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Preamble

The Society of Nuclear Medicine and Molecular Imaging (SNMMI), founded in 1954, is
an international scientific and professional organization with a purpose to promote the science,
technology, and practical application of nuclear medicine. The European Association of Nuclear
Medicine (EANM), founded in 1985, is a nonprofit professional medical association with a
purpose to facilitate international communication among individuals in nuclear medicine
pursuing clinical and academic excellence. Members of the SNMMI and EANM are physicians,
technologists, and scientists who specialize in the research and practice of nuclear medicine.



The SNMMI and EANM will periodically publish new guidelines for nuclear medicine
practice to further advance the science of nuclear medicine and improve patient care. Existing
standards/guidelines will be reviewed for revision or renewal, as appropriate. Each
standard/guideline, representing a policy statement by the SNMMI/EANM, has undergone a
thorough review, and represents an expert consensus. The SNMMI and EANM recognize that
the safe and effective use of diagnostic nuclear medicine imaging requires specific training and
skills, as described in each document. These standards/guidelines are educational resources
designed to assist practitioners in providing appropriate nuclear medicine care for patients.
They are consensus documents, and are not mandatory provisions or requirements of practice.
They are not intended, nor should they be used, to establish a legal standard of care. For these
reasons and those set forth below, the SNMMI and the EANM cautions against the use of these
standards/guidelines in litigation procedures that call into question the clinical decisions of a
practitioner.

The ultimate judgment regarding the appropriateness and propriety of any specific
procedure or course of action must be made by medical professionals, taking into account the
unique context of each case. Thus, there is no implication that action differing from what is
detailed in these standards/guidelines, on its own, is below the standard of care. To the
contrary, a conscientious practitioner may responsibly adopt a course of action different from
that set forth in the standards/guidelines when, based on the reasonable judgment of the
practitioner, such course of action is warranted based on the condition of the patient,
limitations of available resources, or advances in knowledge or technology subsequent to
publication of the standards/guidelines.

Practicing medicine involves not only the science, but also the art of dealing with
prevention, detection, diagnosis, and treatment of disease. The variety and complexity of
human conditions make it impossible for general guidelines to consistently allow for an
accurate diagnosis to be reached or a specific treatment response to be predicted. Therefore, it
should be recognized that adhering to these standards/guidelines does not ensure a successful
outcome. All that should be expected is that a practitioner follows a reasonable course of
action based on their level of training, the current landscape of knowledge, the resources at
their disposal, and the needs/context of the particular patient being treated.

The purpose of this document is to provide nuclear medicine physicians, radiologists,
and other clinicians with guidelines for the recommendation, performance and interpretation
of ®®™Tc-dimercaptosuccinic acid renal cortical scintigraphy ([**™Tc]Tc-DMSA scintigraphy) in
pediatric patients. These recommendations represent the expert opinions of experienced
leaders in this field, and these recommendations are not all supported by a high level of
evidence. Further studies are required in order to have evidence-based recommendations for
the application of [**™Tc]Tc-DMSA renal cortical scintigraphy in pediatrics. This guideline
summarizes the views of the SNMMI Renal Cortical Scintigraphy in Children Working Group and
the EANM Pediatrics Committee. It reflects recommendations for which the SNMMI and EANM
cannot be held responsible. The recommendations should be taken into context of good
practice of nuclear medicine and do not substitute for national and international legal or
regulatory provisions.
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l. Introduction

9mTc- dimercaptosuccinic acid ([*°™Tc]Tc-DMSA) is the radiopharmaceutical of
choice for functional imaging of the renal parenchyma. Uptake of [*°™Tc]Tc-DMSA reflects
regional blood flow and functional renal cortex. Therefore, [?°™Tc]Tc-DMSA scintigraphy
provides an accurate method for assessing differential renal function and evaluating renal
regional parenchymal function, with a high sensitivity for detection of the cortical defects in a
variety of acquired and congenital renal abnormalities.? [®MTc]Tc-DMSA scintigraphy is more
sensitive than ultrasound for detection of renal cortical defects.3>However, findings on
[*°™Tc]Tc-DMSA scintigraphy are non-specific. Thus, the combined use of [**™Tc]Tc-DMSA
scintigraphy and ultrasound allows for superior diagnostic accuracy. SPECT/CT with low dose CT
of the kidneys can be an alternative diagnostic approach.®’ However, further studies are
needed to weigh the risk-benefit relationship of added ionizing radiation versus the benefit of
CT correlation.

