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Abstract. Radionuclide voiding cystography is a 
sensitive and accurate method for diagnosing vesi- 
coureteric reflux. This method allows for continu- 
ous monitoring of bladder filling and emptying, 
permits detection of reflux at any time during the 
study, and evaluates its dynamics. Since it results 
in very low amounts of radiation to the patient, 
it is an ideal method for the diagnosis and follow- 
up of children with reflux. 
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Study of the ureters and bladder in pediatric nucle- 
ar medicine is limited to the use of radionuclide 
cystography for evaluation of suspected vesicoure- 
teric reflux. This failure of the ureterovesical valve 
mechanism may be caused by a congenital varia- 
tion, pathologic process, or immaturity that dis- 
torts the anatomy or function of the ureterovesical 
junction. The principal long-term consequence of 
vesicoureteric reflux of infected urine is develop- 
ment of pyelonephritic scars that, in turn, may lead 
to hypertension and chronic renal failure. 

Several passive and active factors characterize 
a normal valve mechanism of the ureterovesical 
junction. The passive factors include: an oblique 
entry of the ureter into the bladder; an adequate 
length of intramural ureter, particularly of its sub- 
mucosal segment; and an adequate ratio of the 
length of the submucosal tunnel to the diameter 
of the ureter. The active factors are contraction 
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of the ureterotrigonal muscles, which close the ure- 
teral meatus and the submucosal tunnel; and active 
ureteral peristalsis, as during diuresis. 

The incidence of vesicoureteric reflux in the 
general population (noninfected) is not known. In 
a study by Ransley [1], only 7 (1%) of 535 appar- 
ently normal neonates, infants, and children had 
vesicoureteric reflux. We reviewed radionuclide 
voiding cystograms in 37 siblings of patients with 
known vesicoureteric reflux and found that 12 
(32%) of them exhibited reflux. The reflux was 
unilateral in 8 patients and bilateral in 4 patients. 
Jerkins and Noe [2] found a similar incidence 
among siblings using radiographic cystography. 

The intramural ureter becomes longer with age, 
often producing sufficient length to convert a reflux- 
ing ureterovesical junction into a nonrefluxing one. 
Normand and Smellie in 1979 reported spontane- 
ous cessation of reflux in 71% of children and 79% 
of the ureters in their patients. The most important 
factor in the spontaneous resolution of reflux 
seemed to be the diameter of the ureter: resolution 
took place in 85% of ureters of normal caliber 
but only in 41% of dilated ureters. These authors 
also reported that 63% of ureters associated with 
scarred kidneys ceased to reflux spontaneously [3]. 

Follow-up radiographic voiding cystograms 
approximately every 12 months are often obtained 
in patients with reflux to evaluate its evolution. 
Cessation of reflux usually eliminates the need for 
continuing antiinfectious prophylaxis. Because of 
the concern about gonadal radiation to children 
from these multiple studies, radionuclide cystogra- 
phy, with its much lower radiation dose, has be- 
come a desirable alternative. 

In view of the tendency of vesicoureteric reflux 
to resolve spontaneously, its management remains 
controversial. Persistent reflux, depending on the 
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individual patient, may require further antibiotic 
treatment with continuation of monitoring, or sur- 
gical correction. The degree of ultimate damage 
to the kidneys or subsequent pathology does not 
appear to change with the treatment chosen. 

Technique 

Radionuclide cystography was introduced in the 
late 1950s by Winter [4], and since then several 
reports on this topic have appeared [5-12]. Con- 
way and his coworkers refined the method for ap- 
plication to pediatric patients [13-16]. 

Radionuclide cystography permits continuous 
monitoring of bladder filling and emptying. Reflux 
can be detected and its dynamics recorded at any 
time during the study. Using computerized gamma 
cameras, estimates of the capacity of the bladder 
and the volume of reflux can be made. Simulta- 
neous recording of intravesical pressure permits as- 
sessment of reflux dynamics and analysis of the 
relationship between intravesical volume, pressure, 
and reflux. 

