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insufficiency. The surgical procedures, immunosuppressive regiments and patient follow-up
have evolved especially in the last 10 years. However, the diagnosis for renal transplanta-
tion dysfunction remained the same in these years. Serum creatinine levels and estimated
glomerular filtration rate calculated by serum creatinine based equations are used in routine
patient follow-up. Pelvic ultrasonography and color Doppler ultrasonography are used as a
first-line imaging method. Assessment of allograft functions both qualitatively and quantita-
tively are possible using nuclear medicine procedures. Surgical complications, acute tubu-
lar necrosis, subacute and/or acute rejection, infections, toxicity due to immunosuppressive
medications, complications relating the collecting system, chronic rejection are the main
causes for renal function impairment. The imaging procedures can diagnose the worsening
of renal transplant function; however, they still lack the ability to differentiate types of rejec-
tion as histopathology or differentiate rejection from other causes of allograft dysfunction.
The transplant biopsy gives detailed diagnosis for allograft dysfunction, guide the treatment
and therefore it is the preferred diagnostic choice in recent years. On recent years, literature
on radionuclide imaging is focused on perfusion analysis for the early diagnosis of renal
transplant dysfunction and prognostic use of perfusion parameters, and then this article will
focus on these studies and their outcome.
Semin Nucl Med 51:364-379 © 2021 Elsevier Inc. All rights reserved.
Introduction

The history of renal transplantation began with Emerich
Ullman in early 1900s when he performed the first auto-

graft and the first xenograft.1 However, the attempts of
human allografts were unsuccessful with the few exceptions
of renal transplantations between identical twins, until the
use of immunosuppressive drugs by Tom Starzl in 1963.2 As
the patient management and use of immunosuppressive
drugs improved, first dynamic radionuclide studies were per-
formed using I-131 iodrast and I-131 Hippuran in 1963-
1964, which was followed by scintigraphies using Tc-99m
Diethylenaminepentaacetic acid (DTPA).3 Several radiophar-
maceuticals have been used for the measurement of renal
blood flow and glomerular flitration rate levels using multiple
plasma sampling or single sampling formulas, such as I-131-
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OIH, Cr-51-EDTA, I-125-Iothalamate and Tc-99m DTPA.4,5

The attempt of quantification for the differential diagnosis
between acute tubular necrosis (ATN) and rejection in trans-
plant patients was made by others.6,7 In 1986, Tc-99m mer-
capto acetyl triglycine (MAG3) was introduced and first used
in renal transplant patients.8 It has become the first choice
radiopharmaceutical in some centers because of high first
pass extraction and better imaging quality.9 Tc-99m MAG3
clearance was proposed for effective renal plasma flow esti-
mation.10,11 In addition, other tubular agents such as Tc-
99m ethylenedicysteine (EC) were introduced.12 A baseline
dynamic renal scintigraphy (DRS) can be performed to docu-
ment baseline renal transplant function routinely or if delayed
graft function (DGF) is observed. Although widely used in
1990s and in early 2000s, after worldwide use of Doppler
ultrasound (US), the European Association of Urology guide-
lines do not recommend the routine use of DRS for the evalu-
ation of renal function in renal transplants.13 However,
especially on pediatric population, use of DRS with Tc-99m
MAG3 is encouraged to assess excretory function or for suspi-
cion of urinary leakage of renal transplant.9 The imaging pro-
cedures can diagnose the worsening of renal transplant
function; however, they still lack the ability to differentiate
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Table 1 Complications of Renal Transplant Patients

a Complications related to surgery
a Vascular complications

i Renal artery
ii Renal vein

b Non-vascular complications
i Perinephric collections
1 Hematomas
2 Urinomas
3 Lymphoceles
4 Abscess

ii Urinary strictures
b Non-surgical complications

a Complications related to allograft function
i Acute tubular necrosis
ii Acute rejection
iii Immunosuppressive drug toxicity
iv BK virus infection
v Chronic rejection
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types of rejection as histopathology or differentiate rejection
from other causes of allograft dysfunction.
The transplant biopsy gives detailed diagnosis for allograft

