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Abstract
Background  Renal transplant (RT) remains the optimal treatment for end-stage renal disease and early complications might 
be detected in the postoperative period to improve long-term outcomes. To this regard, contrast enhanced ultrasound (CEUS) 
could be utilized to evaluate RT functional recovery and potentially detect acute rejection (AR) and/or renal ischemia signs.
Materials and methods  Observational study of 107 consecutive patients waitlisted for RT. Participants underwent conven-
tional ultrasound (CUS) and color-doppler-ultrasound (CDUS) to evaluate resistive index of segmental and interlobar arteries 
and quantitative CEUS techniques recording the following perfusion parameters: peak intensity (PI-c), rising time (RT-c), 
area under (AUC-c) the time intensity curve (TIC), time to peak (TTP-c) and mean transit time (MTT-c).
Results  CEUS parameters sensibility and specificity to predict AR in the early post-operative period resulted in: 90% and 
69% for PI-c, 95% and 64% for RT-c, 85% and 65% for AUC-c. The overall diagnostic performance of these three CEUS 
parameters in comparison to the same in CUS and CDUS resulted in a sensitivity and specificity of 95% and 49%, versus 
85% and 46%, respectively, therefore CEUS examination with the analysis of PI-c, RT-c and AUC-c values increases the 
diagnostic sensitivity in predicting AR by approximately 15–20% compared to CDUS and by 30–40% compared to CUS.
Conclusion  CEUS could be routinely included in RT follow-up, as it shows to be a non-invasive helpful diagnostic tool for 
early detection of renal graft complications, selecting patients eventually in need of further confirmation.
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Introduction

Renal transplant (RT) represents the treatment of choice 
for selected end-stage renal disease, improving patients’ 
survival and quality of life [1].

Some grade of graft dysfunction occurs in 3–40% RT 
recipients, mainly in relation to the quality of the trans-
planted organ [2]. Delayed graft function is a potential 
threat to long-term graft survival, often because of an 
underlying rejection not early recognized and treated [3].

Diagnosis of acute rejection (AR) is histology. Unfor-
tunately, renal biopsy is an invasive procedure, which may 
lead to complications such as hematoma, excessive blood 
loss, and even graft loss [4]. Furthermore, it is limited to 
local tissue sample which cannot represent the pathologi-
cal condition of the entire organ.

In this clinical setting, diagnostic imaging plays an 
important role in early diagnosis of graft dysfunction by 
evaluating the entire RT in a non- or minimally invasive 
modality, and obtaining useful information for treatment 
and follow-up [5].

Color-Doppler-ultrasound (CDUS) is a low-cost and 
highly accessible method for graft vascular assessment, via 
the measurement of segmental and interlobar artery resis-
tive indexes (RIs). Importantly, CDUS could be performed 
safely at bedside and without risks for the patient. Yet, 
CDUS does not directly analyze the cortical and medullary 
microcirculation, where instead the pathological altera-
tions are located.

The contrast medium administration during the US 
examination (contrast enhanced ultrasound; CEUS) allows 
the visualization of tissue perfusion at the capillary level 
and quantifies renal blood flow, using kinetic parameters 
from time-intensity curves (TIC) [6].

In contrast, computed tomography (CT) and magnetic 
resonance imaging (MRI) can evaluate the cortical and 
medullary vascularization only in a phasic way, without a 
continuous and real-time evaluation. They are also associ-
ated with higher costs, low accessibility, and some rela-
tive contraindications, i.e. allergic reactions and/or adverse 
events following gadolinium-related nephrogenic systemic 
fibrosis and contrast agent-induced nephropathy.

The aim of this study is to compare CEUS characteris-
tics with clinical and laboratory features, in order to assess 
post-transplant outcomes, focusing on early diagnosis of 
acute rejection (AR) and renal ischemia.

Patients and methods

The study was conducted in accordance with the Declaration 
of Helsinki and the relevant guidelines and regulations. The 
clinical question was structured using the PICO methodol-
ogy [7] (Table 1).