Indications 

In our institution radionuclide cystography is used 
in the following situations: follow-up a few months 
to a year after the initial diagnosis (by convention- 
al VCUG) of vesicoureteric reflux in patients on 
long-term antibiotic treatment; following antire- 
flux surgery; in siblings of patients with known 
vesicoureteric reflux; and occasionally as a screen- 
ing test to detect reflux in children who have had 
urinary infection. 

Patient Preparation 

A complete explanation of the procedure should 
be given to the patient and/or the parents. When 
conducted with patience and understanding, such a 
conversation will reduce anxiety about the examina- 
tion. In addition, we find it helpful to give or mail 
to our patients a brochure with information and 
instructions for preparation [17, 18]. If a patient 
is unusually apprehensive about the procedure, we 
perform the study on another day. We do not use 
sedation. 

The patient is instructed to void in the bath- 
room before the examination if possible, and then 
to lie supine on the examination table for the entire 
study. The examination table_is covered with ab- 
sorbent paper to avoid contamination. 

Equipment 

A computerized gamma scintillation camera with 
a field of view sufficiently large to include both 
kidneys and the bladder should be used. The cam- 
era should be equipped with a high-sensitivity or 
diverging collimator. 

Radiopharmaceuticals 

The radionuclide used is technetium-99 m as sodi- 
um pertechnetate: 1 mCi dissolved in a 500-ml bot- 
tle of sterile saline. This bottle is connected to the 
intravesical catheter by means of standard intrave- 
nous tubing at the beginning of the study. 

Catheter&ation 

Sterile urethral catheterization trays prepared for 
each study contain the following items: 3 small 
containers, cotton, and a sterile towel with a cen- 
tral opening. Other materials needed include: anti- 
septic solution, Povidone-Iodine, (Betadine®); 
sterile water; anesthetic jelly (lidocaine); a bright 
light source; a 10-ml syringe with a blunt, tapered 
adapter; and aqueous lidocaine (0.5%). Two sizes 
of catheters are used: a 2.6-mm diameter catheter 
for most patients and a 1.5-mm diameter catheter 
for babies. For simultaneous pressure recordings, 
we use a 3-mm diameter, double-lumen catheter 
(Fr 9, Reusch, West Germany). 

Success of the examination depends on a care- 
ful catheterization technique. Inexperience is the 
most frequent cause of iatrogenic damage to the 
male urethra. If necessary, a parent or aide assists 
in restraining the patient, who lies supine and is 
encouraged to relax. The so-called frog position 
is useful in catheterizing females. The periurethral 
area (girls) or the glans penis (boys) is carefully 
cleansed with antiseptic solution and sterile water. 
These fluids should be warmed to body tempera- 
ture before use. The catheter is lubricated with the 
anesthetic jelly to facilitate smooth insertion. The 
urethral orifice in girls is identified before attempt- 
ing catheterization. 

In girls, the catheter should be introduced easi- 
ly in one motion without hesitation. Any addition- 
al contact with the area surrounding the urethral 
orifice should be avoided because it causes discom- 
fort. This cannot be emphasized enough; a child 
who has had a bad first experience with this proce- 
dure is not likely to cooperate in the future. 

In males, the urethra is anesthetized. The penis 
is held with one hand, while lidocaine (5-10 ml 
is slowly injected into the urethra using the blunt 
adaptor. Slow and deep breathing helps to relax 
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the sphincter and allows anesthesia of the entire 
urethra. Slightly squeezing the anterior portion of 
the penis for a minute prevents the lidocaine from 
draining out. The catheter is then gently and 
continuously introduced into the bladder. Deep 
breathing and/or instructions to the patient to void 
may relax the sphincter. If the sphincter remains 
closed, the catheter should be kept under continu- 
ous and mild pressure against it. In the majority 
of cases, the catheter will eventually glide through 
the sphincter. 

Do not try to overcome a closed or spastic 
sphincter by repeated back-and-forth motions of 
the catheter; this may result in urethral injury. In 
the rare instance when it is necessary to repeat 
the urethral anesthesia, a second attempt at cathe- 
terization is virtually always successful. 

