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Abstract

Purpose The aim of this study was to evaluate the same
kidney before and after transplantation to assess the ability
of the allograft to restore blood flow, time required to
achieve functional recovery after surgery and the possi-
bility of differentiating normal from pathological allografts
using color Doppler ultrasound (CDUS) flow indices:
resistive index (RI)/renal cortical ratio (RCR) and
scintigraphy.
Materials and methods 79 living donors and 79 recipi-
ents. Donors underwent renal CDUS and scintigraphy.
CDUS was repeated on the allograft 24 h, 3, 15 and
30 days after transplantation, and scintigraphy 3-5 days
after transplantation. Recipients were divided into two
groups on the basis of clinical and biochemical values:
(A) well-functioning allografts and (B) acute pathology.
Results of CDUS, RI and RCI were compared to results of
scintigraphy, biochemical values and biopsy.

Results Group (A) n =60 (76 %), group (B) n =19
(24 %); RI sensitivity was 93 %, specificity 83 %. In group
(A) positive predictive value (PPV) was 94 % and in group
(B) 90 %. RCR using receiver operating characteristic
curve analysis yielded sensitivity 100 % and specificity
98.3 %. Scintigraphy mean values of glomerular filtration
ratio and T, before transplantation were in group (A):
50.32 ml/min and 4.87 min; after transplantation 46.88 ml/
min and 4.96 min; in group (B): 48.68 ml/min and

F. M. Drudi (P<)) - M. Liberatore - V. Cantisani - F. Malpassini -
F. Maghella - N. Di Leo - D. Fasciolo - F. D’ Ambrosio
Department of Radiological Sciences and Nuclear Medicine,
University of Rome “La Sapienza”, viale del Policlinico 155,
00161 Rome, Italy

e-mail: francescomdrudi @ gmail.com;

francescom.drudi @uniromal..it

4.63 min, after transplantation 27.89 ml/min and
10.53 min, respectively. Pearson’s correlation coefficient
between preoperative and postoperative results of scintig-
raphy was significant in group (A) (glomerular filtration
ratio = 0.85, Ty.x = 0.70) and not significant in group
(B) (glomerular filtration ratio = 0.40, T.x = 0.08).
Conclusion This study shows that CDUS, RI and RCR
are useful in postoperative evaluation of transplanted kid-
neys as these parameters can, after only 24 h, confirm the
good condition of the allograft despite still excessive blood
parameter values.

Keywords Color Doppler - Ultrasound - Renal
transplantation - Living donor - Blood flow indices

Riassunto

Scopo  Scopo di questo studio & stato di valutare lo stesso
rene prima e dopo il trapianto al fine di valutare la capacita
dell’organo trapianto di ripristinare il flusso sanguigno, il
tempo richiesto per raggiungere il recupero funzionale
dopo I'intervento chirurgico e per differenziare nell’innesto
il tessuto normale dal patologico con 1’uso degli indici di
flusso del color Doppler (CD): I’indice di resistenza (IR)/
renal cortical ratio (RCR) e la scintigrafia.

Materiali e Metodi 79 donatori viventi e 79 riceventi. I
donatori sono stati sottoposti a CD renale e a scintigrafia. Il
CD e stato ripetuto sul tessuto trapiantato 24 ore, 3, 15 e 30
giorni dopo il trapianto e la scintigrafia, 3-5 giorni dopo il
trapianto. I pazienti sono stati divisi in due gruppi sulla
base dei dati clinici e biochimici: A) trapianto ben funzi-
onante e B) patologia acuta. I risultati del CD, IR e RCR
sono stati confrontati con i risultati della scintigrafia, i
valori biochimici e la biopsia.

