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Background: The aim of this study was to investigate the diagnostic and prognostic utility of color Doppler ultrasound for
graft dysfunction in recurrent immunoglobulin A nephropathy (IgAN).

Material/Methods: We selected a series of 78 biopsies diagnostic of recurrent IgAN following living-donor transplantation from
July 2004 to January 2019. Based on Lee’s classification, Doppler parameters in different degrees of histopath-
ological injury were retrospectively analyzed.

Results: The 4-year cumulative graft survival rate after biopsy was 66.3%, and the difference among the Kaplan-Meier
curves of Lee’s classification (P<0.01) was significant. Doppler parameters showed that echo enhancement,
decreasing blood flow distribution, decreasing end-diastolic velocity (EDV) of the main renal artery (MRA), seg-
mental renal atery (SRA) and interlobar renal artery (IRA), and an elevated resistance index (RI) of the arcuate
renal artery (ARA) were significantly different among grades I-V of Lee’s classification (P<0.05). Logistic multi-
variate analysis indicated that echo enhancement (HR 13.6, 95% Cl 2.7-68.4) and decreasing EDV of the SRA
(HR 1.1 for a 1-cm/s, 95% CI 1.0-1.2) were independent predictors of severe injury (IV-V). The ROC curve fit-
ted by echo enhancement and decreasing EDV of the SRA had an area under the curve of 0.87. The cutoff was
17.5 cm/s (decreasing EDV of the SRA) without echo enhancement. The sensitivity and specificity were 72.2%
and 91.7%, respectively.

Conclusions: Color Doppler ultrasound successfully evaluated the graft dysfunction in recurrent IgAN; a decreasing EDV of
the SRA indicated severe histopathological injury and poor prognosis.
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Background

With the improved survival of renal allografts following trans-
plantation, recurrent renal disease is considered an important
cause of graft dysfunction, which is the second and the third
leading cause of death-censored and uncensored graft fail-
ure, respectively [1].

As the most common recurrent renal disease [2,3], immuno-
globulin A nephropathy (IgAN) has been reported to recur in
33% (9% to 61%) of recipients, occurred frequently in living-
donor transplantation, and indicated a risk of graft failure [4,5].
A protocol biopsy after transplantation has been recommend-
ed to detect recurrence and disease progression for patients
with a high risk of recurrence, but its safety and adequacy
have been criticized due to related complications [6]. To in-
vestigate non-invasive methods for evaluating the graft dys-
function of recurrent IgAN, we assessed the diagnostic value
of color Doppler ultrasound.

Material and Methods

Sample Collection

A series of 78 patients with recurrent IgAN following living
transplantation from July 2004 to January 2019 at our center
were diagnosed by biopsies of native and renal allografts. The
biopsies of renal allografts were performed from June 2007 to
September 2019, with specimens including 65 indication bi-
opsies and 13 protocol biopsies. Cases with comorbid chron-
ic rejection, calcineurin inhibitor (CNI) toxicity damage, or BK
virus-associated nephropathy (BKVAN) were excluded. The
specimens were derived from 17 women and 61 men (mean
age 34.349.5 years).

The patients underwent color Doppler ultrasound for renal al-
lografts at 1, 7, and 14 days after transplantation and every 3
months during follow-up, performed in Guangzhou Women’s
and Children’s Medical Center (Guangzhou, China) and the
First Affiliated Hospital of Sun Yat-sen University (Guangzhou,
China). We simultaneously recorded 24-h urinary protein, es-
timated glomerular filtration rate (eGFR) (estimated by the
Chronic Kidney Disease Epidemiology collaboration [CKD-EPI]
equation), and other clinical indexes. Table 1 lists the clinical
indexes and therapeutic regimens for patients after recurrence.

This retrospective analytical study was approved by the Regional
Ethics Committee of our center. All patients signed informed
consent forms, and no interventions were performed as part
of this study.
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Table 1. Baseline characteristics of the recipients and donors.

