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Abstract

Background: The transplanted kidney is very precious
and all efforts should be made to prolong its survival rate.
However, graft rejection is one of the serious problems to
long-term kidney transplant survival.

Aim of Study: The main aim of this study isto correlate
between color Doppler findings and histopathological results
of graft biopsy in post renal transplantation rejection patients.

Patients and Methods: This cross section study was
performed on 35 renal transplant recipients, within two years
of transplantation and was recruited after recent rise in renal
function tests.

Results: The study was performed on 21 males (67.7%)
and 10 females (32.3%). 8 patients had hypertension (25.8%)
and 5 patients were diabetic (16%). The serum creatinine
level of the patients ranged from 1.6 to 7.2mg/dl (mean
3.07+£1.21mg/dl). The serum urea level ranged from 44 to
79mg/dl (mean 63.55 mg/dl). Use of immunosuppressive
drugs: 12 patients used tacrolimus out of 31 (38.7%) while
19 patients out of 31 used cyclosporine (61.29%). Doppler
findings: RI in the main renal artery ranged from 0.60 to 1
(mean 0.80+0.8), RI in the interlobar artery ranged from 0.53
to 1 (mean 0.76+0.1). The Pl of main renal artery ranged from
1to 2.49 (mean 1.76+0.34). Classification was done according
to Banff system corresponding to results of renal biopsy.

Conclusion: With agreements to many studies, this study
supports the fact that ultrasound imaging is a key method of
post-transplant monitoring in kidney transplantation patients
with the benefits of gray scale ultrasound and Color Doppler
as noninvasive, simple and cost effective screening modalities
for renal transplant evaluation, adding to that early prediction
of transplant rejection & its correlation with histopathological
results.

Key Words: Color Doppler resistive index — Renal transplant
— Graft rejection.

I ntroduction

THE kidney is an important filtrating organ of the
body keeping the nutrients that the body needsin
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and removing the waste. Many diseases can affect
the renal functions such as hypertension, diabetes,
glomerular disease and polycystic kidney disease
[1]. These can deteriorate the renal function and
end up with chronic kidney disease. When the
kidney reaches stage 5 chronic kidney disease, the
only definite therapy is renal transplantation [2].
Although it isthe main therapy, lack of kidney
donorsis still difficult and challenging. Therefore,
the transplanted kidney is very precious and all
efforts should be made to prolong its survival rate.
However, graft rejection is one of the serious
problems to long-term kidney transplant survival.
The early diagnosis of allograft rejection is crucial
and enables rapidtreatment [3]. Post transplantation
routine assessment of kidney function is very
important to prevent loss of the renal graft. The
Nationa Kidney Foundation (NKF) recommended
measuring overall kidney function by glomerular
filtration rate (GFR), which is based on measuring
the serum creatinine level. However, thistest is of
low sensitivity and is alate marker for renal graft
dysfunction (a significant change in serum creati-
nine level is detectable only after the loss of 60%
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of renal function) [4]. Ultrasound (US) imaging is
usually used for the early assessment of renal
alografts function in the postoperative period as
well asfor the assessment in the long-term follow-
up due to being arelatively easy to be performed
and repeated, inexpensive, and non-nephrotoxic
imaging modality [5]. Pulsatility index (PI) and
resistance index (RI) are the most common meas-
urements to assess renal function using US [2].
Ultrasonography can also be used to guide diag-
nostic and therapeutic interventions, such as biopsy,
fluid aspiration, or drainage. It helps to detect
parenchymal abnormalities, but itsrole in differ-
entiating different parenchymal disease processes,
such as graft rejection, acute tubular necrosis, or
drug toxicity, islimited [6].

The main aim of this study isto correlate be-
tween color Doppler findings and histopathol ogical
results of graft biopsy in post renal transplantation
rejection patients.

Patients and M ethods

This cross section study was approved by the
ethical committee of our institute. It wasperformed
on 35 renal transplant recipients (24 males, 11
females) with age range from 25 to 57 years (mean
age of 34.6 years), they were referred from neph-
rology department. The study was conducted be-
tween April 2017 to October 2018, in Cairo, Egypt.

Inclusion criteria;

The study included recipients of living donor
renal transplants for the first time of age group
above 16 years old whatever male or female, when
there is evidence of deteriorating renal function
on their follow-up.