dysfunction, guides the treatment and therefore is the preferred
diagnostic choice in recent years.13 In 1991, in Bannf-Canada, a
standardized classification of transplant biopsies was reported,
and these international standards have been modified in every
2-years. In Banff classification, the adequacy of the biopsy speci-
men is defined and the histopathologic changes such as glomer-
ulitis, tubulitis, interstitial fibrosis, arteritis, arterial hyalinosis or
interstitial inflammation are scored based on severity, and a final
diagnosis is assigned to one of the six categories.14 These catego-
ries include normal findings, which exclude the diagnosis of
rejection or other pathologies such as infection. Rejection, if
present, is classified as antibody mediated rejection (category 2),
“borderline category” which is defined as suspicious for T cell
mediated rejection, or T cell mediated rejection. Other main cat-
egories include tubular atrophy-interstitial fibrosis and other
causes such as viral infections, calcineurin toxicity, post-trans-
plant lymphoproliferative disorder, etc.14 The clinicians manage
the treatments according to this detailed histopathologic classifi-
cation.13 The most recent meeting, the XV. Banff conference,
was held in Pittsburgh, Pennsylvania, USA in 2019. The meet-
ing report defined active and inactive scores for both for anti-
body-mediated rejection and T cell mediated rejection. The
main categories are listed in Table 2. 15

After successful kidney transplantation, the transplant
patients are followed meticulously in order to diagnose allo-
graft dysfunction early. The patients may experience tender-
ness or sometimes swelling at the graft site. The estimated
glomerular filtration rate may decrease and serum creatinine
levels may increase. Change in urine output may be a possible
presentation in these patients. Non-renal causes might be
responsible for allograft dysfunction, such as drugs (nonsteroi-
dal anti-inflammatory drugs, angiotensin receptor blockers, or
angiotensin converting enzyme inhibitors), hypercalcemia,
hypovolemia, or increased vasodilatation due to sepsis. How-
ever, the scope of this review is the identification of the renal
or post renal causes of allograph dysfunction (Table 1).
Renal Transplant Dysfunction
Early transplant dysfunction may be a result of hyperacute
rejection due to preformed antibodies in the recipient. The
Table 2 Changes in Banff Diagnostic Categories, in 2019, Modified

Bannf Categories

Category 1 Normal or non-specific changes
Category 2 Antibody mediated changes

Category 3 Suspicious for T cell mediated rejection (bord
Category 4 T cell mediated rejection

Category 5 Polyomavirus nephropathy
morphological change is usually observed even during the
operation; therefore, no imaging is necessary, in general.

The term DGF is used when the patient needs hemodialysis
in the following week of transplantation.16 Presence of DGF is
strongly related to operational factors such as both warm ische-
mia time and cold ischemia time.16 In the post-surgical period,
surgical complications, such as renal artery and/or venous
thrombosis, renal artery stenosis, hematoma, might be the rea-
sons of early renal dysfunction.17 Many other factors that are
related to either donors or recipients are also present and dis-
cussed in detail elsewhere.16 DGF is a bad prognostic factor,
because episodes of acute rejection are more frequent and allo-
graft survival is shorter for patients who experienced DGF.18,19

ATN is the most common cause of DGF reported on histopath-
ologic examination. Antibody related rejection, cortical necrosis
and endothelial damage are the other frequently reported causes
of DGF.19,20 Whatever the cause, DGF stimulates an innate
immune reflection in the allograft, with the release of cytokines
such as interleukin 1, interleukin 6, tumor necrosis factor alpha
and interferon beta. DGF activates immune cells, triggers the
antigen reactive T-cell response, and therefore increases the
immunogenicity of the allograft.18 Wu et al followed a cohort of
654 patients over 12 years and showed that allograft rejection
risk is increased 1.64 fold in patients with DGF.21 They showed
From 15

Active antibody mediated rejection
Chronic active antibody mediated rejection
Chronic (inactive) antibody mediated rejection
C4d staining without evidence of rejection

erline)
Acute T cell mediated rejection (Grade I-III)
Chronic active T cell mediated rejection (Grade I-II)

Grade I
Grade II
Grade III
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that both antibody related rejection and T-cell mediated rejec-
tion were seen in patients with DGF with a hazard ratio of 1.54
and 1.52, respectively.21

a. ATN:

ATN is the most common cause of DGF and is a result of
ischemia followed by reperfusion injury. It is related to cold
and warm ischemia time, and spontaneous recovery is gener-
ally expected.22 ATN also can be seen in the long-term follow
Figure 1 Sixteen-year-old female patient was admitted to hospital with nau
right graphic). Tc-99m DTPA scan revealed decreased perfusion and impa
0.9 mg/dL and a control Tc-99m DTPA DRS was performed showing a bet
up if the patients experience volume depletion or hypoten-
sion due to diarrhea, vomiting, dehydration (Fig. 1).

b. Subclinical Acute Rejection and/or Acute Rejection:

Acute rejection can be antibody mediated or T cell medi-
ated and may be seen in every transplant patient at any time
point. Early detection and management of rejection prolongs
the survival of the allograft.22
sea and vomiting. The patient had serum creatinine elevation (A) (up
ired function. The patient was correctly hydrated, the creatinine was
ter function curve (B) within 3 days.



