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Abstract

BACKGROUND

Detection of early chronic changes in the kidney allograft is important for timely
intervention and long-term survival. Conventional and novel ultrasound-based

investigations are being increasingly used for this purpose with variable results.

AIM
To compare the diagnostic performance of resistive index (RI) and shear wave
elastography (SWE) in the diagnosis of chronic fibrosing changes of kidney allograft

with histopathological results.

METHODS

This is a cross-sectional and comparative study. A total of 154 kidney transplant
recipients were included in this study, which was conducted at the Departments of
Transplantation and Radiology, Sindh Institute of Urology and Transplantation (SIUT),
Karachi, Pakistan, from August 2022 to February 2023. All consecutive patients with




increased serum creatinine levels and reduced glomerular filtration rate (GFR) after
three months of transplantation were enrolled in this study. SWE and RI were
performed and the findings of these were evaluated against the kidney allograft biopsy

results to determine their diagnostic utility.

RESULTS

The mean age of all patients was 35.32+11.08 years. Among these, 126 (81.8%) were
males and 28 (18.2%) were females. The mean serum creatinine in all patients was
2.8611.68 mg/dL and the mean eGFR was 35.38417.27 mL/min/1.73 m2. Kidney
allograft biopsy results showed chronic changes in 55 (37.66%) biopsies. The sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) of SWE
for the detection of chronic allograft damage were 93.10%, 96.87%%, 94.73%, and
95.87%, respectively, and the diagnostic accuracy was 95.45%. For RI, the sensitivity,
specificity, PPV, and NPV were 76.92%, 83.33%, 70.17%, and 87.62%, respectively, and

the diagnostic accuracy was 81.16%.

CONCLUSION

The results from this study show that SWE is more sensitive and specific as compared
to RI in the evaluation of chronic allograft damage. It can be of great help during the
routine follow-up of kidney transplant recipients for screening and early detection of

chronic changes and selecting patients for allograft biopsy.
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Core Tip: Kidney transplantation is the treatment of choice for patients with end-stage
kidney disease. Although short-term outcomes have improved markedly, chronic
allograft damage remains a formidable challenge. Early detection of chronic changes is
crucial for the optimal well-being of the graft. Biopsy is the gold standard but is
invasive, and prone to sampling error and interobserver variation. The resistive index
on Doppler is routinely used for the assessment of renal allograft status but its value in
chronic renal allograft dysfunction is unclear. Shearwave sonoelastography is a novel

imaging technique that has shown promising results in a number of studies.

INTRODUCTION

Kidney transplantation is the treatment of choice for patients with end-stage kidney
disease (ESKD). However, the recipients of kidney transplants have to be continually
monitored both clinically and by radiological and laboratory tests to ensure the proper
functioning of the allograft and to detect any damage to the allograft at an early and
reversible stage. In this regard, it is to be noted that allograft dysfunction can occur at
any time post-transplantation. It is variously categorized as acute and chronic allograft
dysfunction and the causes vary accordingly. An early and accurate diagnosis of the
underlying causes is essential for optimal management and better long-term outcomes.
Any damage to the graft parenchyma may result in chronic sclerosing changes in the
parenchyma if not treated promptly. In spite of a comprehensive approach tovErd the
allograft’s well-being adopted in most transplantation centers, kidney graft damage
often sets in and goes undiagnosed as early abnormalities are either undetected or the
laboratory or radiological investigations and clinical presentation are insensitive to
early changes in the graft parenchyma -3,

A number of diagnostic modalities including imaging and laboratory-based tools are
used in practice to detect graft damage at an early staée. Conventionally, structural
assessment of the allografts is done by the greyscale and Doppler ultrasounds, CT
scans, and MRIs, some of which, now provide added information regarding the

function of the allograft *9l. Ultrasound is a very useful and often the first-line non-