Once the catheter has been advanced beyond 
the sphincter, the majority of children will cooper- 
ate. In girls, the catheter is fixed with adhesive 
surgical tape to the inner thigh; in boys, to the 
dorsal shaft of the penis. Leaving the catheter in 
place until the end of the study has the advantage 
of allowing a repeat examination in case of failure 
as well as additional filling of the bladder, if neces- 
sary, in order to initiate voiding. It is important 
to ensure that there is no skin contamination of 
the radionuclide as it may be confused with reflux 
during analysis. 

Recording 

The radionuclide cystogram is recorded on the 
computer in a series of 5-second frames for the 
duration of the study. An analog record is also 
made at 1 frame per 30 seconds for the entire 
study. 

Filling and Voiding 

The bottle with the radionuclide is suspended 
70--90 cm above the examination table and is con- 
nected to the catheter. The child is encouraged to 
lie quietly on the table (Fig. 1). Sand bags along- 
side the patient's body help to maintain position- 
ing, and dim light during the procedure seems to 
have a quieting effect. 

The entire examination is monitored on the 
persistence osciloscope by the operator. The end 
of the filling phase is indicated by a bladder volume 
appropriate for the patient's age (Fig. 2) and a re- 
duction of the rate of flow of the infusate. 

With filling of the bladder to its capacity, void- 
ing is usually initiated without delay. Careful and 
complete collection of the voided fluid is necessary 

for quantitation. We use a plastic urinal for both 
girls and boys. In girls, its lower border is gently 
pressed against the perineum and inner thighs. 

Analysis 

The sequential images of the cystogram are dis- 
played on the computer monitor and evaluated 
visually. Contrast enhancement is helpful in identi- 
fying small volumes of reflux. If reflux is present, 
regions of interest are drawn over the kidneys and 
bladder. In addition, another region equidistant 
from the bladder is selected to correct for back- 
ground scatter. 

It is important to determine if there has been 
any patient motion during the study since this will 
invalidate any attempts at quantitation. If motion 
has not occurred, time-versus-activity curves are 
calculated for each region of interest (Fig. 3). 

To obtain an estimate of the volume of reflux, 
bladder capacity, and residual capacity, a relation- 
ship between activity and volume is obtained. As- 
suming that attenuation of the gamma rays is con- 
stant, that the isotope is well-mixed with the solu- 
tion of saline, and that a negligible amount of urine 
is produced by the kidneys during the study, the 
counts recorded will be proportional to the vol- 
ume(s) 

V = R C  (1) 

where V is volume, R is constant, and C is counts. 
Note that 0 counts represents zero volume. 

The constant R is calculated by relating the 
voided volume to the drop in total vesical counts 
during the voiding phase of the study. At the be- 
ginning of the voiding phase, the volume is Vo 
and the counts are Co. At the end of the voiding 
phase, the volume will be Ve and the counts Ce. 
Substituting these values into equation (1) yields: 

Vo=RCo, (2) 

Ve=RCe. (3) 

Subtracting Eq. (3) from Eq. (2) yields: 

R -  V e -  Vo V change in volume (4) 
C e - C o  C change in counts 

Once the ratios are calculated, it is easy to ob- 
tain any volume of interest for any particular time 
of the study (e.g., maximum volume of reflux). One 
simply has to multiply the ratio R by the number 
of counts over a particular region for a given frame. 

After the counts in each region are converted 
to volumes, it is possible to calculate rates of flow. 
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Fig. 1. Method of radionuclide 
voiding cystography 
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Fig. 2. Bladder volume as function of age 

To obtain the average voiding flow rate, the count 
loss during voiding must be divided by the time 
of voiding and multiplied by the constant R. 

V 
Average Flow Rate = R ~ (5) 

Variables obtained in this way include the fol- 
lowing: 

1. Volume of the bladder at the first occurrence 
of reflux and at the time of maximum reflux during 
filling and/or voiding; 

2. Maximum bladder volume (end of filling); 
3. Volumes of  reflux (initial, maximum, re- 

sidual); 
4. Average voiding flow rate. 