Animal studies investigating [*°™Tc]Tc-DMSA scintigraphy for the detection of both acute
pyelonephritis and subsequent cortical scars have validated it as an accurate technique when
compared to other cross-sectional modalities.®*4 Contrast-enhanced computed tomography
(CT) has a similar sensitivity and specificity to [**™Tc]Tc-DMSA scintigraphy for detecting acute
pyelonephritis, however, it is associated with higher exposure to ionizing radiation, and risk of
contrast reaction and contrast-induced nephropathy. Magnetic resonance imaging (MRI)
including diffusion-weighted MRl is a promising modality for visualizing pyelonephritis, with no
ionizing radiation exposure and no need for iodinated contrast materials, but it typically
requires sedation or general anesthesia in younger children.*>=%¢ Gadolinium-based MRI
contrast agents are also associated with the risk of contrast reaction and contrast-induced
nephropathy.

The deficits in renal cortical function seen in acute pyelonephritis may recover without
scarring if the infection is detected early and appropriately treated.?” [**™Tc]Tc-DMSA
scintigraphy is the method of choice in monitoring for sequelae of acute pyelonephritis, with
the minimum time interval being approximately six months following acute infection in order to
consider cortical defects as permanent renal scarring.'82% Standard use of [*°™Tc]Tc-DMSA scan
in the acute setting is debated.?™23 Some argue that it aids in accurate diagnosis, as clinical
signs and symptoms can be diverse and nonspecific to renal parenchymal infection, particularly
in infants.?* [*°™Tc]Tc-DMSA scintigraphy in the acute setting also helps to risk stratify those
who may go on to develop permanent sequelae of pyelonephritis such as parenchymal scarring,
chronic renal failure, and hypertension.?>2¢ Others postulate that [**™Tc]Tc-DMSA scintigraphy
is unnecessary in the acute setting as only permanent scarring contributes to clinical decision
making.2927

The use of renal cortical scintigraphy can be particularly helpful in a clinical
management pathway for urinary tract infection that does not include routine evaluation for



vesicoureteral reflux (VUR); detection of acute pyelonephritis increases the likelihood that VUR
is present. Higher grades of VUR are associated with a greater risk of developing pyelonephritis;
however, acute pyelonephritis can occur in the absence of demonstrable vesicoureteral
reflux.?® Some believe that a normal [*°™Tc]Tc-DMSA scan in the acute setting is helpful, as
evaluation for VUR may not be necessary since only reflux sufficiently severe to cause
pyelonephritis will require prophylaxis/treatment.?”2°>=33 Since renal scarring can occur in
patients with pyelonephritis without VUR, and the outcome of VUR also depends on the patient
characteristics, and not only on the grade of VUR, the imaging approach to pyelonephritis has in
many places shifted toward a"top-down" that prioritizes detection of pyelonephritis, and away
from a"bottom-up" approach that prioritizes detection of VUR.34-38

l. Goals

The goal of this document is to provide a harmonized guideline for the performance and
interpretation of [**™Tc]Tc-DMSA renal cortical scintigraphy in pediatric patients.

"i. Definitions

e [**™Tc]Tc-DMSA is a combination of dimercaptosuccinic acid, a pharmaceutical that
is taken up by the proximal convoluted tubules directly from the peritubular vessels
or by endocytosis, and technetium-99m, a radionuclide.3*=42

e [**™Tc]Tc-DMSA scanning involves the intravenous injection of [*°™Tc]Tc-DMSA
followed by planar imaging using high-, or ultra-high-resolution collimator, when
possible with additional pinhole collimator planar imaging or single-photon emission
computed tomography (SPECT).?