Figure 1 Continued.
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c. Chronic Rejection

Antibodies mediate chronic rejection and the result is glo-
merulosclerosis generally diagnosed by sequential biopsies.
Chronic rejection is progressive and has poor prognosis.

d. Infection

Nosocomial infections are the common cause of infection
in the early post-transplant period. However, in long-term
BK virus, which is a member of polyomavirus family, gener-
ally cause infections. The virus stays latent in genitourinary
cells after the first episode of infection; therefore, periodic
viral load screening is performed on regular basis.22

e. Complications Related to Collecting System

Non vascular complications of renal transplantation include
urine leaks and obstruction of the ureter. Urinary leaks and
ureter obstruction related to surgical technique usually occur
early in the post-transplant period up to 1 month.22 Obstruc-
tion due to strictures or ischemia are usually seen in the first 6
months.23 However, ureter obstruction can be seen any time
in the survival of the transplant. US generally reveals dilated
collecting system, but noninvasive assessment of both urinary
leaks and obstruction is possible using DRS.

f. Complications Related to ImmunosuppressiveMedication

Immunosuppressive medications such as cyclosporine and
tacrolimus may cause arteriolar vasoconstriction resulting in
decrease in GFR and increase in serum creatinine levels.
Renal Ultrasonography
Transplant centers perform early post-transplant period and
pelvic US with color Doppler US as first line imaging.13 Renal
US has several advantages such as bed-side imaging, lack of
irradiation and non-invasiveness especially in pediatric popu-
lation.9 Perfusion indices of main renal and intrarenal arteries
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can be calculated; change of parenchymal echogenicity can be
monitored. It can be used to monitor physiological changes
that are present in the first days of transplants, such as thick-
ening of collective system and renal hypertrophy seen in the
first months. Resistivity index (RI) is one of the perfusion
indices and show vascular resistance, and is a strong predictor
of renal dysfunction. However, it is not specific and cannot
differentiate the causes of dysfunction.24 US helps to evaluate
the patency of renal artery and vein, integrity of renal ureteral
anastomosis; it diagnoses post-surgical hematomas, infection
or other fluid collections (Table 1). In the long term, US is
used in the patient follow-up routinely, and late complica-
tions such as ureteral strictures can also be diagnosed.
Imaging in Nuclear Medicine
Functional imaging has two approaches to renal transplants.
The first is to monitor the functional changes of the renal
transplant, which is mainly covered by DRS. DRS evaluates
perfusion, concentration and excretion function of transplant
kidneys both qualitatively and quantitatively. DRS lacks ana-
tomical resolution; however, as any functional imaging does,
it has the ability to predict either short-term or long-term
outcome. Earliest change in renal function is the elevation of
serum creatinine levels and decrease in GFR. In addition to
imaging, nuclear medicine allows monitoring measured GFR
using Cr-51 EDTA or using Tc-99m DTPA by simplified for-
mulas.4,5 Measured GFR is accepted as a more accurate
parameter compared to routinely used estimated GFR values
Table 3 Semi-quantitative Parameters of Dynamic Renal Scintigraph

Perfusion
Parameter Definition

Hilson’s index Area under vascular perfusio
sion peak

Time to Ppeak Time to perfusion peak
ΔP Time difference between time
Kirchner’s index ratio of the mean upstroke po
P:PI Peak counts/plateau counts
Graft washout T1/2 T1/2 of perfusion peak downs
The graft/aorta perfusion ratio Allograft peak perfusion coun
Slope of second phase perfusion Slope of second phase perfu
Graft index Perfusion and function of allo

DP x (cAxcPl) /(cPxcU3)*.

Parenchymal functions (extraction and excretion)
Parameter Definition

Peak Perfusion/ Peak uptake Peak perfusion coun
Tmax Time to reach peak a
2MU Uptake of MAG3 at 2
T1/2 Half time of renal exc
Retention (R20) Activity of renal pare
R20/3 Accumulation index

