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Renal plasma flow: 5 D\ ! Filtration

2. Reabsorption

» 20% of Cardiac Output clomeruar___ N 1+ Excretion
* 600 ml/min ))

Bowman's
Plasma clearance: g
» Glomerular filtration - 20% Pl S
* Tubular secretion - 80% [ Peritubular

capillaries

Glomerular filtration rate -
120 ml/min

Urinary excretion
Excretion = Filtration — Reabsorption + Secretion

Figure 26-8

Basic kidney processes that determine the composition of the
urine. Urinary excretion rate of a substance is equal io the rate at
which the substance is filtered minus its reabsorption rate plus the
rate at which it is secreted from the peritubular capillary blood into
the tubules.
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MAGS3:
Most commonly used.
Protein bound, not filtered, almost entirely tubular secretion.
Does not measure GFR.

High exiraction efficiency-Better performance, less radiation
dose.

Significant anatomical detail.
DTPA:
Cleared via GF, thus can calculate GFR.

Low extraction efficiency — high background activity, inferior
image quality, high radiation dose.

Not ideal for renal failure.
DMSA:
Stable cortical accumulation — mostly in PCT.

Anatomical (cortical) info and accurate differential renal
function.



DIPA vs MAG3

¥VMT-.DTPA

W ()

2-3 min. 6-7 min. 12-13 min.

POMTc-MAG,

R

2-3 min. 6-7 min. 12-13 min.




Organ Tc-99m DTPA Tc-99m MAG3 Tc-99m DMSA

Kidney

Bladder wall

Marrow

Effective dose

ICRP annual dose limit 1 mSv



« Renogram
- Conventional
- Diurefic renogram
-  Captopril renogram

« GFR estimation

* Renal perfusion imaging
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- computer linked
ama Camera. ‘




Two part: Renal blood flow, renal
function (uptake+cleraance)

- Renal blood flow — assessed in the first
pass of radiotracer bolus to the kidney

- Renal function — assessed over next 25-
30 mins by uptake and clearance

Radiopharmaceuticals— Tc-99m DTPA/MAG3



Well hydrated — 1 hour before study, over 30
mins
a) adult- ~500 ml

b) children-10-15 mi/kg 1/3 NS (with 5%
Dexirose<lyr)

Any medication — diuretic, anfinypertensive

A?y known anatomic abnormality — Ectopiq,
HSK

Void before injection and after study

Catheterization - BOO, Neurogenic bladder,
children

Sedation



Posterior radionuclide study demonstrates prompt, symmetric perfusion to both kidneys.
Sequential images show the kidneys to be of normal size and morphology. There is progressive
uptake of tracer by both kidneys with increasing accumulation of tracer in the renal
parenchyma over the ensuing twenty minutes of image acquisition. There is some degree of

excretion into the renal calyces, but overall, the excretion is markedly diminished.
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Radiopharmaceuticals

Radiophamaceutical Children Adult
Tc-99m DTPA 0.1 mCi/kg 2.5-5 mCi

Tc-99m MAG3 0.05 mCi/kg 5-10 mCi

Instrumentation — Low energy all
purpose, high resolution, parallel hole

Position =Supine with camera posterior in
routine, camera anterior in fransplant
kidney, pelvic ectopic/HSK



Protocol (cont)

® Acquisition:
- Flow: 1-2 sec frame for 1 min
- Dynamic: 15-30 sec frame for 25-30 mins

© Image Processing:

- Drawing ROl around kidney
- Drawing background area
- Creating time activit ve (TAC) for flow




ROI & background drawing

DO

* Include renal pelvis in kidney ROI
 Make kidney regions big enough to
iInclude any small movement
Too big is better than too small
» Use mixture of blood and tissue in
background ROI

« Cut off the renal pelvis

« Let background cross ureters

Make background ROIs too small &
Low counts — large uncertainty




1t phase:
Vascular/flow phase: Aorta to kidney - ~3 sec
Judged by first few 1-2 sec flow frames

Any asymmetry in tracer activity — abnormal
perfusion of the side of decreased and delayed
Activity

Any small or scarred kidney — less flow due to
decreased parenchymal active tissue volume




2"d phase:

Parenchymal phase/cortical uptake phase:
parenchymal accumulation of tracer, kidney to
background- 1 to 3 mins (peak <5 mins).

If decreased function in any side-rate of uptake
Is delayed and amount is reduced in a specific
time period relative to better functioning kidney.

“Flip-flop” pattern — poor functioning side shows
initial low uptake but later higher than better
functioning side which has already excreted

radiotfracer. |



3'd phase:

Washout/clearance phase: calyces and pelvis
begin to fill by 3 mins. Over nexit10-15 mins
activity of kidney and collecting system
decreases. Most of the radiotracer clears to
bladder by the end of the study.

