Open Journal of Medical Imaging, 2014, 4, 187-198 .0:0 Scientific
Published Online December 2014 in SciRes. http://www.scirp.org/journal/ojmi ‘0::0 Research
http://dx.doi.org/10.4236/0jmi.2014.44026

Are DMSA Scans Reliable for Diagnosing
Vesicoureteral Reflux in Infants and
Children?

Saeed Bafaraj, Remaz Alahmadi

Department of Diagnostic Radiology, King Abdulaziz University, Jeddah, KSA
Email: smbafaraj@kau.edu.sa

Received 27 September 2014; revised 24 October 2014; accepted 24 November 2014

Copyright © 2014 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

A retrospective study for data record of 106 patients subjected to voiding cystourethrogram test
(VCUG), sonography test, and dimercaptosuccinic acid (DMSA) scintigraphy take place at King
Abdulaziz University, radiology department to find out the possibilities of detecting vesicoureteral
reflux (VUR) in infants and children. Hydronephrosis & Renal pelvis dilatation were the highest
frequency reason for VUR scan study and represent 36% of the overall cases with 53% positive
finding, while Recurrent UTI frequency was 22.6% with 83% positive finding, and patients who
had history of VUR come at the third place with 15% frequency and 81% positive finding. VUR was
found in 65 of 106 children representing 61%. Male children are more likely to diagnostic with
VUR than female and they represented 69% while 31% for female. Among the children with VUR,
39 had high-grade reflux (grade IV or V), while 26 had low-grade reflux (grades I, II or III). When
we classified VUR into low-grade and high-grade, we found the majority of children with high-
grade VUR had an abnormal DMSA and represented 77.4%, while 13 children with low-grade VUR
had normal study. These studies are agreed with the present study; most children with normal
DMSA scan finding had low grade reflux. In this study, 48 of 65 children (74%) the DMSA scinti-
graphy shows abnormal findings during the period of UTI while the VCUG scan study shows VUR in
75% of the children during the period of UTI. Comparing results of ultrasound and VCUG scan, 59%
of the ultrasound findings gave the same result as VCUG in detecting the VUR in children. Then we
confirm it all with the urine culture results of the same children. We found the majority of children
with VUR had abnormal US finding during the period of UTI and represented 83%.
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1. Introduction

Vesicoureteral reflux (VUR) is common in infants and children. It’s represents the retrograde flow of urine from
the bladder to the upper urinary tract. Voiding cystourethrogram (VCUG) should be done in children to diagnose
VUR, but there seems to be controversy regarding the role of VCUG in the assessment of these children. Scinti-
graphy of Renal and ultrasound can help to diagnose the VUR.

2. Objectives

To find out the possibilities of Dimercaptosuccinic acid (DMSA) scintigraphy and ultrasound in detecting vesi-
coureteral reflux (VUR) in infants and children and if that can replace the voiding cystourethrography (VCUG).

3. Literature Review
3.1. Anatomy

The urinary system consists of the Kidneys, the ureters, the urinary bladder, and the urethra. The position of the
left kidney extends superiorly slightly more than the right kidney. Both lie retroperitoneal in the superior lumbar
region. The kidney produce urine and during urination urine is forced out of the body. A kidney has superficial
cortex, a deeper medulla consisting mainly of medullary pyramid, and medial pelvis. Extension of pelvis (ca-
lyces) surrounds and collects urine draining from the apices of the medullary pyramids. The hilus is enter for the
renal artery and exit for the renal vein and ureter. The ureter communication with the renal pelvis and extend to
the urinary bladder. Peristaltic contractions by smooth muscles move the urine. The bladder includes the trigon,
the neck and the internal urethral sphincter in both gender, the urethra passes through urogenital diaphragm a
circular band of skeletal muscles forms the external urethral sphincter, that under voluntary control. The nerve
supply of the kidneys is derived from the renal plexus [1].

3.2. Physiology

The function of urinary system are eliminating organic waste products, regulating plasma concentration of ions,
regulating blood volume and pressure by adjusting the volume of water lost and releasing hormones, helping to
stabilize blood pH and conserving nutrients. The process of urination is called micturition reflux, its emptying of
the bladder which is initiated by stretch receptors in the bladder wall. Voluntary urination involves coupling this
reflex with voluntary relaxation of the external sphincter, allows the opening of the internal sphincter [2].