invasive tool for the early diagnosis of reversible surgical complications and is used
routinely during the follow-up of kidney transplant recipients (KTRs). The role of
Doppler ultrasound in the assessment of vascular pathologies in transplanted kidneys
can not be overemphasized [ 7. Currently, several transplantation centers utilize the
intrarenal resistive index (RI), which is calculated using Doppler ultrasonography, to
evaluate the functional status of the renal allografts, particularly in the early post-
transplant period. The RI is a hemodynamic index commonly used to measure blood
flow resistance in organs to assess vascular disease [°l. Several studies have reported
that an increased RI is diagnostic of acute transplant dysfunction. Naesens et al in their
seminal paper studied the usefulness of RI in protocol and graft dysfunction settings in
321 kidney transplant recipients [7l. A total of 1124 kidney allograft RI measurements
were included in the analysis. At protocol-specified biopsy time points, the RI was not
associated with kidney allograft histologic features. Older recipient age was the
strgngest determinant of a higher RI. However, the RI was significantly higher in cases
of antibody-mediated rejection or acute tubular necrosis, as compared with normal
biopsy results, in allograft biopsies performed because of graft dyéunction (71, They
concluded that the routinely performed RI at pre-specified time points after
transplantation reflects characteristics of recipient but not those of the graft [l
Radermacher and Haller commented on the study by Naesens et al and noted that the
findings of their study differ from most previous studies, in which an increase in RI was
associated with graft deterioration [8l. They suggested possible explanations for these
discrepant results. Naesens et al studied interlobar arteries, whereas the previous
studies investigated segmental arteries, and RI values are lower in the former arteries.
The use of a lower cutoff value for the RI (i.e., one considered abnormal) might have
been more accurate in the study by Naesens et al In addition, peripheral vessels are
more prone to sampling bias, and the Doppler signal quality is poorer [l. Timing of RI
measurement was also a minor factor. The length of follow-up period is also

contributory factor to the discrepant results. According to Radermacher and Haller, a

consensus on a single vessel area for study might provide a single cutoff value for the




RI. This should allow an assessment of whether the RI predicts graft loss, recipient
death, or both, and the results of which would define the role of the RI in the
assessment of transplant patients [l The usefulness of the RI after kidney
transplantation, particularly in chronic allograft dysfunction, remains controversial. RI
as an investigation suffers from certain pitfalls, particularly in extended criteria donors
or old recipients. Most importantly, its assessment is not uniformly standardized. It is a
non-specific prognostic marker of vascular diseases that affect the kidney. The RI is
thought to reflect central hemodynamic (cardiac or aortic) characteristics rather than
properties of the kidney or kidney allograft. There is little correlation between the Rls
and the quantitative extent of kidney allograft dysfunction.

More recently, another emerging technology of ultrasound, i.e.,, sonoelastography, is
increasingly being used to assess and visually display tissue stiffness by ultrasound
probes [10-14] Elasticity imaging or elastograghy is an imaging modality based on tissue
stiffness or hardness, rather than anatomy. Ultrasound elastography can be considered
the imaging equivalent of palpation, being able to quantify the stiffness of alesion,
which was previously judged only subjectively by physical examination 1111, Palpation
has been used to evaluate malignancy for a very long time. Sonoelastography has
mainly been used in the diagnosis of cancers in both superficial and deep organs like

e breast, thyroid, and prostate gland 1521,

Recent studies have suggested that quantitative elastography is a reliable non-invasive
tool to assess chronic fibrosing changes in organs like the liver 2220l and kidney [27-32] at
early stages. A few studies have investigated the usefulness of sonoelastography in the
assessment of chronic fibrosing changes in the kidney allograft 3%, In the first clinical
pilot study by Arndt ef al, parenchymal stiffness measured by sonoelastography was
found to be sujtable for assessing the progression of kidney allograft fibrosis. They
concluded that a longitudinal assessment of parenchymal stiffness might be a powerful
tool to identify patients with chronic allograft damage who benefit from biopsy and
consequent adaptation of the immunosuppressive treatment [3l. Subsequently, many

more studies have reported the diagnostic utility of sonoelastography in the assessment




of chronic kidney allograft dysfunction B4+3%l However, only a few studies have
compared the diagnostic performance of RI vs. shear-wave elastography (SWE) in the
assessment of chronic sclerosing changes in the kidney allograft. The aim of this study
was to compare the diagnostic performance of RI and SWE in the early detection of
chronic fibrosing changes in kidney allograft against the findings of renal allograft

biopsy.