Recipient age (years) 34 (28-39)
 Recipientsex, /M (%) /61 (22/78)
 Recipientrace, East Asian (%) 78 (100)
 Diabetes %) 2 (154
CSBP(mmH® 121 (108-137)
DBP(mmHg 72 (6583
© Acuterejection™ (%) 7 02
 Delayed graft function (%) 4 62
© AntiHLAantibodies* (%) 13 7y
"""" Cassl9 5 68
"""" Cassl®) 13 a7
© HlAmismatches (A B,orDR) 2 13
© Therapeutic regimen

Ipnl;clr:g/;:o(;s) methylprednisolone 21 (27.6)
"""" Tonsilectomy %) 10 (131)
"""" ACElsused %) 59 (7176)
 Disease time® (years) 3 (15
© Waiting time®* (months) 1 (L)
© 24-hurinary protein (g/24h) 05 (0314
© UrinaryRBC count ml) | 214 (67-642)
© Cholesterol (mmol) 53 (4362
S oL@moly 34 (2942
S mBEY 411 (373-449)
GRS (MUmin/173m) 697 (537-845)
 Donorage (years) 52 (4357)
DonorsexF/M (%)  55/23 (70/30)
 Donorrace, EastAsian (%) 78 (100)

SBP — systolic blood pressure; DBP — diastolic blood pressure;
HLA — human leukocyte antigen; ACEls — angiotensin-converting
enzyme inhibitors; RBC - red blood cell; LDL — low-density
lipoprotein; ALB — albumin; eGFR — estimated glomerular
filtration rate. * All continuous variables were presented as
medians and interquartile ranges; ** patients with a history

of acute rejection after transplantation were included if

they were cured when diagnosed as IgAN. # Including donor-
specific antibodies and non-donor specific antibodies; *# three
intravenous methylprednisolone pulses at the beginning

of recurrence, but routine anti-rejection treatments after
transplantation were excluded. ® The time from transplantation
to the onset of initial symptoms; & the time from the onset

of the initial symptoms to biopsy. $ Baseline eGFR after
transplantation.
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Ultrasonic Diagnosis and Biopsy of Recurrent IgAN

The ultrasonic diagnosis was performed with an Aplio 500 col-

or Doppler ultrasound machine and convex probes (Toshiba,

Japan). At the times of the lowest serum creatinine (sCr) level

and the biopsy diagnosis, the following ultrasound data were

recorded by 2 trained, double-blinded sonographers:

1) Size and cortical thickness of renal allografts measured in
the largest cross-section.

2) Echo enhancement, defined as the echo of the renal paren-
chyma being equal to or stronger than that of the liver pa-
renchyma, as well as the absence of a boundary between
the renal cortex and medulla.

3) Blood flow distribution, classified as grade I-V according to
the distribution in the main renal artery (MRA), segmental
renal artery (SRA), interlobar renal artery (IRA), arcuate re-
nal artery (ARA), and interlobular renal artery. In grade V, the
blood flow reached the cortex and subcapsular area, and
the signal of all areas above the renal artery can be detect-
ed. In grade 1V, the blood flow signal of ARA and its superi-
or arteries can be detected. In grade I, the blood flow sig-
nal of IRA and its superior arteries can be detected. In grade
Il, the blood flow signal of SRA and its superior arteries can
be detected. In grade |, the blood flow signal is limited to
MRA, or the absence of renal blood flow.

4) Hemodynamic indexes, such as peak systolic velocity (PSV),
end-diastolic velocity (EDV), and resistance index (Rl) in the
MRA, SRA, IRA, and ARA, and the sample volume. The diam-
eter of regions of interest to acquire the blood flow signal
was 2-3 mm, and the angle correction was less than 60°.
Each of the above indexes were measured 3 times, and the
average value was recorded. We evaluated by EDV instead
of PSV, as the former was found to be the better index to
reflect renal function [7].

A needle biopsy with an 18-gauge needle (Bard, USA) was
guided by ultrasonography. Each sample was stained with he-
matoxylin-eosin and periodic acid-Schiff. Immunofluorescence
were performed using polyclonal antibodies against IgA, 1gG,
IgM, C3, C4D, and C1q. According to 2012 KDIGO clinical prac-
tice guideline for glomerulonephritis, we defined a diagnosis
of IgAN as IgA positivity deposited in the mesangial area of
immunofluorescence staining, a similar feature caused by lu-
pus nephritis, hepatitis B virus-associated glomerulonephritis,
or other diseases with a clear etiology excluded [8]. The de-
gree of histopathological injury was categorized as grade I-V
based on Lee’s classification [9].

Statistical Analysis
To test the prognostic predictive value of Lee’s classification,

we analyzed the 4-year cumulative graft survival rate after bi-
opsy. The graft survival curves were created by Kaplan-Meier
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Estimator, and comparisons among grades |-V of Lee’s classi-
fication were performed using the log-rank test.