Risultati  Gruppo A) n = 60 (76 %), gruppo B) n = 19
(24 %); la sensibilita del IR & stata del 93 %, la specificita
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del 83 %. Nel gruppo A) il valore predittivo positivo (VPP) &
stato: 94 %, gruppo B): 90 %. Utilizzando una analisi delle
curve ROC (Receiver Operating Characteristic) lo RCR ha
prodotto una sensibilita del 100 % e una specificita del
98,3 %. I valori medi della scintigrafia del rapporto di fil-
trazione glomerulare e Ty,,x prima del trapianto nel gruppo
A): 50.32 ml/min e 4.87 min; dopo trapianto 46.88 ml/min
e 4.96 min; nel gruppo B): 48.68 ml/min e 4.63 min, dopo
trapianto di 27,89 ml/min e 10.53 minuti, rispettivamente. Il
coefficiente di correlazione di Pearson tra i risultati pre-
operatori e postoperatori della scintigrafia ¢ stato significa-
tivo nel gruppo A) (rapporto di filtrazione glomerulare =
0,85, Tmax = 0,70) e non significativa nel gruppo B) (rap-
porto di filtrazione glomerulare = 0.40, T,,,x = 0,08).
Conclusione Questo studio dimostra che CD, IR e RCR
sono utili nella valutazione postoperatoria dei reni tra-
piantati in quanto tali parametri possono, dopo solo 24 ore,
confermare la buona condizione del tessuto trapiantato
nonostante i valori ematochimici ancora alterati.

Introduction

Perfusion of a renal allograft may be different from per-
fusion of the same organ in the living donor, as numerous
physical and physiological factors affect the perfusion
during and after transplantation. Renal vascularity is
characterized by a duplex system of closely connected
capillaries. The glomerular and peritubular capillaries sit-
uated around the renal arteries and renal veins as well as
the hemodynamic conditions of the micro circle have an
important role in the regulation of ultrafiltration and fluid
reabsorption [1].

Color Doppler US (CDUS) and scintigraphy cannot
evaluate the exact volume of perfusion, but they show
blood flow and perfusion changes, which may be a sign of
allograft dysfunction. These techniques are therefore fre-
quently used in the assessment of allograft hemodynamics,
not only in the presence of symptoms indicating acute
pathology (allograft rejection, acute tubular necrosis,
cyclosporine intoxication, renal vessel thrombosis) but also
in the follow-up of normally functioning allografts [2—4].
The first days after transplantation are usually crucial.

The aim of this study was to evaluate the same kidney
before transplantation in the living donor and after trans-
plantation in the recipient to assess possible perfusion
changes, the ability of the allograft to restore blood flow,
time required to achieve functional recovery after surgery
and the possibility of differentiating normal from patho-
logical allografts at an early stage using CDUS, RI and
RCR. CDUS outcome was then compared to results of
scintigraphy, biochemical parameters and biopsy [5].
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Materials and methods

A total of 79 living donors, 32 males and 47 females, mean
age 43 years (range 30-55 years), were enrolled in this
study. The donors underwent standard selection procedures
and clinical biochemical examinations as well as diagnostic
examinations.

Ethical approval for this study was granted by the
Medical Research Ethics Committee of our university, and
informed consent was obtained from all donors and
recipients.

Of the 79 recipients, 51 were males and 28 females,
mean age 45 years (range 32-54 years). All recipients
were first transplantated; patients with surgical or urolog-
ical complications were excluded from this study.

Before surgery, both donor kidneys were evaluated with
CDUS and scintigraphy. CDUS was repeated on the allo-
graft 24 h, 3, 15 and 30 days after transplantation, and
scintigraphy was performed 3-5 days after transplantation.

The following clinical parameters were evaluated: gen-
eral condition, blood pressure and daily urine output.
Biochemical parameters: plasma creatinine, blood urea
nitrogen, creatinine clearance, fractional excretion of
sodium (FENa), plasma cyclosporine (normal value in the
first month 600-800 ng/ml) and plasma tacrolimus (normal
value in the first month 6-9 ng/ml).

After transplantation, the patients were divided into two
groups on the basis of clinical and biochemical values:
(A) well-functioning allografts and (B) acute pathology.

In all donors and recipients, CDUS was performed on
the renal artery, interlobar artery and arcuate artery. The
following parameters were studied: blood flow resistive
index (RI) (cut-off 0.70) and renal cortical ratio (RCR).

RCR is defined as the RI value variation, expressed in
percentage:

RCR; = (RI;; — RI;p)/RI;, x 100

RCR, = (RI;, — RIL,)/RI;, x 100

RI,, = RI in the renal artery, RI;, = RI in the interlobar
artery, RI,, = RI in the arcuate artery.