MATERIALS AND METHODS

This cross-sectional, observational study was conducted at the Radiology,
Histopathology, and Transplantation departments, Sindh Institute of Urology and
Transplantation (SIUT), Karachi, Pakistan from August 2022 to February 2023. A formal
approval was sought from the research and ethical committees of the institution before
starting the study. All consecutive adult kidney transplant recipients who fulfilled the
inclusion criteria were included. The inclusion criteria included patients presenting
with kidney allograft dysfunction occurring any time after the first three months of
transplantation and manifesting as a rise in serum creatinine >20% from the baseline or
reduced estimated glomerular filtration rate (eGFR) < 50 mL/min, as determined by
Cockeroft-Gault (C-G) formula and a normal allograft size (= 9 cm). Kidney transplant
patients with a skin-to-allograft distance of >3 cm, cortex thickness <1 cm, kidney
allograft dysfunction within first three months after transplantation, small graft size (<9
cm), and perigraft fluid collection were excluded.

Written informed consent was taken from all eligible patients. The patients were either
referred from the outpatient department of transplant services or they were admitted in
the transplant ward. All patients participating in this study received kidney transplants
from a living-related donor.

All consecutive adult patients (220 years) of either gender were investigated by all three
methods, i.e., Doppler ultrasound, SWE, and kidney allograft biopsy.

All ultrasound assessments including SWE measurements were performed by the two

experienced radiologists with >10 years of experience in the abdominal US, including 5




years of experience with SWE and Doppler sonography. One of these performed RI
measurements first on all included patients independently followed by the other
radiologist, who performed SWE and allograft biopsy, also independently, such that no
duplicate measurements of the radiological tests were performed. Both were blinded to
the patient data and each other’s sonographic findings. A “check” ultrasound
examination was performed first to assess the morphologic characteristics of the
allograft and its vascularity, perigraft collection, and skin-to-allograft distance. SWE
measurements were then undertaken with the patient lying in a supine position. The
sampling for point-based SWE was performed with the patient holding his or her
breath. A total of six measurements of SWE (ultrasound systems (CANON; APLIO i800)
in kilopascals (kPa) were made with two measurements each from the upper pole,
lower pole, and mid-polar regions. The mean of these six values of parenchymal
stiffness was calculated for each patient and was analyzed. The representative SWE
visual displays and the quantitative parameters in a case of stable graft function and
another case with chronic allograft changes are shown in Figures 1 and 2. In Figure 2,
the elastography demonstrates the non-homogeneous color coding of the area in renal
allograft with multiple colors with red color predominating which represents a
significant loss of elasticity and increased stiffness of the renal allograft parenchyma. In
addition, both the speed and elasticity columns are very heterogeneous in Figure 2,
reflecting patchy distribution of early fibrosis. Most severely affected area was chosen
for sampling for the allograft biopsy. The sonoelastography findings were correlated
with histopathology of the same renal allografts showing variable degrees of chronic
changes (Figure 3). Kidney allograft biopsies were interpreted according to the updated
Banff classifications. Two cores of kidney allograft biopsies were performed routinely
and processed according to standard guidelines. As noted above, the most abnormal
area of allograft parenchyma on SWE was selected for biopsy purpose.

The same procedure was repeated for measuring the RI on the same ultrasound system
as was used for SWE. A single reading was recorded for each pole and the mean value

was calculated for each patient.




The findings of the SWE and RI were then compared with the histopathological
findings of the allografts on renal allograft biopsy in terms of sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and accuracy. The
results of histopathology were considered the gold standard for this purpose. The
average of the semi-quantitative scores of chronic changes affecting the two cores were
considered for final analysis.

Statistical analysis was performed by using Statistical Package for Social Sciences (SPSS
21.0). Descriptive statistics were applied. Mean #+ standard deviation (SD) was
computed for the quantitative variables distributed normally, i.e. age of patients and
serum creatinine. For non-normally distributed data, such as posttransplant duration of
biopsies, median + interquartile range (IQR) were used. Frequencies and percentages
were calculated for qualitative variables, i.e, presenting complaints and
histopathological findings.