Counts of 20 min/c

* DP: difference of peak perfusion counts of allograft and iliac artery
cA: peak perfusion counts of iliac artery
cPI: perfusion plateau of allograft
cP: peak perfusion counts of allograft
U3: total uptake at 3 min
based on plasma clearance levels. The second approach is to
image rejection itself using radiopharmaceuticals of inflam-
mation such as F-18 FDG or radiolabelled leucocytes. This is
a direct but more affective approach. Imaging the inflamma-
tion not only makes the diagnosis the rejection but also inter-
prets the severity.
Nuclear Medicine Procedures to Assess
Allograft Function

a. Dynamic renal scintigraphy

DRS has a well-defined acquisition protocol in renal trans-
plant patients. Dynamic images are acquired from anterior
projection by positioning the gamma camera detector on
renal allograft. Immediately after injection of the radiophar-
maceutical, dynamic images of three phases are acquired.
Hydration of the patient and a detailed history is essential
before DRS to reveal proper transplant functioning (Fig. 1).
The first phase of the radionuclide renogram is the flow
phase and is essential for evaluation of the perfusion function
of allograft. From the perfusion images, time activity curves
are generated by drawing regions of interest on allograft,
abdominal aorta or iliac arteries.25 Perfusion indices gener-
ated from first phase are listed in Table 3. Gupta et al com-
pared the use of both aorta and iliac arteries for calculating
perfusion indices such as Hilsons’s index, Kirchner’s index,
y

Reference

n curve to peak/ area under allograft perfu- 6

to perfusion peak of allograft and aorta
rtions of the kidney and aortic curves 27

lope curve 28

ts/ aorta peak perfusion counts 29

sion 30-60 sec 30

graft in first 3 min. 31

Reference

ts/ Peak uptake
ctivity 32

min 33

retion
nchyma at 20 min / peak activity

ounts of 3 min

32,34
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ΔP and kidney to arterial ratio, and they showed that
repeated interobserver calculation of perfusion parameters
were better using iliac arteries, most probably because there
is less soft tissue attenuation.26

Both Tc-99m DTPA and Tc-99m MAG3 radiopharmaceut-
icals are used in assessment of renal allografts’ function after
transplantation. Tc-99m DTPA is filtrated through glomeru-
lus, allowing the measurement of GFR. Higher doses are
used in DRS generating a better bolus injection. The perfu-
sion curve of Tc-99m DTPA is defined as a rapid increase to
a perfusion peak, rapid decrease and a plateau phase, which
is followed by a concentration peak (Fig. 2).25 Many perfu-
sion parameters are derived from this perfusion peak of Tc-
99m DTPA (Table 3). Tc-99m MAG3, the other most fre-
quently used radiopharmaceutical in renal transplant
patients, has a high extraction via organic anion transporters,
which are highly expressed in the proximal tubules; there-
fore, better quality images are acquired.35 Tc-99m MAG3
was proposed as the radiopharmaceutical of choice especially
in patients with decreased renal function.36 The perfusion
curve of renal transplant has first pass peak followed by a sec-
ond peak showing early tubular extraction (Fig. 3). It was
shown that this second peak was flattened in graft rejec-
tion.37,38 Recent publication favors Tc-99m DTPA over Tc-
99m MAG3 in renal transplant patients due to various perfu-
sion parameters that detect change of function.25 Compari-
son of 2 radiopharmaceuticals was done in 28 transplant
patients by Ayaz et al and Hilson’s index and R20/3 were
found to be similar in both.37 When perfusion and functional
parameters are assessed together for the detection of worsen-
ing allograft function, Tc-99m DTPA showed increased sensi-
tivity (75%) over Tc-99m MAG3 (57.1%).37 On DRS
preserved perfusion with decreased Tc-99m DTPA uptake
and excretion of the radiopharmaceutical is the main finding,
that is used to differentiate ATN from rejection (Fig. 2). If the
Tc-99m MAG3 is used, due to impaired urinary flow, cumu-
lative parenchymal retention of the radiotracer is observed.
The parameter that has highest sensitivity for Tc-99m

DTPA studies were reported to be peak to plateau ratio which
was more sensitive when compared to Hilson’s index. It was
the first parameter that worsened in graft dysfunction.37

Gupta et al reported that higher Hilson’s index values
showed a kidney pathology either ATN, vascular rejection or
renal vascular compromise, while lower values were seen in
interstitial rejection or normal kidneys.26 They concluded
that Hilson’s index is the best parameter to assess graft func-
tion.26 Hilson’s index can also be applied to Tc-99m MAG3
RDS. Ngai et al showed that Hilson’s index can successfully
differentiate normal functioning grafts, from impaired func-
tion, however cannot differentiate between etiologies.39 Hil-
son’s index was shown to predict allograft outcome at the
end of first year and fifth year, and it was more sensitive than
RI of US.39,40 The threshold used in the studies were differ-
ent. If the threshold was increased from 100 to 278, specific-
ity was increased from 54%, to 78%, as well.26,39,40