V. Clinical Indications
The following is a list of indications for [*™Tc]Tc-DMSA scintigraphy in children:

e Detection of permanent renal parenchymal scarring at least six months following an
acute urinary tract infection

e Detection of acute pyelonephritis

e Detection of parenchymal damage after trauma

e Characterization of structural renal abnormalities: e.g. solitary kidney, duplex kidney,
small kidney, dysplastic kidney, horseshoe kidney, and pseudo-horseshoe kidney

e Detection of ectopic renal tissue, including cross-fused renal ectopia

e Quantitation of each kidney's contribution to total renal function (i.e. differential renal
function)

e Confirmation of non-functional multicystic dysplastic kidney



e Evaluation of unexplained hypertension when there is clinical suspicion for renal disease
such as dysplasia or scarring
e Evaluation of renal parenchymal function in patients with renovascular hypertension
before and after revascularization procedures
e Renal parenchymal function regional assessment in patients with complex renal calculi
before and after treatment
e Surgical decision-making for ureteropelvic junction obstruction (UPJO) or refractory VUR
based on differential renal function:
o Nephrectomy is usually performed for a very poorly functioning kidney due to
the increased risk of hypertension and infection
o Otherwise pyeloplasty is performed for UPJO, and ureteral reimplantation for
refractory VUR
e Evaluation of renal parenchyma when there is an allergy to iodinated CT contrast, and
MRI is unavailable/contraindicated

V. Qualifications and Responsibilities of Personnel

All clinicians and personnel involved in performing and interpreting [*°™Tc]Tc-DMSA
scintigraphy should be qualified in accordance with the applicable regional laws.
Responsibilities afforded to various individuals involved in the performance and interpretation
of these scans should be documented in standard operating procedures. The study should be
supervised and interpreted by a nuclear medicine physician or diagnostic radiologist with
specific training in nuclear medicine. The [*°™Tc]Tc-DMSA scintigraphy should be performed by
a qualified registered/certified nuclear medicine technologist. Please refer to the following
documents for further details: Performance Responsibility and Guidelines for Nuclear Medicine
Technologists 3.1 (https:// www.eanm.org/content-eanm/uploads/2017/02/Advanced-
Performance-and-Responsibility-Guidelines.pdf) and the EANM Benchmark Document Nuclear
Medicine Technologists 'Competencies (http:// www.eanm.org/content-
eanm/uploads/2016/11/EANM 2017 TC Benchmark.pdf or SNMMI Nuclear Medicine
Technologist Scope of Practice and Performance Standards (https:// www.eanm.org/content-
eanm/uploads/2017/02/Advanced-Performance-and-Responsibility-Guidelines.pdf).344
[*°™Tc]Tc-DMSA scanning must adhere to international dosimetry and radiation precautions for
patients and staff.

VI. Procedure/Specifications of the Examination
A. Request

A written or electronic request for [*°™Tc]Tc-DMSA scintigraphy should be initiated by a
physician or otherwise appropriately licensed health care practitioner. The nuclear medicine
physician/technologist and the referring practitioner should collaborate closely to achieve a
safe, and appropriate study. The request should contain sufficient clinical information to justify
the examination and aid its interpretation. The request should specify the clinical presentation
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(clinical signs and symptoms), the purpose of the study (clinical indication), any relevant past
medical history (e.g. known structural abnormalities, previous history of pyelonephritis, and
date of most recent urinary tract infection (UTI)). History of previous relevant studies (e.g.
fluoroscopy studies, ultrasound data, previous radionuclide imaging), previous
interventions/therapies (e.g. prior surgery to the urinary tract), medications, allergies, and
whether sedation or analgesia will be necessary (and any complications experienced with
previous sedation) are also useful for an appropriate study. Structural renal abnormalities may
dictate the need for additional views, attenuation correction, and/or appropriate timing for
imaging (e.g. hydronephrosis, duplex kidney, and ectopic kidney).

B. Patient preparation and Precautions

Patient preparation: Parents/caregivers and children should receive detailed information,
both written and verbal, about the procedure in advance of their appointment. This includes
the clinical indication for the study, the waiting period between injection and image acquisition,
and the imaging duration. No patient preparation is required if sedation is not being used for
the study.