Observational study of consecutive patients waitlisted. 
Before initiating the study, all participants provided a writ-
ten informed consent to be included in the study, according 
to the following criteria of inclusion: (1) age ≥ 18 years; (2) 
being transplanted in our hospital; (3) undergoing CUS and 
CEUS examination within seven days after RT and exclu-
sion: (1) CUS or CEUS examination data not available or 
incomplete; (2) allograft kidney affected by transplant renal 
artery stenosis (TRAS) and/or cortical ischemia at CEUS; 
(3)no signs of rejection in histology.

All included patients underwent clinical, laboratory 
and ultrasound evaluation with CUS, CDUS and CEUS 
techniques.

Among the included patients, those who had at least one 
of the following conditions underwent renal biopsy:

1.	 Required supportive dialysis within the first 7 days after 
RT;

2.	 Serum creatinine (Cr) still > 400 μmol/L on postopera-
tive day 7;

3.	 Postoperative urine output < 1200 mL/day, or decreased 
Cr < 10% for 3 consecutive days within seven days of 
surgery.

Clinical and laboratory data collection

Demographic and laboratory characteristics from recruited 
participants were collected including age, gender, body mass 
index (BMI) and concomitant diseases. Laboratory param-
eters examined to evaluate renal function recovery consisted 
of: Cr, Delta Cr (pre- and 48 h after-RT), blood urea nitrogen 

Table 1   PICO methodology used

P Patient Patients with end-stage renal disease undergoing renal transplant
I Intervention Early post-operative evaluation with multiparametric ultrasound (CUS, CDUS and CEUS)
C Comparison Clinical follow-up for patients with normal graft function

Histology for patients with delayed functional recovery
O Outcome Should CEUS be included in the diagnostic follow up for renal transplant, in the early 

diagnosis of acute rejection and in the selection of patients requiring biopsy?
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(BUN), estimated glomerular filtration rate (eGFR) and uri-
nary output.

Multiparametric ultrasound

Each patient's CUS, CDUS and CEUS examinations were 
performed within seven days of RT by an experienced physi-
cian with more than 20 years of ultrasound and CEUS expe-
rience using “SAMSUNG, RS80 and 85 Prestige®” with a 
curved array transducer from 2 to 5 MHz also equipped with 
its own software, developed by “Samsung”, capable of pro-
cessing the Wash-in and Wash-out Time Intensity Curves.

CUS and CDUS

Initially, CUS and CDUS sonography were performed. The 
length and width of the graft were measured through visu-
alization in grayscale, and RI values (peak systolic veloc-
ity and peak diastolic velocity) of the segmental artery and 
interlobar artery were calculated using pulse-wave Doppler 
in a long axis with a relative usual mechanical index (MI). 
The interlobar artery RI value was measured at least three 
times (at the upper, middle, and lower poles) and the average 
RI value was then recorded. The vascular anastomosis was 
also evaluated by Doppler evaluating the renal artery both at 
the renal hilum and at the ostium. The Doppler spectrum was 
considered optimal when at least three similar consecutive 
waveforms were visualized.

CEUS

CEUS examination was performed using the same 2–5 MHz 
curved array transducer with an intravenous bolus injection 
of 1.5–2 mL ultrasound contrast SonoVue® (Bracco, Milan, 
Italy) through a > 20 Gauge catheter followed by an addi-
tional 5–10 mL saline to wash the catheter. The long axis 
section of the renal graft was chosen to show the renal hilus 
and the maximum area of the graft for CEUS examination. 
CEUS was performed at a low MI technique (0.07). Patients 
were requested to take shallow and steady breaths during 
the examination.

The image acquisition process was initiated immediately 
after injecting the contrast agent; 120 s of real-time images 
were continuously captured and stored in digital imaging 
and communications in medicine (DICOM) format and used 
for qualitative evaluation.

Two 5 mm2 regions of interest (ROIs) were placed over 
the cortex and medulla respectively, and the TIC were gener-
ated by CEUS software and stored for quantitative analysis 
of each ROI [7].

