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Abstract 
 
Introduction. Secondary hypertension is a relatively com-
mon form of hypertension in childhood with renovascular 
hypertension being responsible for 5%–10% of all arterial 
hypertensions in children. An early diagnosis of renovascu-
lar hypertension is important when considering an appro-
priate treatment of hypertension that may prevent or slow 
further progression of kidney damage. To validate the use-
fulness of a captopril renal scintigraphy in hypertensive 
children, we report a case of a 16-year-old female patient 
with a history of hypertension as a result of fibromuscular 
dysplasia. Case report. The patient was asymptomatic with 
elevated blood pressure revealed by a routine physical ex-
amination. Laboratory tests showed the increased levels of 
plasma renin activity with the normal levels of aldosteron. 
The renal ultrasound was normal. The Doppler of the renal 
arteries showed no significant differences of resistive index. 
A renal captopril scintigraphy was performed, including two 
day study protocol, the baseline study followed by another 
captopril study several days later. The scintigraphy showed 
the abnormal baseline and captopril renogram curve of the 
right kidney with significant cortical retention of radiotracer 
after angiotensin-converting enzyme inhibition. Following 
the captopril scintigraphy a renovasography was obtained 
confirming the presence of a 2 mm long circular narrowing 
of the right renal artery. It was immediately treated resulting 
in a significant expansion of the lumen. Conclusion. The 
captopril renal scintigraphy allows non-invasive functional 
testing in a selected group of hypertensive children, which 
can either confirm or rule out the existence of hemody-
namically significant renal artery stenosis. 
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Apstrakt 
 
Uvod. Sekundarna hipertenzija je najčešći oblik hipertenzije 
kod dece i renovaskularna hipertenzija je odgovorna za 5%–
10% svih hipertenzija. Pravovremeno otkrivanje renovaskular-
ne hipertenzije je važno jer omogućuje specifičan tretman koji 
vodi do odgovarajućeg lečenja hipertenzije, čime se utiče na 
prevenciju nastanka i dalje progresije parenhimskog oštećenja 
bubrega. U cilju potvrde korisnosti kaptoprilske scintigrafije bu-
brega u skriningu hipertenzivne dece prikazujemo slučaj šes-
naestogodišnje devojčice sa istorijom hipertenzije uzrokovane 
fibromuskularnom displazijom. Prikaz slučaja. Bolesnica je 
bila bez simptoma. Povišen krvni pritisak je otkriven prilikom 
rutinskog sistematskog pregleda. Laboratorijske analize su ot-
krile povišene vrednosti reninske aktivnosti plazme uz vredno-
sti aldosterona koje su bile u granicama referentnih vrednosti. 
Ultrasonografski nalaz bubrega bio je uredan. Dopler krvnih 
sudova bubrega nije ukazivao na prisustvo signifikantne razlike 
u vrednostima indeksa otpora. Urađena je kaptoprilska scinti-
grafija bubrega, koja uključuje bazalnu studiju dinamske scinti-
grafije bubrega, a potom ponovljenu dinamsku scintigrafiju bu-
brega sa premedikacijom kaptoprilom. Kaptoprilska scintigrafi-
ja ukazala je na patološki nalaz bazalne i kaptoprilske renograf-
ske krivulje desnog bubrega sa značajnom kortikalnom retenci-
jom radioobeleživača nakon inhibicije angiotenzin konver-
tujućeg enzima. Nakon kaptoprilske scintigrafije, renovazogra-
fija je potvrdila prisustvo cirkularnog suženja desne renalne ar-
terije u dužini od 2 mm. Neposredno nakon potvrde stenoze 
desne bubrežne renalne arterije urađena je balon dilatacija i po-
stignuto je značajno proširenje lumena. Zaključak. Kaptopril-
ska scintigrafija bubrega omogućava neinvazivno funkcionalno 
ispitivanje u selektovanoj grupi hipertenzivne dece koja može 
potvrditi ili isključiti postojanje hemodinamski značajne stenoze 
renalne arterije. 
 
