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I Purpose

The purpose of this guideline is to offer to the nuclear medicine team a framework, which could prove

helpful in daily practice. This guideline contains information related to the indications, acquisition, processing

and interpretation of Indirect radioisotope cystography (IRC).

The present document is inspired by the desire of the EANM and the American Society of Nuclear Medicine

to have guidelines for most nuclear medicine procedures. [1] However this guideline contains information more

specifically adapted to the European practice. This guideline summarises the views of the Paediatric Committee

of the European Association of Nuclear Medicine.

II Background and Definition

Cystography is undertaken most commonly to detect vesico-ureteric reflux (VUR). [2,3,4,5,6,7] The generally

accepted reference method is the radiological micturating cystogram (MCU) although the direct catheter isotope

cystogram (DIC) is as sensitive as and has a lower radiation burden than the MCU [2]. The indirect radionuclide

cystogram (IRC) offers the possibility of detecting VUR without a bladder catheter, and allows micturition to be

studied under physiological conditions [8,9,10] . With MCU and DIC both the filling and micturition phases can be

studied, however only the micturition phase may be studied with the IRC [11,12,13,14] . IRC may be undertaken in

any child, however it is easier when the child is toilet trained i.e. over 3 years of age. The IRC is done following a

dynamic renogram whenever the child wishes to void.

Detection of Reflux (VUR): Although some reports show close correlation between detection of VUR using the

IRC and DIC [14] , other studies however demonstrated reflux only in the filling phase of the DIC and suggested that

imaging of the micturition phase only will miss reflux in a significant number of children [15,16,17] . VUR is an

intermittent phenomenon, such that, even using the same examination on different occasions, its incidence varies
[18,19,20] . Evaluating any technique for the detection of VUR will remain difficult since there is no absolute reference

method. Considering the reservations on the sensitivity of the IRC, there is agreement that the IRC is

contributory only when positive, whereas a negative examination cannot exclude VUR.

Bladder Function: The renogram plus IRC is useful to evaluate the overall function of the kidneys, drainage from

the upper tracts but also voiding under normal physiological conditions. The two clinical settings where this overall

evaluation is useful are firstly in the older girl with recurrent UTIs who has a normal ultrasound and normal DMSA

scan. In this setting a physiological investigation of the entire nephro-urological system may suggest voiding

abnormalities such as an unstable bladder or incomplete voiding. The second clinical setting is the child with known

bladder outflow pathology e.g. posterior urethral valves, where assessment of entire nephro-urological system is

relevant. In children with significant retention of tracer either in the bladder or ureter post micturition it may be useful
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to suggest double or even triple micturition to ensure complete drainage of the entire system.[21]

The low radiation burden and avoidance of bladder catheterisation, makes IRC a valuable technique for the

detection of renal reflux and observation of physiological micturition.

III Common indications

Indications
1. Detection and follow up of VUR in children who are toilet trained [22,23,24,25]

2. Assessment of the effect of the full and empty bladder on the drainage of the dilated upper tracts. [10, 21, 26]

Contra Indications

There are no contraindications. However, children who are not toilet trained may not be able to undergo this

examination.

IV Procedure

A. Information about previous examinations relevant to this procedure

The clinical history, ultrasound data and previous radionuclide imaging should be reviewed.

B. Patient Preparation

B.1 Information with appointment letter:

Full explanation of the IRC which includes the renogram and the micturition which follows should be given.

This includes the need for adequate hydration plus the wait for the child to micturate after the renogram (see

guidelines for Renogram).

B.2 Prior to injection:

Same as for the renogram.

B.3 Prior to Voiding:

The child should be offered drinks freely at the end of the renogram.

C. Precautions

If a dilated ureter is seen behind the bladder on Ultrasound and one wishes to detect reflux into the

"megaureter" then the IRC may be inappropriate.

The presence of a low or ectopic kidney makes the detection of reflux difficult or impossible because of the

relationship of the ectopic kidney to the bladder.