DGF when present on the first week of renal transplanta-
tion, it is shown to be related to shortened graft survival
(Fig. 4). Guignard et al analyzed the results of DRS using Tc-
99m MAG3 within 72 hours in the post-transplant period in
100 patients with the diagnosis of DGF. They reported that
Kirchner perfusion index was the best predictive index
among all the perfusion parameters.41 Ratio of graft perfusion
to perfusion of aorta had the highest sensitivity, and Kirch-
ner’s index was highly specific (99%) in predicting allograft
function in first 3 months with a low sensitivity (30%). Low
Kirchner index values were associated with transplantation
failure at first year.41 A major limitation in this study is the
lack of biopsy confirmation.41

Graded perfusion curves of 104 baseline DRS’s and 46 fol-
low-up DRS studies’ and RI of Doppler US were correlated
with patients’ biopsies.42 Both parameters of perfusion suc-
cessfully predicted both slow graft function and DGF, and
have better performance than RI of Doppler US especially in
slow graft function. None of the parameters could differenti-
ate ATN from acute rejection.42 Downslope of the perfusion
curve was also assessed in the literature and T1/2 of the
downslope curve as one of them.42 Although not measured
directly, this parameter somehow is related to perfusion
curve grading. T1/2 of the perfusion peak was higher in both
ATN and acute rejection when compared to normal graft
function. Time period of this downslope (GW1/2) was also
measured by Yazıcı et al and prolonged GW1/2 more than
28 sec related to rejection; although, this was not supported
in the literature.42 Tubular function slope measured by Gui-
nard et al was also a parameter that accounts T1/2, and they
showed that it is an independent prognostic parameter for
graft survival.41

Benjamens et al graded the time activity curve of uptake
and excretion of Tc-99m MAG3, and showed that higher the
grade on the first 3 days, longer the patients’ need for dialy-
sis, and high grade curves predict the longer hospital stays
with a hazard ratio of 1.8.43 Time activity curve grade using
Tc-99m DTPA also predicted graft function at 1st year and at
the end of 5th year and found to be a better predictor when
compared to resistivity index of Doppler US.24 However,
other quantitative parameters such as tubular uptake, cor-
rected TER or uptake at 10 min. did not show significance
on multivariate analysis for predicting prolonged hospital
stay.43 Uptake of Tc-99m MAG3 at 2 min. was measured as
the ratio of 2 min. uptake to injected dose and given as per-
cent uptake.33 A negative correlation was reported between
2 min. Tc-99m MAG3 uptake and serum creatinine levels at
third month.33 Parameters evaluating graft’s uptake function
(Table 3) are also used to differentiate ATN from acute rejec-
tion. Lee et al correlated uptake of Tc-99m MAG3 at 2
minutes for DRS that were performed within 96 h after trans-
plantation.33 They reported that a good perfusion has a high
negative predictive value of 79%-89%, but dynamic scintig-
raphy using Tc-99m MAG3 had low specificity in differenti-
ating acute rejection from ATN.33 The authors showed a
negative correlation between uptake at 2 min. and serum cre-
atinine levels at the end of third month and 1 year.33 Perfu-
sion and uptake parameters’ ability to foresee the duration of
DGF was tested, and the authors showed that corrected TER
and average upslope had high sensitivity and specificity for
the prediction DGF duration.44 Yazıcı et al tested excretion



Figure 2 (A) Sixteen -year-old female patient had renal transplant from a living donor. She was admitted to hospital with dysuria and urge to
urination after 3 months of transplantation. Urine analysis showed increased leukocytes and increased serum creatinine level (1.25 mg/dL).
Color Doppler US was normal. Tc-99m DMSA scan was performed and revealed decreased uptake of Tc-99m DMSA at the upper and lower
pole of the transplanted kidney (arrows). The BK virus load was increased on urine PCR and the biopsy confirmed BK virus nephropathy. A
Tc-99m DTPA scan returned to normal after 6 months. (B) She was admitted to hospital with high creatinine level (4.17 mg/dL) at 14th month
of follow-up and had both Tc-99m DTPA and Tc-99m MAG3 on two sequential days to rule out rejection. Both radionuclide renograms
showed good perfusion. Tc-99m DTPA showed impaired glomerular function without peak activity, which can be compatible with ATN. How-
ever, Tc-99m MAG scintigraphy revealed heterogeneous radiotracer uptake and good extraction. Radiotracer excretion was slightly impaired
with borderline R20/3 ratio. BK virus urinary PCR showed high viral load (488,000,000) and BK virus nephropathy was diagnosed on renal
biopsy.
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Figure 2 Continued.
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function by accumulation index R20/3 in 146 scintigraphies
using Tc-99m DTPA and showed that it can identify normal
graft function, but it cannot differentiate ATN from acute
rejection.42 R20/3 was proposed to significantly predict the
graft function at the end of first year.24 Among the excre-
tion�uptake indices, graft index (GI) (Table 3) was shown to
increase as the graft function worsens.31 GI had the sensitiv-
ity of 86.1% and specificity of 86.2% to identify DGF at 1st
week after transplantation, and it can be used as a prognostic
factor to predict transplant function at the end of first
year.19,40

