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ABSTRACT

Background: Kidney transplantation is the most effective and optimal treatment for end-stage renal dis-
ease.

Objective: To investigate the association between serially measured ultrasound indices during the early
post-operative period to determine severe acute tubular necrosis (ATN) in kidney allografts.

Methods: In a prospective study, we assessed sonographic renal indices including interlobar arteries peak
systolic velocity (PSV), end-diastolic velocity (EDV), resistance index (RI), pulsatility index (PI), power
doppler grading (PDG), acceleration time (AT), and renal volume on the 3™ and 9" days after kidney
transplantation in 46 adult recipients who had no other significant complications except ATN. Biopsies
were performed in patients with prolonged delayed graft function (DGF) to exclude other pathologies,
especially acute rejection.

Results: 12 (20%) recipients experienced biopsy-proven severe ATN. The differences in the ultrasound
indices and their measured discrepancies on the 1 and 2"¢ examinations between the groups were not
statistically significant except for the 1** examined RI (p=0.029) and PI (p=0.04). No patient had PDG of
>2. The first RI, with a cut-off value of 0.66, had a sensitivity of 91.7% and a specificity of 50% for predict-
ing severe ATN (area under the ROC curve = 0.71). To compensate for the low specificity of this index, we
suggest using the first PDG scale of equal to 2 with a specificity of 85.3%. Overall sensitivity, specificity,
and positive and negative predictive values in established severe ATN throughout early post-operative
days for a 3" day RI >0.66 and PDG = 2, were 38%, 92.5%, 64.1%, and 80.9%, respectively.

Conclusions: The RI and the PDG measured on the 3™ day after renal transplantation are useful indi-
ces for the diagnosis of established severe ATN in kidney allografts. Furthermore, donor characteristics,
post-harvesting organ preservation status, main renal vascular anastomosis, and early post-operative
recipient’s clinical situations may also influence the incidence of severe ATN. Although the 1% ultrasound
examination on the 3 day in early post-transplantation provides important diagnostic and prognostic
information, repeated assessment about one week later provides no more valuable information.
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renal failure [1-37. Beyond donor shortage, a
significant decrease in morbidity, mortality
and also improvement in quality of life of re-
cipients in conjunction with its being an ex-
tremely cost-effective procedure, necessitates
the development of tools capable of objectively
assessing kidney graft in an intense monitor-
ing program to help ensure a successful out-
come [1, 3, 4]. These patients are susceptible
to complications that may ensure in impaired
renal function or graft loss, especially in the
early days after transplantation. The main al-
lograft parenchymal complications are rejec-
tion, acute tubular necrosis, cyclosporine tox-
icity, and infection [1, 57].

The importance of delayed graft function in
the short- and long-term results of kidney
transplantation has been underscored in the
transplant literature for at least 30 years [7-97.
[ts effects on subsequent rejection, increased
morbidity and mortality, and increase in late
graft loss have all been reported [7, 10-12].

The early prediction of acute kidney injury
by current clinical and laboratory methods
remains inadequate [7]. However, it is nec-
essary to follow and screen these recipients
properly in the early post-operative period for
early onset complications and dysfunctions
and implement adequate therapeutic interven-
tion as soon as possible [5, 6. Ultrasound and
radionuclide scan are the primary and major
imaging modalities used to screen early graft
complications that endanger graft viability.
They allow assessment of renal hemodynam-
ics and the modifications induced by several
situations that justify initial graft dysfunction
4. Because of limitation of these techniques
in clearly differentiating acute tubular necrosis
(ATN) from acute rejection, and because their
treatment is different, an early, accurate diag-
nosis using ultrasound-guided biopsy and his-
tology is usually required [1]. Ultrasound is
an inexpensive, noninvasive, non-nephrotoxic,
rapid, simple, and readily available imaging
method that serves as an excellent tool to as-
sess the baseline anatomic details and vascular
status in the immediate post-transplantation
period [5, 6, 12, 157]. It has also been proven to
be the most valuable aid in further transplant
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monitoring; the follow-up scans are obtained
as necessary based on the renal functional
tests and clinical symptoms [1, 57].

