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OBJECTIVES

 Explain the acquisition parameters for renal imaging, including functional 

renography, diuretic imaging for obstruction,  and ACE inhibitor imaging.

 Describe the various methods of processing used for renal studies

 Discuss patient and technical challenges that occur during acquisition 

and processing





ACQUISITION



PATIENT HISTORY

 Urologic procedures/surgeries

 List of medications

 Serum creatinine

 Other diagnostic imaging related to the kidneys

 Flank pain? Urine frequency?

 Drug allergies

 R/O pregnancy



HYDRATION

 There are many different approaches to hydration,  literature typically 

mentions 5-15mL of water/kg of body weight, 30-60 minutes prior to 

the test orally or via IV

 Some institutions may choose to catheterize patients for the procedure 

which allows for higher levels of hydration before and during the test

 At our facility, the booking clerks ask the patients to drink 4 glasses of 

water in the 2 hours prior to the procedure and to void as needed. We 

typically give them a glass or 2 when they arrive while they are waiting 

and while we are chatting with them about the test.



FUNCTIONAL RENOGRAM ACQUISITION

 Patient positioning is typically posterior unless known anterior kidney.

 It is important to include kidneys and bladder in FOV (much easier on 

LFOV camera)

 185-555MBq of Tc99m DTPA or Tc99m MAG3

 Set up butterfly needle (23G) with 3 way stopcock and saline flush to 

ensure no infiltration of tracer



3 WAY STOPCOCK SET UP



FUNCTIONAL RENOGRAM ACQUISITION

 There are many ways to acquire the data required.

 One minute flow images of 1-5 sec/frame followed by 2-5 minute images until 30 min 

post injection for visual assessment. (reformatted data)

 Data is required at short intervals for plotting of the renogram curve as well.

 At our facility we simply acquire 4 sec images for 400 frames (26 min 

40sec), this data is used to generate the curve.

 When we are processing we display 1 minute of the 4 sec/frame flow 

and make composite images of 3 min each (45 frames/image) for display

 We also acquire a single post void image for 60 secs at the end of the 

study.



POSITIONING THE PATIENT

 Patient positioning can be nerve racking, particularly on tall patients. 

Most techs use a point source to check certain landmarks like the 

xiphoid process (top of FOV) and pubic symphisis (bottom of FOV)

 Placement of patient’s arms can be problematic if you have a skinny bed 

like we do. It can be difficult/uncomfortable to patients to keep arms 

over their head for the entire acquisition. We have our patients put their 

arms at their sides resting on the camera. 



PATIENT POSITIONING



CHALLENGES

 Tracer needs to be in a small volume for bolus injection

 No portion of the dose can be interstitial or else the curve will not be 

accurate.

 Using the 3 way stopcock, set up with a 10cc saline flush, allows the injection to be 

injected quickly and flushed with saline, plus this allows the vein to be “checked” with 

saline first before injection of the tracer.

 The flow needs to be started immediately after injection, this usually 

requires 2 technologists to be present, or a foot pedal.

 Quickly recognizing the need to reposition within the first few frames if 

necessary

 Reminding the patient to remain still for the entire acquisition.



STARTING THE FLOW



OBSTRUCTION IMAGING ACQUISITION

 Vital that patient is well hydrated, but with an empty bladder at the start of the 
study! 

 185-555MBq of Tc99m DTPA or Tc99m MAG3, since evaluation of blood flow is not 
particularly important in the indication of obstruction, it is best to use a dose on the 
lower end of the range.

 Once again there are many variations for how to acquire the data

 1-5 min images over a 30-40 min time for visual assessment (reformatted data)

 Data is again required at short interval for plotting the washout curves

 At our site, we do 4 sec frames for 500 frames (33min and 20 sec) and when we are 
processing we make composite images of 1 min each (15 frames/image)

 A post void image is important to assess drainage with gravity

 Furosemide is administered during the study

 Again a 3 way stopcock system is in place to ensure no infiltration of tracer and to 
facilitate the furosemide injection during the study



FUROSEMIDE ADMINISTRATION

 1mg/kg, usually up to a max of 40 mg of furosemide is given to adults (in 
cases of decreased renal function higher doses may be used). We do not 
give furosemide to any patients with allergies to Sulfonamide drugs

 Furosemide can either be given 15 min before the tracer,  at the same 
time as the tracer,                          OR

 Can be given at the time that a full collecting system is visualized on the 
p scope (15-30 min post tracer injection)

 Furosemide administration is done slowly, at my site the 40 mg is in 4mL 
and we administer over 2 min

 The response to furosemide begins at 2-5 mins after injection,  
maximum effect may not be until 15 min after injection



CHALLENGES  WITH FUROSEMIDE

 Timing of furosemide administration, our radiologists like us to give furosemide 
when the collecting system is full, but we also need to have 15 min of frames after 
the injection, so we usually give it at 15 min, the latest we could give it would be 18 
min into the study to still have 15 min after

 It can be difficult to appreciate the collecting system properly when only looking at 4 
sec of data at a time on the p scope.