Interpretation 

Radiologic Grading 

We agree with Ransley [1] that grading of vesi- 
coureteric reflux is convenient for communication 
but need not be applied too rigidly in an individual 
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Fig. 3. Bilateral vesicoureteric 
reflux in a 5-year-old girl first 
discovered by conventional 
voiding cystography 1 year 
previously. L, left ureter; R, right 
ureter; B, bladder 

case. Recently a report by an international group 
studying vesicoureteric reflux adopted a classifica- 
tion of reflux based on its radiographic appearance 
[19] (Fig. 4). This classification represents a contin- 
uum, and some cases may not fall precisely within 
1 of its 5 grades. Further, the same patient may 
have grade II reflux during one examination and 
grade I or III during another. 

Typically, patients with reflux of low grade (I 
through III) are candidates for nonsurgical treat- 
ment and continuous antibiotic therapy. With 
higher grades of reflux (significant ureteral and pel- 
vicalyceal dilatation), spontaneous resolution of 
reflux can occur but is less likely. Continuous anti- 
biotic therapy may be given to these patients pro- 
vided that their urine remains sterile, that frequent 
urine cultures are performed, and that serial radio- 
logic evaluation is carried out. This routine re- 
quires careful compliance by the patient and par- 
ents. 

Surgical treatment in experienced hands has a 
high degree of success (_+ 95%), offers an immedi- 
ate correction of the anatomic problem, and re- 
duces the risk of pyelonephritis. Neither medical 
nor surgical treatment, however, offers a clear ad- 
vantage as far as subsequent development of hy- 
pertension or impairment of renal growth. Which- 
ever form of therapy is chosen, long-term follow- 
up and observation are essential to assess the pa- 
tient's progress and the presence of complicating 
factors, such as residual vesicoureteric reflux, new 
scars, pyelonephritis, hypertension, or obstruction. 

Reflux 
An analysis of 135 consecutive radionuclide studies 
in our hospital revealed a 32% incidence of vesi- 
coureteric reflux, usually of mild to moderate de- 
gree. Reflux was present in 47% of the nonsurgical 

patients and in 11% of the patients evaluated fol- 
lowing surgery. It was unilateral in 60% and bilat- 
eral in 40%. Unilateral reflux occurred in the right 
and the left ureter with equal frequency. In the 
59 refluxing renal units, reflux occurred during fill- 
ing and voiding in 80% while reflux during voiding 
only was present in 17% of the ureters. The re- 
maining 3 % of ureters refluxed during bladder fill- 
ing only. Almost 80% of those patients with reflux 
during filling and voiding exhibited an increase in 
the refluxed volume during voiding of 2-34 ml (av- 
erage, 7 ml). 

Comparing the 5 radiographic grades of reflux 
with radionuclide cystography is not easy and may 
not be appropriate due to inherent technical pecu- 
liarities of each method. In radionuclide cystogra- 
phy, however, it is possible to distinguish degrees 
of severity. In the least severe degree, activity is 
seen in the ureter without reaching the renal pelvis 
(Fig. 5). This corresponds to grade I reflux. When 
a small volume refluxes into the renal pelvis with 
minimal or no visualization of the ureter (Figs. 6, 
7, 8 and 9) it corresponds to radiographic grades II 
to III. It is not possible, by radionuclide technique, 
to assess the diameter of either the ureter or the 
pelvicalyceal system. Finally, the radionuclide cys- 
togram can reveal a large volume of reflux reaching 
a dilated pelvicalyceal system with definite dilata- 
tion (and even redundancy) of the ureter. This cor- 
responds to radiologic grades IV or V (Figs. 10 
and 11). 