ATN is the most common cause of impaired
renal function in the early post-transplanta-
tion period [57]. It usually occurs right after
the transplantation and resolves within two
weeks, but can last for up to three months.
About 10%—30% of these patients require dial-
ysis in the early stages [1, 5. The initial cause
of ATN in transplant recipients is usually re-
lated to the process of transplantation itself
that causes ischemia to the kidney. In addition,
reperfusion after transplantation may lead to
oxygen free radical injury [19].

The current study sought to determine the
association between serially measured ultra-
sound indices measured in renal allogratts
during the early post-operative period and es-
tablishment of severe ATN.

PATIENTS AND METHODS

Study Population

From August 2016 until February 2017, we
prospectively studied 61 consecutive unre-
lated kidney transplantations from living or
deceased donors which were performed at
Hashemi-Nejad Kidney Disease Center, Iran
University of Medical Sciences, Tehran, Iran.

Forty-six (29 male and 17 female) enrolled
recipients meeting the inclusion criteria were
evaluated using serially ultrasound examina-
tion on the third and ninth post-operative days.
Clinical and paraclinical evaluations were per-
formed daily; urinary output was measured
carefully. Paraclinical evaluations included
routine serum biochemical parameters. Twelve
(20%) patients encountered prolonged delayed
graft function due to severe ATN diagnosed
based on their daily biochemical renal function
tests, urine volume chart and requirement for
dialysis on early post-transplantation phase
that were finally confirmed by histology. Pa-
tients without any abnormal clinical or para-
clinical findings were followed for two weeks.
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Patients were then allocated into two groups
according to their outcomes: a control group
(normal evolution), recipients who did not re-
quire dialysis during early post-transplanta-
tion days and showed normal graft evolution
and those with severe ATN (delayed function-
al allografts), patients with inadequate diure-
sis, serum creatinine level more than 2.5 mg/
dL on the 4™ post-operative day and /or need
for dialysis during the first week after trans-
plantation. All these patients underwent renal
allograft biopsy. The control group was com-
posed of rapid, normal and slow functional al-
lografts.

Biopsy Indications

Ultrasound-guided biopsy of the transplanted
kidney was carried out in patients with clini-
cal suspicion of acute rejection according to
following criteria: 1) Sustained increase in
creatinine of more than 30% in patients with
urine output; and 2) recipients with inadequate
diuresis in the context of delayed graft func-
tion (serum creatinine level >2.5 mg/dL on
the 4" post-operative day and /or need for he-
modialysis after transplantation) or who were
not typical for established ATN or unrespon-
sive to supportive treatment for ATN till the
7" day after transplantation.

Those with biopsy-proven acute rejection,
significant hypotension, post-transplanta-
tion infections, cyclosporine toxicity (serum
cyclosporine levels >400 ng/mL on the 7
day after transplantation), occurrence of ma-
Jor surgical complications (renal vein or renal
artery thrombosis, significant renal artery
stenosis or urinary leakage, moderate hydro-
nephrosis or more due to ureteral obstruction,
perinephric fluid collection >150 mL or collec-
tion with compressive effect on allograft ), re-
cipients aged >65 or <16 years, and any causes
that might strongly affect the ultrasound in-
dices (e.g,, not being able to hold breath) were
excluded from the study.

This study was approved by the local Com-
mittee of Research Ethics and all subjects
were given informed written consent.

Imaging Protocol

The examinations were obtained using one
ultrasound system (PHILIPS affiniti 50) with
a 3.5 MHz convex array transducer. Exami-
nation was done at least 12 hours after the
last dose of calcineurin inhibitors and when
patients had a heart rate >50 beats/min. All
recipients were examined by one experienced
uroradiologist in supine position.