The following perfusion parameters were recorded:

•	 Peak Intensity (PI), the maximum intensity of the TIC;
•	 Rising Time (RT), the time required to increase from 

10 to 90% of PI after perfusion;
•	 Area Under the TIC (AUC), proportionate to the total 

volume of blood in the ROI;
•	 Time to Peak (TTP), the time from injection to the peak 

of the TIC;
•	 Mean Transit Time (MTT), the time for PI to drop by 

half.

Statistical analysis

Statistical analysis was performed using STATA 17.0 soft-
ware (StataCorp LLC, College Station, TX, USA). The 
diagnostic values of each parametric tool were assessed 
by calculating the area under the receiver operating char-
acteristic curves (AUROCs). The optimal cutoff value was 
selected according to the best Youden index, and the diag-
nostic accuracy was calculated ((sensitivity, specificity, 
PPV, NPV, area under the curve (AUC)).

Diagnostic differences between different imaging meth-
ods were evaluated through Bonferroni test, and a p-value 
(p) < 0.05 was considered statistically significant.

Results

The original population comprehended 107 consecu-
tive patients waitlisted to undergo RT in the study 
period (Fig. 1). Twenty patients did not enter the study: 
15 for TRAS and/or cortical ischemia; 3 for incom-
plete CEUS data and 2 because of denied consent to be 
enrolled. Eighty-five patients were finally included in the 
analysis (50 males and 35 females, with a mean age of 
50.78 ± 13.56 years).

Patients excluded for TRAS and/or ischemia (5 with 
TRAS, 6 with ischemia and 4 with both TRAS and paren-
chymal ischemia) were analyzed as a subgroup to evaluate 
the CUS, CDUS and CEUS performances. CT with con-
trast-enhanced was done to confirm TRAS and diagnosis 
of cortical ischemia.

Sixty-five of 87 patients (75%) had a postoperative 
normal functional recovery (normal graft function, NGF 
group) and 22 patients (25%) showed delayed graft func-
tion, (DGF group). The DGF group underwent renal 
biopsy.

20 of 22 specimens showed signs of histological rejection 
(graft rejection, GR group) and only 2 shew non-rejection 
parenchymal damage, therefore these were excluded from 
the final analysis, as limited in sample.
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Clinical and laboratory parameters

There were no significant differences between the NGF 
group and DGF group in age, sex, BMI and concomitant 
diseases at baseline. The average levels of Delta Cr (pre- and 
48 h post-RT) and urinary output between the two groups 
were 96.8 ± 88 μmol/L vs − 246.4 μmol/L ± 120 μmol/L and 
41 ± 22 cc/h vs 157 ± 68 cc/h, respectively. The comparison 
between the Cr before RT and after 48 h, was almost sta-
ble in DGF (equal to approximately + 96.8 μmol/L) with an 
average Cr at discharge of 212.1 μmol/L. In the NGF group, 
Cr decreased approximately − 246.4 μmol/L with an average 
creatinine level of approximately 128.5 μmol/L.

CUS results

No significant difference was observed in the renal allo-
graft size between the DGF group and the NGF group (all 
p > 0.05). Cortical edema (CEd) was present in 11 of 20 

patients with AR and in 16 patients of NGF, showing a sen-
sitivity and specificity of 55% and 75% respectively.

CDUS results

Doppler ultrasound demonstrated the best cut-off of seg-
mental RI according to Youden was 0.72, determining a sen-
sitivity of 60% and specificity of 65% to predict the renal 
allograft rejection in the early post-operative period.

The best cut-off of interlobar RI according to Youden was 
0.73, determining a sensitivity of 75% and specificity of 52% 
to predict AR in the early post-operative period.

The interlobar RI value of the renal allograft was sig-
nificantly higher in the GR group than in the NGF group 
(p = 0.007) with values of 0.73 ± 0.15 vs 0.66 ± 0.09, 
(p = 0.007), respectively.

