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Abstract

Background: The principal cause of renal graft loss after the first year is chronic allograft nephropathy which is rep-
resented histologically by tubulo-interstitial fibrosis. Its early diagnosis and treatment are crucial to prevent late graft
failure. Ultrasound is unequivocally the first-line imaging modality for the evaluation of renal transplants in the imme-
diate postoperative period and for long-term follow-up. Ultrasound shear wave elastography is an imaging technique
based on estimation of the elastic properties of tissues.

Elastography is performed in the same clinical setting with conventional B-mode ultrasonography. Tissue elasticity is
displayed as an absolute number and color-coded real-time estimation. So, it can be used in screening and diagnos-
ing chronic allograft nephropathy. However, the accurate diagnosis and prognosis of renal parenchymal complica-
tions still relies on tissue biopsy. Many studies have proved the high specificity of ultrasound elastography in decreas-
ing the number of unnecessary biopsies.

Results: In our study, we included 36 patients with biopsy-proven chronic allograft nephropathy. All patients had a
B-mode ultrasound examination and followed by ultrasound shear wave elastography in the same session. The results
were compared to the histopathological results.

Time since transplantation was directly correlated with mean renal stiffness, revealing that with longer time of trans-
plantation renal stiffness and interstitial fibrosis and tubular atrophy (IF/TA) percentage increased with r=0.72,0.90
and p value <0.001.

Antero-posterior (AP) diameter of the renal graft was significantly correlated with mean renal stiffness as the larger the
AP diameter, the higher the mean kidney stiffness with r=0.47,0.73 and p value 0.001.

Sensitivity analysis showed that US shear wave elastography through mean kidney stiffness can significantly predict
moderate Banff score of renal fibrosis using cutoff value 28.67 kPa with sensitivity 87.5%, specificity 90%, AUC 0.91 and
p value <0.001.

Conclusion: Shear wave elastography (SWE) may be useful for the prediction of fibrosis in renal transplant patients,
especially in the case of moderate Banff score, where the accuracy reached 87.5% using a cutoff value 28.67 kPa.

We conclude that US SWE can be of great help during the regular follow-up of renal transplant patients. It can act as a
screening tool to identify patients with stiffness values that suggest moderate tubulo-interstitial fibrosis, so eventually
helping in the early diagnosis, management and help in selecting patients who are candidate for biopsy and in avoid-
ing the repeated unnecessary biopsies for others.
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Background

The observation of acute graft rejections has decreased
during the last two decades by the introduction of more
effective immunosuppressive therapy. Long-term renal
graft survival, however, has not improved in the same
way. The pathophysiology of late graft failure after the
first year is still unexplained, and several confluent
immunologic and non-immunologic variables are most
likely implicated [1].

Unfortunately, a rise in serum creatinine is a late sign
for renal graft impairment, and it is frequently detected
at a later stage of fibrosis, when the damage becomes per-
manent [2]. Only after the loss of 60% of renal function, a
significant shift in serum creatinine level can be detected
[3].

Currently, renal biopsy is the gold standard of diagno-
sis of graft dysfunction. Protocol biopsies are done on
schedule, usually during the first year after transplanta-
tion, to closely monitor and early identify any pathologi-
cal alterations in the absence of clinical events. While
renal biopsy is of a great benetfit, it is not preferred due to
its invasiveness and high cost. Also, it can result in com-
plications such as infections and bleeding [4].

As a result, noninvasive imaging approaches have
attracted a lot of attention and research, with the poten-
tial to replace or at least reduce the use of biopsy in iden-
tifying graft dysfunction [4].

Being a very easy to perform, affordable, and non-
nephrotoxic imaging modality, ultrasound is commonly
utilized for the early assessment of renal graft function in
the postoperative phase as well as for long-term follow-
up [5].

Recently, ultrasound elastography, which evaluates the
viscoelastic properties of tissue in various organs, was
developed to detect parenchymal alterations [6]. For
renal stiffness evaluation, several studies using differ-
ent elastography techniques, such as real-time and shear
wave-based elastography (SWE), have been established
[7].

SWE technique estimates the speed of shear waves to
provide a quantitative estimate of tissue elasticity by gen-
erating shear waves at a focal point in the tissue, where
the velocity of the wave provides an estimate of tis-
sue stiffness [7, 8]. Because of the benefits of SWE and
B-mode imaging guiding, this technique can give a more
precise evaluation of tissue stiffness [9].

