging the kidney parenchyma even without the 

existence of  VUR(13,15); therefore, using 99mTc-DMSA 

renal scintigraphy can be emphasized when the 

diagnosis of  UTI is uncertain.(3,13-15,18,20,22) 

We found that VUR in the patients with abnormal 

DMSA scan was more frequent when the urine 

culture was positive for UTI. We reviewed the 

records of  the patients to find out the probable cause 

of  such a difference. Most of  the patients in group 1 

had recurrent pyelonephritis. This finding may be an 

explanation for the significant difference mentioned. 

Such a difference has also been demonstrated 

in other studies.(10,18) Nammalwar and colleagues 

studied 2 groups of  children with pyelonephritis 

with positive and negative urine cultures. Of  children 

with a positive urine culture, 92.9% had features 

of  pyelonephritis on DMSA scan, of  whom 82.1% 

had VUR, while in children with a negative urine 

culture and a positive DMSA scan, 65.4% had 

VUR.(18) Levtchenko and coworkers evaluated the 

diagnosis of  acute pyelonephritis with negative urine 

culture. Sixty percent of  patients with clinical and 

scintigraphic evidence of  pyelonephritis had VUR. 

This emphasizes the helpful role of  renal scintigraphy 

for diagnosing VUR in the group of  patients with 

pyelonephritis and negative urine culture.(10) The 

rate of  VUR is higher in the abovementioned study 

compared to our report which may be due to the 

selection of  only febrile patients in these studies.

There are also some limited studies on renal 

scintigraphy in febrile children with unknown 

etiology. It has been shown that renal scintigraphy 

can reveal UTI in such cases.(10,17,18)

CONCLUSION

Urinary tract infection is a very common disease 

in children and may be easily neglected. Renal 

scintigraphy using 99mTc-DMSA helps in the diagnosis 

of  UTI in pediatric cases with unknown etiology. 

Our findings showed that an abnormal DMSA scan 

is a guidance to perform VCUG for the detection 

of  VUR. According to our results, in children with 

a negative urine culture and abnormal urinalysis, US 

and DMSA scan help us decide whether to perform 

VCUG or not; VCUG is most probably negative 

for VUR if  the results of  US and DMSA scan are 

normal and enough evidence in favor of  UTI lacks. 

In contrast, we recommend VCUG when DMSA 

Table 6. Results of DMSA Scan in Association with Clinical and Paraclinical Findings in Patients with Suspected UTI (group 2)*

*Values in parentheses are percents. DMSA indicates dimercaptosuccinic acid; ESR, erythrocyte sedimentation rate; and CRP, C-reactive protein.

DMSA Scan 

Findings Abnormal Normal Total P

Fever 47 (56)  20 (50)   67 (54.0) .53 

Pyuria    70 (83.3)     35 (87.5) 105 (86.7) .54

Hematuria 47 (56)     23 (57.5)   70 (56.5) .87

Peripheral blood leukocytosis 42 (50)     23 (57.5)   65 (52.4) .43

ESR (more than 20 mm/h)    40 (47.6) 16 (40)   56 (45.2) .42

CRP 2+    10 (11.9)   6 (15)   16 (12.9) .63

CRP 3+    10 (11.9)      7 (17.5)   17 (13.7) .39
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scan supports UTI despite a negative urine culture 

and a normal US. 
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EDITORIAL COMMENT

The foremost merit of  this paper is drawing attention 

toward an often neglected proportion of  cases in 

which the indolent course of  urinary tract infection, 

unaccompanied by constitutional symptoms, eludes 

aggressive treatment and follow-up. Having conveyed 

this message, one must bear in mind that a number 

of  ambiguities in their study design preclude any 

further extrapolation from its data unless they are 

corroborated by more refined research.

Sterile pyuria in children, for instance, usually denotes 

sampling error or partial treatment rather than 

atypical infection, and therefore cannot be taken as a 

distinct entity. This is especially true since the history 

of  previous UTI has not been recorded. This should 

have been formally assessed in the culture negative 

group.

Lack of  a well defined group of  normal controls can 

seriously flaw the significance of  DMSA findings 

in group 2, particularly if  the imaging was done 

in single-photon emission computed tomography 
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format, as apposed to the older pinhole scanning. 

Normal individuals, even without deceptive 

anatomical aberration of  the kidney parenchyma, 

have been found to have abnormal DMSA scan in 

up to 35% of  cases. An upper pole defect can even 

be expected to occur in 70% of  the studied normal 

kidneys.(1) Practical recommendations must therefore 

await further study comparing the present findings 

with a normal group.

Pejman Shadpour
Hasheminejad Kidney Center, Iran University 

of Medical Sciences, Tehran, Iran

REFERENCES

1. De Sadeleer C, Bossuyt A, Goes E, Piepsz A. Renal 

technetium-99m-DMSA SPECT in normal volunteers. J 

Nucl Med. 1996;37:1346-9.

REPLY BY AUTHOR

The authors would like to thank Dr Shadpour and 

acknowledge his comment. The following explanation 

may more elucidate the points mentioned. 

It can be concluded from this study that in the 

children with the possibility of  UTI, if  pyuria 

has been repeated for several times and has been 

accompanied by abnormalities in the DMSA scan, 

cystography should be performed for detection of  

the VUR. Although this finding is often observed 

in the children, it may be neglected because of  the 

obscure clinical findings. Therefore, the diagnosis 

of  UTI is delayed and the disease is detected after 

some irreversible damage to the kidneys. Madani and 

colleagues reported that in Iran, the most common 

cause of  the chronic kidney disease in children is 

reflux nephropathy.(1) In this study, we tried to notify 

that recurrent pyuria can be a guide for the diagnosis 

of  reflux due to the UTI with incomplete criteria. 

More studies in this regard are warranted.

Also, the normal variations in DMSA scan, including 

uptake reduction in the upper pole of  the right 

kidney due to the compressive effect of  the liver, 

have been considered by the authors. Overall, DMSA 

scan is a reliable diagnostic tool in the diagnosis 

of  UTI and its sensitivity and specificity have been 

reported to be high.(2-5)
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