The radionuclide cystogram is more sensitive 
than conventional radiographic voiding cystogra- 
phy for the diagnosis of vesicoureteric reflux [15]. 
It also permits an estimation of the refluxed vol- 
ume. Experiments with phantoms using volumetric 
flasks to represent bladders, small containers of 
various volumes to simulate reflux and also using 
several scatter thicknesses were carried out to de- 
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Fig. 4. Radiographic classification of reflux, International Study Classification. I, ureter only, If, ureter, pelvis, and calices; no 
dilatation, normal caliceal fornices. Ill, mild or moderate dilatation and/or tortuosity of ureter and mild or moderate dilatation 
of renal pelvis but no or slight blunting of fornices; IV, moderate dilatation and/or tortuosity of ureter and moderate dilatation 
of renal pelvis and calices. Complete obliteration of sharp angle of fornices but maintenance of papillary impressions in majority 
of calices. V, gross dilatation and tortuosity of ureter. Gross dilatation of renal pelvis and calices. Papillary impressions are 
no longer visible in majority of calices 

Fig. 5. Small volume of intermittent left vesicoureteric reflux in an 8-year-old girl with previously documented left grade I-II  
reflux. At the end of the top row, vesicoureteric reflux is within the ureter and appears to reach the left renal pelvis. The 
last frame (bottom right) shows reflux into the distal left ureter 
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Fig. 6. Bilateral vesicoureteric reflux in a 6-year-old observed 
mainly during voiding. A year previously, she showed unilateral 
reflux. Left reflux is minimal and does not seem to reach the 
renal pelvis. The reflux into the right ureter is greater than 
the left, is still small in volume, and reaches the renal pelvis 

termine the sensitivity of this technique. The same 
radiopharmaceutical-specific activity, collimator, 
and frame rate as used in the clinical studies were 
employed. Under these conditions, it was deter- 
mined that the minimum detectable volume of re- 
flux was 0.20 ml (240-ml flask and 3.5 cm of scat- 
ter); the minimum distance from the projected 
edge of the flask at which 0.20 ml of reflux was 
detectable was 2 cm. Actual estimate of the volume 
of reflux if it was less than 1 ml yielded a greater 
than 50% error. Volumes in the smaller container 
(reflux) of 1 ml or greater yielded an error in the 
estimated volume of 10% when using 3.5 cm of 
scatter and 20% with 6 cm of scatter. 

Three cadaveric kidneys containing 1.0, 5.0, 
and 10.0 ml of test solution in their pelvicalyceal 
system were imaged along with a 240-ml flask 
(bladder) using 3.5 cm of scatter. Estimations of 
simulated reflux volume under these conditions 
carried an error of 10%. 

Patterns of Reflux 

The ability to monitor continuously during radio- 
nuclide cystography permits observation of several 
dynamic patterns of reflux. Continuously increas- 
ing reflux characteristically occurs during the early 
or mid filling phase, supposedly through a patu- 
lous ureteral orifice that allows the bladder and 
ureter(s) to behave as a single chamber (Fig. 10). 
Occurrence of reflux in this condition appears to 
be independent of intravesical pressure, which is 
usually low during the beginning of bladder filling. 
This corresponds to Lattimer's group 3: reflux at 
low pressures and low volumes [20]. 

Most commonly, vesicoureteric reflux does not 
start until a certain bladder volume has been 
reached and then either continues to increase until 
the end of the filling phase or shows intermittent 
increases and decreases in volume (Fig. 12). In 
some patients, however, there may be only tran- 
sient episodes of reflux during the filling phase 
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Fig. 7. Bilateral vesicoureteric reflux 6 months after 
surgical repair of megaureters. Left ureter is larger 
than right. Enhanced computer images (A) reveal 
the right reflux clearly while analog images (B) 
show only left reflux. Time-activity curves (C) over 
the ureters reveal the dynamics of reflux (L, left 
ureter; R, right ureter) 

Fig. 8. Bilateral reflux at 1-year 
follow-up in an 8-year-old girl 
with previous left grade III reflux. 
Reflux occurs in both ureters at 
almost the same bladder volume 
(200 ml). Reflux extends into both 
renal pelves and drains to 
completion with voiding (B, 
bladder) 
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Fig. 9. Five-year-old girl with left 
vesicoureteric reflux 4 months 
after right ureteral reimplantation. 
There is no evidence of right 
vesicoureteric reflux 