Taking histopathological findings as the gold standard, all statistical parameters
(sensitivity, specificity, PPV, NPV) were calculated to obtain diagnostic accuracy of
SWE and RI.

RESULTS

In this study, a total of 154 KTRs of both genders were included. The mean age of all
patients was 35.32+11.08 years (range: 20-60 years). Among these, 126 (81.8%) were
males and 28 (18.2%) were females. The ultrasound-based investigations and allograft
biopsies were performed at a median posttransplant duration of 24 months (IQR: 7 to
61.5 months). Around 50% of biopsies were performed within 24 months after
transplantation. The mean serum creatinine at the time of biopsy was 2.86+1.68 mg/dL
and the mean eGFR was 35.38+17.27 mL/min/1.73 m2. Histopathological confirmation
of chronic allograft changes was obtained in 55 (37.66%) biopsies. However, SWE
results were positive for chronic changes in 57 (37.01%) of cases, as shown in Table 1.
The sensitivity, specificity, positive predictive value (PPV), negative predictive value

(NPV), and diagnostic accuracy of SWE for the detection of chronic changes were




93.10%, 96.87%, 94.73%, and 95&7% and the overall diagnostic accuracy was 95.45%
(Table 1). On the other hand, the sensitivity, specificity, PPV, NPV, and diagnostic
accuracy of RI for the detection of chronic changes were 76.92%, 83.33%, 70.17%,
87.62%, and the diagnostic accuracy 81.16% (Table 2).

The sonoelastography clearly performed better than RI in predicting the chronic
allograft changes with superior sensitivity, specificity, and positive and negative

predictive values as shown in Table 2.

DISCUSSION

Chronic sclerosing changes in kidney allografts have been categorized in different
ways. In the pre-Banff era, these were labeled as “chronic rejection” irrespective of the
underlying etiopathogenesis. The Banff classification introduced the term chronic
allograft nephropathy (CAN) 71 In 2005, the term CAN was replaced by interstitial
fibrosis/tubular atrophy (IFTA). The changes of IFTA are highly prevalent in kidney
allografts. éstudy by Nankivell ef al found chronic changes in 24.7% of renal transplant
recipients 1 year post-transplant and the percentage increased to 89.9% in recipients
after 10 years of a kidney transplant making CAN the most frequent reason for kidney
graft failure 38l. The chronic changes are thought to be the result of chronic subclinical
injury, either immune-mediated or non-immune, that progresses to kidney allograft
failure [¥1.

An early and accurate diagnosis of chronic changes is imperative for salvaging the
kidney allograft from failure. Protocol biopsies represent the gold standard for
detecting chronic changes in the allograft parenchyma at an early stage. However, these
are associated with certain complications and drawbacks related to the invasive nature,
sampling error, and subjectivity of their interpretation [40l. The current approaches for
diagnosis of suspected IFTA include serum creatinine and eGFR measurements and
vascular perfusion assessment by RI using Doppler ultrasound. When abnormalities are
detected in the above-mentioned parameters, the next step in evaluation is kidney

allograft biopsy for tissue diagnosis 4! 42, Various formulas are used for calculating




eGFR in the kidney transplant patients and all give comparable results 43 4l Hence, we
used C-G formula in our study, as it is relatively straightforward in calculation.

Very few studies are available in the literature on the detection of early fibrosing
changes in transplanted kidneys using sonoelastography, which assesses stiffness as a
measure of fibrosis [34-36, 45-50]. A large number of studies are available for superficial
organs like the breast and thyroid gland ['>20]. The native kidneys are deep-seated and
hence, have been little investigated by this technique 127321, In a study done to determine
the elasticity of various tissues, Arda et al studied ngrmal elasticity values within the
kidney cortex along with many other internal organs in 127 healthy volunteers aged 17-
63 years. The mean elasticity values were 5.2+2.9 kPa (range: 1-13 kPa) in men and
49429 kPa (range&—Zﬁ kPa) in women of renal cortex [45]. Some studies conducted
previously have reported that renal parenchymal elasticity values differ with
alisotropy, and vascular and urinary pressures [46]. According to these authors,
intrarenal elasticity values fluctuate with tissue anisotropy and, with vascular and
urinary pressure levels. These parameters must be taken into account for the
interpretation of tissue changes [47].