On the contrary, the segmental RI value was slightly 
higher but not statistically significant (0.72 ± 0.21 versus 
0.62 ± 0.11, p = 0.051).

Fig. 1   Flow chart of patient 
enrollment
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Quantitative CEUS Results

CEUS quantitative parameters are obtained from TIC on 
CEUS and their best cut offs were calculated according to 
the Youden test to maximize their diagnostic performance 
and the best are PI-c, RT-c, AUC-c (p < 0.05).

The best cut-off of cortical PI (PI-c) according to 
Youden was 21.75 dB, determining a sensitivity of 90% 
and specificity of 69% to predict AR in the early post-
operative period.

Cortical PI was significantly lower in the GR group 
than in the NGF group (p = 0.003) with values of 
15.12 dB ± 7.1 dB versus 19.5 dB ± 3.4 dB (p = 0.003).

The best cut-off of cortical RT (RT-c) according to 
Youden was 7.3 s, determining a sensitivity of 95% and 
specificity of 64% to predict AR in the early post-operative 
period.

Cortical RT is significantly shorter in the GR group than 
in the NGF group (p = 0.001) with values of 7.1 s ± 2.1 s 
versus 7.6 s ± 2.3 s, (p = 0.001).

The best cut-off of cortical AUC (AUC-c) according 
to Youden is 781.30 dB·seconds determining a sensitivity 
of 85% and specificity of 65% to predict AR in the early 
post-operative period.

Cortical AUC is significantly lower in the GR 
group than in the NGF group (p = 0.002) with values 
of 863.8  dB·seconds ± 401.8  dB·seconds versus 999. 
dB·seconds ± 265.4 dB·seconds, (p = 0 0.002).

There was no significant CEUS parameter difference of 
other CEUS parameters between DGF and NGF groups (all 
p > 0.05). Complete results are listed in Table 2.

We also analyzed the overall diagnostic performance of 
the best three CEUS parameters (PI-c, RT-c and AUC-c) 
by comparing with the CUS and CDUS, and results a sen-
sitivity of 95% and specificity of 49% for CEUS parameters 
(PIc + RTc + AUCc) and a sensitivity of 85% and specificity 
of 46% for CUS + CDUS.

Comparing ROC curves of each method (Fig. 2, Table 3) 
we observed that the PIc represents the best parameter 
with an AUROC of 0.796 even better than the sum of the 
PIc + RTc + AUCc (0.721) without statistically significant 
difference. The statistically significant result is achieved 
by comparing PIc with MTTc (AUROC: 0.6250), TTPc 
(0.5692) and CDUS (0.6231 for RI segmental arteries and 
0.6365 for RI interlobar arteries) (p < 0.05).

Comparing the ROC curves of the three best CEUS 
parameters alone (PIc, RTc and AUCc) with CUS associ-
ated with CDUS (Table 4), they are better with a statistically 
significant difference (p < 0.05).

TRAS and cortical ischemia subgroup

Fifteen patients with TRAS and/or cortical ischemia in the 
early post-operative period of the RT were not included in 
the final analysis, in accordance with the exclusion crite-
ria used. In particular five patients have isolated TRAS, 
four TRAS associated with parenchymal ischemia and six 