Ključne reči: 
hipertenzija, renovaskularna; deca; dijagnostičke tehnike i 
procedure; scintigrafija; kaptopril; bubreg, cirkulacija krvi. 
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Introduction 

According to several epidemiological studies, the 
prevalence of hypertension in children is approximately 1%–
3%, increasing with obesity in older children 1. Secondary 
hypertension is a relatively common form of hypertension in 
childhood and renovascular hypertension (RVH) is responsi-
ble for 5%–10% of all arterial hypertensions in children 2. 
RVH is defined as hypertension caused by renal hypoperfu-
sion, usually due to anatomic renal artery stenosis (RAS) and 
the activation of the renin-angiotensin aldosterone system 
(RAAS). The critical degree of stenosis leads to a reduction 
in renal perfusion pressure below the range of autoregulation 
while the experimental hemodynamic studies indicate that 
measurable changes in perfusion pressure do not develop un-
til the stenotic lesion cross section area is reduced by at least 
70%–75%. The most common causes of RAS are fi-
bromuscular dysplasia (FMD) in younger population and 
atherosclerosis in elderly population 2–3. 

A captopril renal scintigraphy (CRS) represents a non-
invasive functional test aiming to demonstrate both the 
RAAS activation and the lateralization of renin secretion by 
the kidney affected by a “hemodynamically significant” 
RAS. The captopril scintigraphy is based on the fact that the 
reduced renal perfusion pressure, due to renal artery stenosis, 
results in an angiotensin II-mediated efferent arteriolar vaso-
constriction, as described by Gates 4. The following rise of 
the transglomerular pressure gradient allows the kidney to 
maintain the glomerular filtration rate (GFR) even in the 
condition of the reduced perfusion pressure to the glomeru-
lus. Premedication with an angiotensin-converting enzyme 
(ACE) inhibitior interrupts the renin–angiotensin system re-
ducing the compensatory vasoconstriction of the efferent ar-
teriole. The consequent dilatation lowers the glomerular tran-
scapillary pressure, leading to a decrease in GFR. The de-
crease of the individual kidney GFR, induced by inhibition 
of ACE, can be evaluated by the captopril scintigraphy with 
the use of tubular agents, such as technetium-99m mercapto-
acetyl triglycine (MAG3) or technetium-99m ethylenedicys-
teine (EC) or by glomerular agent, such as technetium-99m 
diethylene triamine penta-acetic acid (DTPA) 5. 

Diagnosis of RVH is important since it enables a spe-
cific treatment leading to the cure of arterial hypertension 
that may prevent or slow progression of kidney damage. 
Nowadays, many tests are available for the evaluation of 
RVH 6. The conventional angiography represents the gold 
standard used to diagnose renal artery stenosis mainly in 
adults. However, this is an invasive test with potential risks, 
usually requiring hospitalization and general anesthesia, 
principally in pediatric population. For these reasons, it is not 
universally performed for the evaluation of pediatric hyper-
tension. Several non-invasive methods have been recom-
mended for evaluation of RVH in children, but their speci-
ficity and sensitivity varies widely 7–9. 

To validate the usefulness of the captopril renal scinti-
graphy in hypertensive children, we report a case of a 16-
year-old female patient with a history of hypertension as a 
result of FMD. 

Case report 

A 16-year-old female with a history of high blood pres-
sure (BP) was referred to our department by a pediatric neph-
rologists, for the renal captopril scintigraphy. The patient 
was asymptomatic with elevated blood pressure revealed by 
a routine physical examination. The family history of hyper-
tension was positive (father suffering from hypertension and 
receiving antihypertensive therapy). Her physicial examina-
tion revealed a blood pressure of 170/95 mmHg (multiple 
readings taken from both arms). 