The following ultrasound indices based on B-
mode, spectral color and Power Doppler infor-
mation were measured: End-diastolic velocity
(EDV), peak systolic velocity (PSV), resistance
index (RI) defined as (PSV — EDV)/PSV, pul-
satility index (PI) defined as (PSV — EDV)/
mean velocity, acceleration time (ACCT) de-
fined as time to PSV, renal volume, and Power

Doppler grading (PDG).

Systolic and diastolic velocities were assessed
by pulsed Doppler using an insonation angle
of 60° at the renal-iliac artery anastomosis or
in any other point of turbulent flow (mosaic)
revealed by Color Doppler. Doppler RI and PI
were calculated when two or three spectrums
at different locations on interlobar arteries
were obtained. Then the results of these mea-
surements were averaged as the RI and PI val-
ues. Power Doppler scanning was performed
using the widest scanning angle including the
entire kidney. It measures cortical perfusion
and parenchymal vascularity that is quantitied
on a scale of 1— 4: 1) uniform cortical flow, 2)
mild peripheral cortical hypopertfusion, 3) cor-
tex and medulla hypopertusion, and 4) no vis-
ible parenchymal flow, with flow seen only in
central vessels. For calculating renal volume,
after visualization of maximum length in the
longitudinal 2D view, the outer kidney bor-
ders were traced on a fixed axis by the same
radiologist. The rotation steps were 30° re-
vealing six sequential kidney sections. When
all contours had been drawn, the volume of the
kidney was calculated automatically.

Statistical Analysis

Considering the study of Mariana Moraes
Conti, et al. [207, assuming that the mean RI
is around 0.65—0.70 in the group with normal
evolution and 0.80 in the DGF group to detect
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Table 1: Pre-operative demographic characteristics and other underlying variables in kidney recipients and do-

nors. Values are either mean+SD or n (%).

Variables Severe ATN Others Total
(n=12) (n=34) (n=46)

Recipients
Age (yrs) 43.9+11.9 40.6+13.8 41.4+13.3
Sex (Female/Total) 3 (25) 14 (41) 17 (37)
BMI (kg/m?) 24.5+3.5 24.1+4.3 24.2+ 4.1
Time on dialysis (months) 13.8+8.0 13.6+11.6 13.7+10.7
Urine volume (mL) 691.7+476.2 567.7+471.3 600.0+470.5
Mean arterial pressure (mm Hg) 100.8+13.4 97.3£9.4 98.2+10.5
Hemoglobin concentration (g/dL) 12.5+1.2 12.4+2.3 12.4+2.0

Donors
Age (yrs) 33.849.8 29.7+6.2 30.7+7.4
Sex (Female/Total) 5/12 7/84 12/46
BMI (kg/m?) 27.846.0 24.0+2.7 25.0+4.1
Donor type (Cadaveric/Living) 9/12 17/34 26/46

a difference of 0.10 with an SD of 0.10, an ac-
ceptable type I error of 0.0 5 and study power
of 0.80, and estimated incidence of about 30%
[1] for significant ATN, the minimum sample
size was estimated at 42 patients using G-
POWER 3.1.9.2 statistical software. In order
to compensate for possible losses due to surgi-
cal complications or refusal to participate in
the study, the sample size was increased by
10%, totaling to 46 patients.

Continuous variables are expressed as
mean®SD, categorical variables as number
and percentage. Mann-Whitney U test was
used for data with non-normal distribution.
Logistic regression analysis was utilized for
multivariable analyses. The correlations be-
tween ultrasound parameters and clinical
variables were assessed with Spearman’s rank
test. Receiver operating characteristic (ROC)
curves were built to investigate the perfor-
mance and predictive accuracy of ultrasound
parameters in detecting the chance of severe
ATN occurrence and to identity their cut-off
for selected indices. To determine the signifi-
cance of the ROC curves, the area under the
curve (AUC) was calculated. Diagnostic valid-
ity for selected indices was determined by sen-
sitivity, specificity, and positive and negative
predictive values. Statistical significance was

set at p<0.05. Statistical analyses and graph-
ics were done with SPSS software (Statistical
Package for the Social Sciences, ver 18.0, SPSS
Inc, Chicago, 111, USA).