(Fig. 5). Some children who are unwilling or un- 
able to void during the cystogram are asked to 
urinate in the bathroom and a post-voiding image 
is obtained. In some cases the postvoid image will 
show the only evidence of  vesicoureteric reflux 

(Fig. 13). In certain cases of bilateral reflux, one 
ureter can be seen to begin refluxing at a certain 
bladder volume and then reflux begins into the 
contralateraI ureter at a greater bladder volume 
(Figs. 3, 7, 12 and 15). 
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Fig. 11. Four-year-old boy with severe left (L) vesicoureteric 
reflux. Reflux occurs at a relatively small bladder volume 
(150 ml). A post-void image (below right) reveals retention of 
radiotracer within the left renal pelvis. On the third image 
(above) there is evidence of right (R) vesicoureteric reflux to 
the distal ureter only 

Fig. 10. Five-year-old girl with previous pyelonephritis and bi- 
lateral vesicoureteric reflux. Previous left ureteral reimplanta- 
tion. There is right vesicoureteric reflux only (R) which occurs 
at a small bladder volume (150 ml) and increases at the end 
of bladder filling (F) and during voiding (V) 

If reflux has occurred during the filling phase, 
it usually increases (Fig. 10) in volume during the 
voiding phase, but occasionally it may decrease 
or disappear altogether during voiding (Figs. 8 and 
12). In other cases reflux only occurs during or 
after voiding (Figs. 6 and 14). Refluxed fluid may 
continuously drain into the bladder immediately 
after completion of voiding, despite the intravesical 
pressure frequently reaching its maximum at this 
time. Reflux may not have as much to do with 
intravesical pressure as with the state of bladder 
filling and contraction insofar as they affect the 
ureterovesical junction. 

Bladder Capacity 

Information about bladder capacity on previous 
studies, mean standard values, and observation of 
the infusion flow rate should aid the operator in 
filling the patient's bladder to its approximate ca- 
pacity. These and other guides are highly variable, 
however. For example, bladder capacity generally 
increases with the age of the patient (Fig. 2). How- 
ever, at a given age or in a given patient it may 
vary by 100% or more from the mean volume. 
Subjective signs of complete bladder filling shown 
by the patient (upgoing toes, restless legs, urgency) 
should be noted, but their value is questionable. 

Influences operating at the time of examination 
may cause the functional capacity to be quite dif- 
ferent from the actual capacity. Mechanical fac- 
tors, such as rapid filling of the bladder, irritation 
from the catheter, or low temperature of the in- 
stilled fluid, can induce high bladder tonus and 
thus lower bladder capacity. Apprehension may 
provoke the same response. Uninhibited bladder 
contractions due to irritability from severe inflam- 
mation characteristically cause intermittent pain 
and urgency and tend to keep bladder capacity 
low. In most children with urinary tract infection 
in our series, however, bladder capacity seemed 
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Fig. 12. Bilateral vesicoureteric reflux in a 9-year-old girl at 
1-year follow-up. Reflux in the left ureter (L) occurs at a blad- 
der volume of 230 ml while right reflux (R) occurs at nearly 
400 ml of bladder capacity. Note the dynamic nature of the 
reflux and the complete emptying of activity from the renal 
pelves after voiding. B, bladder time-activity curve 
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Fig. 13. Left vesicoureteric reflux detected only after voiding 
(right panel). During the filling phase (left panel), no reflux 
is demonstrated• This study was done in a 5-year-old girl with 
a left refluxing duplex system 
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not to be affected. Starfield [21] established values 
of  functional bladder capacity in nonenuretic and 
enuretic children and showed that the bladder ca- 
pacity was significantly lower in the latter group. 