Based on Lee’s classification, we compared the Doppler pa-
rameters among different degrees of histopathological inju-
ry. Variables were compared by the Kruskal-Wallis test and
the chi-squared test, and P<0.05 was considered significant.

Logistic multivariate analysis was used to explore the signif-
icance of ultrasonic and hemodynamic factors related to his-
topathological injury and to investigate the diagnostic val-
ue of these predictive factors. The sensitivity and specificity
of each factor were evaluated by a receiver operating char-
acteristic (ROC) curve, and P values less than 0.05 were con-
sidered significant.

The data were analyzed using the software package IBM SPSS
Statistics version 22.0.

Results

After a mean follow-up of 3.3+1.7 years, 44 patients finished
the 4-year observation period, and graft failure occurred in
16 patients; we defined this endpoint as the return to routine
dialysis for more than 3 months. The 4-year cumulative graft
survival rate after biopsy was 66.3%. The log-rank test sug-
gested that the difference among the Kaplan-Meier curves of
Lee’s classification (P<0.01) (Table 2) was significant. Figure 1
shows the significant differences in Lee’s classification, especial-
ly in mild (grade I-11) and severe injury (grade IV-V) separately.

We observed that echo enhancement (P<0.01), decreasing
blood flow distribution (P=0.02), decreasing EDV of the MRA
(P<0.01), SRA (P<0.01) and IRA (P<0.01), and elevated RI of the
ARA (P=0.04) were significantly different among grades I-V of
Lee’s classification, which are considered valuable in evaluat-
ing graft dysfunction (Table 3).

Logistic univariate and multivariate analyses indicated that
echo enhancement (hazard ratio [HR] 13.6, 95% confidence
interval [Cl] 2.7-68.4), and decreasing EDV of the SRA (HR 1.1
fora 1 cm/s, 95% Cl 1.0-1.2) were independent predictors of
severe injury (Table 4, Figure 2). The ROC curves of echo en-
hancement and decreasing EDV of the SRA had area under the
curve (AUC) values of 0.76 and 0.77, respectively. The ROC fit-
ted by these 2 indexes had an AUC of 0.87 (Figure 3), an ide-
al cutoff point of 17.5 cm/s (decreasing EDV of the SRA) with-
out echo enhancement, and sensitivity and specificity of 72.2%
and 91.7%, respectively (Table 5).
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Table 2. The 4-year graft cumulative survival rate after biopsy diagnosis of Lee’s classification and histopathological injury.

Graft cumulative survival rate after biopsy diagnosis

Lee’s classification (I-V)

| (n=19) 100.0% 82.6% 82.6% 82.6%
Il (n=14) 100.0% 88.9% 66.7% 66.7%
Il (n=27) 100.0% 100.0% 85.7% 85.7%
IV (n=15) 73.3% 51.3% 51.3% 34.2%
V (n=3) 100.0% 66.7% 66.7% 0.0% <0.01
Histopathological injury
Mild (n=60) 100.0% 90.0% 86.6% 81.2%
Severe (n=18) 77.8% 53.8% 53.8% 26.9% <0.01
A
100
L]
—
80
= 60 T 0
= ] The Lee’s classification = Histopathological injury
z -n I| z n gwnd
E ] 5 . Severe
S 4 - S 4 —+ Mild-censored
I\ —t Severe-censored
—+ |-censored
20 |I-censored 20
—+ lll-censored
IV-censored
0 - - - - 0 ‘ ‘ ‘
.00 2.00 4.00 6.00 8.00 .00 2.00 4.00 6.00 8.00
Time after biopsy (years) Time after biopsy (years)

Figure 1. Kaplan-Meier curves of Lee’s classification (A) and histopathological injury (B) (SPSS Statistics, 22.0, IBM).