Exclusion criteria;

We excluded patients below 16 years old or
any prerenal or post renal causes of elevated serum
creatinine.

Four patients were excluded after receiving
treatment without need for biopsy. Two of them
were severely dehydrated and creatinine dropped
with intravenous fluid administration. Other two
showed very high immunosuppressive drug levels
and creatinine normalized with the drug dose ad-
justment.

The remaining 31 patients were scheduled for
renal biopsy to reach diagnosis after exclusion of
all pre-renal, post-renal and other correctable causes
of renal graft dysfunction. All patients wrote a
prior consent of inclusion in this study.

All transplant patients included in this study
were seeking medical advice after risein serum
creatinine level and were subjected to Clinical
assessment: Complete history taking with empha-
sizing on history of the postoperative coursein
details including present history, Date of the sur-
gery, complications, medications and immunosup-
pressive drugs details, history of DM or hyperten-
sion and history of other medical conditions.
Laboratory assessment: (Routine and general eval-
uation tests), Kidney function tests (Blood urea
nitrogen, Serum creatinine and Urine analysis).
Radiological assessment: Ultrasound examination
of the transplanted kidney including Doppler ex-
amination was performed. Examinations performed
with a 3.5 MHz real-time sector scanner. The entire
renal transplant was scanned on both long and
short axes. Careful attention was done to renal
morphology to identify the features of rejection/
other pathologies. The Doppler signal was sampled
from two sites. The main rena artery at the hilum
and the interlobar arteries. The angle between the
ultrasound beam and the vessel under study was
altered to achieve the maximal Doppler shift fre-
guency for each vessel. Estimation of RI valuesin
the main transplant artery and interlobar artery,
PSV in both main transplant artery and external
iliac artery with estimation of Pl in the main trans-
plant artery. Images of the real-time and of the
Doppler frequency spectrum were recorded. Results
were compared with clinical and biochemical status,
histopathology when available.

Satistical analysis:

Data were coded and entered using the statistical
package SPSS version 25. Data was summarized
using mean, standard deviation, median, minimum
and maximum in quantitative variables and fre-
guencies (number of cases) and relative frequencies
(percentages) for categorical variables. Compari-
sons between groups were done using unpaired t-
test when comparing 2 groups and analysis of
variance (ANOV A) with multiple comparisons post
hoc test when comparing more than 2 groups (Chan,
20034). For comparing categorical data, Chi square
(X") test was performed. Exact test was used instead
when the expected frequency islessthan 5 (Chan,
2003b). Correlations between quantitative variables
were done using Spearman correlation coefficient
(Chan, 2003c). p-values less than 0.05 were con-
sidered as statistically significant.

Results

The study included 21 males (67.7%) and 10
females (32.3%). 8 patients had hypertension
(25.8%). 5 patients were diabetic (16%). The serum
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cregatinine level of the patients ranged from 1.6 to
7.2mg/dl (mean 3.07+1.21mg/dl). The serum urea
level of the patients ranged from 44 to 79mg/dI
(mean 63.55mg/dl). Tacrolimus: 12 patients out of
31 used tacrolimus (38.7%). Cyclosporine: 19
patients out of 31 used cyclosporine (61.29%). RI
in the main renal artery ranged from 0.60 to 1
(mean 0.80+0.8). RI in the interlobar artery ranged
from 0.53 to 1 (mean 0.76x0.1). The Pl of main
renal artery ranged from 1 to 2.49 (mean 1.76+
0.34). According to the results of the renal biopsy,
classification was done according to Banff system.
Rejection: 16 patients out of 31 patients had rejec-
tion (51.6%). Patients with acute tubular necrosis
(ATN): 6 out of 31 patients had ATN (19.4%).
Patients with drug toxicity (CNI toxicity): 3 out
of 31 patients had CNI toxicity (9.7%). Rejection
was further classified into five categories according
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to the pathology. (A) Patients with acute active
antibody mediated rejection (acute AB regjection):
2 out of 31 patients (6.5%) representing 12.5% of
the total rejection cases. (B) Peatients with active
chronic antibody mediated rejection: 2 out of 31
patients (6.5%) representing 12.5% of the total
rejection cases. (C) Patients with acute active T
cell mediated rejection: 6 out of 31 patients (19.4%)
representing 37.5% of the total regjection cases.
(D) Patients with acute on top of chronic T cell
rejection: 4 out of 31 patients (12.9%) representing
25% of the total rejection cases. (E) Patients with
mixed or combined type of regjection (includes
antibody mediated rejection ad T cell mediated
rejection): 2 out of 31 patients (6.5%) representing
12.5% of the total rejection cases. Mean RI of the
rejection cases in relation to type of rejection
(Table 1).