3.3. Anatomical Abnormality

3.3.1. Posterior Urethral Valves

Congential valves in the posterior urethra in boys are commonest causes of bladder outflow obstruction in male
children. It is an obstructing membrane in the posterior male urethra as a result of abnormal in utero develop-
ment. After birth, ultrasound confirms bilateral hydronephrosis and hydroureters and a thick walled bladder.
They are easily demonstrated at VCUG, where dilatation of the posterior urethra is seen which terminates ab-
ruptly in convex border formed by the valves [3]

3.3.2. Neurogenic Bladder
There are two basic types of neurogenic bladder. First, the large atonic smooth walled bladder with poor or ab-
sent contractions and a large residual volume. Second, the hypertrophic type which can be regarded as neuro-
logically induced bladder outflow obstruction. In this condition, the bladder is of small volume, has a very thick,
grossly wall. The ureters and pelvicaliceal system may be dilated. Full assessment of neuropathic bladder dys-
functional requires VCUG [3].

3.4. Pathology

Vesicoureteral reflux (VUR) is an abnormal movement of urine from the bladder into ureters or kidneys. In most
of the cases, it accrues due to the abnormality of the vesicoureteral junction or a short distal ureteric submucosal
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tunnel in the urinary bladder that change the function of the valve mechanism [4]. VUR may related with other
congenital anomalies such as neurogenic bladder and posterior urethral valves in male [5]. VUR predisposes to
renal infection because it carries bacteria from the bladder to the upper urinary tract [6]. Children with VUR will
develop renal scars [7]. Primary VUR in children is usually diagnosed after urinary tract infection (UTI) [8] and
secondary VUR occurs with posterior urethral valves or neurogenic bladder [9].

3.5. Vesicoureteral Reflux

Vesicoureteral Reflux (VUR) is a congenital urinary tract defect caused by the failure of the ureter to insert cor-
rectly into the bladder. It occurs in up to 1% of the general population and is associated with recurrent urinary
tract infections and reflux nephropathy [10]. The primary diagnostic procedure for evaluation of VUR has been
Voiding Cystourethrography (VCUG) [11]. It has many side-effects, such as pain, UTI and high radiation expo-
sure.

3.6. Role of VCUG

To evaluation of vesicoureteral reflux the primary diagnostic study is VCUG. Its most be performed after the
first urinary tract infection or diagnostic by hydronephrosis. This procedure also provides a study of the urethra
and evaluation the patient’s ability to urinate, therefore it is a functional study of bladder and urethra. VCUG
should use to document the presence of VUR and determine the grade level of reflux and whether happens dur-
ing voiding or during bladder filling [12]. Grades is classified into low-grade reflux (grades I, Il or 111) and the
most severe is high-grade reflux (grade IV or V), usually coincides with the peak of voiding [12]. It shows in
Table 1 and Figure 1.

Table 1. International classification of vesicoureteral reflux [13].

Grade Characteristics

| Reflux into non-dilated ureter
I Reflux into the renal pelvis and calyces without dilatation

1] Mild/moderate dilatation of the ureter, renal pelvis and calyces with minimal blunting of the fornices.

\Y Dilation of the renal pelvis and calyces with moderate ureteral tortuosity.
\Y% Gross dilatation of the ureter, pelvis and calyces; ureteral tortuosity; loss of papillary impressions
{

Figure 1. International classification of vesicoureteral reflux [13].
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3.7. Clinical Presentation (Figures 2-6)

(b) (© (d)

Figure 2. VCUG imaging show the different grade of the vesicoureteral reflux. (a) grade Il contrast seen in the distal ureter,
(b) grade 1ll; (c) grade 1V; (d) grade V [14].

Figure 3. VCUG image of a child shows back up of contrast form urinary bladder to the right ureter and collecting system

[15].
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Figure 5. Different Images of the renal scarring. (a) Grade | scarring of the lower pole of the right kidney & normal left kid-
ney; (b) Grade Il right kidney & grade IlI left kidney scarring; and (c) Grade IV scarring left kidney & normal right kidney
[16].
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Figure 6. 99mTc-DMSA renal scintigraphy of child with history of UTI shows extensive left kidney defects [14].
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3.8. Radiological Examination

3.8.1. The Dimercaptosuccinic Acid Renal Scan

DMSA renal scan is a noninvasive test that allows for cortical imaging; main indication is scarring from urinary
tract infections because of its high sensitivity for detection of renal parenchymal injury [17]. Dimercaptosuccinic
acid is a radioactive substance that is injected intravenously and the patient scanned 3 hours post injection [18].
Table 2 shows the effective dose of DMSA scan and voiding cycstourethrography.