Discussion

Color Doppler ultrasound is widely used to detect graft dys-
function [10,11]. Early research [12] showed that it is possible
to detect acute rejection 5 days after transplantation. Sharma
et al[11] analyzed 6017 ultrasonic scans performed in 614 pa-
tients with 462 episodes of acute rejection from 1992 to 2000,
and reported that a >10% increase over the previous ‘best’ RI
had a sensitivity of 60% and a specificity of 90% for the di-
agnosis of acute rejection. Dugo et al [13] found that ultra-
sound showed typical hypoechoic lesions with irregular edges
in the cortex of BKVAN patients, suggesting that ultrasound
can be useful for the non-invasive diagnosis of BKVAN when
combined with blood and urine screening tests. Cano et al [14]
reviewed the literature from the past 10 years and concluded
that an elevated Rl is an early predictor of histologically rel-
evant chronic allograft nephropathy. The application of nov-
el techniques like contrast-enhanced ultrasound (CEUS) and

This work is licensed under Creative Common Attribution-
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shear-wave elastography (SWE), to a large extent, improved
the diagnostic value of ultrasound. Elec et al [15] conducted a
cross-sectional study of the early post-transplantation period
and found that patients with delayed graft function showed
lower values for wash-out area under the curve and wash-in
and wash-out area under the curve in CEUS, which may be use-
ful to diagnose delayed graft function. Using SWE, Bolboaca
et al [16] identified the differences among stable graft func-
tion and graft dysfunction. It has been demonstrated that the
cortical tissue stiffness provided significantly higher values for
patients with graft dysfunction as compared to patients with
stable function. However, its utility in recurrent renal disease
remains unknown.

Recent studies confirmed that recurrent IgAN reduced the long-
term graft survival [5,17]. These conclusions were inconsistent
with early research suggesting that it had a benign prognosis
with little impact on graft function [18], especially in patients
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Table 3. Color Doppler ultrasonic and hemodynamic indexes (based on Lee’s classification).

Ultrasonic and haemodynamic Lee’s classification (I-V) (n=78)
indexes
Cortical thickness1* (cm) 1.5+0.2 1.5+0.2 1.5+0.2 1.6+0.3 1.5+0.2 0.59
* Cottical thickness2** (cm) 17505 15503 15503 15504 13502 063
© Change in cortical thickness* cm) ~ -0.130.6 01:03 0£02 0.1+03 ¢ 02¢01 017
© Echoenhancement (%) 2105 11 204 960 2667 001
© Blood flow distribution (V) 49403 4904  49:03  49:03 50¢0 097
© Blood flow distribution2 (V) 48404 4606  47:05  43:07 37411 005
E{’\";)”ge in blood flow distribution ;5 0.240.4 0.240.4 0.540.7 1.3+1.1 0.02
CMRA
77777777 EDVI(m/s) 3343101  376+141  338+98  348:139  502+¢167 038
77777777 EDV2 (cm/s)  320+124  387+145 374147  244:137  293%145 002
77777777 EDVI-EDV2 (cm/s)  14%176  -11141  -36£17.3  104:123  209+¢31 <001
77777777 RL  06:01 0601  07+01  06:0.1 060 082
77777777 R2  07:01  07#01  07+01  07:0.1  07:01 030
77777777 RIR2  10:02  10£01  10£01  09:0.1  09:01 015
CSRA
77777777 EDVI(m/s)  208%62 22564 19965  232:84 312152 013
77777777 EDV2 (m/s)  197+60  243%76 21269 16386 14717 003
77777777 EDVI-EDV2 (cm/s) 11273 -18#61  -13:91  69:108 165345 <001
77777777 RI  06:01 0601 0601  06:0.1 06201 056
77777777 R2  06:01  06t0  06£01  07:0.1  07:01 015
77777777 RIR2  10£01  10:01  10£01  09+01 09+01 011
CRA
77777777 EDVI(cm/s)  116#34 133342 120437 13339  141x40 049
77777777 EDV2 (cm/s) 11844  138:39 12634  96:51 8325 001
77777777 EDVI-EDV2 (m/s)  -03%+59  -05:30 0641  36:44 5831 <001
77777777 RI 0601  06:01 0601  06:0  06£0 085
77777777 R2 06201 0601 0601  06:0.1  07#0 006
77777777 RLR2  10%02  10#01  10£01  09:0.1  09%0 005
CARA
77777777 EDVI(m/s)  79+31  84+18  75+26  93:29 105427 019
77777777 EDV2 (m/s) 74352 80+33 6856  7.0:38 8520 061
77777777 EDVI-EDV2 (cm/s)  05%36  04%36 07455  23:38  20%07 028
77777777 RL 060  06t0 0601  06:0 060 074
77777777 R2 06201 0601 07402 06:0.1  06:0 028
77777777 RIR2  10s01  11x01  11+02  10:0.1  09%0 004

MRA — main renal artery; EDV — end diastolic velocity; Rl — resistance index; SRA — segmental renal atery; IRA — interlobar renal
artery; ARA — arcuate renal artery. * the baseline level at the time when patients had the lowest sCr level after transplantation, the
same definition for following indexes; ** the level at the time of biospy, the same definition for following indexes. # The change from
baseline level to the level at the time of biospy, the same definition for following indexes.
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Table 4. Predictive factors related to histopathological injury in recurrent IgAN.