Table (1): Mean RI of the rejection casesin relation to type of rejection.

Acute on top Mixed type
AAABMR ACABMR AATCMR of CTCMR of rejection
Main RA RI 0.78+0.01 0.86+0.05 0.78+0.03 0.82+0.06 0.82+0.05
p-value 0.676 0.289 0.535 0.736 0.719
ILARI 0.794£0.11 0.84+0.08 0.76+£0.04 0.79+£0.05 0.76+0.01
p-value 0.681 0.336 0.902 0.615 0.893

RA : Renal artery.
ILA: Interlobar artery.

Resistivity indices measured into main renal
artery and interlobar artery. Types of regjection
classified into:

AAABMR: Active acute antibody mediated
rejection, ACABMR: Active chronic antibody
mediated rgjection, AATCMR: Active acute T cell
mediated rejection, CTCMR: Chronic T cell medi-
ated rejection. The mean Doppler indices measured
from the intrarenal vesselsin AAABMR cases
were amain renal artery resistivity index (RI) of
0.78+0.01, interlobar resistive index of 0.79+0.11
and a pulsatility index (PI) of 1.48+0.04. The mean
peak systolic velocities (PSV) measured from the
main renal arteries 122.5+17.68cm/s. (Fig. 1A,B).

The mean Doppler indices measured from the
intrarenal vesselsin ACABMR cases were amain
renal artery resistivity index (RI) of 0.86+0.05,
interlobar resistive index of 0.84+0.08 and a pul-
satility index (PI) of 2.48+0.02. The mean peak
systolic velocities (PSV) measured from the main
renal arteries 221.5+60.10cm/s. The mean Doppler

AAABMR : Acute active antibody mediated rejection.
ACABMR : Active chronic antibody mediated rejection.

AATCMR : Active acute T cell mediated rejection.
CTCMR : Chronic T cell mediated rejection.

indices measured from the intrarenal vesselsin
AATCMR cases were amain rena artery resistivity
index (RI) of 0.78+0.03, interlobar resistive index
of 0.76+0.04 and a pulsatility index (PI) of 1.66+
0.22. The mean peak systolic velocities (PSV)
measured from the main renal arteries 131+
29.86cm/s. The mean Doppler indices measured
from the intrarenal vesselsin acute on top of
CTCMR caseswere amain renal artery resistivity
index (RI) of 0.82+0.06, interlobar resistive index
of 0.79£0.05 and a pulsatility index (PI) of 1.80+
0.15. The mean peak systolic velocities (PSV)
measured from the main renal arteries 102.45+
31.94cm/s. The mean Doppler indices measured
from the intrarenal vesselsin mixed type rejection
caseswere amain renal artery resistivity index
(RI) of 0.82+0.05, interlobar resistive index of
0.76+0.01 and a pulsatility index (PI) of 1.84+0.22.
The mean peak systolic velocities (PSV) measured
from the main renal arteries 164.5+£13.44cm/s. The
mean RI in rgjection versus non-rejection cases
demonstrated in (Table 2).
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Table (2): Mean RI in rejection versus non-rejection cases.

Rejection
p-value
Yes No
Main RA 0.81+0.05 0.80+0.3 0.927
(Doppler)
Interlobar A 0.78+0.05 0.75+0.1 0.732
(Doppler)

The mean Doppler indices measured from the
intrarenal vesselsin regjection cases as awhole
were amain renal artery resistivity index (RI) of
0.81+0.05, interlobar resistive index of 0.78+0.05
and a pulsatility index (Pl) of 1.80£0.33.The mean
peak systolic velocities (PSV) measured from the
main renal arteries 138.30+46.76cm/s. This group
of pathology shows no significant differencein
the Rl measurements either in the main rena artery
or the interlobar artery to differentiate between
different types of rejection.

A- Patients with acute tubular necrosis (ATN):
6 out of 31 patients (19.4%) had ATN (Fig. 2A,B).