RESULTS

During the study period, 61 patients under-
went renal transplantation. Fifteen patients
were excluded from the study according to
our exclusion criteria. Of 46 kidney recipients
included in this study, 34 had an uneventful
convalescence in an equal ratio of rapid, nor-
mal and slow graft recovery. The remained 12
(20%) patients experienced histology-proven
severe ATN.

There were no significant differences in terms
of pretransplantation recipients’ mean age,
BMI, urine volume, mean arterial pressure,
hemoglobin concentration, and time on di-
alysis between the studied groups. However,
there was a non-significant difference in the
male to female ratio of recipients between the
severe ATN (75%) and control group (59%)
(Table 1). On the other hand, regarding to
description of donor characteristics, the dif-
terences in terms of mean age and BMI be-
tween the two groups were significant. Also,
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Figure 1: Comparison of donors classified in terms of receiving inotropic agents before the harvest and their

recipients with delayed or slow graft function vs controls

in recipients who received their grafts from
female or cadaveric donors, the incidence of
severe ATN was significantly more than that
in others. However, these differences could not
statistically be tested because of insufficient
recipients in the severe ATN group. Pre-op-

erative demographic characteristics and other
underlying variables in kidney recipients and
donors are presented in Table 1.

About the cadaveric donors who had received
inotropic agents before harvesting their kid-

Table 2: Clinical and laboratory results of recipients in early phase post-transplantation. Values are either

meanSD or n (%).

Parameters

End-to-side arterial anastomosis
Hospitalization (day)
Number of ATG vials used

Mean of first 3 days mean arterial pressure (mm Hg)

Hemoglobin concentration drop (g/dL)
Variables related to urine volume
A = Mean of first 3 days urine volume (mL)
B = Mean of second 3 days urine volume (mL)
C = Mean of third 3 days urine volume (mL)
A-B (mL)
(A-D)/BMI (mLxm?/kg)
(B-D)/BMI (mLxm?/kg)

Variables related to biochemical graft functional evaluation

34 day eGFR
Mean of first 3 days serum creatinine (mg/dL)
Mean of second 3 days serum creatinine (mg,/dL)

Mean of third 3 days serum creatinine (mg/dL)

?ﬁiﬁr;) ATN gtfgg Total (n=46)
4 (33) 3 (9) 7 (15)
16.7+4.4 12.8+4.0 13.8+4.4
10.0+3.5 8.045.3 8.5+4.9
107.7+11.9  108.4+11.9  108.2+11.8
9.9+0.8 1.8+0.9 1.9:0.9
3115+ 2836  7724+3927 652144179
30062712 57832852  5293+2908
493241746 4955+2117  4766+2033
7914960  1941+3084  1228+2945
97.6:101.5  306.9+182.7 252.3+188.8
134.2+104.8  222.6+132.6 199.6+130.9
91.7+235  118.8+71.3  101.2+75.3
7.042.2 3.0+1.4 4.0+2.4
6.242.7 1.5:0.5 9.742.5
48423 1.3+0.3 9.941.9

ATN: acute tubular necrosis, ATG: anti-thymocyte globulin, D: pretransplant recipients’ urine volume, BMI: body mass index, eGFR: esti-

mated glomerular filtration rate based on Cockraft-Gault formula
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Table 3: Ultrasound allograft indices in the early post-transplantation period. Values are either mean+SD or n

(%).