Lack of clearance or overlap of pelvicalyceal
area on cortex suggests hydronephrosis.

Normal ureter may/may not be seen. Prolonged,
unchanging or increasing activity in ureter
suggest dilatation. Ureteral activity persist after
clearance from kidney suggests reflux.
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Sortisal ROTe and Curves

= Perfusion phase = Parenchymal phase = Washout phase




Computer generated.

Dynamic visual presentation of changes
INn activity in a specific ROl over the
course of study.

Separate curve for perfusion and
dynamic function of study.



» Shows blood flow to
each kidney compared to
arterial flow.

* ROI - kidneys and
nearby major artery (AA,
A).

* Initial 60 sec flow.
* Relative flow is visualized

by comparing the
upslope of curve

>—<oRight kidney




. Renal flow analysis: shows moderately delayed and decreased
flow to right kidney (arrow)

. TAC confirms image finding: Initial upslope of right kidney (R)
delayed compared to aorta and left kidney (L).
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* Shows blood flow

(vascular), cortical uptake I Vascular phase
(secretory) and clearance II. Secretory
(excretory) phases. III. Excretory

* ROI - kidneys 1L
 About 30 mins.

» Various values can be

derived from dynamic TAC-

peak activity (Tmax), uptake L.
slope, clearance rate, T1/2
etc.

* Differential activity to note.

** Must be interpreted in conjunction with sequential images.




total counts in right kidney ROI
% function of RK = X 100%
total counts in right kidney ROI + total counts in left kidney ROI

Normal : 50/50 - 56/44

Borderline : 57/43 - 59/41

Abnormal : >60/40

« Computer generated.
 Does not indicate whether overall renal function normal or abnormal.

* Indicate % of functional contiribution of each kidney to total function.



GFR Estimation

Camera based method - no blood sampling, only few
minutes

Known dose of Tc-99m DTPA counted from a set distance
of camera face > count rate measure> post injection
count> actual administered dose (Standard) count rate >
imaging for 6 minutes > region of interest draw around
kidney> background count rate > formula based
attenuation correction of count from various renal depth
according to height-weight > fraction of standard taken
up by kidney in 1-2.5 minutes
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Tatde of Patient Paramelers

Parameters

Values

Renal Protocol
Kidney Dapth Method
Patent Name

Pavere ID

Spit Uptake Intarval (min)
Radwoprarmaceutical
Presyninge Counts (Kcpm)
Postsyrmge Counts (Kcpm)
Nt Ijectad Counts (Kcpm)
Method

Hematoor®

Gates GFR (DTPA)
Standard

Abdul Aziz
18102024

Male

49

1720 cm

700 kg

184 m*

173 m?

20-30

5.0 mCi 99m Technetium DTPA
1120

129

990

Adult

0.00

Counts/Second

Table of Result Summary

Parameters

Curve Fit

Split Function (%)
Kidney Counts (cpm)
Kidney Depth (cm)
Uptake (%)

GFR (mUmin)

Counts/Second
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Y
/

50
Normalized GFR (mUmin) o
GFR Low Normal (mVmin)
Mean GFR (mUmin) 0 -10 20 30 40 S50 60 ?0 80 90 A1OO
Time of Max (min) ; Seconds




Urinary tract obstruction

Can lead to recurrent infection>diminished

function>progressive loss of nephrons> parenchymal
atrophy

If high grade obstruction is corrected
promptly>function can fully recover

Ulirasonogram - hydronephrosis

Differentiate true/mechanical obstruction and
nonobstructive dilatation/functional obstruction

Renography with diuretic (furosemide) challenge



D| yretic renography

To distinguish- true obstruction from non-obstructive
dilatation.
- Effect of obstruction.

Principle

« |f a pelvicalyceal system is dilated but non-obstructed,
increase in urinary flow rate through the effect of diuretic
will lead to rapid washout of fracer.

* If the pelvicalyceal system is obstructed, the urinary flow
will be impaired and appears as gradually increased
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Table of Patient Parameters
Parameterns

Ranal Protocol
Kidney Depth Method
Pationt Name

Patiant 10

Body Surface Aren
Reforence BEA

Spit Uptake Interval (min)
Radiopharmaceutical
Prasyringe Counts (Kopm)
Postsyrings Counts (Kopm)
Nat Injected Counts (Kopm)
Method

Hematoerit

Table of Result Summary
Paramelers

Split Function (%)

Kidney Counts (apm)
Kidnay Depth (em)

Uptake (%)

GFR (mli/min)

Normalized GFR (mimin)
GFR Low Normal (mli/min)
Mean GFR (mi/min)

Time of Max (min)

Time of ¥% Max (min)

Values

Cutes GFR (DTPA)
Btandard

Md. Mehed! Hanan
201082707

Maln

20

167.6 om

653 kg

187 m*

1. 73 m*

2030

8.0 mCiI 88m Technetium DTPA
1610

as

1620

Adult

0.00

Right

483
86538
5,374
5.600
517

Time from Max to Y4 Max (min)

Features:

« 29 years old male patient.
« S. Creatinine — 1 mg/dl

| p— RO

FUght )idrey
#

Minides

(= 1
e S K

Normal DTPA renogram.