 Some patient’s have difficult veins and sometimes the vein does not hold up for the 
furosemide injection. Then we have to straight poke the furosemide at the right time.
(We do mix 1 mL of heparin in our saline flush so the line does not clot.)

 It can also be difficult to keep patients on the bed for the full 15 min after 
furosemide injection as usually the bladder fills quickly and the patient feels an urgent 
need to void!

 If the patient is not adequately hydrated, the washout curves can look abnormal.



furosemide 0 min

Dehydrated Patient:
Pre- and Post-furosemide Images
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Renogram Curve
Dehydrated Patient

furosemide

0 min 10 min 20 min 30 min
Slides Courtesy of Dr. Tulchinsky – no reproduction permitted



The Same Patient – Proper Hydration: 
Post-Furosemide Dynamic Images

Pre-furosemide Images furosemide 0 minfurosemide 5 min

Lx 10 min Lx 15 min Lx 20 min Lx 25 min
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PRE AND POST CAPTORPIL ACQUISITION

 Highly specific test for patients with hypertension where RAS is 

clinically suspected

 This is essentially 2 functional renogram studies performed as a baseline 

study (with no ACE inhibitor), and a 2nd study performed 1 hour after 

the administration of 25-50mg of oral Captopril.

 Patient needs to be off their own ACE inhibitor medication for 3-7 days 

(depending on the ACEI drug), ideally fasting 4 hours, and well hydrated

 It is not certain the effect that ARBs have on sensitivity of

the test, it is best to have patient off ARBs as well.



CAPTOPRIL ADMINISTRATION

 Baseline BP is obtained

 IV line is set up in case of induction of severe hypotension, if either 
systolic or diastolic BP drops more than 25% during test, consider fluids

 25-50mg of captopril given orally (we ask them to chew it to speed 
absorption) with a full glass of water, more if they would like it

 BP is taken at 15 minute intervals for 1 hour,  patient should remain 
either sitting or laying for the entire time.

 Patient voids at the end of the one hour, and imaging is performed

 BP is taken at the end of the study and should be at least 70% of 
baseline and pt feeling fine when standing



SINGLE DAY 2 STAGE PROTOCOL

 Baseline study performed with 74-111MBq of Tc99m-MAG3 or Tc99m-

DTPA (low dose to allow 2nd study later the same day)

 20-40 mg of furosemide can be given after the 1st study to facilitate 

washout from the kidneys

 2nd study is performed with 370-555 MBq of Tc99m-MAG3 or Tc99m-

DTPA 3-5 hours later



ONE STAGE PROTOCOL

 Best for patients that do not have any evidence of renal 

disease/dysfunction.

 Only post captopril renogram is performed, if it is normal there is no 

need for a baseline study.

 If a baseline study is needed it is performed on another day.



CHALLENGES WITH CAPTOPRIL

 Allergic reaction to Captopril

 Hypotension 

 Ensuring patient is off ACE inhibitors before starting. The test may be 

done with the patient on their own ACE inhibitors if only doing a post 

captopril study



PROCESSING



PROCESSING: DIFFERENTIAL FUNCTION

 Differential function compares one kidney to the other to see how 

much each contributes to overall function.

 Whole kidney regions are drawn on each kidney and a background  

region is drawn for each kidney

 Calculation is done on the 3rd minute of data (2-3 min into acquisition)



PROCESSING: RENOGRAM

 Time to peak (normal is 3-5 min)

 Half time excretion, is the time for half of the peak activity to clear from 

kidney (normal is 8-12 min)

 20 min activity to peak activity ratio, represents transit time through the 

kidney,  should be less than 0.3 for MAG3

 Differential retention in cortex at 15 min (normally relatively equal, 

difference of 20% or more is abnormal)



PROCESSING: LASIX WASHOUT CURVE

 Whole kidney regions, or collecting system regions (exclude cortex)

 Visual assessment of clearance

 Half time clearance should be 10-15 min from the time of furosemide 

administration



Whole kidney 

ROIs

Pelvic ROIs

Slide Curtesy of Prof. Andrew T. Taylor



CASE STUDY



PATIENT HISTORY

 “Atrophic left kidney, hypertrophic right kidney,

 ? function”



CASE STUDY
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