Over hydration or the use of a diuretic during the renogram may reduce the detection of VUR. [20,27]

Delayed drainage from the pelvis and/or ureter will make detection of reflux difficult.

D. Radiopharmaceutical

D.1 Radionuclide
99mTc
123I

D.2 Pharmaceutical
MAG3 (Mercaptoacetyltriglycine)
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EC (Ethylenedicysteine)

Hippuran

The tubular agents have a high clearance rate thus providing a low kidney to background ratio as well as a

high bladder activity at the time of micturition. DTPA is used in some institutions.

D.3 Dose schedule
As for renogram.

D.4 Technique

At the end of the renogram, the child & parent return to the waiting area, the child is offered drinks freely and

is instructed to call the technologist as soon as s/he wishes to go to the toilet. The child is then taken back to the

gamma room where the camera is vertical and the child can be placed sitting on a commode (the girls) or

standing (the boys) with his/her back close to the camera face. To prevent or limit movement during micturition,

sitting on a commode even for boys may be helpful. If voiding is incomplete or there is activity in the upper

tracts then the entire procedure should be repeated when the child wishes to void for a second time.

D.5 Radiation burden

The IRC does not give any additional radiation burden compared to the dynamic renogram, however since

the child is encouraged to void, the actual radiation is less than the theoretical calculated burden [28,29].

E. Image Acquisition

E.1 Camera Vertical at a slight angle

E.2 Collimator Same as for renogram (General Purpose)

E.3 Patient position Sitting or standing with back to camera

E.4 Views Posterior

E.5 Computer acquisition set up -

Matrix: 64 x 64

Dynamic/Static: Dynamic

Frame rate: Maximum of 5 sec./frame. If compressed images will be generated then

1sec/frame.

Length of Acquisition: This will vary with the time it takes for the child to void. The dynamic

acquisition should begin before the child starts to micturate and be continued until micturition is complete.

Thirty seconds of data acquisition both before and after micturition is ideal, this allows the extent of the

background noise to be evaluated as well as bladder emptying.

Measure the voided volume with each micturition.

If micturition is incomplete or if there is isotope left in the collecting system, then allow the child to return to

the waiting area, offer additional drinks and repeat the entire procedure when the child wishes to void again.

F. Interventions

Nil

G. Processing

Process the renogram as per renogram protocol.

Check the remaining activity in the upper tracts at end of the renogram.

IRC - View all images in cine mode and compare these images to the activity in the kidneys at the beginning

of the IRC before micturition begins. This must be done carefully with the appropriate (low) window setting.
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Draw ROI over bladder and kidney regions, generate curves of all 3 ROI. Background subtraction may be

useful, beware that the liver normally takes up 99mTc MAG3. A ROI over the ureteric region is not usually

helpful, the images usually give sufficient information about the status of the ureter.

The voided volume of urine can be measured (volume or weight), the count difference between the pre-void

and post-void bladder curve may be converted to ml thus allowing estimation of residual bladder activity as well

as estimate the volume of renal reflux in ml [10].

A compressed image may be created if the data has been acquired in 1 sec./frame. This requires the entire

acquisition to be divided vertically into two halves, each containing half the bladder and the right and left kidney

respectively. The compressed image technique allows the entire study to be displayed as two ”histograms” with

time on the X-axis, anatomy on the Y-axis and the degree of blackness representing the activity in the region.

H. Hard copy output

Images should be displayed in 5 sec/frame including micturition episode

Curves of bladder and kidneys. The renal curves must either be displayed separately from the bladder or else

the bladder curve must be rescaled so as not to overshadow the kidney curves.

If the voided volume has been measured this should appear as well as the calculated volume of reflux, if this

has been observed. Similarly the residual bladder volume should be calculated and reported.

If obtained, the compressed images of the bladder and each kidney may be displayed. See issues requiring

further clarification.