 USG — Normal parenchymal

findings.
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Fig: Sequential image. Normal DTPA renogram.
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Table of Patient Paramstsrs , &0 V= e [ |
Farameters. Values : .
Ranal Protocol Geanaric (Nonea)
Kidney Deapth Mathod Standard
Fatient Name Mrs. Shahida P ——
Fatient I 2019A14.06 1
Sex
Age
Reference BSA
Split Uptake Intarval .
Radiopharmacauti cal 5.0 mc 99m Technetium DTEA
Meathod Adult
Hamatacrit 0.00

nules

Table of Result Summary J6L f NN A
Fararmsters Left Right Total ¢ e o - - {
Split Functian (%) 52.9 471 f h SRR Fe\a sy / W A
Kidney Counts (cprm) 20233 18015 38248 n o I NI N e N/ N
Renal Retantion 0320 0420 e 200 i ‘
Time of Max (min) 3335 4 668
Time of %4 Meap (min) 133 168

R BAL RREE ES

Features:
« 45 years old female.
 S. Creatinine — 0.64 mg/dl. Functional obstruction (Right kidney)
« USG — Mild pelvicalectasia
in right kidney.



Renal Dyn [Perfusion Phase] 3/9/2019 6 Sec/fr.
%

Renal Dyn [Uptake and Excretory Phase] 3/9/2019 1 Min/fr. |
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Fig: Sequential image. Functional obstruction (Right kidney)
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Table of Patient Parameters
FParameters | Values ' i 3 - B
Renal Protocol Gates GER (DTPA) : — Y 1
Kidnay Depth Method  Standard 7
Fatient Narme Rahima IKhatun ‘ , =
ook Eortin | 0 2 4 B B 10 12 14 16 18 20 2 24 2% 8
qu 33 Minutes
Height 1499 c¢m s
Weight 658 kg
Body Surface Area 168 m=
Reference BSA 1,73 m#
Split Uptake Interval { . 20-30
Radiopharmaceutical S50 mC 99m Technetium DTRPA
Praavrinca (Cnnints (ks 1512 24
< ¥l
Table of Rasult Sumimary

Parameters | Left | Right | Total
Split Function (%) 301 6599

Kidnay Counts (cpm) 40487 Q4063 134560
Kidney Depth (cm) 6493 6 537

Uptake (%) 2852 6 626 9478
GER (mifmin) 259 602 862
MNormalized GFR (mlfm.. 88,7
GFER Low Normal (milf... 86.0
Mean FR (mlfmin) 112.0 ;
Time of Max (min) 4 667 0

Time af ¥ Mend (min) 17.2 ; ] i 5 20
Time from Meax ta Ya M., 127

CountsfSecond

CountsiSecond

Secands

Features:

« 32 vyears female with
history of operation in left
Kidney.

S. Creatinine — 1.0 mg/dl.

Parenchymal insufficiency with functional
obstruction (Left).




6 Sec/fr.

1 Minffr.

Fig: Sequential image. Parenchymal insufficiency with functional
obstruction (Left).
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‘Table of Patient Parameters :

Parameters | Walues |
Renal Protocol Generic (None)

Kidney Depth hMethod Standard

Patient Name Razu Ahmed

Patient ID 2018A29-10

Sex Male

Age 55

Reference BSA 1.73 m?

Split Uptake Interval {... 20-30

Radiopharmaceutical 5.0 mCi 99m Technetium DTPA
Method Adult

Hematocrit 0.00

Table of Result Surnmary

Parameters ] Left | Right | Total |
Split Function (%) 547 453

Kidney Counts {cpm} 30544 25282 55826
Renal Retention 0.290

Time of hax (min) 2.001 28.7

Time of Y2 Max (min) 7.182

Courts/Second

Features: Prenchymal insufficiency with true
« 45 years old male patient with loin pain. obstruction (Right kidney).

« S. Creatinine — 1.1 mg/dl.

« USG — Multiple stone and simple cysts in right kidney.



Parenchymal insufficiency with true
obstruction (Right kidney).