All CDUS examinations were performed on ATL 5000
HDL (Philips, USA) and Technos (Esaote Biomedica,
Italy) using convex 3.5 MHz and linear 7.5 MHz probes.
CDUS was performed with scanning parameters set for
maximum sensitivity to the flow velocities at the different
levels, while power output was increased to maximum.
Color gain was increased until just prior to the appearance
of random noise. The pulse repetition frequency was set at
the lowest possible level. Multiple axial, longitudinal and
oblique scans were used to sample the renal artery and its
branches (interlobar and arcuate artery) at different levels
(renal poles, mid kidney and hilum). In order to study the
arcuate artery with the best efficiency, a 7.5 MHz probe
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was used with the maximum possible magnification of
renal cortex. Renal vein and artery were also assessed to
exclude the presence of thrombosis or stenosis.

Renal scintigraphy with 99mTc-DTPA was performed
using a large field-of-view digital gamma camera (G.E.
Millennium) equipped with a low-energy all-purpose col-
limator. Dynamic acquisitions of the renal area were carried
out in posterior view (4 frame/s for 1 min and 100 frame/s
for 24 min). Elaboration of scintigraphic data was carried
out using Gates algorithm. Glomerular filtration rate (GFR)
and time of maximum tracer uptake (7,,x) Were assessed
for the purpose of the study. The following values were
considered as normal: GFR > 40 ml/min in women,
GFR > 50 ml/min in men, and maximum accumulation time
of the nephrographic curve (T},,,x) < 6 min independently of
gender. Scintigraphic studies with 99mTc-DTPA were
repeated in the recipients 3-5 days after surgery, and the
outcome was compared to preoperative results (GFR, Tiax)-

Biopsy was performed in all patients with acute
pathologies. Histopathological examination and staging of
the allografts were performed according to the BANFF
classification system.

Statistical analysis

RI values were expressed as mean values = SD. Flow-
metric indices pertaining to each group were compared
using the two-tailed Student’s ¢ test to evaluate statistical
significance of correlation between RI values and the
patients’ clinical condition.

RCR was calculated as well as statistical significance
related to each group and the explored vascular area. PPV
was calculated for each group.

RI ratio was calculated by dividing preoperative renal
artery RI values and by postoperative renal artery RI values
measured 24 h, 3, 15 and 30 days after transplantation. The
RI ratios obtained in the two groups were compared using
the Student’s ¢ test. To evaluate the utility of RI ratios in
predicting development of acute pathology after transplan-
tation, receiver operating characteristics (ROC) analysis was
applied. The areas under the curve were calculated. Cut-off
values for RI ratio were determined to identify patients who
would develop acute pathology. Sensitivity and specificity
with 95 % confidence intervals (95 % CI) were calculated.
Pearson’s correlation coefficient was carried out on the
scintigraphic data to compare GFR and T,,x values of the
kidney before and after transplantation.

Results

On the basis of clinical and biochemical results, the 79
recipients were divided into two groups: (A) well-

functioning allografts n = 60 (76 %) and (B) acute
pathology n = 19 (24 %).

In group (A), mean creatinine serum level 24 h after
transplantation was 9.02 & 1.17 mg/dl and FENa was
1.43 &+ 1.16 %. In group (B), mean creatinine serum was
11 £ 1.23 mg/dl and FENa was 1.66 + 0.58 % (Table 1).

RI

Analysis of RI values was performed in the donors before
surgery and in the recipients 24 h, 3, 15 and 30 days after
transplantation.

In the donors, RI mean values were renal artery
0.67 £ 0.02, interlobar artery 0.65 £ 0.03, arcuate artery
0.61 £ 0.06. Twenty-four hours after transplantation, RI
mean values measured on the renal allografts in group
(A) (well-functioning  grafts) were renal artery
0.69 + 0.03, interlobar artery 0.64 £ 0.03, arcuate artery
0.60 = 0.04, whereas RI mean values obtained in group
(B) (acute pathology) were renal artery 0.78 & 0.07,
interlobar artery 0.79 + 0.07, arcuate artery 0.77 £ 0.07.
The mode value obtained in group (B) was near cut-off
value 0.70 (renal artery 0.74, interlobar artery 0.72 and
arcuate artery 0.71).

On the third day, the difference between the two patient
groups became more evident, and this trend was confirmed
at follow-up examinations after 15 and 30 days (Table 2).

Sensitivity of RI was 93 % and specificity 83 %. PPV in
group (A) was 94 % and in group (B) 90 %.

RCR

Analysis of RI values was performed according to the RCR
concept. In group (A), RI values decreased by 3.5 % from
the renal artery to the interlobar artery and by 2 % from the
interlobar artery to the arcuate artery. Group (B) (acute
pathology) showed a decrease of 1.2 % from the renal
artery to the interlobar artery and a further decrease of
1.2 % from the interlobar artery to the arcuate artery.

