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Background: Doppler ultrasonography (DU) and measurement of its indexes, resistive index (RI) and pulsatility 
index (PI), is used to investigate transplanted kidney hemodynamic status and function. The aim of this 
study was to determine the correlation between Doppler indexes in the early phase after transplantation 
with long-term transplanted kidney function.
Materials and Methods: In this cross-sectional study on 38 newly kidney transplant patients, we performed 
DU with assessment of its indexes within 48 hours, 1 week, and 6 months after kidney transplantation. 
Serum creatinine after stability and 6 months after kidney transplantation were assessed. Cyclosporine 
level was measured 1 week after kidney transplantation and compared with DU indexes. 
Results: About 71% of kidney transplanted patients reached their normal initial creatinine level(cr<1.5 mg/ dl) 
and 28% of all patients were involved in kidney dysfunction after 6 months (increase in basic creatinine 
level more than 25%).There was no significant difference between mean RI and PI in patients with normal 
and disturbed kidney function based on creatinine level in early posttransplantation period but there was 
linear correlation between mean RI and PI within 48 hours and 1 week with kidney function after 6 months. 
Also no association between cyclosporine level and RI and PI was shown. There was a direct association 
between age and the levels of RI and PI 6 months after transplantation. 
Conclusion: This study suggests assessment of RI and PI in early period after transplantation and can be used 
as predictive parameters for long-term function of transplanted kidney and RI more than 0.80 in early phase 
after transplantation has an acceptable sensitivity and specificity to predict long-term kidney dysfunction.
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INTRODUCTION

Kidney transplant (KT) is a choice for patients with 
end stage renal failure that promotes their quality of 
life and diminishes morbidity. Although nowadays, 
transplanted patients’ survival has increased by 
modification of surgical techniques as well as intake 
of immunosuppressive drugs, detection of early KT 
complications plays a key role in transplantation 
success and patients’ survival.[1] Ultrasound and 
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creatinine measurement are routine investigations of 
kidney function after transplantation and for detection 
of any complications. Ultrasound imaging is the main 
imaging method to detect any changes in shape of 
the transplanted kidney. This is a very safe method 
and without ionization and intravenous  contrast to 
assess structure of the transplanted kidney compared 
with other methods.[2] Doppler ultrasonography is 
employed to assess the transplanted kidney better 
and to investigate vascular complications occurring in 
1–10% of transplantations[1,3] as well as rare cases of 
renovascular hypertension and revascularization follow 
up. Doppler indexes [pulsatility index (PI) and resistive 
index (RI)] are measured in this method. These indexes 
are helpful parameters to quantify possible changes in 
kidney circulation due to other diseases involving the 
transplanted kidney. Therefore nowadays, Doppler 
method is vastly adopted to investigate transplanted 
kidney hemodynamic status and function through these 
indexes.[4-6] Radermarker et al. reported that RI was the 
best index to predict transplanted kidney dysfunction.
[7] Although some researchers made predictive results 
of RI under question and not absolute,[8] in some other 
researches it was utilized as a prognostic marker with 
regard to the association of PI and RI with long-term 
function of transplanted kidney.[9] Some previous 
researches on acute rejection of a transplanted kidney 
showed that sensitivity and specificity of RI was low,[4] 
but it was shown in a study that measurement of 
RI shortly after transplantation can be utilized as a 
predictor for short-term function of a transplanted 
kidney.[10] Therefore, with regard to the existing 
controversy, the present study aims to investigate 
the correlation between Doppler indexes after 
transplantation with transplanted kidney function, 
and to define Doppler indexes cut off in diagnosis of 
transplanted kidney dysfunction.

MATERIALS AND METHODS

This is a cross-sectional study conducted on 38 
end stage renal disease patients with mean age of 
41.5 ± 13.8 years (range of 7–68 years) who underwent 
a kidney transplantation surgery in Alzahra hospital 
(Isfahan, Iran) from March 2011 to August 2011. All 
the patients underwent surgical anastomosis by end-
to-end method. In this method end of donor kidney 
vessels  connected  to end of  external  iliac artery 
and vein of recipients. Laboratory studies included 
measurement of serum creatinine(colorimetry 
method mg/dl) and cyclosporine leve(monoclonal 
RIA ng/dl). The level of creatinine was measured daily 
up to a stable level for each patient and normal initial 
serum creatinine level was considered below 1.5 mg/
dl after creatinine level stability.[11]

Level of cyclosporine was checked twice a week in the 
related center. Doppler sonography was performed for 
the patients 48 hours and a week after transplantation. 
It was performed by one radiologist by SIEMENS G60 
(SIEMENS G60s,MODEL:7474922 Made in japan 
march 2006) device with curved probe of 3.5–5 MHz 
in patients’ supine position. Doppler indexes from 
interlobar arteries of upper, middle, and lower pole of 
transplanted kidney were calculated by equations 1 
and 2 and the mean values of these were used.