Univariate Multivariate

Predictive factors

Age (years) 1.1 (1.0-1.1) 0.01 - 0.60
 Disease time* (years) 11 (1013 007 - -
 Waiting time* (months) 04 (1211 008 - -
SBP(mmHg) 10 (0910 oso - - -
DBP(mmH® 10 (10-1.1) 0.88 - -
© 24-hurinary protein (g/24h) 20 (1330) 001 21 (1235 001
© Urinary RBC count (wim) 10 (0910 040
eGRR (mUmin/173m3) 11 (o1 001 027
* Cholesterol (mmol/t) 10 (0813 083
CLmmo) 11 (0715 o7s
CAmBED 09 ©0810 001 078
© Therapeutic regimen
”””” MPPG) 21 (0859 o1& - -
”””” Tonsillectomy %) 07 (03200 058 - -
”””” ACElsused %) 25 (061090 021 - -
© Change in cortical thickness* cm) ! 56 (08379 008 - - -
© Echoenhancement (%) 173 (46645 w01 136 (27-684) 001
© Change in blood flow distribution (V)
,,,,,,,, S

|

,,,,,,,, e

CMRA

”””” EDVI-EDV2 (m/s) 11 (o1l <ol - o012
”””” RIR2 o1 (0126) 005 - -
CSRA
”””” EDVI-EDV2 (cm/s) 11 (1012) <0l 11 (1012 001
”””” ROIR2 o1 (0107 o004 - 06
CRA
”””” EDVI-EDV2 (m/s) 13 (1118 <01 - 08
”””” RIR2 o1 (0106 003 - o054
CARA
”””” EDVI-EDV2 (cm/s) 11 (o013 o016 - -
”””” ROIR2 o1 (0104 002 - o8

HR — hazard ratio; Cl — confidence interval; SBP — systolic blood pressure; DBP — diastolic blood pressure; GFR — estimated glomerular
filtration rate; MPP — methylprednisolone pulse; ACEls — angiotensin-converting enzyme inhibitors; EDV — end diastolic velocity;

RI - resistance index. * The time from transplantation to the onset of initial symptoms; ** the time from the onset of initial symptoms
to biopsy. # The change from baseline level to the level at the time of biospy, the same definition for following indexes.
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Figure 2. Ultrasonic characteristics of recurrent IgAN: ultrasound showed equal echo of the renal parenchyma in mild injury
(Lee’s 11) (A) by contrast with echo enhancement in severe injury (Lee’s IV) (B); hemodynamics showed markedly de-
creasing EDV of the SRA in severe injury (Lee’s IV) (D) proceeded from mild injury (Lee’s II) (C) (Photoshop, 21.1, Adobe).

with continuous hematuria or proteinuria. Although a decreased
eGFR or severe proteinuria as the initial symptom were consid-
ered as predictive factors of graft failure [19,20], these initial
symptoms are not common in recurrent IgAN, and only 17 pa-
tients (21.8%) presented an early increase in sCr in this series.
Ortiz et al [21] found that histopathological injury occurred in
half of early recurrent IgAN patients without abnormalities in
urinalysis, which means clinically silent patients may have se-
vere histopathological injury on biopsy.

The evaluation criteria of Lee’s classification, based on and rec-
ommended for East Asian patients, include glomerular sclero-
sis and mesangial proliferation, crescent formation, intersti-
tial inflammation, and tubular atrophy (IF/TA). In a previous
study, we confirmed the predictive value of this classification
in IgAN in renal allografts [19]. Our findings indicate that pa-
tients with grade IV-V injury may have a significant risk of
graft failure, which is completely consistent with that used in
native IgAN [9]. Moreover, an abnormal echo and blood flow
have been observed in patients with severe histopathological
injury; timely therapy and prevention of risk factors for graft

This work is licensed under Creative Common Attribution-
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failure could be performed according to these ultrasonic char-
acteristics, and repeated protocol biopsies could be avoided
for recurrent IgAN patients.