Table 2   Results of conventional 
US, CDUS and quantitative 
CEUS

AUC​
ROC Area

95% CI AUC​ Sensitivity (%) Specificity (%) PPV % NPV %

CUS
Cortical Edema (CEd) 0.651 0.528–0.775 55 75.38 40.7 84.5
CDUS
RI Segmental A 0.623 0.498–0.747 60 64.62 34.3 84
RI Interlobary A 0.636 0.521–0.751 75 52.31 32.6 87.2
CEd + RI Interlobary 0.656 0.555–0.757 85 46.2 32.7 90.9
CEUS
PI-c 0.796 0.708–0.884 90 69.23 47.4 95.7
RT-c 0.790 0.713–0.867 95 63.8 44.2 97.6
AUC-c 0.748 0.648–0.847 85 64.62 42.5 93.3
TTP-c 0.569 0.443–0.695 60 53.85 28.6 81.4
MTT-c 0.625 0.502–0.747 65 60 33.3 84.8
PI-m 0.619 0.499–0.739 70 53.8 31.8 85.4
RT-m 0.690 0.576–0.804 75 63.1 38.5 89.1
AUC-m 0.638 0.529–0.747 80 47.69 32 88.6
TTP-m 0.551 0.424–0.679 55 55.38 27.5 80
MTT-m 0.642 0.522–0.761 70 58.46 34.1 86.4
PIc + RTc + AUCc 0.721 0.642–0.799 95 49.23 36.5 97
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Fig. 2   ROC curves comparison between conventional US, CDUS and quantitative CEUS

Table 3   Comparison 
quantitative CEUS, CDUS 
and CUS versus PIc for RA 
diagnosis by AUROC and 
Bonferroni test

ROC Area Std. Err Chi2 df Pr > chi2 Bonferroni
Pr > chi2

pic (standard) 0.7962 0.0449 0.0229 1 0.8796 1.0000
rtc 0.7904 0.0392 1.4108 1 0.2349 1.0000
aucc 0.7481 0.0507 14.1769 1 0.0002 0.0013
ttpc 0.5692 0.0643 6.7333 1 0.0095 0.0757
mttc 0.6250 0.0627 5.4457 1 0.0196 0.1569
cortical edema 0.6519 0.0631 9.0893 1 0.0026 0.0206
segmental ri 0.6231 0.0636 9.0096 1 0.0027 0.0215
Interlobar ri 0.6365 0.0587 0.0229 1 0.8796 1.0000
pic_rtc_auc 0.7212 0.0400 4.5000 1 0.0339 0.2712
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isolated parenchymal ischemia. All cases are confirmed by 
CT angiography. CEUS identified all parenchymal ischemia 
[8], that instead were poorly assessable or not assessed by 
CUS and CDUS. CUS identified 6 of 10 cortical ischemia 
(60%) and CDUS 8 of 10 (80%). Nine patients with TRAS 
were present. CEUS correctly identified 8 cases (89%) 
while CDUS 7 (78%) and CUS only 4 (44%). Both CEUS 
and CDUS are results better than CUS in evaluating TRAS 
favoring CEUS in one case. (Figs. 3, 4, 5, 6, 7).

Discussion

Ways to detect subclinical rejection are essential to monitor 
graft function in patients following KT, and protocol biop-
sies for surveillance are an invasive and potential harmful 
option, that need to be left only for patients where a sig-
nificant AR concern is flagged. Yet, to monitor the immune 
response only by serial measurements of kidney function, 
namely serum creatinine, has low power to early predict 
signs of rejection and injury, therefore in the recent years, 
alternative non-invasive ways, such as the use of biomarkers, 

have been tested. Since, these last have no univocal interpre-
tation for prospective patient management [9], sensitive and 
specific indicators of GR are very much advocated.

Ultrasound of renal allografts is a standard clinical 
method applied to manage RT patients noninvasively, but it 
has serious limitations related to intra-interoperation vari-
ability and no specific finding. Renal blood flow, vascular 
resistance and elastic compliance of bigger intrarenal vessels 
can be assessed by CDUS with RI measurement [10].

Unfortunately, RIs are influenced by both intra- and extra-
renal parameters including vascular compliance, age, athero-
sclerosis, renal artery stenosis, pulse pressure, heart rate and 
rhythm [11], with some studies affirming their usefulness 
[12, 13] and others, in contrast, not sustaining it [14].

In expert hands, CDUS can be a valid tool for the diagno-
sis and follow-up assessment of all vascular complications 
following RT, given the possibility to assess increased speed 
in TRAS, distal spectral lengthening, and increased arterial 
acceleration time of intra-parenchymal arterial vessels [5].