Parameters Severe ATN (n=12) Others (n=34) p value
End-diastolic velocity 1 (EDV-1) (cm/s) 9.21+7.31 13.16+6.33 0.90
EDV - diff (cm/s) 1.00+7.68 -0.04+6.16 0.63
Peak systolic velocity 1 (PSV-1) (cm/s) 39.92+20.17 43.47+13.06 0.48
PSV — diff (cm/s) -1.08+17.88 0.41+16.7 0.79
Resistance index 1 (RI-1) 0.76+0.12 0.67+0.10 0.03
RI - diff -0.03+0.12 0.01+0.07 0.21
Pulsatility index 1 (PI-1) 1.69+0.6 1.34+0.31 0.04
PI - diff -0.14+0.59 0.02+0.29 0.23
Power doppler grading = 2 (PDG-1) 5 (42) 5 (15) 0.06
Acceleration time 1 (ACCT-1) (mxs) 30.67+10.85 33.06+7.46 0.39
ACCT - diff (mxs) 9.08+19.36 -0.50+£16.55 0.14
Transplanted kidney volume 1 (mL) 181.5+49.0 171.4+41.8 0.48
Volume — diff (mL) 22.4+24.6 9.6+26.6 0.15

Index 1 or 2 means the values measured on the first or second examination, respectively.

“Index — diff”” means the value was calculated as index 1 — index 2.

neys, especially in a moderate or high dosage,
their corresponding recipients experienced
slow or delayed graft functional recovery (Fig

1),

Even though the mean number of ATG vials
prescribed for recipients, type of the donor
(living or cadaveric), the number of cadaveric
donors received high or intermediate dose of
inotropic agent before harvesting, mean of
the first three days post-transplantation re-
cipient’s urine volume, and its difference from
mean of the second three days post-transplan-
tation urine volume were significantly difter-
ent between the severe ATN group and the
others, their odds ratios were around 1. Clini-
cal and laboratory data of recipients in early
post-operative phase are presented in Table 2.

The differences in the ultrasound indices and
their measured discrepancies on the first and
second examination between the groups, using
logistic regression analysis, were not statisti-
cally significant except for the first examined
RI (p=0.029) and PI (p=0.04); it was border-
line for the PDG of 2 (p=0.06). No patients
had PDG >2. The sonographic B-mode, color
and power Doppler indices in each group are
presented in Table 3.

We found that the first RI with a cut-off value
ot 0.66 had a sensitivity of 91.7% and a speci-
ficity of 50% for predicting severe ATN (area
under ROC curve = 0.71). To compensate low
specificity of this index we suggest using first
power Doppler grading scale of equal to 2
with a specificity of 85.83% (confidence inter-
val = 0.7- 0.93). Overall sensitivity, specific-
ity, and positive and negative predictive values
in established severe ATN throughout early
post-operative days; for the third day RI >
0.66 and PDG = 2, the test indices were 38%,
92.5%, 64.1%, and 80.9%, respectively.

DISCUSSION

In this study we investigated the role of ul-
trasound renal allograft indices measured se-
rially on the 3™ and 9" post-operative days to
predict and monitor established severe ATN,
the most common subgroup of delayed graft
function (DGF). In the majority of previous
studies the focus was on differentiating the
etiology of DGF with non-invasive diagnostic
tools to avoid the graft ultrasound-guided bi-
opsy. Considering lack of clinical, biochemical,
radioisotope scans and/or imaging evidence
to recommend that they can be replaced in-
stead of the histology [1, 29, 30], we preferred
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to accept the necessity of the biopsy and only
evaluate applying serial ultrasound examina-
tion in monitoring post-transplantation ATN.

The diagnosis of post-transplantation ATN
is based on either inadequate and slow reduc-
tion of the serum creatinine level or oliguria
through early post-operative phase. However,
these two criteria have several limitations and
may not be appropriate to predict the severity
of ATN [12-177].

Renal hypopertfusion is usually assumed as the
main reason of initiating transient acute kid-
ney injury (AKI) may ultimately lead to ATN
when it persists. This dichotomy between these
two mechanisms has recently been challenged.
An early post-mortem series in patients with
sepsis with or without AKI revealed that re-
nal tubular injury is common in all patients,
that these lesions are focal and that most re-
nal tubular cells appear normal [307]. There-
fore, they conclude that AKI seems to be a
continuum, and its duration, consequences,
and reversibility are more probably related
to the severity and duration of the injury and
to interaction between ditferent pathophysio-
logical mechanisms including decreased renal
perfusion, tubular injury, and interstitial hy-
pertension and edema or renal vasoconstric-
tion resulting from tubuloglomerular feedback
238, 81]. In this context, the development of a
marker allowing early detection of AKI may
help clinicians prevent or attenuate persistent
ARKIT in patients with transient AKI and is thus
considered a research priority [167].