PPV of RCR in group (A) was 100 % and in group
(B) 98 %. These values were confirmed during the follow-
up.

Statistical analysis of RCR values using the Student’s
t test evidenced the usefulness of this method for differ-
entiating the two groups (p < 0.0001 for all arteries).
Student’s ¢ test performed on both groups to evaluate the
significance of RI values measured on each vessel showed
a high statistical significance in group (A) (well-function-
ing), while significance was lower in group (B) (acute
pathology), where the RI curve tended to be flat .

On day three, the RCR values presented a difference
between the two patient groups, and this trend was con-
firmed at follow-up examinations after 15 and 30 days.
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Table 1 Mean values of

1 day 3 days 15 days 30 days
creatinine serum level and
FENa Creatinine (mg/dl)
Group A 9.02 £ 1.17 6.53 £ 0.53 6.43 £ 2.6 252+ 1.34
Group B 11 +£1.23 8.71 £ 0.71 9.22 £0.22 7.37 £ 4.15
FeNa (%)
Group A 1.43 £ 1.16 1.37 £ 0.53 0.85 £+ 0.39 0.92 £ 3.17
Group B 1.66 £ 0.58 1.50 £ 0.58 1.36 £ 0.72 1.32 £ 0.71
Table 2 Mean RI values in donors (before transplant) and recipients (after transplant)
79 Patients Before 24 h after 3 days after 15 days after 30 days after
Donors Group A Group B Group A Group B Group A Group B Group A Group B
Renal artery 0.67 £0.02 0.69 £0.03 0.78 £ 0.07 0.67 £ 0.05 0.82 £0.05 0.68 £0.02 0.82 +0.04 0.67 £ 0.05 0.77 £ 0.12
Interlobar artery, 0.66 £0.03 0.65 £ 0.03 0.78 £ 0.07 0.64 +£0.04 0.81 £0.05 0.64 £0.04 0.78 £0.02 0.64 +£0.04 0.75 £ 0.11
upper
Interlobar artery, 0.66 £ 0.03 0.64 £0.03 0.79 £ 0.07 0.63 £0.05 0.81 £0.09 0.63 £0.03 0.79 +£0.08 0.63 £ 0.05 0.77 £ 0.12
mid
Interlobar artery, 0.63 £0.02 0.63 £0.04 0.79 +0.08 0.62 +0.05 0.81 £0.08 0.63 £0.04 0.80 & 0.07 0.62 £ 0.05 0.77 £ 0.11
lower
Arcuate artery, 0.61 £0.04 0.61 £0.04 0.77 £0.06 0.58 £0.10 0.79 £0.06 0.60 £ 0.04 0.79 £ 0.06 0.58 £ 0.10 0.75 £ 0.09
upper
Arcuate artery, mid  0.62 + 0.04 0.60 £ 0.04 0.78 £ 0.06 0.59 £+ 0.05 0.79 £ 0.05 0.59 £ 0.04 0.78 £ 0.07 0.59 £ 0.05 0.76 &+ 0.08
Arcuate artery, 0.60 £0.12 0.59 £0.04 0.77 £ 0.08 0.59 +£0.05 0.79 £0.08 0.58 £ 0.04 0.78 + 0.07 0.68 &£ 0.05 0.77 £ 0.10

lower

ROC analysis revealed an Az value of 0.91. Using a cut-
off value of 1.051, prediction of acute pathology reached a
sensitivity of 100 % (95 % CI = 83.2-100 %) and a
specificity of 76.7 % (95 % CI = 64.6-85.6 %). Twenty-
four hours after transplantation, mean RI ratios in groups
(A) and (B) were 1.03 & 0.05 and 1.15 %+ 0.06, respec-
tively (p < 0.0001; Student’s ¢ test). On the third day after
transplantation, mean RI ratios in groups (A) and (B) were
0.99 £ 0.08 and 1.2 + 0.08, respectively (p < 0.0001;
Student’s ¢ test). ROC analysis revealed an Az value of
0.99. Using a cut-off value of 1.09, prediction of acute
pathology reached a sensitivity of 100 % (95 %
CI = 83.2-100 %) and a specificity of 98.3 % (95 %
CI = 91.1-99.7 %) (Table 3).