The mean RI valuesin both main renal artery
and interlobar artery are of higher valuesin ATN
cases than in non-ATN cases. The mean Doppler
indices measured from the intrarenal vesselsin
ATN caseswere amain renal artery resistivity
index (RI) of 0.87+0.07, interlobar resistive index
of 0.84+1.0, and a pulsatility index (Pl) of
1.99+0.22. The mean peak systolic velocities (PSV)
measured from the main renal arteries 162.83+
56.71cm/s. This group of pathology shows signif-
icant difference in the Rl measurements in both
main renal artery and interlobar artery in differen-
tiation between ATN and non-ATN cases, with p-
value = 0.037 & 0.039 in the main renal artery and
interlobar artery respectively (Table 3).

Table (3): Mean Rl in ATN versus non-ATN cases.

ATN
p-value
Yes No
Main RA 0.87+0.7 0.79+0.08 0.0.37
(Doppler)
Interlobar A 0.84+0.1 0.75+0.1 0.039
(Doppler)

B- Patients with drug toxicity (CNI toxicity):
3 out of 31 patients (9.7%) had CNI toxicity (Table
4). The mean Doppler indices measured from the
intrarenal vesselsin toxicity caseswereamain
renal artery resistivity index (RI) of 0.81+0.2,

interlobar resistive index of 0.78+0.2 and a pulsa-
tility index (PI) of 1.63+0.55. The mean peak
systolic velocities (PSV) measured from the main
renal arteries 139.67+58.32cm/s. This group of
pathology shows no significant difference between
RI measurements to differentiate between toxicity
cases and non-toxicity cases.

Table (4): Mean RI in drug toxicity versus hon-drug toxicity

cases.
Drug toxicity
p-value
Yes No

Main RA 0.81+0.2 0.80+0.07 0.939
(Doppler)

Interlobar A 0.78+0.2 0.75+0.1 0.841
(Doppler)

C- Other pathologies. 6 out of 31 patients
(19.4%) were inadequate and normal pathology
samples.Correlation between serum creatinine level
(in mg/dl) and different Doppler parameters (Table
5), using Spearman coefficient we concluded that
there is a correlation between different Doppler
parameters measurements and the level of serum
creatininein mg/dl. Thereisastatistically signif-
icant correlation between serum creatinine level
and Rl measurementsin the main renal artery and
interlobar artery with p-value 0.03 and 0.04 respec-
tively.

Table (5): Summarizes the correlation between serum creatinine
and RI measures.

Serum creatinine

p-value
Correlation coefficient
RI MRA 0.511 0.03
RIILA 0.501 0.04

Relation between RI measures and type of
medications used (Table 6); Patients were classified
according to the immunosuppressive drugs they
used into two groups: Cyclosporine (61.29%) and
Tacrolimus (38.7%). There was no correlation
between RI measurements and the tacrolimus and
cyclosporine group.

Table (6): Summarizes the relation between Doppler indices
and use of medication.

Cyclosporine Tacrolimus p-value
MRA RI 0.81+0.1 0.80+0.05 0.694
ILARI 0.76+£0.11 0.77+0.09 0.726
MRA PI 1.8+0.39 1.69+0.21 0.339
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Fig. (1A): Female patient, 26 years old underwent renal trans-
plantation 2 weeks earlier. Presented with oliguria and raised creatinine
(3mg/dl). Grey Scale US showed normal appearance of rena graft.
Doppler indices showed elevated both Pl and RI (1.45 and 0.79
respectively) of main renal artery. Normal vascularization of the graft
with no evidence of arterio-venous communication. Rl value at main
transplant artery is0.79. Pl at renal transplant artery is 1.45. RI value
at interlobar artery is0.87. PSV at renal artery: 110cm/sec. Patent
renal artery and renal vein. The external iliac artery is patent with
normal renal/external iliac artery PSV ratio (no evidence of renal
artery stenosis). The external iliac vein is patent with normal Doppler
Flow. Therena vein is patent and shows normal Doppler flow.