In agreement with previous studies [17], the in-
cidence of severe ATN in our study was about
20%. Gray scale sonogram can successfully
detect anatomic changes in the allografts but
it is less successful in evaluating functional ab-
normalities. Renal Doppler is valuable for as-
sessing large arterial or venous abnormalities
and has been suggested for evaluating changes
in intrarenal perfusion arising from diseases
of the renal parenchyma [6, 32]. It is now fre-
quently used as the first-line screening test for
early evaluation of the kidney vasculature and
tfunction.

Several studies have indicated that some clini-
cal parameters such as mean arterial pressure
[12, 297, pulse pressure [24, 25 ], the degree of
atherosclerosis in the donor, and the recipient
(their age and vascular compliance) [24, 257,
oxygen level [287, intra-abdominal pressure
or the existence of collections that compress
the graft [277, the use of hypotensive drugs
or calcineurin inhibitors influences Doppler-
based RI. These findings were not taken into
account in most studies. These numerous
confounding factors may lead to two opposite
views. A pessimistic view may be that RI is
unlikely to accurately assess renal perfusion.
A more optimistic view may however, arise
from the results of clinical and experimental
studies suggesting an adequate diagnostic
performance of RI as an integrated index in
evaluating the risk of renal dystunction or its
reversibility [12].

[t seems that RI assesses concomitantly renal
preclinical dysfunction, renal vascular damag-
es, and acute changes in renal vascular com-
pliance and resistance. As a consequence, it
may help in assessing risk of subsequent renal
dysfunction or renal dysfunction reversibility
while being a poor candidate in assessing re-
nal perfusion [277].

Choi, et al, reported elevated RI values in
abnormal renal transplant recipients. They
found a sensitivity of 88% and a speciticity of
58%, for a cut-off point of 0.6. They preferred
a range of 0.6—0.7 for RI to evaluate graft
function, rather than a definitive set cut-off
value as a standard [217]. Radmebhr, ef al, using
a cut-oft point of 0.63 for RI on the third day,
showed a sensitivity of 87% and specificity of
61% [6]. In the current study, considering a
cut-off value of 0.66 for the RI on the third
day, we obtained a sensitivity of 91.6% and a
specificity of 50%, which were relatively simi-
lar to the same values reported by Choi and
Radmehr and their associates. The differences
might because of DGF cases due to etiologies
other than ATN included in their (and in al-
most all other) studies.

Rahraman, et al, also showed a significant de-
cline in allograft function among cases with
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either RI > 0.7 or PI > 1.1. Patients with im-
paired allograft function have higher RI and
PI values. They concluded that performing
Doppler ultrasound examination during the
early post-transplantation period with calcu-
lation of RI and PI may have a predictive value
to predict early and late outcomes of uncom-
plicated kidney transplants.

Increasing RI in successive studies, associ-
ated with function deterioration, is sugges-
tive of an acute rejection episode [4, 33, 34].
On the other hand, high RI in the immediate
post-transplantation period associated with
delayed creatinine decrease suggests ATN
4. Thereafter, Doppler ultrasonography al-
lows monitoring of the development ot ATN
and response to treatment for acute rejection.
Gomez, et al, reported that RI, per se, does not
have enough predictive value for the diagnosis
of kidney transplant dysfunction (cut-oftf value
0t 0.66; p = .046). We came to a p value of 0.029
using the same cut-oft value. In contrast, we
saw the renal indices of repeated ultrasound
examination on the 9" post-operative day is
completely comparable to that obtained from
the last examination; there was no signifi-
cant difference, especially through recipients
with severe ATN, and normal and rapid graft
functional recovery, but not in those with slow
graft recovery subgroup. Therefore, we con-
cluded that in the absence of acute rejection
or anatomic abnormality, one time baseline
sonography on the 8™ post-operative day can
provide enough data to evaluate the anatomy
and predict the function of renal allografts
without need for repetition through the first
10 days after transplantation. In these recipi-
ents, clinical and biochemical monitoring may
be sufficient for clinicians. As previously clari-
tied, appropriate decision timing in terms of
the need to perform biopsy, or checking for
drug level or infections, are the key in the di-
agnosis and management of delayed or slow
graft function.