Intravesical Pressure 

Our method of  examination permits simultaneous 
recording of the radionuclide cystogram and intra- 
vesical pressures in the computer. Using a double- 
lumen catheter, one channel is used for infusion 
while the other is connected to a pressure transduc- 
er. The pressure transducer output is connected 

through an analog-to-digital converter to the com- 
puter. Time-activity and time-pressure waves can 
then be displayed on the same computer monitor 
and on the same time scale. 

In a study designed to establish normal and 
abnormal ranges of  intravesical pressure, measure- 
ments during radionuclide cystography were ob- 
tained in 40 patients. There were 16 normal chil- 
dren, 15 children with reflux, and 9 children who 
had had surgery previously. In the normal chil- 
dren, maximum intravesical pressures during fill- 
ing were 15-80 cm H20  (average, 42 cm H20 ) and 
during voiding or postvoiding 24-136 cm H20 (av- 
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Fig. 14. Small volume of left (L) 
vesicoureteric reflux during 
voiding only, in a 9-year-old girl 
with previously demonstrated 
bilateral grade II reflux 
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Fig. 15. Bilateral vesicoureteric 
reflux beginning at different 
bladder volumes (below left) with 
retention of radiotracer within 
both renal pelves (L, R) after 
voiding (below right) 

erage, 78 cm H20). There was no significant differ- 
ence between the patients with reflux and those 
who had prior reimplants. The initial voiding pres- 
sure was always higher than the maximum filling 
pressure. Intravesical pressures decreased with in- 
creasing bladder capacity. During filling of the 
bladder, the intravesical pressure showed a contin- 
uous increase until full bladder capacity was 
reached. Toward the end of voiding, a pressure 
peak that occurred after contraction characterized 
the pressure curve. In most instances, the highest 
recorded intravesical pressure was reached just at 
the end of micturition. 

A relationship between intravesical pressure 
and cortical renal damage in the absence of infec- 
tion remains widely debated [22]. However, in pa- 
tients with vesicoureteric reflux there are alter- 
ations in renal blood flow during voiding [23]. Re- 
nal damage from pyelotubular backflow of con- 
trast material has also been considered [24]. It has 

been clearly demonstrated that in children under 
6 years of age, but mainly in infants, massive reflux 
in the presence of urinary tract infection leads to 
renal damage [25-29]. 

Intrarenal reflux seems to play an important 
role in the etiology of renal damage [30]. Since 
intravesical pressure is higher in younger children 
than in older ones and since renal damage mainly 
occurs in younger children, some relationship be- 
tween intravesical pressure, infected urine, intrare- 
nal reflux, and reflux nephropathy seems likely. 
In the absence of a barrier at the ureterovesical 
junction, the upper urinary system and the bladder 
act as a single chamber. Studies in our laboratory 
seem to indicate that intravesical pressure is prob- 
ably least important in terms of etiology, manage- 
ment, and prognosis of reflux provided that no 
distal obstruction or neurogenic dysfunction coex- 
ists. The majority of our patients exhibited reflux 
during filling at a relatively large bladder volume. 
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The increasing bladder volume during the cysto- 
gram probably influences the competence of the 
ureterovesical junction more than the increase in 
pressure. 

In the growing child, maturation of the uretero- 
vesical junction probably implies not only length- 
ening of the intravesical ureter but also strengthen- 
ing of the specific musculature related to the ure- 
terovesical junction. Therefore, decreasing occur- 
rence of reflux with age is to be expected [15, 
31-33]. Controversy still exists about maturation 
of the ureterovesical junction [34, 35]. Reflux dur- 
ing voiding only may be related to the changing 
anatomic condition of the ureterovesical junction 
during bladder contraction. 