The histopathological injury of IgAN is manifested as IgA, com-
plement C3, C1q, and their immune complex deposited in the
mesangial area, which leads to glomerular mesangial prolifer-
ation and endocapillary hypercellularity. The basement mem-
brane is fragmented and absent when it invades the prolif-
erative mesangial matrix, resulting in segment glomerular
sclerosis and cellular/fibrocellular crescent formation with IF/
TA. Echo enhancement, which denotes glomerulosclerosis and
interstitial fibrosis, is a typical feature of graft dysfunction, as
it appears in chronic glomerulonephritis [22]. Echo enhance-
ment occurred in 16 cases (20.5%) in this series and in 11 cas-
es (68.7%) of severe injury; this result indicates an excellent
specificity of 91.7% and a lower sensitivity of 61.1%. In recent
studies, the echo intensity (El) was measured as a quantita-
tive parameter to detect renal ischemia-reperfusion and pa-
renchyma lesions [23,24]. Considering the slow and concealed
disease progression, we support the use of the El combined
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Figure 3. ROC curves: echo enhancement (A), decreasing EDV of the ARA (B) and fitted by the above two (C) (SPSS Statistics,
22.0, IBM).

Table 5. Ultrasonic indexes in predicting of severe histopathological injury in recurrent IgAN.

Ultrasonic indexes 95% CI Cutoff point  Sensitivity Specificity
A Echo enhancement <0.01 0.76 0.62-0.91 = 61.1% 91.7%
g Decreasing EDV of the ARA <0.01 0.77 0.61-0.92 5.0 72.2% 81.7%
(cm/s)
C Fitted by above two <0.01 0.87 0.78-0.96 17.5 72.2% 91.7%
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with hemodynamic indexes to improve the sensitivity of graft
dysfunction in further studies.

Hemodynamic indexes such as EDV and Rl have been con-
firmed to be valuable markers for graft function and relat-
ed vascular complications; early research [25] suggested that
renal disease can be diagnosed when RI »0.65 in the IRA.
Cano et al [14] found that when Rl equals 1 (absent end-di-
astolic flow) in the first weeks after transplantation, it is as-
sociated with acute tubular necrosis and impaired renal graft
recovery. Kolonko et al [26] concluded that high RI in SRA in
the very early post-transplantation period predicts worse graft
function and an increased risk of all-cause graft failure, includ-
ing patient death, in the 5-year follow-up period. In contrast,
Maarten et al [27] showed that recipients with higher RI had
higher mortality than the risk of graft failure, and it was not
associated with histopathological injury. Similar to the result
of Kolonko et al, we found that the Rl was <0.7 in most cases
with good graft function and normal biopsy. Considering that
the baseline level after transplantation might be influenced
by medicine and donor vascular factors, we suggest that the
hemodynamic change in the period from the lowest sCr level
to biopsy is more significant than a single scan in evaluating
graft function. In severe cases, we noted that the hemodynam-
ic changes in SRA had more significance than in IRA and ARA,
which is inconsistent with the initial histopathological chang-
es of IgAN, characterized by myointimal thickening in arteri-
oles (IRA, ARA, and interlobular renal artery). These features
of SRA and its superior arteries were rare in patients with mild
injury, whose histopathological changes were mostly limited
to the IRA and its inferior arteries. Thus, hemodynamic chang-
es indicate severe injury and poor prognosis when they prog-
ress to SRA, and they could be a valuable marker to detect the
graft dysfunction of recurrent IgAN.

Our study demonstrated that Doppler parameters can be used
to evaluate the graft dysfunction of recurrent IgAN. We aimed
to provide non-invasive methods to help patients avoid repeat-
ed protocol biopsies, but all of the above results were obtained
based on diagnostic biopsies for recurrent IgAN, which could
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not be replaced by clinical and ultrasonic diagnosis. Ultrasound
cannot differentiate pathological types of graft dysfunction. In
addition, the ultrasound results could be influenced by han-
dlers’ skill and experience. Further studies and a longer-term
follow-up are required to verify their diagnostic values.

Conclusions

With the non-invasive methods of color Doppler ultrasound,
we successfully evaluated graft dysfunction. A decreasing EDV
of the SRA indicates severe histopathological injury and poor
prognosis. Thus, repeated protocol biopsies can be avoided
for recurrent IgAN patients.
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