GENITOURINARY SYSTEM

Renal Imaging

Anatomy and Physiology overview:
Regulate the volume and composition of the extracellular fluid.
Retroperitoneal organs located between 12t thoracic and 4™ lumbar vertibrae.
Right kidney is slightly lower than left due to liver.
Ureters are attached to the kidney at hilus (an indentation in the medial border of each
kidney).
Blood supply is from renal arteries directly out of aorta.
Cortex contain nephrons and surrounds each kidney.
Each kidney contains more than an million nephrons each.

Each nephron contains a glomerulus, proximal convoluted tubule, loop of henle, and
distal convoluted tubule.
Glomerulus is supplied by afferent arteriole and blood leaves through efferent arteriole.
Renal medulla contains renal pyramids that empty urine into minor and major renal
calices of the renal pelvis.
Three processes of urine formation:
Glomerular filtration: water and solutes enter nephron.
Tubular reabsorption: water and other important compounds are reabsorbed into circulation.
Tubular secretion: certain other unwanted molecules are secreted into the tubule for excretion.
Urine then passes into renal calices, renal pelvis and the ureters.
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Clinical Indications:

Functional Studies:
Relative blood flow.
Obstruction uropathy.
Hydronephrosis.
Renal transplant evaluation.
Renovascular hypertension.
Renal failure.

Morphological Studies:
Renal scarring due to UTI.
pyelonephritis,
Horseshoe kidney.
Radiopharmaceuticals:
" Tc99m DTPA: 100% glomerular filtration. Used for functional imaging. GFR agent.

Tc99m MAG3: 100% tubular secretion. Used for functional imaging. ERPF agent

I-131 Hippuran: 80% tubular secretion, 20% glomerular filtration. Functional imaging. No longer used due to
Tc99m agents superior imaging characteristics. Primarily ERFP with some GFR.

Tc99m DMSA: binds to tubules in renal cortex. 50% binds within 2 hours. Flow study not done.
Tc99m GH: excreted by glomerulus but is retained by tubules for several hours. Flow study possible.
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Functional Renal Imaging:
Patient should be well hydrated (if not contraindicated).
Positioning is supine and imaged posteriorly. Anterior if renal transplant is evaluated.
No other prep is necessary for plain renogram.
6-10 mCi TC99m MAG3 or 10-15mCi of TCO9m DTPA.
Bolus injection technique.
Phase I: Initial flow study at 1-3 sec/frame for 1 minute.
Phase II: Functional flow study at 30sec/frame for 30 minutes.
Phase Il (optional): prevoid and postvoid static views for 3 minutes /frame.
Proper processing is crucial: ROl must be drawn carefully to include only the desired area.
ROls: aorta, bladder, L and R kidneys and their backgrounds. CHECK FOR PATIENT MOTION!

Image Interpretation:
Normal findings include:
Rapid symmetrical uptake by both kidneys with rapid clearance for blood pool.
Symmetrical peaks and symmetrical excretion by both kidneys.

Any deviation from typical normal findings maybe indication of disease, obstruction, RAS, renal
failure, etc.
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Diuretic renal imaging:

Lasix (furosemide) is often used to diagnose possible obstruction.
Particularly useful to differentiate physical obstruction (stones) vs dilation of collecting system (physiological obstruction).
Lasix is infused 10-15 minutes before the end of Phase II.

Exact time of infusion is noted and used during processing of imaging.
Technologists are not allowed to infuse Lasix. (only RN, MD or PA)

Important: ask about allergies, make sure patient is hydrated, monitor BP.
NOTE: LASIX MAY CAUSE BP TO DROP. ALWAYS MONITOR BP!

Imagine finding:

LASIX CONTRAINDIATED IF SULFA ALLERGY.

Response to diuretic is increased excretion of urine by the kidney. No response is usually indicative of

physical (stone) obstruction.
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Renovascular hypertension
When renal artery stenosis is present, perfusion pressure decreases in afferent arterioles.
This leads to drop in drop in GFR.
Kidney(s) attempt to restore pressure by constricting efferent arterioles.
Decrease of pressure in afferent arterioles causes release of renin from juxtoglomerular apparatus.

Renin converts Angiotensin | to Angiotensin Il by ACE enzyme. Angiotensin Il constricts efferent
arterioles.

Angiotensin Il also increases secretions of aldosterone which causes increased retention of sodium
and then retention of fluids causing increase of systemic blood pressure.

Administration of ACE inhibiting or Angiotensin Il blocking medications will potentially decrease
GFR.

Performing two renal scans one with and one without ACE inhibitors or Angiotensin Il blockers will
demonstrate any presence of renal artery stenosis.

If baseline and medication renograms look identical then: no RAS present.
If baseline is normal and medication renogram shows poor perfusion then RAS is present.



Commonly used Diuretics Commonly used ACE inhibitors

bendroflumethiazide/bendrofluazide Captopril
Aprinox Zofenopril
chlortalidone/chlorthalidone Enalapril
Hygroton Ramipril
cyclophenthiazide Perindopril
Navidrex Lisinopril
indapamide Fosinopril
Natrilix
metolazone Commonly used Angiotensin blockers
Metenix 5 Atacand
xipamide Avapro
Diurexan Benicar
furosemide/frusemide Diovan
Lasix Cozaar
bumetanide Hyzaar
Burinex Micardis
torasemide
Torem
amiloride
Amilamont
triamterene

Dytac
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Morphologic renal imaging:
No special preparation is needed.
Usually pediatric cases, good working IV necessary, ability to work with children, lots of toys!
Doses vary according to patient ‘s weight and/or age.
Tc99m GH or Tc99m DMSA injected IV.
Initial imaging begins 15 minutes post injection.
Posterior view imaged first (most important) followed by LPO and RPO. Apply zoom.
Images are taken 5-10 minutes per view.

If horseshoe kidney is being evaluated, then IMAGE ANTERIORLY ALSO to avoid spine
attenuation on posterior images.

Delayed imaging is done 2.0 b 2.5 hours post injection. Same camera setup. Same views are
repeated.

SPECT maybe useful after delayed images are finished. Patient must remain still otherwise
SPECT will be useless.

Image interpretation:
Symmetrical uptake in both kidneys with no cold regions in renal cortex is normal finding.
Cold regions in renal cortex implies renal scarring or infection.
Horseshoe kidney is visualized as kidneys connected in the inferior aspect.
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Indications:

¥

Evaluation of vasicouretal reflux.

¥ Two methods exist: indirect and direct. Indirect method is a modified renal scan. This method is not widely

accepted.

Direct Method

¥

¥
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Patient voids prior to study.
Patient is catheterized.
Saline bag with 1 mCi is connected to the catheter.

Bladder is filled to maximum capacity while patient is supine and filling is imaged as d¥namic study. Bladder
volume is calculated as: (age in yrs +2) X 30mL. Patient will get very uncomfortable, toes curl, and
catheter starts to leak.

Catheter is removed, patient voids into a bed pan as another dynamic study is performed.
Reflux occurs often during the voiding phase.

Reflux is t\)/_ils.ualizled as activity traveling up the ureters up towards the kidneys. Reflux could be unilateral or
ilateral.

Technical Considerations

¥

Contamination is the biggest obstacle. All equipment must be covered with absorbent paper.

¥ A parent should be present to make the child more comfortable. Catheterization is often traumatic.