Russell et al showed that baseline ERPF values measured
using single-injection, single plasma sample method with I-
131-OIH or corrected ERPF values with Tc-99m-MAG3 had
significant predictor power for 1-year graft survival in
patients with cadaveric transplants.32 In addition, they noted
that Tmax and R20/3 values had also very good prognostic
value. They concluded that single-sample ERPF measured in
the immediate post-transplant period, whether from OIH
clearance or Tc-99m MAG3 clearance, was a statistical pre-
dictor of graft survival for cadaveric transplants.32

DRS is sensitive to change in renal function; however, dif-
ferentiation between types of rejection cannot be made
clearly (Fig. 5). The patients should proceed to renal biopsy
for the histopathological diagnosis and therapy management.
Although renal US and color Doppler US is the first diagnos-
tic choice for the graft evaluation, it is operator dependent
and cannot reveal proper diagnosis on routine practice. DRS
is not operator dependent; therefore, it still has the ability to
diagnose worsening perfusion of renal allograft, even though
the color Doppler US was reported to be normal or suspi-
cious (Fig. 5).

Apart from quantitative analysis and time activity curve
analysis, Adrakani et al performed texture analysis on Tc-
99m DTPA scintigraphies on different time points, and
showed that texture analysis parameters an 5 min had the
highest diagnostic power.45 The sensitivity and specificity of
the multi-parameter texture analysis to differentiate rejection
from non-rejection were 92.3% and 96.3%, respectively.45

The authors also showed that multiparameter texture analysis
were able to identify ATN from acute rejection with a sensi-
tivity of 88% and specificity of 92.3%.45 Although the results
were promising, validation of the software should be per-
formed by prospective studies other groups.

DRS was suggested for the indication of urinary obstruc-
tion and urinary leaks (Fig. 5).13 Strictures of ureter can be
seen as a late complication of surgery. Urinary leaks or urino-
mas when located close to either renal transplant of urinary
bladder can be masked by the radioactivity of high concen-
tration.46 SPECT-CT was shown to be helpful for such



Figure 3 Thirteen-year-old female had renal transplant from a living relative. Baseline Tc-99m MAG3 study shows nor-
mal perfusion curve with first pass peak followed by a second peak showing early tubular extraction which was charac-
teristic for the radiotracer. The function curve shows normal uptake and excretion.
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conditions.47 Ureter strictures or ureteral reflux are the com-
plications seen in the first 6 months and DRS is sensitive on
the diagnosis (Fig. 6). Examination of cinematic displays and
TAC analysis can lead to the diagnosis most of the time. DRS
is a powerful tool for the diagnosis of urinary leak especially
with the use of SPECT-CT images.
DRS has high negative predictive value in renal transplant

patients.33,48 However, the procedure unfortunately fails to
differentiate ATN from rejection.33 Moreover, it has low diag-
nostic power in differentiating antibody related changes from
T cell mediated rejection.48

b. Static Renal Scintigraphy

Tc-99m DMSA is currently used to detect renal scarring
due to pyelonephritis. It binds to microproteins in plasma,
and it is filtered through glomerulus. DMSA- microprotein
complexes are taken up by receptor (megalin-cubulin) medi-
ated endocytosis in proximal tubule cells.49 The radiophar-
maceutical is trapped in the cells, showing the cortical
integrity of kidneys. However, it is not specific for infection.
Scars, tumors, cysts etc. also do not take Tc-99m DMSA.
Renal allografts are always prone to infection starting with

the early post-operative period. Variable infective pathogens
are responsible from graft infection, starting with nosocomial
and donor related infections in the early post-operative
period. After 1 month of transplantation, latent infections or
opportunistic infections are responsible. Apart from the
cause, Tc-99m DMSA can be used to identify acute infection
site and in the follow-up for renal scars (Fig. 1).50 Renal scar-
ring shown to be frequent in transplanted kidneys; therefore,
it is advised to perform Tc-99m DMSA scan after 4-6 months
of a confirmed pyelonephritis episode.9,50