Exploiting the superficial location of the kidney allograft, several studies have been
conducted to determine the diagnostic utility of SWE in the evaluation of kidney
allograft dysfunction and compared it with various clinical, laboratory, or imaging
parameters [34-36, 48-55]. The mean parenchymal stiffness on SWE was 24.5 + 7.34 kPa
(range: 17- 32 kPa) in patients with allograft dysfunction in this study. Parenchymal
stiffness showed a positive correlation with serum creatinine level (r = 0.714; P < 0.001)
and a negative correlation with eGFR (r = 20.725; P< 0.001). Lukenda et al studied
transient elastography in 52 KTRs and reported a highly significant negative correlation
of kidney allograft stiffness on SWE with eGFR in 52 KTRs (r = -0.640; p<0.0001). The
kidney allograft stiffness showed a positive correlation with allograft fibrosis on biopsy
(r = 0.727; P = 0.0001). They concluded that parenchymal stiffness obtained by
elastography reflects interstitial fibrosis [48]. Therefore, elastography provides the

opportunity for noninvasive screening of CAN. Similarly, Ozkan et al studied 42




patients by real-time sonoelastography to investigate the relationship of tissue stiffness
with RI and eGFR. Allograft parenchymal stiffness demonstrated a significant positive
correlation with RI (r: 0.41, P = 0.007). They did not find a significant correlation
between parenchymal stiffness and eGFR (P = 0,42). Interobserver agreement, expressed
as intraclass correlation coefficient, was fair at 0.47 (95% CI: 0.05- 0.70). They concluded
that parenchymal stiffness showed a significant positive correlation with RI but
sonoelastography has also a wide range of intra- and low interobserver agreement in
kidney transplants warranting further studies [71.

rdt ef al studied transient elastography (TE) in 57 KTRs and found that parenchymal
stiffness was significantly and positively correlated to the extent of interstitial fibrosis (r
= 0.67, P = 0.002) and inversely related to eGFR (r = 0.47, P = 0.0003). Parenchymal
stiffness values of patients with an eGFR >50 mL/min were significantly lower than in
patients with an eGFR £50 mL/min (22.2 £ 11.0 vs. 37.1 + 14.2 kPa, P: 0.0005). The
parenchymal stiffness values of CAI Banff grades 0-1 differed significantly from grade
2 (P: 0.008) and grade 3 (P: 0.046). Parenchymal stiffness measured by TE reflects
interstitial fibrosis in kidney allografts. They concluded that a longitudinal assessment
of parenchymal stiffness might be a potent tool to identify patients with chronic
allograft changes who benefit from biopsy and consequent alteration of the
immunosuppressive regime [,
More recently, Barsoum et al studied 36 KTRs with SWE with biopsy-proven CAN. All
patients underwent a B-mode ultrasound examination followed by ultrasound SWE in
the same sitting, as in our study. They compared the results of SWE measurements with
the histopathological results. They found that the mean parenchymal stiffness was
directly correlated with time postﬁansplantation. With a longer post-transplantation
period, parenchymal stiffness and IF/TA percentages increased with r = 0.72, 0.90, and
p value<0.001. Antero-posterior (AP) diameter of the kidney allograft was significantly
correlated with mean parenchymal stiffness as the larger the AP diameter, the higher

the mean parenchymal stiffness with r = 047, 0.73, and p-value 0.001. Sensitivity




analysis showed that US SWE can significantly predict moderate Banff score of renal

fibrosis using a cutoff value of 28.67 kPa with sensitivity of 87.5%, specificity of 90%,
area under the curve (AUC) of 0.91, and p value<0.001. SWE may be useful for the
prediction of fibrosis in KTRs, especially in the casg of a moderate Banff score, where
the accuracy reached 87.5% using a cutoff value of 28.67 kPa. They concluded that US
SWE may be of great help in the regular follow-up of KTRs. It can act as a screening tool
to identify patients with early parenchymal fibrosis, eventually helping in the early
diagnosis and management and helping in selecting patients who are candidates for
biopsy and in avoiding repeated unnecessary biopsies for others [54].