SWE works on the basis of a radiation force generated
into tissues by focused ultrasonic beams and a very high

frame rate US imaging sequence capable of capturing the
propagation of resultant shear waves in real time [10, 11].

The US system captures the generated shear waves, to
capture them in sufficient details, frame rates of a few
thousand images per second are required. This ultrafast
imaging technique captures raw data at a high frame rate
of up to 5000 frames per second [12].

The shear wave speed is then calculated across a spe-
cific region of interest (ROI). The tissue stiffness is calcu-
lated using the shear wave speed [9, 10, 12].

The mean value of KS is calculated and expressed in
kilopascals (kPa) and considered indicative of fibrosis
(Figs. 1 and 2).

E=3p Vs’ where E is Young’s modulus (kPa), p is tis-
sue density (kg/m3), and Vs indicates shear wave velocity
(m/s) [11, 13, 14]. In order to calculate Young’s modulus,
SWE uses for referencing the density of water (1000 kg/
m3). The elasticity is represented by a color-coded image
displayed on a B-mode image, where the stiffer tissues are
shown in red and softer tissues are shown in blue (Fig. 1)
[9, 12].

A low speed denotes a soft medium, whereas a high
speed denotes a stiff medium.

The aim of our study is to find a correlation between
the renal allograft parenchymal stiffness through ultra-
sound shear wave elastography and the histopathologi-
cal changes described in patients with biopsy-proven
chronic allograft nephropathy (CAN).

Methods

All patients wrote a prior consent of inclusion in the
study. All patients were subjected to full history taking,
clinical examination, laboratory investigation, and graft
evaluation using a conventional ultrasound examination
and shear wave elastography examination.

Selection of the patients

Inclusion criteria

Recipients of living donor renal transplants of any sex and
age-group above 18 years old, with diagnosis of chronic
allograft nephropathy as evidenced by histopathological
findings.

Exclusion criteria

Age range: below 18 years old, time less than 3 months
out from transplant surgery, presence of perinephric fluid
collections, hydronephrosis, renal cysts, or other paren-
chymal disease.
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Fig. 1 Shear wave elastography stiffness values in kPa in case of chronic allograft nephropathy. Legend: Mean stiffness value of the transplanted
kidney 37.3 kPa. Pathology revealed moderate interstitial fibrosis and tubular atrophy (IFTA grade II, 35%)

Technique of supersonic shear wave elastography
Ultrasound of the graft and SWE examinations were done
using TOSHIBA Aplio 500 machine. Initially, B-mode
ultrasound examination was performed for renal allo-
graft with (6C1) curvilinear probe and then shear wave
elastographic examination using (14L5) linear probe.
Patients were examined in the supine position.
The transducer was covered with ultrasound gel and
placed on the skin in a stable position for about 3 s,

perpendicularly to better minimize the compression
artifact, as shear wave elastography relies on the auto-
matic generation and analysis of shear waves.

Elasticity was then qualitatively assessed using color-
coded image superimposed on a B-mode image. At
the same time, kidney stiffness (KS) was quantitatively
measured; the mean KS value in the region of inter-
est (ROI), as well as the standard deviation (SD) of the



Barsoum et al. Egypt J Radiol Nucl Med

(2022) 53:100

Page 4 of 8

! Ave.T6
SD.T6
Ave.T7
SD.T7
Ave.T8

1 8D.T8
Ave.T9
SD.T9
Ave.T10
SD.T10

Fig. 2 Shear wave elastography stiffness values in kPa in case of chronic allograft nephropathy. Legend: Mean stiffness value of the transplanted
kidney 23.44 kPa. Pathology revealed mild interstitial fibrosis and tubular atrophy (IFTA Grade |, 10%)
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measured elasticity, was displayed on the screen and
expressed in kilopascals (KPa).

When the cineloop was stable showing parallel lines or
parallel circles, we froze the image. Ten measurements
of KS using a pre-determined circular regions of interest

(ROI=5 mm) were placed at the nearest region from the
skin with a well-represented renal parenchyma.

The mean value of KS was calculated and expressed in
kilopascals (kPa) and considered indicative of fibrosis.
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The information was quantified either as shear wave
velocity or as Young’s modulus value expressed in kilo-
pascal (kPa).