Bladder Emptying 

We calculated the voiding flow rates in 75 patients 
[36, 37]. The average flow rate in 26 normal chil- 
dren was 10.2 ml/sec (range, 2-21 ml/sec + 4.5 SD). 
In 49 abnormal patients (reflux with or without 
infection or previous surgery), the voiding flow 
rates averaged 10.5 ml/sec (range, 1.4-31 ml/sec_+ 
5.7 SD). In all 75 patients, the average voiding 
flow rate was 10.4 ml/sec (range, 1.4-31 ml/sec_+ 
5.3 SD). The average voiding flow rate seemed to 
relate to the initial bladder volume and thus to 
age. The greater the initial bladder volume, the 
higher the voiding flow rate. The presence of an 
indwelling catheter did not seem to reduce the 
voiding flow rate significantly [41]. In patients with 
an indwelling catheter, it averaged 10.7 ml/sec 
(range, 2.0-31 ml/sec), while in those without a 
catheter, the average flow rate was 9.8 ml/sec 
(range, 1.4-25 ml/sec). The voiding time was 
10-116seconds with an average of 35 seconds. 
With the exception of a few extreme values, the 
voiding time in normal patients is comparable to 
that in patients with reflux. 

Gierup observed that children usually do not 
use abdominal straining during voiding [38]. When 
they do, the urinary flow either increases or de- 
creases, probably in relation to whether or not the 
external sphincter is being contracted along with 
the abdominal muscles [39]. Thus, urging the child 
to strain in order to void may be counterproduc- 
tive. 

Residual Bladder Volume 

Residual volumes measured by catheterization and 
by radionuclide cystography may or may not be 
the same (Fig. 16), and in many instances there 
is gross discrepancy between these two measure- 
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Fig. 16. Residual bladder volumes measured in the same pa- 
tients by catheterization and by radionuclide cystography in 
30 normal children 

ments. The reasons for such inconsistency are 
many. The patient may not adequately empty the 
bladder because of some underlying abnormality 
such as aberrant micturition (as in some cases of 
reflux) or dysuria [40, 41]. The bladder may not 
be properly drained due to the placement of the 
tip of the catheter against the bladder wall [42], 
or the patient may simply be unwilling or unable 
to void due to the unnatural situation [43]. 

We have observed more complete emptying of 
the bladder in patients who have had their bladder 
filled to a maximum or optimal volume during cys- 
tography. Apparently a high tonicity of the blad- 
der wall induced adequate contraction and more 
complete emptying. A large residual volume in 
children either at the beginning or at the end of 
the study does not necessarily mean that the pa- 
tient has a significant abnormality. Demonstration 
of an empty bladder, on the other hand, is useful 
[44]. 
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Urine Cultures 

We reviewed the results of urine cultures in 113 
consecutive children referred for radionuclide cys- 
tography. Urinary infection with Escherichia coli 
or Streptococcus fecalis was found in 11% of our 
patients in spite of their allegedly being on continu- 
ous antibiotic treatment and being carefully evalu- 
ated by their physician. There was a nearly equal 
incidence of urinary infection in patients on con- 
servative treatment and in those who had under- 
gone surgery. Our experience agrees with that of 
other workers indicating that reflux and infection 
are independent of one another [25, 35, 45-48]. 

Dosimetry 

For children between 1 and 10 years of age under- 
going radionuclide cystography, the absorbed ra- 
diation dose estimates are 18-27 mrad for the blad- 
der and 1-2 mrad for the ovaries. The testicular 
dose is less than the dose to the ovaries. The dose 
to the kidneys is estimated to be 0.02-0.04 mrad/ml 
of reflux per minute of residence in the collecting 
system. The estimated dose to the ureter in reflux 
is 1.3 mrad/min, which is the same as the dose to 
a sphere of 1 ml filled with Tc-99 m at a concentra- 
tion of 2 mCi/liter. 

Comparing our results to those published by 
Conway et al. [44], the dose to the bladder is simi- 
lar. With regard to the doses to which the gonads 
of  a girl are exposed during conventional voiding 
cystourethrography, there is approximately 50- 
200 times less radiation with computerized radio- 
nuclide voiding cystography [49, 50]. 

The residence time for the activity in the blad- 
der was determined from the duration of the study 
in patients of various age groups. The average 
bladder capacities were taken from the data of 
Fig. 2. The empty bladder mass was estimated by 
extrapolation from data in adults using growth 
curves [51]. 
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