I. Interpretation/Reporting/Pitfalls

The diagnosis of VUR is based on an increase of activity in the renal pelvis. Since there is no ”gold standard”

for the diagnosis of reflux, the diagnosis of renal reflux should take all the different processing into

consideration. When the images, curves and compressed image all show an increase in renal activity the

confidence of a positive diagnosis of reflux is more secure. Simply to use any one parameter may lead one to

over diagnose reflux especially when the images are viewed on a window with a very low threshold level. The

classical appearances are on the 5 sec. images which show an increase in renal pelvic activity as the bladder

starts to empty. The renal curve will also show an increase activity as bladder activity falls. However, the

kidneys may be virtually empty at he beginning of the IRC and the bladder full of isotope, under these

circumstances, the bladder curve may so dominate the renal curves, that the renal curves should either be

displayed on their own or the bladder curve rescaled. For the same reason, viewing the images will require a

different setting for the bladder than for the kidneys.

Other manifestations of VUR are when the final image of the renogram shows almost complete drainage of

the tracer, yet at the beginning of the IRC the kidney contains significant amounts of tracer. If the child voids on

more than one occasion, again there may be more tracer in the kidney at the start of the second void than there

was at the end of the first void. Some children, especially girls have the desire to micturate, but on coming in-

front of the gamma camera are unable to void. If this acquisition, without micturition shows VUR, this may be

due to an unstable bladder.

In the presence of dilated upper tracts, as may be seen in boys with posterior urethral valves, the response of

the upper tract to bladder emptying provides the urologist with information as to the need for double or even

triple micturition to empty the entire urinary tract.

The value of the 30-second acquisition immediately prior to micturition will allow the observer to note the

kidney activity before micturition and so ensure that fluctuation due to noise (especially on the curves) is not

misinterpreted as VUR.

To diagnose VUR on the renal curves, the images must also show this activity. Beware of movement which

force the bladder into kidney ROI and so suggest a false positive VUR which will not be seen on the images.
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Other causes of an apparent increase in renal activity include movement in the anterior - posterior projection so

that the kidney moves away from the gamma camera face and then may come back in contact with the camera;

also because of the liver activity, in the presence of very low renal activity, noise may be the reason for the

change in ‘apparent’ renal activity.

The pattern of bladder emptying should also be observed. The normal curve shows a rapid fall virtually to the

base line, this curve is usually very steep. Abnormal patterns include step wise micturition where the child has a

start-stop micturition, slow emptying with a curve falling gradually, this may be either with complete or

incomplete emptying. One may also observe incomplete voiding, the significance of this increases if this has

occurred on more than one micturition episode of the same IRC. Whilst none of these patterns are specific to

make a particular diagnosis, they should alert the clinician to the possibility of abnormal bladder function.

J. Quality control

Movement of the child during acquisition- may not allow meaningful curves to be generated but still allows

visual assessment of the renal areas for VUR.

V Issues requiring further clarification

1. Movement correction

2. Sensitivity of compressed image. Some departments consider this as a very sensitive index of VUR,

however further work is required for clarification.

3. There are conflicting reports as to the sensitivity in the detection of VUR when compared to the DIC or

MCU. Since the IRC only shows the micturition phase while the DIC shows both filling and micturition,

one is not surprised at this discrepancy [16,17,18,19,20,30,31]. However there is agreement that if VUR is seen

on the IRC, then it is present. What may be more relevant is to compare the results of DIC/MCU with

IRC in the context of renal damage.

4. If there is only slight increase in renal activity and there is doubt as to whether this represents VUR, there

may be no technique which can confirm or deny the VUR since VUR is in itself an intermittent condition

immaterial the method used to detect it.

5. VUR on IRC can not be graded according to the 5 classical radiological grades. Some clinicians use the

radiological grading of VUR to effect management, this inability of the IRC to use the radiological

grading may be a drawback.
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