Sedation: High-resolution pinhole collimation and Single Photon Emission Computed
Tomography (SPECT) require prolonged imaging times of at least 20-30 minutes. Motion
impairs visualization of renal cortical defects. Thus, sedation may be required particularly in
younger children or uncooperative older children who must remain motionless for a prolonged
period of time. However, in the majority of cases, other strategies can be successfully employed
to achieve immobilization during the acquisition, and circumvent the need for sedation. By
creating an appropriate child-friendly environment, with cooperation between
parents/caregivers, child life/play specialists, and other properly trained staff, a successful
[*°™Tc]Tc-DMSA scanning can be achieved in almost all cases. Some infants and young children
will fall asleep if kept awake for several hours and then fed just prior to the imaging. Other
distraction techniques such as a video or music during scanning can also be useful to avoid
sedation. If sedation is required, informed consent, appropriate patient preparation, and pre-
sedation evaluation are necessary. >#*>* Further details on pediatric sedation can be found in
the Society of Nuclear Medicine Procedure Guideline for Pediatric Sedation in Nuclear Medicine
and the guidelines published by the American Academy of Pediatrics.46:4°

Preparation prior to injection of the radiopharmaceutical: Before injection of the
radiopharmaceutical, the procedure should be explained to caregivers and children old enough
to understand. A topical anesthetic cream may be used at the discretion of the patient and
their caregiver.>® When used, it should be applied to the injection site 30-60 minutes prior to
accessing the vein. Continuous open communication and reassurance while explaining each
step of the procedure are integral to cooperation and successful intravenous
radiopharmaceutical injection.

C. Radiopharmaceutical



Radionuclide: Technetium-99m (*°™Tc)
Pharmaceutical: Dimercaptosuccinic acid (DMSA).
Radiopharmaceutical: [*°™Tc]Tc-DMSA.

[*°™Tc]Tc-DMSA is the primary radiopharmaceutical available for renal cortical imaging.
[*°™Tc]Tc-DMSA is taken up from peritubular vessels directly by tubular cells in the pars recta.*°
Two hours after injection, 40-65% of the administered activity is present in the renal cortex.
Alteration of biodistribution of [99mTc]Tc-DMSA (higher activity in bones, stomach and
intestine) has been reported in animal models treated with cytotoxic drugs such as sodium
methotrexate.>!

Alternative radiopharmaceuticals:

If [?°™Tc]Tc-DMSA is not available another radiotracer, **™Tc-glucoheptonate ([*°™Tc]Tc-GH),
may be used. [*®™Tc]Tc-GH partially binds to renal tubular cells, but fell out of favor as only 10-
20% of the injected dose is present in the proximal convoluted tubules of the cortex two hours
after injection. #>2>% An important disadvantage of [*°™Tc]Tc-GH is the possible accumulation
and stasis of activity in the collecting system, particularly in the hydronephrotic kidney. This
may limit visualization of the renal cortex and accurate evaluation of differential function. The
dynamic radiotracers **™Tc-diethylenetriaminepentaacetic acid (([**™Tc]Tc-DTPA), *™Tc-
mercaptoacetyltriglycine ([*°™Tc]Tc-MAG3) and *°™Tc-ethylenedicysteine ([*°™Tc]Tc-EC) are in
general not recommended for imaging the renal cortex. They have a high rate of excretion,
thus giving less accurate information regarding regional cortical abnormalities — especially
when the parenchymal defect is small.

Administered activity:

The administered activity should be the lowest possible that produces an image of sufficient
quality for interpretation. The administered activity should follow the 2016 Update of the North
American Consensus Guidelines for Pediatric Administered Radiopharmaceutical Activities or
the 2016 EANM pediatric Dosage Card.>>>® The EANM pediatric Dosage Card can be found at
"https://www.eanm.org/content-eanm/uploads/2017/01/EANM_Dosage Card_040214.pdf".