3.8.2. Ultrasound

US examinations are non-invasive technique and don’t involve ionizing radiation. It uses a high frequency
sound required for diagnostic medical imaging in the range 1-20MHz and this makes it suitable for pediatric. US
can be useful for evaluation of the kidneys and urinary bladder and also for assessment of the dilatation, but it
but it offers poor anatomical information about the urethra and the ureters [21].

3.8.3. Voiding Cyctourethrography Scan

The current standard of care for evaluation of vesicoureteral reflux (VUR) is X-ray voiding cystourethrography
(VCUG). The pediatric VUR guidelines panel for the American Urological Association urged the development
of “less traumatic methods to determine whether reflux is present...as well as techniques that result in less radi-
ation exposure” [22].

Voiding Cystourethrography (VCUG) with contrast medium came into widespread use around 1958, when
fluoroscopes with image intensification and cine recording became generally available [23]. VUCG images are
obtained while the patient urinates in a container. Filling of the patient’s bladder with contrast is achieved either
with the aforementioned retrograde gradual injection of contrast during a preceding RUG or with the insertion of
a Foley catheter into the bladder. It’s currently the most popular method for assessing vesicoureteral reflux VUR,
an important component of evaluation of child with urinary tract infection UTI [24].

In VCUG right oblique images are obtained with the patient preferably supine and the penis resting extended
along the thigh of the ipsilateral right flexed leg. This position provides adequate visualization of the whole
length of the urethra, from the bladder neck to the external urethral meatus [25].

e Technique

cystography is usually performed after the transurethral placement of Foley catheter. a scout film of the blad-
der is obtained. Contrast media are introduced through the catheter into the bladder via gravity drip with the bot-
tle approximately 1 meter above the table top [26].

e Contrast Medium

Megluminesalts of diatrizoate and\or iothalamate are most widely used contrast media for cystography. Me-
gumine salts are less irritating to bladder mucosa. Soluations containing 15% (weight\volume) contrast media
are generally optimal [5] Absorption of contrast media may occur from the bladder during a cystogram. Patients
who have had a severe reaction to intravenous contrast media LOCM may be indicated [26].

4. Methodology
4.1. Patients and Methods

A retrospective study was performed on 106 patients who were subjected to VCUG scan at King Abdulaziz
University radiology department. The range of the age of subject groups were varies from Newborn (up to 1
year) to Teenage (13 -15 years). VCUG scan was performed by utilizing PHILIPS and SEIMENS machines.
DMSA radiopharmaceutical was administrated intravenously to the patient. Data records and information re-
garding patients have Voiding cystourethrography (VCUG) and ultrasound at the Department of General X-ray
and Dimercaptosuccinic acid (DMSA) scintigraphy at the Department of nuclear medicine both were collected.

Table 2. Effective dose and imaging types.

Imaging Effective dose (mSV)
Voiding cycstourethrography 0.14 - 1.56 [19]
DMSA scan 1.10- 1.18 [20]
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4.2. Study Area

General X-ray department and nuclear medicine department at King Abdulaziz University Hospital (KAUH).

4.3. Study Subjects

The study group included patients who have a record of voiding cystourethrography (VCUG), ultrasound and
dimercaptosuccinic acid (DMSA) scintigraphy.

4.4. Study Design

Retrospective study to analyze and compare the data records of voiding cystourethrography (VCUG) and ultra-
sound both done at the Department of General X-ray and Dimercaptosuccinic acid (DMSA) scintigraphy done at
the department of nuclear medicine.

4.5. Sample Size
Up to 100 patients records will be analyzed in this study.

4.6. Data Collection

Electronically and hard copy data record of VCUG, US and renal scintigraphy results including patients details,
protocols, indications, diagnosis, finding, ...etc. will be collected.

5. Result

5.1. The Frequency Distribution of the Finding of Vesiocoureteral Reflux in Infants and
Children

In this study the VCUG scan is performed to find out the possibilities of renal scintigraphy and ultrasound in
detecting vesicoureteral reflux (VUR) in infants and children. Out of the 106 patients, we found that the VCUG
scan detect 65 cases with VUR in different grade levels while 41 cases were normal. Among the children with
VUR, 39 had high-grade reflux (grade IV or V) while 26 had low-grade reflux (grades I, Il or Ill). Figure 7
shows the finding of Vesiocoureteral reflux in infant and children.