As reported in previous studies, we saw a
nearly linear correlation between the RIs and
corresponding Pls calculated in ultrasound
examinations; so we chose RI for further anal-
yses because of its slightly higher prognostic

Sonographic Indices in ATN after Kidney Tx

value. On the other hand, in agreement with
Conti, et al’s study [20], we saw notable dis-
crepancy of worse PDG between recipients
who suffered severe ATN and others.

Additionally, in our study, the hospital stay
length and size of the kidney were found not
significantly increased in those with severe
ATN than others. Female sex, deceased dona-
tion, higher BMI and mean age of donors, and
higher percentage of end-to-side anastomosis
of the main renal artery were more common
in those with severe ATN than others.

The present study had a number of Timitations.
The first was the absence of protocol biopsy
to define the histology of slow graft function
(SGF) recipients. All SGI cases were probably
due to ATN because total renal function re-
covery occurred during post-transplantation
tollow-up. Performed protocol biopsy for all
included prolonged DGF ruled out rejection.

The second limitation was the known deficien-
cies of ultrasound, depending on the operator
and patient. Bowel gas shadowing and obesity
aftect the quality of the Doppler signals. Ad-
ditionally the variability in the operators ex-
pertise, the ultrasound systems, and targeted
intrarenal vessels; may limit the generalizabil-
ity of the present findings.

The third limitation was that we were unable
to match or omit other medications used by
recipients, especially antihypertensive agents
and some other confounding factors along
with the weak correlation between intrarenal
vascular indices and the function of the al-
lograft. To the best of our knowledge, there
is no previous report in terms of observed
significant correlation between medications,
except for calcineurin inhibitors or inotropic
agents, and the incidence of ATN or change
in the intrarenal vascular indices early after
kidney transplantation. Additionally, the dif-
ference in the mean age and arterial pressure,
before and during the first three days after
transplantation, were not significant between
the two groups. Therefore, we believe that this
difference could not have significantly intlu-
enced the results of this study.
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The last limitation was the limited number of
recipients with severe ATN. It might lead to
an overestimation of the effect size. Before im-
plementing this tool to clinical practice, larger
multicenter and adequately powered prospec-
tive studies should be conducted to clarify its
performance and the optimal cut-off value.

On the other hand, the study’s strengths in-
cluded its prospective design, exclusively fo-
cusing on the establishment of post-transplan-
tation ATN, as a most common cause of DGF,
and on the finding that considering PDG after
calculating an RI > 0.66 as a more specific ul-
trasound perfusion parameter for the detection
of severe ATN, in the absence of acute rejec-
tion, anatomic abnormality and drug toxicity,
early after kidney transplantation. It is note-
worthy that this index is less frequently cited.

The present study suggested that the renal
allograft elevated interlobar arteries” RI (or
PI) and also PDG of 2, measured on the third
post-operative day, were associated with estab-
lishment of severe ATN. These tindings con-
tirmed that this easy-to-apply tool would be a
promising technique to enhance prediction of
renal function and also as a risk stratification
approach in assessing chances for renal recov-
ery in the absence of acute rejection and drug
toxicity. Additionally, our study revealed that
special donor characteristics, organ preserva-
tion after harvesting, surgical technique of re-
nal arterial anastomosis, and some of the early
post-operative recipient’s clinical data, were
important and might have predictive values
for the establishment of severe ATN in renal
allografts.
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