Tc-99m DMSA’s utility to differentiate between acute
rejection and immunosuppressive drug toxicity was investi-
gated in 24 patients and found not to be helpful for such pur-
pose.51 However, it has high sensitivity in the diagnosis of
allograft infection, but has less specificity due to cyclosporin
related micro-infarctions. Although Tc-99m DMSA is sensi-
tive, the causes that are responsible from these defects are
multifactorial; therefore, a baseline Tc-99m DMSA scan can
be helpful in the patient follow-up.50

c. Cr-51 EDTA

Estimation of GFR is done using Cockcroft-Gault,
Modification of Diet in Renal Disease , or Chronic Kidney
Disease Epidemiology Collaboration formulas using



Figure 4 Fifty-four-year-old male patient had renal transplant from a deceased donor. On the fourth day of the trans-
plantation the patient had nausea, vomiting and abdominal tenderness at the operation site. Abdominal US reported
increased RI, intraabdominal collection and increased intestinal gas. The patient was admitted to Tc-99m DTPA DRS
for the suspicion of urinoma (creatinine: 7.08 mg/dL). The renal transplant had decreased perfusion (A) and glomeru-
lar function of the transplant (B). Perfusion phase and function phase TAC’s (C) were also consistent with the visual
findings. Renal biopsy was done on the ninth day and revealed tubular microangiopathy and severe tubular degenera-
tion. He had persistent fever, dyspnea in April 2020 and hospitalized when his COVID PCR was positive with the diag-
nosis of COVID’19 pneumonia. The pneumonia was treated, and the patient was transferred to internal medicine
service from intensive care unit. On the follow-up he had fever and abdominal pain once again. His diagnose was
CMV infection, PCR revealed increased viral load. On the seventh month of transplantation he was deceased due to
CMV septicemia.
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serum creatinine levels. However, all these formulas have
systemic bias in estimating GFR. GFR measurement using
Cr-51 EDTA remains as the gold standard.52 RDS using
Tc-99m DTPA can be an alternative for measurement of
GFR; however, the protein binding fraction changes
among the commercial kits available, lacking consistency.
Recently Cr-51 EDTA was used in combination with Tc-
99m DMSA in living donors before transplantation to
estimate both single kidney GFR in donor and trans-
plant.53 However, no association was present between
pre-operative single kidney GFR and transplant function
at the end of first year.53



Figure 5 (A) Ten-year-old male patient had renal transplant from a living donor and had increased serum creatinine level (0.98 mg/dL). The US
revealed a perirenal collection and slightly elevated RI. Tc-99m DTPA DRS revealed nearly normal perfusion visually with grade 2 perfusion curve
semi-quantitatively. The 2 min dynamic images, SPECT-CT images and MIP image revealed peri-renal urine collection (arrows). SPECT-CT images
also revealed ureteral reflux to the left native kidney (orange arrow) (B) Same patient had increased creatinine level (1.64 mg/dL) after 1 year. The renal
US revealed increased RI on the lower pole of the kidney and concluded suspicion of rejection. Tc-99m DTPA DRS revealed decreased perfusion on
both visual analysis and TAC, but nearly normal glomerular function. The renal biopsy was carried out revealing borderline T-cell mediated rejection.
(C) On the 15th month after renal transplantation of the patient, increased serum creatinine levels (1.76 mg/dL) were detected at the 14th month.
Renal color Doppler US was reported normal. The Tc-99m DTPA DRS was performed. The renal transplant had decreased perfusion, more prominent
when compared to the previous DRS on visual analysis and perfusion curve. The glomerular function was slightly diminished with increased back-
ground radioactivity. Transplant biopsy revealed acute T cell mediated rejection.
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Imaging Rejection
Sulfur Colloid Scintigraphy
Use of Tc-99m sulfur colloid was proposed in early 70s, and
imaging principle is the presence of multiple fibrin thrombus
in rejection. The radiocolloid, normally taken up by reticulo-
endothelial system, is trapped in renal microvasculature,
leading to the visualization of the graft if the patient had
rejection, cardiac failure or sepsis.54,55 In a study where 54
transplant patients’ sulfur colloid scintigraphies were com-
pared to both Tc-99m DTPA DRS and the results of renal
biopsies, the authors concluded that it might be a good pre-
dictor in differentiating acute or chronic rejection from other
causes of transplant dysfunction.56 However, because it
focuses on the result and not the cause, the use of Tc-99m
sulfur colloid did not find worldwide application in renal
transplant imaging.
Radiolabelled Leucocyte Scintigraphy
The first use of In-111 labelled white blood cells was done by
Frick et al in renal transplant patients to diagnose rejection.57