5.2. Frequency of Gender in Relation with VCUG Scans Study Findings

31% of female and 69% of male participated in this study. Figure 8 shows the distribution of gender in relation
with VCUG scan study findings, we found that 20 female out of 39 had positive exam findings, while 19 had the
negative findings and that represented 51% positive of the subject group and 49% were negative for female
group.

For Male group, the scan findings were 44 positive out of 69, and 25 were negative, which meant that 64% of
the male subject group were having VUR, and 36% were normal of the overall male subject group.

5.3. Frequency of Age Groups and VCUG Scans Findings
Figure 9 and Table 3 and Table 4 show that the age group from 1 - 3 years and from 3 - 9 for both gender

VCUG scan study finding

Negative
39%

Figure 7. Vesiocoureteral reflux finding in infants and children.
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Gender in relation with VCUG scan finding

Female

Male

mPpP
posative

mN
Negative

Figure 8. Distribution of gender in relation with VCUG scan study findings.

Table 3. Male cases.

Age Groups

W newborn-lyr
Eyr3yr-1
Eyryr-3
Wyrl2yr-9
Eyrl5yr-12

Figure 9. Frequency of age group distribution.

Age group Total No. Positive Negative
Newborn, 1 yr 15 9 6
Toddler, 1 yr - 3 yr 24 15 9
Child, 3-9yr 20 13 7
Preteen, 9 - 12 yr 4 4 0
Teenage 13 - 15 yr 4 3 1

Table 4. Female cases.

Age group Total No. Positive Negative
Newborn, 1 yr 3 2 1
Toddler, 1 yr - 3 yr 7 5 2
Child, 3-9yr 21 10 11
Preteen, 9-12 yr 4 1 3
Teenage 13 - 15 yr 4 2 2
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represented the highest frequencies for positive VCUG scan study with 31% and 36% frequency, while Preteen
and Teenage represented the lowest frequency for positive VCUG scan study with 8% frequency for each.

5.4. Frequency of Clinical Reasons of Examination Distribution According to VCUG Scans
Study Findings

In regard of VUR incidence due to hydronephrosis & Renal pelvis dilatation, recurrent UTI, history of VUR,
neurogenic bladder, posterior urethra valve (PUV), minimal fullness of renal pelvis, and other pathology, the
studies showed that hydronephrosis & renal pelvis dilatation was the highest frequency reason for VCUG scan
study and represent 36% of the overall cases with 53% positive finding, while minimal fullness of renal pelvis
represented the lowest percent with 3% frequency and 0.0% positive finding. The frequency of recurrent UTI
represent was 22.6% with 83% positive finding. Children with history of VUR represent 15% frequency and 81%
positive finding, neurogenic bladder represent 9.3% frequency and 70% positive finding, posterior urethra valve
(PUV) represent 7.5% frequency and 87.5% positive finding, other pathology represent 6.6% frequency and 57%
positive finding. The frequency distribution shows in Figure 10.

5.5. Frequency and Correlation between VCUG Scan Finding and DMSA Scan Finding in
Detecting the VUR

Out of 106 patients participated in VCUG scan study, only 84 of them came back for a DMSA scan and that
represented 69%. We found 59 of the DMSA finding were same as VCUG finding and shows a renal scarring
while 24 were normal study. Also, 53 patients participated in DTPA scan study and represented 50%. We found
28 of the patients had obstructed kidney in the same side affected by the VUR and 25 were normal study.

5.6. Frequency of the Urinary Tract Infection (UTI) and VUR

Total of 52 patients participated in VCUG scan study during the period of UTI. We found that the urine culture
result in 39 patients who diagnostic with VUR was positive and represented a high frequency with 75% while 13
was negative with frequency of 25%. For DMSA scan study renal scarring is showing when patient has UTI.
Out of 65 patients who had recurrent UTI, we found renal scarring in 48 of DMSA scan study and only 17 were
normal study and represented with 74% and 26%. Figure 11 shows the frequency of UTI and VUR finding in in
both DMSA and VCUG studies.