Scintigraphy

Scintigraphic results are shown in (Table 4). In group (A),
mean values and standard deviations of GFR and T,y
before transplantation were 50.32 =+ 3.82 ml/min and
4.87 =+ 0.35 min, respectively. After transplantation, the
values were 46.88 + 4.7 ml/min and 4.96 £+ 0.31 min,
respectively. In group (B), mean values and standard
deviations of GFR and Tj,,x before transplantation were
48.68 £ 2.85 ml/min and 4.63 £ 0.33 min, respectively;
after transplantation 27.89 £ 3.52 ml/min and 10.53 +
2.24 min, respectively. There was no statistically
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significant difference between scintigraphic parameters
before and after transplantation.

Discussion

At transplantation, the kidney is inserted into a completely
different circulatory, hemodynamic and humoral environ-
ment. The recipient usually has higher blood pressure and
higher biochemical values than the healthy donor. In order
to restore these values to normal level, the allograft is
overburdened with filtration and reabsorption immediately
after transplantation. A self-regulating mechanism re-
establishes the perfusion and allows the well-functioning
allograft to maintain the filtration flow, which almost
immediately restores the excretory functions [6].

Early recognition of transplantation dysfunction is a
crucial problem in the management of renal transplanta-
tion. In this study, CDUS follow-up was carried out 24 h,
3, 15 and 30 days after transplantation. It should be pointed
out that all recipients were receiving triple therapy of ste-
roids, mycophenolate and cyclosporine or tacrolimus.

A first differentiation between well-functioning and
pathological allografts was made on the basis of clinical
data. However, particularly in the first 24 h after trans-
plantation, creatinine and FENa values are high, also in
well-functioning allografts [7]. At the second follow-up,
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the recipients in both groups presented higher serum cre-
atinine levels, urea nitrogen and FENa values and higher
blood pressure than the donors due to pre-existing renal
insufficiency. At the third follow-up, these values were still
high although they were tending towards normality in all
recipients, and at the 30-day follow-up values were nearly
normal. This happened for two different reasons: in group
(A) because the allografts were well-functioning; in group
(B) because the therapy was effective. Group (B) patients
who did not respond to therapy eventually underwent
repeated transplantation.

Table 3 ROC curve values

ROC Cut-off SE SP PPV NPV
curve
area
24 h
Renal artery 0919 >1.0462 94.74 76.67 98.7 434
Interlobar 0.965 >1.0317 9474 88.33 920 98.1
artery, upper
Interlobar 0.996 >1.0833 94.74 98.00 100.0 98.4
artery, mid
Interlobar 0.982 >1.0877 99.54 9333 82.6 99.2
artery, lower
Arcuate artery, 1.000 >1.1053 98.87 97.00 98.5 98.7
upper
Arcuate artery, 1.000 >1.1167 99.23 99.00 100.0 99.8
mid
Arcuate artery, 0.946 >1.0741 94.74 8833 94.0 98.1
lower
3 days
Renal artery 0.987 >1.0469 99.00 88.33 90.1 98.3
Interlobar 0984 >1.0625 94.74 96.67 90.0 98.3
artery, upper
Interlobar 0.969 >1.0833 94.74 98.00 99.1 98.4
artery, mid
Interlobar 0.993 >1.1034 100.00 96.67 90.5 98.2
artery, lower
Arcuate artery, 0983 >1.1129 94.74 99.3 99.4 984
upper
Arcuate artery, 0.995 >1.1167 100.00 96.67 90.5 974
mid
Arcuate artery, 0.964 >1.07 94.74 8833 72.0 98.1

lower

Table 4 Scintigraphic results

Gray-scale US and CDUS are valid tools in the diag-
nosis of vascular, urological and surgical complications.
However, data concerning the value of CDUS in the
diagnosis of parenchymatous renal allograft dysfunctions
are controversial, because these pathologies often occur
concomitantly appearing mainly as glomerular—tubular
damages and vascular lesions [8—10].

In the literature, the use of CDUS flow indices is
reported mainly in the study of renal diseases [peak systolic
velocity (PSV), pulsatility index (PI) and RI] [11].

During transplantation, the kidney is exposed to differ-
ent circulatory conditions and this has a strong influence on
the PSV, which is higher in the recipients than in the
donors. PSV is a quantitative index that depends directly on
the systolic jet, heartbeat and blood pressure. This param-
eter also seems strongly influenced by the general condi-
tion of the renal microcirculation, therefore it is not useful
for defining specific allograft problems [12, 13]. In the
present study PI yielded results similar to RI. For these
reasons and due to the low inter-observer variability, RI
was considered as the most reliable flow index [14—16].