During hospitalisation at the Pediatric Nephrology De-
partment, a high BP was confirmed, with the value of 145/95 
mmHg (which is more than 95% for her age, gender and 
height). Body mass index (BMI) was recorded to be 20.2 
kg/m2. Laboratory tests showed the increased levels of plas-
ma renin activity with the normal levels of aldosteron. The 
blood urea nitrogen, creatinine and uric acid values were 
within the normal limits. 

Urin analysis reported the elevated albumin/creatinin 
ratio and the patient tested positive for proteinuria and mi-
croalbuminuria (24 hour urine collection). The renal ultra-
sounds was normal. The doppler of the renal arteries showed 
no significant differences in resistive index (RI on 
aa.arcuata left was 0.6 and RI on right aa. arcuata was 
0.56). Evidence of retinopathia hypertensiva gradus I–II was 
discovered during a fundus examination. There was no ca-
rotid, abdominal or femoral arterial bruits. The electrocardi-
ography (ECG) was normal but the echocardiography 
showed left ventricular hypertrophy. The suggested therapy 
for her hypertension was a calcium channel blocker. 

A two-day study protocol was performed including a 
baseline scintigraphic study followed by another dynamic 
scintigraphy several days later, the latter with the captopril 
premedication (25 mg of captopril) one hour before the test. 
The patient was hydrated with 10 mL of water per kg of 
body weight half an hour before both studies. The blood 
pressure (BP) was measured prior to the captopril intake and 
after 60 minutes of rest. 

The study protocol for the basal and captopril scintigra-
phy implies the patient being in the supine position with the 
gamma camera facing the lower back of the patient, with the 
kidneys, heart and bladder in the field of view. Starting im-
mediately after the intravenous injection of 99mTc-MAG3 
(Mallinckrodt Ltd.) at a dose according to an international 
scale, serial 10-second/frame images were obtained for 30 
min. A single-headed large field of view gamma camera 
(Symbia, Siemmens) equipped with a general-purpose par-
allel-hole collimator was used. The analyses were made us-
ing the software for renal scintigraphy. Regions of interest 
(ROI) were manually drawn around the whole kidney and 
perirenal background as well. The renographic curves of the 
right and left kidneys were analysed separately and the rela-
tive function of each kidney (in percentage) was calculated 
as well as the functional renal indices 10. 

The CRS showed the abnormal baseline and captopril 
renogram curve of the right kidney with significant cortical 
retention of radiotracer after the ACE inhibition. During the 
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baseline study, the functional renal indices of the right kid-
ney (Tmax and the 20 min/peak min count ratio) had patho-
logical values, showing significant deterioration after the 
ACE inhibition (Figures 1 and 2). The relative kidney func-

tion of the right kidney was 45%. According to the diagnostic 
criteria based on the consensus report, these findings were in-
dicative of a high probabillity of renal vascular hypertension 11. 

 
 

 

 
Fig. 1 – Baseline study – unilateral retention of radiotracer in the right kidney with the abnormal 
baseline renogram curve. The time to maximum counts of the right kidney was 8.6 minutes and to the 
left kidney was 2.6 minutes. A 20 min/peak min count ratio of the right kidney was 0.39 – prolonged 
transit time. A 20 min/peak min count ratio of the left kidney was 0.15 – normal transit time. 



Vol. 75, No 12 VOJNOSANITETSKI PREGLED Page 1229 

Milošević B, et al. Vojnosanit Pregl 2018; 75(12): 1226–1232. 

 

 

Fig. 2 – Captopril study – marked parenchymal retention after angiotensin-converting enzyme (ACE) inhibition 
of radiotracer and the abnormal renogram curve of the right kidney. Time to maximum counts of the right 
kidney after ACE inhibition was 11.6 minutes and 20 min/peak min count ratio of the right kidney was 0.65 –  
a significant increase in T max and prolongation of transit time from the baseline study. 
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Fig. 3 – The renal angiography: Before the procedure, the presence of a circular 
narrowing of the right renal artery; After a percutaneous balloon dilatation, a 
significant expansion of the lumen was achived. 