The statistical methods

Data were coded and entered using the Statistical Pack-
age for the Social Sciences (SPSS) version 26 (IBM Corp.,
Armonk, NY, USA). Data were summarized using mean,
standard deviation, median, minimum, and maximum in
quantitative data and using frequency (count) and rela-
tive frequency (percentage) for categorical data. Com-
parisons between quantitative variables were made using
the nonparametric Mann—Whitney test. For comparing
categorical data, chi-square test was performed. Exact
test was used instead when the expected frequency is
less than 5. Correlations between quantitative variables
were done using Spearman correlation coefficient. ROC
curve was constructed with area under curve analysis
performed to detect best cutoff value of elastography for
detection of fibrosis. p values less than 0.05 were consid-
ered as statistically significant.

Results

Thirty-six renal transplant recipients with biopsy-proven
chronic allograft nephropathy histological findings, after
at least 3 months since transplantation, were recruited.
The study was conducted from February 2021 to August
2021.

Renal allografts were biopsied by US-guided interven-
tional procedures by true cut needle biopsy (via 18-gauge
automated biopsy device).

Chronic pathological findings (IF/TA) were then
interpreted and categorized based on Banff classifica-
tion. Grade I: Mild interstitial fibrosis (6—25% of cortical
area) and mild tubular atrophy (<25% of the area of the
cortical tubules). Grade II: Moderate interstitial fibrosis
(26-50% of cortical area) and moderate tubular atro-
phy (26-50% of the area of the cortical tubules). Grade
III: Severe interstitial fibrosis (<50% of cortical area) and
severe tubular atrophy (<50% of the area of the cortical
tubules).
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Renal allografts mean stiffness value was correlated
with the histopathological findings (Table 1). On the
basis of the histological examinations of the 36 patients
who underwent biopsy, there were 20 patients with mild
chronic interstitial fibrosis and tubular atrophy (IF/TA)
(55.6%) and 16 patients with moderate—severe chronic
IF/TA (44.4%).

IF/TA percentage was significantly higher among
patients with moderate—severe Banff score when
compared to patients with mild Banff score, with p
value <0.001.

IF/TA percentage was positively correlated with mean
kidney stiftness with r=0.57 and p value 0.013, which
refer to the higher the stiffness of the renal transplant,
the higher the IF/TA percentage (Fig. 3).

Time since transplantation was directly correlated with
mean renal stiffness, revealing that with longer time of
transplantation renal stiffness and IF/TA percentage
increased with »=10.72, 0.90 and p value <0.001 (Fig. 4).

The graft antero-posterior diameter was significantly
correlated with mean renal stiffness as the larger the AP
dimension, the higher the mean kidney stiffness with
r=0.47,0.73 and p value 0.001 (Fig. 5).

Sensitivity analysis showed that US shear wave elas-
tography through mean kidney stiffness can significantly
predict moderate Banff score of renal fibrosis (IF/TA)
using cutoff value 28.67 kPa with sensitivity 87.5%, speci-
ficity 90%, AUC 0.91, and p value <0.001.

Discussion

Chronic allograft nephropathy (CAN) is the most com-
mon cause of graft failure beyond the first year after renal
transplantation and is highly prevalent in renal transplant
recipients, with moderate to severe chronic allograft
nephropathy [15].

The accurate diagnosis and early treatment of CAN are
important for renal allograft salvage. Histologically, CAN
is defined by interstitial fibrosis and tubular atrophy (IF/
TA) which is further categorized according to Banff scor-
ing system into three grades based to severity (1 =mild,
2 =moderate, and 3 =severe) [2].

Table 1 Clinical, laboratory and ultrasound characteristics of 36 patients with histological samples and stiffness measurements

Mean SD Median Minimum Maximum
Time since transplantation (years) 433 2.38 3.00 2.00 8.00
AP diameter (cm) 947 1.89 8.70 7.80 12.90
Serum creatinine level (mg/dl) 276 048 2.60 2.10 3.50
Mean kidney stiffness in KPa (elastography 28.69 6.28 24.08 22.00 373
finding)
IF/TA percentage 22.78 9.74 20.00 10.00 35.00




Barsoum et al. Egypt J Radiol Nucl Med (2022) 53:100

Page 6 of 8

40.00

Mean kidney stiffness in kPa (Elastaography finding)

2000
1000 1500 2000

IFTA percentage
Fig. 3 Scatter plot showing the correlation between IF/TA percentage and mean renal stiffness in kPa

2500 3000 S0

g
3 4000
c
-
3 o
S 3w °
8
s
K °
w
o
o
-
£ 0
“»
L4
o
£
"
% 2500
= L J
x o u
&
. o
=

20,00

200 300 400 500 600 700 800
Time since transplantation
Fig. 4 Scatter plot showing the correlation between mean renal stiffness in and time since transplantation

Renal biopsy is the gold standard for diagnosis. How-
ever, biopsy cannot always be performed, for both ana-
tomical and coagulation-related issues; moreover, major
complications have to be always considered; therefore,
new noninvasive methods have to be developed to obtain
new data on the cause of graft dysfunction [16].