Different MRI-based approaches have been tested for 
non-invasive kidney graft function evaluation [15] and 
although MRI is considered a promising technique in 

Table 4   Comparison 
quantitative CEUS versus 
CUS + CDUS for RA diagnosis 
by AUROC and Bonferroni test

ROC Area Std. Err Chi2 df Pr > chi2 Bonferroni
Pr > chi2

ce_int-a 
(standard)

0.6558 0.0515

pic 0.7962 0.0449 11.7379 1 0.0006 0.0018
rtc 0.7904 0.0392 8.1843 1 0.0042 0.0127
aucc 0.7481 0.0507 5.9612 1 0.0146 0.0439

Fig. 3   The CUS reveals slight 
thinning of the renal cortex in a 
Patient whit renal ischemia after 
renal transplantation
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nephrology, it has not yet been established in the routine 
follow-up of RT [16].

Differently, CT is commonly available and generates 
X-ray-based images with high spatial resolution of the body. 
A CT scan can assess renal perfusion, but needs the admin-
istration of an intravenous contrast agent. However, as CT-
based techniques rely on radiation and IV-contrast agents 
themselves can cause harm, CT has not yet been established 
in the clinical management of AR of renal allografts either 
[17].

On the other hand, several allografts’ pathologies 
are related to vascular remodeling and microvascular 

inflammation in the small parenchymal arteries and arteri-
oles that are another reason why RIs measured on larger ves-
sels (interlobar, segmental and arcuate arteries) are not the 
best parameter to detect microcirculatory alterations [18].

CEUS is a promising technique to assess renal micro-
vascularization and it is playing an increasing role in the 
assessment of RT complications such as AR. Basically, 
CEUS improves standard ultrasonography enhancing the 
blood echogenicity through intravenous administration 
of microbubble-based contrast agents without potential 
nephrotoxic effects of iodinated contrast agents used in CT. 
Some authors, like Mueller-Peltzer et al., demonstrated 

Fig. 4   The Color-Doppler 
shows normal RI at the level 
of the segmental arteries in a 
Patient whit renal ischemia after 
renal transplantation

Fig. 5   The Color-Doppler 
shows normal RI at the level 
of the segmental arteries in a 
Patient whit renal ischemia after 
renal transplantation
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CEUS to have a sensitivity of 85.7% and a specificity of 
100% in diagnosing AR in comparison to transplant biopsy 
[19].

CEUS also assesses perirenal fluid and all the parenchy-
mal abnormalities related to AR, including acute tubular 
necrosis, vascular complications, and parenchymal tumors. 
Furthermore, CEUS allows the detection of other vascular 
abnormalities accounting for 5–10% of all post-transplant 
complications, namely anastomosis stenosis, thrombosis of 
the renal vein and anatomical variants, such as a hypertro-
phied column of Bertin [20].

CEUS gives a real-time assessment of contrast enhance-
ment (CE) and the continuous acquisition allows the rep-
resentation of the cortico-medullary phase in all exams, 
regardless of the patient's hemodynamic status and with-
out the need for bolus tracking. Continuous data acquisi-
tion allows the processing of TIC to evaluate tissue CE as a 
function of time, from which quantitative perfusion indices 
and renal blood flow kinetic parameters can be extracted and 
potentially useful for diagnosis and follow-up.

As demonstrated by our study, the best quantitative 
parameters (p value < 0.05) for AR diagnosis are AUC, PI 
e RT.

AUC represents the relative blood volume of the tissue 
in a certain ROI, which is correlated with the volume of 
contrast agents, blood flow velocity, and time of perfusion.

Fig. 6   Qualitative and quantitative CEUS shows no enhancement at the lower pole of transplanted kidney in a Patient whit renal ischemia after 
renal transplantation

Fig. 7   CT angiography confirms renal ischemia of lower pole of 
transplanted kidney
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PI represents the microbubbles concentration in a certain 
ROI, which reflects the volume of perfusion.

RT represents the time required to increase from 10 to 
90% of PI after perfusion in a certain ROI which reflects the 
velocity of perfusion.