5.7. Frequency and Correlation between VCUG Scan Study Finding and Ultrasound Study
Finding

99 children out of 106 had ultrasound scan study of abdomen and pelvis for evaluation the kidneys and collect-
ing system and that represented 93% of the overall cases. 58 of the Ultrasound findings gave the same result as

Reasons of examination
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Figure 10. Frequency of clinical reasons of examination according to VCUG

scans study findings.
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VCUG in detecting the VUR while 41 gave the opposite. Then we confirm it all with the Urine culture results of
the same patients. The Urine culture result was 46 positive and 37 negative studies. Patients who has UTI (posi-
tive urine culture study) and positive ultrasound study were comparing with VCUG scan study, the Figure 12
shows that 25 of the children had abnormal US finding as the VCUG scan study during the period of UTI and
represented 83% while only 5 had normal finding 17% of overall cases.

6. Discussion

In this study we will find out the possibilities of renal scintigraphy and ultrasound in detecting vesicoureteral
reflux (VUR) in infants and children and if that can replace the voiding cystourethrography (VCUG). In regard
with VUR incidence according to reason of examination, hydronephrosis & Renal pelvis dilatation was the
highest frequency reason for VUR scan study and represent 36% of the overall cases with 53% positive finding,
while Recurrent UTI frequency was 22.6% with 83% positive finding, and patients who had history of VUR
comes at the third place with 15% frequency and 81% positive finding. VUR was found in 65 of 106 children
represented 61%. Male children are more likely to diagnostic with VUR than female and they represented 69%
while 31% for female. Among the children with VUR, 39 had high-grade reflux (grade 1V or V), while 26 had
low-grade reflux (grades I, 1l or 11).

VCUG has many risks that may cause complications like secondary infection due to insertion of a vesical ca-
theter and hypersensitivity of the contrast media. It’s also an invasive unpleasant procedure that involves ioniz-
ing radiation exposure to the pelvis area. Instead of VCUG, renal scintigraphy and ultrasound scans can be used

r 70

- 60

- 50

- 40
mpP

- 30
Posative

- 20
EN

Negative - 10

DMSA VCUG

Figure 11. Frequency of the urinary tract infection (UTI) and VUR finding.

US finding during UTI

25
20
15
10

Negative Positive

Figure 12. Urinary tract infection during US study.
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to predict VUR. When we classified VUR into low-grade and high-grade, we found the majority of children
with high-grade VUR had an abnormal DMSA and represented 77.4%, while 13 children with low-grade VUR
had normal study. The DMSA scan study is more sensitively in detecting VUR with high-grade more than low-
grade. In recent study by Hyun Chong Ki “The incidence of VUR with a normal DMSA scan result was very
low, and the degree of VUR in those children was low-grade and clinically insignificant.” [27] and another study
by Tseng et al. said that “142 children with VUR and reported that all the children with grades 111 to V VUR (21
patients) had an abnormal DMSA scan result” [28]. These studies are agreed with the present study, most child-
ren with normal DMSA scan finding had low grade reflux. In this study, 48 of 65 children (74%) the DMSA
scintigraphy shows abnormal findings during the period of UTI while the VCUG scan study shows VUR in 75%
of the children during the period of UTI. The DMSA scan study results agree with Hyun Chong Ki, in his study
“abnormal DMSA scintigraphy results were found in 72.5% of children with febrile UTI” [27] but the high fre-
quency of VCUG scan study doesn’t agree with his study that have reported “VUR was found in 33.8% of the
children with acute febrile UTI” [27].

Comparing results of ultrasound and VCUG scan, 59% of the ultrasound findings gave the same result as
VCUG in detecting the VUR in children. Then we confirm it all with the urine culture results of the same child-
ren. We found the majority of children with VUR had abnormal US during the period of UTI and represented
83%.

7. Conclusion

VCUG is a sensitive, physiologic, and direct technique to assess hydronephrosis, Renal pelvis dilatation and
Recurrent UTI in children especially male children from 1 - 9 years old. DMSA scan is useful in detecting
high-grade reflux. In case of DMSA study showing normal finding (negative), VCUG is not recommended, be-
cause it rarely could be VUR. US performed during UTI may prove to be useful in detecting VUR.

8. Recommendation

Children specially with age groups from 1 - 9 years and who suffer of hydronephrosis, Renal pelvis dilatation,
Recurrent UTI or have history of VUR are strongly recommended for VCUG scan to evaluation the VUR and
grade of reflux. Children with normal DMSA scan finding during the period of UTI are not requiring a VCUG
follow-up for the fact that they are rarely to have high-grade reflux. Further studies are needed in comparison
with VCUG to find out the exact radiation dose that may harm the patient and to know the percentage of the
clinically convenience of replacing VCUG exam.
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