Fig. (2A): Doppler study of main renal artery of the transplanted
kidney in 33 years-old female patient with history of SLE presented
on the 4th day post transplantation with oliguria and blood pressure
90/50mmHg. RI of the main renal artery (0.82). Pl of the main renal
artery (1.71). The graft appears well vascularized with no evidence
of arteriovenous communication. Rl value at main transplant artery
is0.82. PI at transplant main artery is 1.71. Rl value at interlobar
artery is 0.82. Patent renal artery and vein. PSV at transplant renal
artery is 145cm/sec and at external iliac artery is 109 cm/sec. The
external iliac artery is patent with normal renal/externa iliac artery
PSV ratio (no evidence of renal artery stenosis). The external iliac
vein is patent with normal Doppler Flow. The rena vein of transplanted
kidney is patent shows normal Doppler flow.

Discussion

Renal transplantation remains the treatment of
choice for chronic kidney disease (CKD) patients
[71. Although improvements in surgical techniques
and immunosuppression have led to longer survival,
complications remain common, occurring in ap-
proximately 12%-20% of patients [8]. Post trans-
plantation complications can aso be divided fol-
lowing the renal transplant's time of evolution into
early complications (Acute Tubular Necrosis, Acute
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Fig. (1B): Elevated RI (0.87) of interlobar artery is aso noted
in the same patient as a Doppler finding. Histopathological results
showed acute active antibody mediated rejection with borderline
category according to Banff classification system (picture consistent
with inadegquate immunosuppression or non compliance). Treatment
was Plasma pheresis.

Fig. (2B): RI at interlobar artery (0.82) of the same patient as
Doppler finding. Histopathological results showed moderate tubular
injury with mild interstitial edema, picture consistent with ischemic
acute tubular necrosis (ATN). The case treated by hydration using
fluids and trial of 1V steroids.

Rejection, arterial or venous thrombosis, obstruc-
tion, urinary leak, post transplantation collections
and infection) and late complications (Transplant
Artery Stenosis, Arteriovenous fistulas, drugs
toxicity, chronic rejection and urinary tract infec-
tion). Imaging techniques plays an important role
in the detection of anatomical aswell as functional
abnormalitiesin all post transplant stages, thus
alowing the chance for early treatment [9]. Gray
scale ultrasound and spectral Doppler US do not
exhibit high specificity and sensitivity because
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different renal parenchymal diseases often display
the same US appearance, whereas the same renal
parenchymal disease may present different appear-
ances on US according to disease stage. Conse-
guently, correlation of the US pattern with patient's
history and clinical background is essential for a
correct characterization. However, there are several
limitations to US including itsinability to assess
renal function or differentiate between the different
causes of renal dysfunction. For appropriate eval-
uation of a graft dysfunction, renal biopsy remains
the gold standard for diagnosis [10]. Our results
showed that: Group I: Recipients with rejection
representing 16 out of 31 patients (51.6%). This
finding has similarity to the results of Zheng et
al., [11] as 50% of the casesin their study had
rejection. Group |1: Recipients with ATN represent-
ing 6 out of 31 patients (19.4%). Thisfinding has
similarity to the results of Patel et al., [12], who
conducted a study on 46 patients and 19% of them
had ATN. Also Fananapazir & Troppmann, [13]
stated that the overall acute tubular necrosis occurs
in 10-30% of transplant recipients and is usually
an early sign of renal graft dysfunction. Group Ill:
Recipients with CNI toxicity representing 3 out of
31 patients (9.7%). Thisfinding is similar to the
results of Mathur & Gopinath, [14], who conducted
astudy on 30 renal transplant patients and 3 of
them had CNI toxicity.Group IV: Recipients with
other pathologies (normal or inadequate biopsy)
representing 6 out of 31 patients (19.4%). Recipi-
entsin Group | was sub-divided into: (A) Patients
with acute active antibody mediated rejection. (B)
Patients with active chronic antibody mediated
rejection. (C) Patients with acute active T cell
mediated rejection. (D) Patients with acute on top
of chronic T cell mediated regjection. (E) Patients
with mixed type of rejection (antibody and T cell
mediated regjection). We found that 38.7% of our
patients have acute rejection, thisisin agreement
with Garcia-Villar et al., 2017's work [9] who found
that acute rejection is the most common type of
allograft rejection, affecting up to 40% of patients
with renal transplants.We found that the cellular
type of regjection is the predominant type either
acute type (n=6) or acute on top of chronic (n=4)
or mixed type (n=2). Similar to Contti et al., [15]
who found that all rejection episodesin their study
were mediated by T cells (Banff 1A and IB), also
Hass, [16] reported that acute cellular rejection is
the most common type while acute antibody-
mediated rejection isless common. In contrast to
Kunchalaet al., [17], their study was carried on 12
indian patients with 15 biopsies, 13 of them were
ABMR either isolated or combined with cellular
type. They explained that most of the patients were