Fig: Sequential image.
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Table of Patient Parameatars

FParameaters | Values |
Renal Protocol Geanartic (None)

Kidney Depth Mathod  Standard

Fatiant Namea Md. Ansar Ali

Fatiant 1D 2019C04-06

Sex Male

Age 45

Reference BSA 1.73 m*

Split Uptake Interval (.. 20-30

Radiopharmaceutical 5.0 mCi 99m Technetium DTRA
Method Adult

Hematocrit 0.00

Table of Result Summary
FParameters L eft Right
Split Function (%) 1000 0.000
Kidnay Counts (cprm) 47332 0,000 47332
Renal Retantion 0376
Time of Mea (min) 2668 287
Time of ¥ Max (rmin) 6.8

Total \

Features:

45 years old male patient.
S. Creatinine — 0.9 mg/dI.

IF Ups apiz
) S —

) '

Non-functioning (Right kidney).

USG — Gross hydronephrotic change in right kidney.



Renal Dyn [Uptake and Excretory Phase] 3/3/2019 1 Min/fr.
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Fig: Sequential image. Non-functioning (Right kidney).




I<lcnay

Right 19dney
Laft Backgr
— n_llr_n__ll!nuu

U8 |

o

o

Fr 10941 Gax6a Fril a9atels Gaxta
Table of Patient Parametsrs

Parametars | Values
Renal Protocol Gates GFR (DTRA) g
Iidney Dapth Mathod Standard - ‘ b
Fatient Name Dr S K Kamal Hossain ; | ¥t ]| ’ ""\‘T* 5' \
Sen Ml
Age 48 . Minutes
Height 167.6 ¢m WA de G M xRS 4
Welght 730 kg —
Bady Surfacea Araa 1870 m*
Reference BSA 173 m?
Split Lptake Intarvel (. 2030
Radiopharmaceutical 5.0 mC) 99m Technatium DTFA
Fracaurinoe Cionnte (1 1A00N o)

4

Table of Rasult Summeany
FParameters | 1 eft | Right | Total
Split Function (%) 169 83.1
Klcney Counts (Cparm) 18607 a0s13 1093210
Kidney Deapth (cm) 6.821 £ 868
Lptalkes (%) | A28 B 565 7.902
GFER (mlimin) 120 587 707 :
MNarmallzad GER (mhm, B7.6 , |
GER Low Narmal (mi/, 78.0 -
Meaan GFR (mifimin) 101 .0
Time of Méanc (min) 2001 2334 ‘ B e
Time of Ya Meax (min) 6,279 9480 i 10
Time from Ma to ¥4 M 3278 7046

1620 26 a0

Beoands

BEW &
Features:
» 48 years old male patient
with hypertension. Severe parenchymal disease (Left kidney).
Angiogram- renal artery
stenosis.
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Table of Patient Parameters

[Parameters | Values |

Renal Protocol Ganaric (None)
Kidnay Deapth Method — Stanclard
Fationt Name Qmaor All
Fatiant | 20180111-25
Sex Mala

Age SIS

Refarance BSA 173 m?

Spht Uptake Interval ( 20-30
Radiopharmaceautical 5.0 mCh 99m Technetium A
Method Adult
Harmatocrit 0.00

Tabla of Result Summeary.

FParameters Laft Right Total
Split Function (%) 286 716

Ildney Counts (cpm) 120645 A0341 42407
Renal Ratantion 0659 0489

Tirnes of Max (min) 2668 2,336

Time of ¥ Menc (min) 140

Features:

« 55 years old male patient with
left loin pain.

» USG-Pelvic ectopic Left kidney

lT W sl

Ectopic pelvic left kidney.
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Table of Patient Farameters

FParameaters | Values

Reanal Frotocol Gates GFR (ITHEA)
Kidney Depth Method — Stanclard \
Fatient INarme M A Satter 1
San Male 3 z
Age G

Height 167 6 em

Waight 885 ka

Body Surface Area 206 m? ——TeH Ry~

Refarance BSA 178 m#* "'Eﬁ ms_pf,ﬂ
Split Uptake Interval (. 20-3.0

Radiopharmaceautical S0 ma 99m Technetium DTEA
Frrasurinea Cannts (g 152/
.2

Minutes

g

-
=%
L=

88

Table of Result Summeary

Parameters | et | Right | Total
Split Function (%) 397 603

Kidney Counts (cpm) Q640 8 14672 24313
Iidney Dapth (crm) 7 6ES T

Liptake (%) 0.656 0,998 1 654
GER (ml/min) 2.730 676 9.406
Normalized GER (rmlfm T.924
GFR Low Mormal (mil/.. 730
Meaan GER (mlimin) a6.0
Tirne of Mep (min) 6002 9002 . ‘ -
Time of ¥ Max (rmin) Ba78 230 | C 1o 18

Time fraom Maxto YamM... 0576 14.0
KO A L, 2R R

[

_S8s25233¢8

Features:

» 64 years old male patient with chronic
renal parenchymal disease.
S. Creatinine — 7.5 mg/dl )

Severe parenchymal dlsease (Both

%






