Renal Imaging Modalities
Ultrasound
· Indications: Evaluate parenchyma/collecting system/bladder, hydronephrosis, masses
· Includes views of both kidneys in terms of size, echo texture, and dilation





-Term infant renal length 4-5 cm; kidneys grow approx 3 mm/yr to 12 cm by adolescent. 

· Doppler US: evaluate vascular patency and vascular integrity
· Resistive Indices = [peak systolic velocity - end diastolic velocity]/peak systolic velocity
· Advantages: availability, real-time, lack ionizing radiation, low cost, excellent spatial/contrast resolution

Voiding Cystourethrography (VCUG)

· Indication: Evaluate VUR, bladder contour/compliance/ability to empty, anatomic depiction of urethra.
· Procedure: sterile bladder catheterization, followed by instillation of water-soluble contrast; radiation exposure minimized by intermittent fluoroscopy; images obtained during bladder filling and during voiding

Intravenous Pyelogram (IVP)
· Not used much anymore due to radiation and IV contrast administration
· Some urologists use to integrate the urinary tract and help provide info prior to or following surgery
Computed Tomography

· Indications detect urolithiasis/calculi; more sensitive than US in resolving acute pyelo; determining if intervention indicated for complications such as renal/perirenal abscess; renal cysts, angiomyolipomas
· Contrast-enhanced CT is study of choice in setting of trauma if acute renal injury suspected
Magnetic Resonance Imaging (MRI)
· Indications: characterize/stage renal lesion; provides anatomic details of pyelocalyceal systems and ureters without exposing to radiation or IV contrast; detection of ureteral ectopia in females with “continuous wetting,” complex duplicated renal collecting, preoperative assessment

· Disadvantage: may need sedation; limited value eval urolithiasis as small calcifications difficult to visualize
Renal Angiography

· Indications: Gold standard for imaging renal vasculature which includes renal vein renin sampling; renal artery stenosis (can offer therapeutic angioplasty or stent), embolization of vascular tumors

Nuclear medicine Technetium-labeled Agents

· Technetium labeled Agents used for renal nuclear medicine
· Diethylenetriamine-penta-acetic acid (DTPA) – cleared by glomerular filtration and therefore good determinant of differential renal function, renal plasma flow, glomerular filtration, and renal clearance
· Mercaptoacetyltriglycine (MAG 3) – actively excreted by kidneys; provides info collection system clearance
· 99mTc dimercaptosuccinic acid (DMSA), 99mTc- glucoheptonate – concentrated in proximal tubule cells
· Diuretic Renography with 99mTc-MAG3 or 99mTc-DTPA
· determine whether dilated collecting system or urethra is either obstructive non-obstructive)
· after IV tracer given, continuous gamma camera monitoring documents uptake/filling of collecting systems
· when collecting system is filled, IV Lasix given and tracer washout tracing is obtained
· ½ time clearance of tracer is used to determine if obstruction is present. 
· baseline absolute and relative renal function (split function) can be determined
· Captopril Nuclear Renography with 99mTc-MAG3 or 99mTc-DTPA
· non-invasive nuclear study to detect renal artery stenosis in pts with HTN
· normally if significant renal artery stenosis present, GFR maintained by constriction of efferent arterioles
· captopril prevents compensatory constriction ( results in decrease renal function after its administration
· decreased function with captopril suggests renal artery stenosis ( confirmed angiographically

· Radionuclide Cortical Scintigraphy with 99mTc dimercaptosuccinic acid (DMSA) or 99mTc- glucoheptonate
· image acute pyelo (photopenic defects), chronic pyelo (renal scarring), occult/ectopic kidney
Common Calculations

1. Body Surface Area
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or


2. Body Mass Index = Weight(kg) / Height(m)2

3. Creatinine Clearance Equations that estimate GFR

For Kids use Schwartz: CrCl = [(k x Height (cm)]/ PCr

Proportionality Constants (k): 

Low birthweight infants, age < 1 yr

0.33









Term infants, age < 1 yr



0.45









Children, age 2-12 yrs




0.55









Girls, ages 13-21 yrs




0.55









Boys, ages 13-21 yrs




0.70

For Older Kids Cockcroft-Gault equation: CrCl = [(140 - age) x weight (kg)] / (Pcr x 72) (x 0.85 for females)

4. Insensible water losses ≈ 30-45 mL/100kcal energy expended or 300-400 ml/m2/day
5. Fractional Excretion of Sodium (FENa) = (UNa x PCr) / (PNa x UCr) x 100 

	 
	Prerenal
	ATN
	Postrenal

	UNa (mmol/L)
	< 20
	> 40
	> 40

	FENa
	< 1%
	> 1%
	> 4%


6. Free Water Deficit Nadeficit = [(Naobserved/Nadesired) x (0.6) x (wt in Kg)] – [(0.6)x(wt in Kg)]

7. Urea Reduction Ratio: URR = [(pre-BUN – post-BUN)/(pre-BUN)]  x 100

8. Hemodialysis Kt/V = 
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Example: For a 70 kg patient with dialyzer’s clearance 300 mL/min undergoing 180 min session:  

Kt = 300mL/min x 180min ( = 54,000mL

V = 70,000 gm x (0.6) = 42,000 mL

Thus the Kt/V = 1.3

9. Peritoneal Dialysis Kt/V = 
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The K value itself is a bit complicated and is broken up into:

K = V x D/P 

        

where D/P = 0.4 for 1 hour cycles 

        

V = total drain volume /day (mL)

Thus K is usually = [(0.4) x (Total drain volume/day in mL)] ( K = (0.4) x [(Fill Volume)(# cycles) + UF)]

E.g. For a child who weights 40 kg, with 16 cycles of 1200 mL of drain volume and ultrafiltrate 1200 ml:

Kt/V = (0.4) x [(1200 ml x 16 cycles) + 1200 mL) x 7 = 2.5






      240000  

If you want to see the real Kt/V formula:
	Daugirdas : Kt/V = -ln( 
	post-BUN

 - 0.03) + (4 - 3.5 x 

post-BUN

) x 

UF
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10. Free Water Clearance – Can be used like FeNa in setting of diuretic use as diuretics don’t effect urine osmolarity






Free Water Clearance = Urine Vol (ml/hr) – Urine Vol x (urine osm/serum osm)






Note: Must correct for BSA – i.e. if value is -10 and BSA is 0.5 m2 then value becomes -34.6 ml/hr/1.73 m2






+/- 15 mL/hr/1.73 m2 consistent with intrinsic renal dz (ATN) or perfect fluid balance






<15 ml/hr consistent with pre renal
11. Renal Fractional Excretion of BUN






Can use even if on diuretics






Normal is 50-65%






Prerenal definitely < 35%
Time (min)





Kt/V





Volume of water = 0.6 x Wt(grams)





Dialyzer clearance (mL/min)�





Kt/V





Volume of water = 0.6 x Wt(grams)





Time (day) = usually 7





Dialyzer clearance (mL/min)�
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