 
Following the captopril scintigraphy a renovasography was 

performed, confirming the presence of a 2 mm long circular nar-
rowing of the right renal artery. It was immediately treated by a 
percutaneous balloon dilatation of the stenosis on the bifurcation 
of the renal artery and two segmental branches resulting in a 
significant expansion of the lumen (Figure 3). 

The follow-up captopril renal scintigraphy showed sig-
nificantly improved parenchymal indicators of the right kid-
ney without any signs of cortical retention of radiotracer 
(Figure 4). The repeated renin activity plasma test was within 
the normal limits. The patient’s blood pressure normalized 
over a period of several months resulting in the discontinua-
tion of antihypertensive therapy. The patient's BP is currently 
within the normal limits and she actively plays sports. 

Discussion 

Arterial hypertension poses a significant risk factor for 
cardiovascular, renal and cerebrovascular diseases. In child-
hood, arterial hypertension is usually of the secondary origin, 
mainly due to a renal disease. Since RVH is potentially treat-
able, it is essential to identify these patients. 

As discussed above, conventional angiography is con-
sidered the gold standard in diagnosis, but it is invasive, rela-
tively expensive and exposes the kidney to a contrast load. 
Therefore, it is less useful as a screening test. A number of 
screening tests have been developed. Being less invasive and 
carrying the least possible radiation burden, the captopril re-
nal scintigraphy and Doppler ultrasonography are suggested 
to be the initial tests in the evaluation of RVH in younger 
population 12. It is also suggested that several factors need to 
be considered when choosing an appropriate diagnostic test; 

in the first place, the clinical index of suspicion, then the pre-
sumed etiology of RVH, the presence or absence of renal in-
sufficiency, the risk of complications from conventional contrast 
angiography and the use of antihypertensive medications that af-
fect the RAS. Taking all these factors into account, the captopril 
scintigraphy is considered to be the primary non-invasive test in 
patients with a moderate clinical suspicion of FMD (or sus-
pected uncomplicated atheromatous disease) with a normal renal 
function as presented in our case 13. 

A number of studies, mainly referring to adult popula-
tion, have shown different sensitivity and specificity of the 
captopril scintigraphy in the detection of renovascular dis-
ease 14. The research results in the adult population as well as 
in the pediatric ones were quite inconsistent. The sensitivity 
and specificity of the captopril scintigraphy greatly depended 
on the selected group of subjects. In the group of subjects 
with the preserved renal function, the sensitivity and speci-
ficity were approximately 90%, while in the group of pa-
tients with the impaired renal function the tests showed low-
er specificity 11, 14, 15. In addition, some case studies point out 
the potential role of the captopril scintigraphy in the evalua-
tion of the effects of percutaneous transluminal dilatation of 
renal artery stenosis in hypertension 16. In the presented case, 
the captopril scintigraphy, performed immediately after the 
endovascular procedure, indicated significantly improved 
parenchymal indicators of the right kidney which corre-
sponded to a complete normalization of the patient’s blood 
pressure occurring several months after the scintigraphy. 
This may indicate not only the importance of the captopril 
scintigraphy in RVH screening but also its potential role in 
further monitoring of patients following endovascular proce-
dures and its prognostic significance. 
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Fig. 4 – The captopril renal scintigraphy after the procedure – a significant improvement of the 
renogram curve of the right kidney. The time to maximum counts of the right kidney was 4.3 minutes 
and 20 min/peak min count ratio of the right kidney was 0.33. 
 

 
Conclusion 

It could be said that the captopril renal scintigraphy al-
lows non-invasive functional testing in a selected group of 

 
 
hypertensive children which can either confirm or rule out the 
existence of hemodynamically significant renal artery stenosis. 
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