The North American Guidelines for Pediatric Nuclear Medicine for high-quality images at low
radiation dose can be found at "http://snmmi.files.cms-
plus.com/docs/GoWithGuidelines_files/ImageGentlyPoster 2017.pdf ". The radiation effective
dose per examination, irrespective of age, is approximately 1 mSv, provided that the dose is
correctly adapted to body size 1>°7>8

Table 1. Examples of effective radiation dose of [*™Tc]Tc-DMSA scan in different ages.>>%°
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Age (Years)

Organ Receiving the Largest
Radiation Dose (mGy/MBq)

Effective Dose (mSv/MBq)

1 Kidney, 0.76 0.37
5 Kidney, 0.43 0.21
10 Kidney, 0.30 0.15
15 Kidney, 0.22 0.11

D. Protocol/image acquisition

Imaging Timing: Imaging typically is performed approximately 2-3 hours after
radiopharmaceutical injection. In the setting of poor renal function or clearance, a longer delay
may be required to increase renal uptake and decrease background activity, thus improving
lesion detectability. If there is a severely obstructed collecting system, imaging may be delayed
up to 24 hours after injection for quantitation of differential renal function.*®

Imaging Techniques: Imaging is usually performed with the patient in the supine position to
minimize renal depth difference and patient movement. To further reduce movement,
consideration should be given to supporting the patient with sandbags and Velcro straps, or
placing them in a vacuum cushion; infants can be swaddled. For planar and SPECT images, a
high or ultra-high-resolution collimator is used. SPECT acquisition is suggested for all patients, if
possible. 6262 When performing [*®™Tc]Tc-DMSA scan in infants, pinhole-collimator images are
acquired in lieu of SPECT. When using a pinhole collimator each kidney should be imaged
separately to obtain magnified, high-spatial resolution images. The optimal size of the pinhole

aperture is 3-4 mm.

Image Acquisition:

1. The patient should be encouraged to void prior to the scanning and before leaving the
department (changing the diaper for younger children). Posterior, anterior, and posterior
obligue images of both kidneys are acquired for 300 000-500 000 counts using a high or ultra-
high-resolution parallel-hole collimator in a 128 x 128 or 256 x 256 matrix format. It is
recommended that anterior and posterior images are acquired simultaneously on a dual-head
gamma camera. The geometric mean differential function using anterior and posterior images




can be useful when the kidneys are not in the normal position. A zoom acquisition is
recommended, varying between 1 and 2 as a function of body size, potentially requiring
increased acquisition time. An alternative method is to acquire data in dynamic mode over a
given pre-set time and reframe to a single image, after correcting for movement and discarding
blurred frames. The matrix and minimal counts during acquisition must be maintained in order
to utilize this alternative approach.

2. Posterior and posterior oblique views using a pinhole collimator separately for each
kidney are useful for infants and smaller children to obtain high-quality, high-resolution images.
The image count is usually 150 000 counts (approximately 6-8 minutes per image) using a 256 x
256 matrix format. This provides higher sensitivity in detection of smaller cortical defects.

3. When measuring geometric mean differential function in horseshoe or pelvic kidneys,
both anterior and posterior planar images should be acquired to account for renal tissue
located anterior to the spine and pelvic bones. SPECT images should also be acquired when
possible. In patients with a history of the high congenital spinal defect (e.g. meningomyelocele)
with horseshoe or pseudo-horseshoe kidneys, the examination should be performed with the
patient in prone or lateral decubitus position, as their kidneys lie deep within the kyphotic
fossa. If there is a clinical question regarding whether there is an ectopic kidney or not, the
entire abdomen and pelvis should be included in the field of view.

4. SPECT imaging requires 360° of sampling, typically on a 128 x 128 matrix with a multi-
head camera. 120 views in total (3 degree spacing) with 15-20 seconds per view can be used for
most cameras. Alternative angular sampling / view times can be used with more advanced
reconstructions.