Lopes de Sauza et al used Tc-99m mononuclear leucocyte
imaging in 100 transplant patients and compared the uptake
with renal transplant biopsies.58 The authors proposed that
radiolabeled leucocytes had the ability to differentiate rejec-
tion from ATN, and therefore, it can be used in the early
diagnosis of rejection with the sensitivity of 81% and positive
predictive value of 100%.58

Grabner et al labelled T-cells with F-18 FDG and imaged
renal allograft rejection in rats.59 They concluded that imag-
ing with FDG labelled T lymphocytes resulted in less radia-
tion burden when compared to conventional F-18 FDG
imaging, and the excretion of radiopharmaceutical was far
less allowing the better visualization of renal transplant.59



Figure 5 Continued.
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FDG labelled leucocytes are used in humans for identification
of infection in pancreatic collections, but use in human renal
transplant is lacking in literature.60

F-18 FDG PET-CT
It has shown that activated leucocytes are in the acute rejec-
tion of renal allografts. The activated white blood cells
require energy and therefore increase GLUT1 expression.
This is the main reason that F-18 FDG is taken up in the
infection site. F-18 FDG is filtrated through glomeruli and
taken up by the tubular cells. This uptake does not depend
on renal function. Jadoul et al reported that there was no cor-
relation between F-18 FDG uptake in renal allografts and glo-
merular filtration rate values, and chronic renal impairment
status had no impact on F-18 FDG uptake.61 In a study, 20
renal failure patients had similar F-18 FDG uptake when
compared to healthy volunteers.62 These studies both
showed that if F-18 FDG uptake increases, it is due to inflam-
mation in renal transplant patients. In an observational
cohort study, Lovinfosse et al correlated FDG uptake with
the patients’ allograph biopsy results.63 They showed that F-
18 FDG uptake had correlation with both the severity of leu-
cocyte infiltrate and inflammation; moreover, with the mean
F-18 FDG uptake threshold of 1.6 they successfully identi-
fied rejection patients with negative predictive value of
100%.63 In another observational study of 92 patients, mean
standard uptake ratios were significantly higher in acute
rejection patients; however, F-18 FDG PET did not identify
borderline category of Banff classification from normal histo-
pathological findings.64 Interobserver variability of standard-
ized uptake values of F-18 FDG were high and according to
Jadoul et al it can be used in routine in the identification of
acute rejection renal transplant patients.65

Ga-68 Pentixafor
C-X-C chemokine receptor 4 was involved on leucocyte traf-
ficking in renal transplant infections and therefore targeted
by Ga-68 pentixafor.66 The radiopharmaceutical successfully



Figure 6 Twenty-year-old female patient, with previously operated cloaca abnormality and anal atresia, had renal trans-
plant from a living donor and had fever after 1 week. Urine analysis revealed increased leukocytes, abdominal US
reported pelvicalyceal dilatation. The patient had prolonged constipation. Tc-99m DTPA DRS revealed normal perfu-
sion of renal transplant (A). Two-minute static images revealed a large hypoactive area (arrows) medial to renal bladder
and a filling defect at the upper border of the late 2 minute dynamic images (B). TAC showed vesicoureteral reflux after
30 minutes (C). The large hypoactive area was correlated with the pre-operative abdominal CT images and dilated sig-
moid colon was responsible from bladder indentation (D).
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diagnosed both allograft infection and lower urinary tract
infection in 13 patients, which was confirmed histopatholog-
ically. However, its use in renal transplant rejection has not
been studied yet.
Future Prospects
Of the new PET radiopharmaceuticals that are introduced for
the assessment of renal function, Ga-68 EDTA was tested on
six healthy subjects and reported to be useful for the quantifi-
cation measurement of GFR.67 Hofman et al showed a good
agreement between GFR measurements of Ga-68 EDTA and
Cr-51 EDTA in 31 patients.68 The other radiotracer freely fil-
trated at glomerulus was 2-deoxy-2 [F-18]fluorosorbitol (F-
18 FDS) which resembles inositol. F-18 FDS was used in two
healthy volunteers and shown to be rapidly cleared from cir-
culatory system and excreted in the urine.69 Dynamic renal
imaging of native kidneys using PET camera has the limita-
tion of narrow field of view. Imaging both native kidneys
and bladder is not possible; however, this would not be a
problem for transplanted kidneys. High quality 3D images
and quantitative measurement of GFR might provide meticu-
lous follow-up of renal transplant patients. Another radio-
tracer that resembles I-131 Orthoidodohippurate is Re(CO)3
(2-[18F]fluoroethyl)iminodiacetic acid (F-18 FEDA).70 F-18
FEDA had high protein binding and a rapid renal clearance,
and radiopharmaceutical showed high in vivo and in vitro
stability on animal studies.70
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