Elastography has emerged as a new technique that uses
an intrinsic tissue property, the elasticity of which is the

capacity to deform and to return to the initial shape when
a stress is applied [16].

Supersonic shear wave elastography (SWE) has been
documented to be strongly correlated with grade of fibro-
sis, providing an assessment of the tissue’s stiffness [8,
17].

In our study, IF/TA percentage was positively corre-
lated with SWE mean kidney stiffness with r=0.57 and p
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value 0.013, which means that as renal parenchymal stiff-
ness increases, the percentage of interstitial fibrosis and
tubular atrophy (IF/TA) also increases.

Our results were consistent with the results reported
by Chiocchini et al. and Yang et al. who stated that when
the histological features of the Banff classification were
categorized (mild vs moderate/severe), renal stiffness was
higher in the presence of moderate/severe injury rather
than in mild injury for interstitial fibrosis and tubular
atrophy [2, 18].

Our results revealed that the time since transplanta-
tion was directly correlated with IF/TA percentage and
mean renal stiffness, revealing that the longer the time
since transplantation, the more stiffness, and the higher
IF/TA percentage of the renal allograft with r=0.72, 0.90
and p value 0.001,<0.001, respectively, which is consist-
ent with studies conducted on a similar group of patients
highlighting that longer time since transplantation
(>12 months) had higher IF/TA percentage and renal
stiffness [2, 20].

In the current study, the antero-posterior diameter of
the renal graft was significantly correlated with IF/TA
percentage and mean kidney stiffness, as the greater the
antero-posterior diameter, the higher IF/TA percent-
age and mean kidney stiffness with »=0.47, 0.73 and p
value 0.048 and 0.001, respectively. This correlation was
not evident in the study conducted by Yang et al. that
included 82 patients with renal transplantation with p
value >0.05 [18].

In our study, sensitivity analysis showed that SWE
mean kidney stiffness can significantly predict grade II

Banff score with moderate renal fibrosis (IF/TA) using
cutoff 28.67 kPa with sensitivity 87.5%, specificity 90%,
AUC 0.91, and p value <0.001.

Our results were consistent with a Chinese study con-
ducted on 31 patients who showed renal dysfunction
post-renal transplantation. Their results revealed that
using cutoff 29.01 kPa significantly predicted grade 2-3
Banff score with moderate—severe renal fibrosis with
sensitivity 93.5%, specificity 91.7%, and AUC 0.97 [18].

Our results also found that SWE mean kidney stiff-
ness was able to distinguish between the grade I and
grade II Banff score with mild-to-moderate intersti-
tial fibrosis and tubular atrophy. However, we could
not effectively differentiate between the grade II and
grade III groups with moderate-to-severe IF/TA, prob-
ably due to insufficient number of patients with grade
IIT Banff score. These results were consistent with the
results reported by Lépez Novoa et al. (19).

We did not have a patient group of grade III Banff
score with severe interstitial fibrosis and tubular atro-
phy. This factor was likely the result of the fact that
these patients were detected by serological results and
had clinical deterioration compatible with graft failure,
therefore precluding the need for biopsy.

Conclusion

Shear wave elastography may be useful for the predic-
tion of fibrosis in renal transplant patients, especially
in the case of moderate Banff score, when the accuracy
reaches 87.5% using a cutoff value 28.67 kPa.
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At this time, US shear wave elastography cannot
replace renal biopsy, as it is still under investigation,
and a standard technique for performing examinations
should be established.

However, we think that US shear wave elastography
(SWE) can be of great help during the regular follow-
up of renal transplant patients. It can act as a screening
tool to identify patients with stiffness values that sug-
gest moderate tubulo-interstitial fibrosis, so eventually
helping in the early diagnosis and management and
help in selecting patients who are candidate for biopsy
and in avoiding the repeated unnecessary biopsies for
others.
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