Special Considerations: In rare instances, the presence of VUR or retained urinary activity in
the renal collecting system with the use of cortical agents can interfere with the calculation of
differential renal function. Retained activity in the collecting system can also be caused by a
distended neuropathic bladder resulting in backpressure — this can be prevented by
catheterization and continuous drainage. If the collecting system is capacious or the system is
obstructed, a diuretic such as furosemide may be administered prior to delayed imaging, or the
patient may return for delayed imaging up to 24 hours following radiopharmaceutical injection.
SPECT combined with a low dose CT may also be useful for more accurate evaluation of
differential function or scarring if the appearance on planar imaging is affected by patient body
habitus or abnormal kidney position.®

Patients with renal tubular acidosis demonstrate reduced tubular concentration of
[*°™Tc]Tc-DMSA and increased urinary excretion. Patients with tubular defects such as those
seen in Fanconi's syndrome or nephronophthisis may have poor renal visualization due to
defective binding of the radioisotope within renal tubular cells and urinary excretion.®3

More accurate measurement of differential renal function is achieved using both anterior
and posterior views and the geometric mean method. The geometric mean method should be
used when significant hydronephrosis or ectopic renal tissue (e.g., ptotic kidney, horseshoe
kidney, cross-fussed renal ectopia) is present. In hydronephrotic kidneys, late images (4-24
hours) or furosemide administration may result in improved parenchymal visualization. A
differential function may be overestimated in a hydronephrotic kidney due to the enlarged
kidney being closer in position to the camera, as well as due to retention of activity in the
pelvicalyceal system if delayed images are not captured.®* When available, dedicated pediatric



beds/chairs should be used for infants and young children. These beds/chairs allow closer
proximity of the gamma camera detectors in the lateral projections of SPECT, significantly
improving spatial resolution. Several attempts have been made to quantify the DMSA uptake in
the kidneys using both SPECT and planar images but these methods are not widely used or
reported and require further validation.5>%¢

E. Processing

Processing: For calculation of differential (relative, or split) renal function, it is
recommended that region of interest (ROI) be drawn to include the entire kidney. The renal
pelvis may be excluded from ROI if desired. Background activity correction should be done by
subtracting the background activity close to the kidney from the renal activity, taking care to
exclude renal parenchyma or any areas of increased tracer activity. In most cases of routine
clinical evaluation, differential function based on only the posterior view is sufficient, and no
attenuation correction is required.®” Geometric mean differential function, based on both
anterior and posterior views, should be used when there is severe hydronephrosis or other
anatomical abnormality (i.e., pelvic or other ectopic kidney, horseshoe kidney or another fusion
anomaly, etc.). In the context of a pelvic kidney, measurement of differential function has
reduced accuracy, even when using geometric mean, due to photon attenuation from the bony
pelvis and asymmetric position and orientation of the kidneys. Nevertheless, measurement of
differential function, done consistently in the same way every time in a given patient, can be
helpful in monitoring renal function over time.

When available, it is recommended to use iterative reconstruction techniques such as an
ordered subsets-expectation maximization (OSEM) algorithm or resolution recovery software.%®
For all [*°™Tc]Tc-DMSA studies, planar or SPECT, a grayscale image is recommended as an
output rather than color images. Image intensity should be adapted to best differentiate the
higher-intensity cortex of the kidney from the lower-intensity medulla, calyces, and vascular
structures that comprise the central structures of the kidney.

F. Interpretation

Differential function (relative uptake):

After confirming that images were acquired with the correct protocol and are of acceptable
quality, the differential renal function can be calculated. The differential function of one kidney
compared to the other normally ranges from 50%/50% to 45%-55%2>’ Results outside of this
range may indicate renal pathology such as scarring, acute pyelonephritis, parenchymal
atrophy, or hydronephrosis. On follow up scans after a confirmed renal scarring when the
patient has a subsequent UTI, the differential function may reduce on the scarred side with no
new lesion. This may be due to differential grown on the contra-lateral side. Values outside of
the normal range may also be seen in the case of a rotated kidney or an uncomplicated
unilateral duplex kidney.*® Conversely, differential function values within the normal range may
be seen in cases of chronic renal failure or bilateral renal atrophy/scarring.®®

Normal Variants/Sources of Error:

10



[*°™Tc]Tc-DMSA scanning is not performed in children without suspected pathology. The
features discussed in this section may be found in a normal examination:

- Kidney contours are typically rounded and there is a contrast between the hyperactive
cortex and hypoactive central portions of the kidneys.

e Kidney contour can be flat without suggesting a lesion — the lateral aspect of the
superior half of the left kidney may be flattened due to the splenic impression, and
the lateral margins may be flat in young children with triangular shaped kidneys.

e Arotated kidney can appear as a 'slender' kidney with a short transverse axis on the
posterior view.

e The transverse axis can be shorter at either the upper or the lower pole, giving rise
to an appearance described as a 'pear--shaped' kidney.

- The renal poles, particularly the upper pole, can sometimes appear focally hypointense
due to relatively higher activity in a column of Bertin in the adjacent renal midzone, or
due to attenuation by the adjacent liver. The number and size of columns of Bertin vary
between patients leading to the variable thickness of the renal cortex, which may cause
some difficulty in interpreting images. Relative hyperintensity in midzone parenchyma
can create the illusion of bipolar hypointensity.

- Alinear area of no tracer uptake, extending from the renal hilum into the parenchyma
and visible on SPECT imaging only, may be seen: this represents an inter-renicular
septum and should not be confused with a scar.

- The presence of fetal lobulation or a junctional parenchymal defect (both anatomic
variants) can be difficult to distinguish from scarring with renal scintigraphy alone, and
ultrasound imaging may be required to make the distinction.

Abnormal patterns:

Any areas of decreased to absent cortical activity should be noted and described in terms of
number, size, location, shape, distinctness of margins and whether associated parenchymal
volume loss or deformation of the renal contour is present.®®

Acute pyelonephritis may be evident as a single defect or multiple defects — there may be a
regional increase in volume in an affected area, or a diffusely enlarged kidney with multiple
defects visible. The cortical defect in the setting of acute pyelonephritis may demonstrate
reduced or absent localization of tracer, with indistinct margins and no retraction deformity of
the renal contour.

A mature cortical scar will appear as a photopenic defect with relatively well-defined
margins, parenchymal volume loss, and focal retraction of the renal contour. Scarring may also
manifest scintigraphically as cortical thinning, flattening, or a wedge or ovoid-shaped defect.

Differentiating acute pyelonephritis that will improve/heal versus permanent scarring is not
always possible on [*°™Tc]Tc-DMSA scintigraphy. A larger hypointense area that is polar, does
not deform the renal contours, and has indistinct margins is more likely to represent an acute
infection that will likely heal. A photopenic area with localized retraction deformity of the renal
contour and/or volume loss is more likely to represent permanent scarring. A focal defect from
acute pyelonephritis takes a variable amount of time to resolve. Therefore, if assessing only for
renal scarring, [?°™Tc]Tc-DMSA scan is suggested at a minimum of 6 months following the most
recent UTI, at which time any focal cortical defects can be considered suspicious for
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scarring.'®1%70 |f the purpose of a [**™Tc]Tc-DMSA scan is to confirm the diagnosis of acute
pyelonephritis, the scan should be done during (or within two weeks from) the episode of acute
infection. If this acute scan shows focal defect(s) a follow-up [*°™Tc]Tc-DMSA scan should be
performed six months later to assess for resolution.

[*°™Tc]Tc-DMSA scintigraphy is also helpful in the evaluation of a dysplastic kidney. Usually,
a dysplastic kidney is asymmetrically smaller with reduced or absent uptake. The uptake, if
present, is mostly heterogeneous throughout the entire kidney or a portion of the kidney (in
focal or segmental dysplasia) without a peripheral defect in renal contour.” These findings can
be seen when there is no evidence of active infection at the time of imaging. Dysplastic kidneys
are more prone to infection and scarring so it is possible for the two conditions to co-exist at
the same timepoint. Ultrasound is a preferred modality to assess morphological abnormalities
(e.g. loss of cortico-medullary differentiation, cystic or solid lesions) in dysplastic kidneys.
[*°™Tc]Tc-DMSA scintigraphy, however, is useful to evaluate the differential function and to
assess the contralateral kidney. Any scarring in the contralateral kidney should be managed
appropriately to preserve its function.”>’3 In the case of the congenital multicystic dysplastic
kidney (MCDK), an entity that lacks functional renal tissue, tracer activity is completely absent.