Cortical AUC, PI and RT are reduced in AR groups, 
which indicates that less contrast microbubbles entered in 
the cortical microvascular bed of renal allograft in a specific 
unit of time.

In fact, the cortical CE is decreased with parenchymal 
rejection and its reduction is at the beginning for tubulitis, 
interstitial inflammation, glomerulitis, peritubular capil-
laritis, and arteritis [21] and later on following glomerulo-
sclerosis, tubular atrophy and interstitial fibrosis, altogether 
resulting in cortical hypoperfusion [22].

The overall diagnostic performance of the three best 
CEUS parameters (PI-c, RT-c and AUC-c) both alone and 
combined are better than CUS and CDUS both alone and 
combined. In our study, the sum of Pic, RTc and AUCc 
shows an overall sensitivity of 95% increasing the sensi-
tivity of CUS + interlobar CDUS (85%) by approximately 
20%. This is in accordance with previous study reporting 
that quantitative CEUS parameters could help in the evalu-
ation of the severity of pathologic changes in chronic kidney 
disease [23].

Due to its characteristics of safety, easy execution, repeat-
ability and low cost, CEUS can be the first-line examina-
tion to evaluate post-RT complications, selecting patients 
for timely intervention or regular follow-up.

Although CEUS is proving to be a valid aid in the post-
contrast evaluation of the RT, there are some limitations that 
should be taken into account:

–	 There is no uniform consensus on how to draw the ROI 
(circular, square or irregular using manually trackball-
guided cursor technique);

–	 There is no uniform consensus on where to draw the 
ROI (in the cortex, in the medulla, between cortex and 
medulla, in the intrarenal arteries, regardless of internal 
kidney structure);

–	 CEUS requires sufficient skill in the examination tech-
nique, and therefore it could be poorly used in the short 
term period;

–	 CEUS is less panoramic compared to CT and MRI.

In our experience, we used an average of multiple ROIs 
of 5 mm2 in the cortex and medulla. In fact, as also sug-
gested by Friedl et al. [24], the method of ROI 5 mm2 offers 
a standardized form and a sufficient, feasible size, enabling 
TIC analysis with low intraoperator and interoperator vari-
ance. However, studies comparing different ROI placements, 
sizes, and shapes are needed to standardize the TIC analysis 
protocol.

In the TRAS subgroup, CEUS identified almost all 
stenoses (89%), performing slightly better than CDUS 
which identified 78% and better than CUS (44%). In the 
subgroup of cortical ischemia, CEUS identified all paren-
chymal ischemia (100%) and was better than CUS (60%) 
and CDUS (80%).

To date, there is no evidence showing significant supe-
riority of CEUS over CDUS in the diagnosis of TRAS. 
Color Doppler US can demonstrate increased speed in 
TRAS, distal spectral lengthening, and increased arterial 
acceleration time of intra-parenchymal arterial vessels.

The cut-off for pathologic TRAS peak systolic speed 
varies between 200 and 300 cm/s according to different 
authors. The lower value suffers from low specificity and 
can be responsible for an excessive number of superfluous 
investigations. Controversy still remains as to the best RI 
cut-off.

CT angiography can be used to assess the exact location 
and degree of stenosis for possible subsequent interven-
tional digital subtraction angiography. In this context, MRI 
angiography is a powerful alternative for detecting TRAS, 
although this imaging modality is less accessible, and may 
overestimate the degree of stenosis.

In conclusion, CEUS is an effective imaging technique 
to evaluate post-RT disease without radiation exposure and 
nephrotoxic effects, and it could become a strong diagnos-
tic method following ALARA (As Low As Reasonably 
Achievable) criteria. In particular, the evaluation by CEUS 
examination with the analysis of PI-c, RT-c and AUC-c 
values increases the diagnostic sensitivity in predicting 
AR by approximately 15–20% compared to the CDUS by 
evaluating the RIs and by 30–40% compared to CUS.

We therefore suggest including CEUS examination in 
the RT follow up from the very early period, as it could 
detect AR signs.
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