We found a sensitivity of 93.10% and specificity of 96.87% of SWE for the detection of
chronic fibrosing changes in the allograft biopsy. These results are marginally better
than RI on Doppler studies. Our results are also slighter better as compared to those of
Barsoum et al in terms of overall sensitivity and specificity [54]. In our study, the

parenchymal stiffness measurement correlated with histopathological diagnosis.

Although histopathology is considered the gold standard for the detection of chronic
renal allograft changes, there are a few drawbacks related to this invasive method.
These drawbacks include sampling errors, traumatic complications, and interobserver
variations among histopathologists. Hence, a search for non-invasive techniques for the
early diagnosis of kidney allograft damage has always been a dream of researchers. The
best attribute of sonoelastography as a modality is its noninvasive nature making it a
safe screening tool for serial evaluation of kidney allograft. In addition to being non-
invasive, SWE enables us to assess a much larger area of the tissue under study as
compared to biopsy. On the basis of the results of the present study, it would not be
wrong to state that this study will help in building confidence among clinicians
regarding non-invasive modalities for the diagnosis of chronic allograft dysfunction.
However, we do recognize that allograft biopsy will retain the status of the gold

standard in cases with equivocal or ambiguous findings, or in synchrony with




sonoelastography. In addition, if used judicially, this technique will help in decreasing
the bulk of invasive procedures making the investigative process less risky for the
patients.

There are certain limitations to this study. Firstly, it is a single-center study. No follow-
up data was collected for this study. We did not calculate the AUC for SWE regarding
its diagnostic utility. There is a need for multicenter studies to add more strength to the
observations made in this study. Certain artifacts are associated with increased
thickness of the patient which renders it appropriate in patients of a certain body

habitus.

CONCLUSION

In conclusion, SWE is more sensitive and specific as compared with RI and can serve as
a reliable noninvasive imaging modality for the detection of early chronic changes in
the kidney allograft. On the basis of these results, we propose to use SWE routinely for
serial evaluation of kidney allograft during follow-up for early detection of chronic

changes and selecting patients for allograft biopsy.

ARTICLE HIGHLIGHTS

Research background

Kidney transplantation is the treatment of choice for patients with end-stage kidney
disease. Although, short-term outcomes have improved but long-term graft survival
remains a formidable challenge. Detection of early chronic changes in the kidney
allograft is important for timely intervention and long-term survival. Conventional and
novel ultrasound (US)-based investigations are being increasingly used for this purpose
with variable results. This study aims to compare the diagnostic performance of two

US-based tests with biopsy results.

Research motivation




The main aim is to determine the diagnostic performance of a non-invasive US-based
investigation in the assessment of early chronic changes in the kidney allograft. This

will help avoid or minimize the invasive procedure of kidney allograft biopsy.

Research objectives
The main objective was to assess the diagnositc performance of shear-wave
elastography (SWE) on US of the allograft kidney for detection of early chronic changes
in the kidney allograft. It was found that SWE performs better than resistive index (RI)

and this can be a useful addition to the diagnostic armamenterium for post-transplant

follow-up.

Research methods

All consecutive kidney transplant patients with increased serum creatinine levels and
reduced glomerular filtration rate (GFR) three months after transplantation were
assessed by SWE and RI tools and the findings of these were analyzed against the

kidney allograft biopsy results to determine their diagnostic performance.

Research results

The sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) of SWE for the detection of chronic allograft damage were better as
compared to RI results. These results indicate that SWE test is more sensitive for the
detection of early chronic changes in the kidney allograft and this should be routinely

used in the assessment of kidney allograft during post-transplant follow-up.

Research conclusions
Novel US-based techniques offer promising new tools for non-invasive monitoring of
early chronic kidney allograft damage. These can be used for screening the kidney

transplant patients during routine follow-up visits followed by biopsies.




Research perspectives
Further improvements in US-based techniques for non-invasive monitoring of kidney

allograft status are needed.
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