VIl. Documentation/Reporting

A generic report template is provided within the SNMMI Guideline for General Imaging,
found here: http://snmmi.files.cms-plus.com/docs/General Imaging Version 6.0.pdf. The
report is a tool for communication, and also acts as a legal document. It should answer the
clinical question and be comprehensive. It should also be constructed and made available in a
timely manner. Should findings come up during the interpretation that require immediate
attention, the reporting physician should give a verbal report directly to the referring physician,
with appropriate documentation (including the names of the physicians involved, the date, and
the time).

Using a structured reporting system increases the comprehensiveness of the report and
decreases the likelihood that important elements will be forgotten.”* The following would be
the suggested sections and elements for a structured report:

1. General information:
a. Study identification: procedure, date of study
b. Clinical information: diagnosis, indication(s) for the study, history (including symptoms)
¢. Comparison exams: name and date of prior examinations related to the current
examination (including previous fluoroscopy, ultrasound, and renal scintigraphy). If prior
images are not available for direct comparison, but the report from a prior exam is available,
state that correlation is made to this report.

2. Procedure description and imaging protocol:
a. Administered activity and route of administration of [**™Tc]Tc-DMSA.
b. Sedation/anesthesia procedures, if any.
c. Time of imaging following radiopharmaceutical administration.

12


http://snmmi.files.cms-plus.com/docs/General_Imaging_Version_6.0.pdf

d. Specific imaging protocol, including whether pinhole collimation or SPECT was used.
h. If there were any problems that may affect the study quality, such as patient motion.

3. Body of report
a. Description of findings: describe the position, size, and overall morphology of the
functioning kidney tissue, report the differential renal function, indicate the location,
size, and a number of areas of cortical defects, and any distinguishing features of acute
pyelonephritis versus renal scarring.
Any incidental findings should be reported.
Comparison: the findings should be compared with the previous relevant studies
d. Limitations: the limitations, if any (e.g. renal failure, ectopic kidney, patient motion,
etc.), and how they may affect the results of the study should be reported.

[glNe

4. Impression

a. The reporter's overall interpretation of the findings within the clinical context, with any
applicable recommendations (e.g. for additional studies or alterations to treatment),
specifically addressing the indication for the study.

b. The clinical question should be addressed even if no abnormality is detected in the area
related to the clinical question.

Finally, it is important to review the report to check for spelling and grammar, that all
components of a structured report are included, and that the clinical question was adequately
addressed.

VIIIl. Quality Control and Improvement

Before the patient leaves the department following the scan, it is imperative to evaluate the
images for renal motion. Blurred or double renal contours generally represent patient
movement. Internal renal architecture should be visualized. If air is introduced into the reaction
vial, the DMSA complex may degrade. This manifests as decreased renal uptake and increased
hepatic and background activity on the images. For quality control of [?°™Tc]Tc-DMSA renal
cortical scintigraphy, see the 'quality control 'section of the American College of Radiology-
Society of Pediatric Radiology Parameter for the Performance of Renal Scintigraphy
(https://www.acr.org/-/media/ACR/Files/Practice-Parameters/RenalScint.pdf). For quality
control of other equipment including computers, software, and monitors, see the SNMMI
Guideline for General Imaging.

IX. Safety, Infection Control, and Patient Education Concerns

Studies showed that the effect of [**™Tc]Tc-DMSA renal cortical scintigraphy is
insufficient to create oxidative damage. DNA damage may occur via the direct impact of
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ionizing radiation which can be repaired again in a short period of time.”>’6 See SNMMI
Guideline for General Imaging and ACR Position Statement on Quality Control and
Improvement, Safety, Infection Control and Patient Education (https://www.acr.org/Advocacy-

and-Economics/ACR-Position-Statements/Quality-Control-and-Improvement ).
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