RI values provide valid information regarding the vas-
cular status in the explored area but not about the glo-
merular function and the specific pathology [4]. RI is
furthermore influenced by extra-renal factors such as
hypertension, heart rate and shock. For a correct evaluation
of the RI data, it is therefore important to know if the
patient is affected by these conditions.

In group (A) (well-functioning) our results showed that
only 24 h after transplantation, RI values were similar to
those measured in the donors. Statistical analysis confirmed
that there was no significant difference between recipient
and donor values in any of the sites of measurement (renal
artery, interlobar artery and arcuate artery) as linear
regression analysis showed a good correlation between the
data obtained before and after transplantation.

Statistical analysis comparing RI values obtained in the
donors and in the recipients furthermore showed that PPV was
nearly 100 %, and already 24 h after transplantation it was,
thus, possible to identify patients who would develop
pathology while biochemical parameters (creatinine, urea
nitrogen, FENa) were still high in both groups. Our results
show that analysis of RI values obtained before and after

Group GFR (ml/min) Tinax (min)

Pre (mean £+ SD) Post (mean £+ SD) PCC Pre (mean + SD) Post (mean £+ SD) PCC
A (n = 60) 50.32 + 3.82 46.88 + 4.70 0.85 4.87 £ 0.35 4.96 £+ 0.31 0.70
B (n = 16) 48.68 £ 2.85 27.89 + 3.52 0.40 4.63 £+ 0.33 10.53 +2.24 0.08

GFR glomerular filtration rate, Ty, time of maximum accumulation, Pre preoperative value, Post postoperative value, SD standard deviation,

PCC Pearson’s correlation coefficient
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transplantation permits distinction between normal and
pathological recipients and that a well-functioning kidney can
re-establish normal hemodynamic conditions within 24 h.

RI is in itself a static parameter. However, correlation
between RI values obtained on the renal artery, interlobar
artery and arcuate artery of the same kidney provides data
for a dynamic analysis (RCR) [17, 18].

In the well-functioning allografts, RI values obtained on
the renal artery and the arcuate artery decreased by 3.5 and
2 %, respectively. In acute pathologies, tissue edema,
macrophages and cellular reaction affect all vessels, but the
small-caliber vessels are generally the first to show the
effect of this process. For this reason, the RI curve tends to
become flat. In this study, 70 % of group (B) patients
(acute pathology) presented RI values near the cut-off
threshold of 0.70 (mode values: renal artery 0.74, interlobar
artery 0.72, and arcuate artery 0.71). These values provided
no valid distinction between the two groups, whereas the
flat RCR curve provided early differentiation between
acute pathology and normally functioning allografts [PPV
in group (A) was 100 % and in group (B) 98 %]. CDUS is
a non-invasive, inexpensive, fast and easily repeatable
examination, which can be carried out also at the bedside.

In group (A), scintigraphic evaluation of the transplanted
kidney performed 3-5 days after transplantation showed
functional parameters, such as GFR and T,,,y, similar to those
obtained on the same kidney before transplantation in the
donor. Results obtained in group (B) showed a significant
postoperative decrease in both functional parameters. Overall,
scintigraphic results were in agreement with clinical findings
and confirmed data obtained at CDUS [5, 19].

The lack of variation in waveform morphology between
donors and recipients confirmed the restoration of a regular
low-resistance flow pattern of a normal kidney [20, 21].
CDUS evaluation of the intraparenchymal renal resistance is
useful alongside the monitoring of biochemical parameters in
the follow-up of normally functioning allografts. Biochemi-
cal parameters, such as serum creatinine and urea nitrogen
level as well as urine output and blood pressure measure-
ments, allow the clinician to follow the function of the
allograft, but CDUS and scintigraphy permit an early eval-
uation of the hemodynamic self-regulation [5, 22-24]. The
results of our study may lead to an extended future use of
these techniques in postoperative evaluation of transplanted
kidneys. In addition to this, the use of contrast-enhanced US
will permit a more accurate investigation of renal transplant
vascularity in line with the monitoring of other organs [25].
CDUS after only 24 h, confirms the good condition of the
allograft, even if still excessive blood parameter values
indicate a possible renal allograft dysfunction.
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