noncompliant to immunosuppressive therapy and
they considered it as the main cause of ABMR.
Similar to Zheng et al., [11], we also found, that T
cell mediated rejection can perpetuate as chronic
type or combined with antibody mediated. McBryde
& Kaiser, [18] reported that it is possible to find
both ACR and acute ABMR on biopsy during these
episodes of early acute rejection. In our study we
found that the most frequent rejection category in
the pathology reportsis the borderline category
(cellular rejection), which presents 41.6% of the
Banff classifications reports.In contrast to Patel et
al., [12] who studied 47 patients in the early post
transplantation period (one month), they found 18
out of 47 patients were grade 11 rgjection, this can
be attributed to the large number of rejection cases
(61%) and the timing of their study in the early
post-operative period. Inci et al., [19] & Contti et
al., [15] aso stated that the role of Doppler USin
differentiating different parenchymal disease proc-
esses, such as graft rejection, acute tubular necrosis,
or drug toxicity, islimited and no parameter was
able to distinguish rejection and no association
between US parameters, either alone or combined,
with rgjection was found. In this study, we could
not find a cut off value of the resistive index to
differentiate between the rejection cases from other
pathologies, this finding agrees with Shebl et al.,
[20] who concluded that on resistive index meas-
urements basis, color Doppler sonography had a
limited value in the differentiation among the
various etiologies of renal transplant dysfunction.
They found that the mean RI values were above
normal in acute rejection and ATN, with no cut-
off value between the two entities. Meireet a.,
[21] aso found that single measurements of the RI
have low diagnostic accuracy for acute complica-
tions and chronic dysfunction after kidney trans-
plantation and concluded that successive monitoring
of the Rl and seria duplex index can improve
accuracy. In our study we found that thereisa
significant difference in the Rl measurements
between ATN cases and non-ATN cases with mean
RI inthe main renal artery 0.87+0.07 and interlobar
resistive index of 0.84+1.0 and significant P value
of both=0.037 and 0.039 respectively. Thisfinding
issimilar to the study of Contti et a., [15], who
found that high Rl was associated with ATN with
quantified Rl and power Doppler cutoff point was
set at 0.84, with 81.6% sensitivity and 70.7%
specificitywith agreements to Araljo & Suassuna,
[22], who confirmed that RI has alinear and signif-
icant association with recipient age and tubular
necrosis. In our study we found that thereisa
statistically significant non linear correlation be-
tween serum creatinine and Rl measurementsin
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the main renal artery and interlobar artery with p-
value 0.03 and 0.04 respectively and that isin
agreement with Melek et al., [23] who found that
the mean serum creatinine and BUN values of
patients with Rl values >0.7 were significantly
higher than that of patients with Rl values <0.7.
This study certainly revealed that there is a signif-
icant difference in RI values of the interlobar artery
in detection of rgjection, ATN and drug toxicity
compared to other pathologies (normal or inade-
quate biopsies) with p-value=0.002. The above
results could somehow lead physiciansto emphasis
on the role of interlobar artery with an elevated RI
value in the detection of different parenchymal
complications especialy the early complications,
considering it more specific than the main rena
artery and that came with agreement with Venkatesh
et al., [24], who found an association between RI
and transplant graft dysfunction in the early trans-
plant period.

Conclusion:

With agreements to many studies, this study
supports the fact that ultrasound imaging is a key
method of post-transplant monitoring in kidney
transplantation patients with the benefits of gray
scale ultrasound and Color Doppler as noninvasive,
simple and cost effective screening modalities for
renal transplant evaluation. However it is of limited
value in assessing the etiology of graft dysfunction.
Despite its poor specificity, arterial Rl isthe only
guantitative parameter that is widely used to reflect
renal parenchymal status. So, we do recommend
serial measurements of RI especially in the early
period after kidney transplantation as valuable
marker to determine graft function and whether
acute tubular necrosis is suspected or not.
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