Equation 1:

RI Peak systolicvelocity end diastolic velocity
Peak systol

=
−( ) ( )
iic velocity

Equation 2:

PI Peak systolicvelocity end diastolic velocity
meanveloci

=
−( ) ( )

tty

All the patients underwent Doppler ultrasonography 
6 months after surgery and Doppler indexes were 
again calculated by equations 1 and 2. The creatinine 
level was also measured for them and an increase in 
basic creatinine level more than 25% was considered 
as renal dysfunction.[12] Exclusion criteria were acute 
rejection, perinephric fluid accumulation and moderate 
to severe hydronephrosis in transplanted kidney, 
renal artery and vein thrombosis, and significant 
stenosis of renal artery. Statistical analysis was 
done by SPSS statistical package software (version 
18.0; SPSS_IBM). Independent t-test and Receiver  
operating  characteristic (ROC) curve were employed 
to investigate the correlation between Doppler index 
and kidney function, and Doppler indexes cut off in 
diagnosis of kidney dysfunction, respectively. PI and 
RI values were based on mean ± SD, and P < 0.05 was 
considered significant. Pearson correlation test was 
employed to investigate the effect of recipients’ age 
on Doppler indexes.

RESULTS

There were 42 patients at the onset of study,3patients 
died and 1 patient missed, of 38 remnant cases there 
were 28 male and 10 female subjects attending this 
study. About 71% (27 patients) of the patients reached 
their normal initial creatinine level after creatinine 
level stability of whom 5 patients were involved in 
kidney dysfunction after 6 months. About 28%(11cases) 
of the patients never reached basic normal creatinine 
level of whom 6 patients had disturbed level of serum 
creatinine after.6months[Table 1] Mean RIs in the 
first 48 hours and a week after transplantation were 
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0.80 ± 0.092 and0.81±0.109in patients with kidney 
dysfunction after creatinine level stability, respectively. 
These values were higher than mean RIs at the same 
times for those with kidney normal function (0.74 ± 
0.095, 0.74 ± 0.090) [Table 2]. Mean PIs in the first 48 
hours and a week after transplantation in patients with 
initial kidney dysfunction was 1.76 ± 0.423, 1.67 ± 0.474, 
respectively. Mean PIs for those with normal kidney 
function at the same time were lower than those with 
kidney dysfunction [Table 2]. Independent t-test showed 
no significant difference between mean RI and PI in 
patients with normal and disturbed kidney function 
based on creatinine level in early posttransplantation 
period. Mean RIs in patients with 6 months kidney 
dysfunction (11 patients) in the first 48 hours, a week 
and 6 months after transplantation were 0.78 ± 0.086, 
0.83 ± 0.052 and 0.84 ± 0.092, respectively, which 
were higher than values measured in patients with 
6 months normal renal function (P < 0.05) [Table 3]. 
Mean PI in patients with transplanted kidney disturbed 
function after 6 months was significantly higher than 
the obtained values from those with normal renal 
function(P < 0.05)[Table 3]. In ROC curve analysis 
early 48 hours RI values of transplanted kidneys 0.80 
was considered as cut off point for prediction long-
term renal dysfunction with 63% sensitivity and 75% 
specificity [Table 4]. Mean cyclosporine level was 293 ± 
68.6 at the end of the first week and Pearson correlation 
test showed no association between cyclosporine level, 
and RI and PI simultaneously. There was a direct 
association between age and the levels of RI and PI 6 
months after transplantation [Figures 1 and 2].

DISCUSSION

Results of this study shows that Doppler ultrasound 
and consideration of RI = 0.80 as a cut off, in the 
early phase after kidney transplantation, it could 

Table 1: Distribution of patients according to renal function 
based on initial and 6 months serum creatinine

Cr after 6 months Primary Cr
Abnormal Normal
5 22 Normal
6 5 Abnormal

Table 4: RI and PI cut off according to renal function, 6 months 
after transplantation
Specificity % Sensitivity % Cut off point
75 63 0.80 RI 48 Hour
60 88 1.50 PI
67 91 0.80 RI 1 Week
60 90 1.59 PI

Figure 2: Correlation between age of recipients and 6 months RI

Table 2: RI and PI Mean values according to renal function in 
the early phase after transplantation

Normal Cr 
(mean ± SD)

Abnormal Cr 
(mean ± SD)

P Value

RI- 48 Hours 0.74 ± 0.090 0.81 ± 0.109 0.076
PI- 48 Hours 1.46 ± 0.327 1.67 ± 0.474 0.133
RI- 1 Week 0.74 ± 0.095 0.80 ± 0.092 0.129
PI- 1 Week 1.58 ± 0.447 1.76 ± 0.423 0.244

Table 3: RI and PI Mean value according to renal function, 
6 months after transplantation

Normal Cr 
(mean ± SD)

Abnormal Cr 
(mean ± SD)

P Value

RI- 48 Hours 0.73 ± 0.085 0.84 ± 0.092 0.002
PI- 48 Hours 1.43 ± 0.339 1.77 ± 0.401 0.019
RI- 1 Week 0.73 ± 0.096 0.83 ± 0.052 0.003
PI- 1 Week 1.52 ± 0.452 1.91 ± 0.276 0.012
RI- 6 Months 0.69 ± 0.058 0.78 ± 0.086 0.001
PI- 6 Months 1.34 ± 0.256 1.76 ± 0.426 0.001

Figure 1: Correlation between age of recipients and 6 months PI

be used as a predictor of long-term kidney function. 
Sonography is a convenient noninvasive way to check 
transplanted kidneys in case of short- and long-term 
complications. In the acute stage, these complications 
include acute rejection, obstruction of urinary track 
accompanied with hydronephrosis, acute tubular 
necrosis (ATN), and renal artery and vein thrombosis 
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for which gray scale and color Doppler sonography 
are diagnostic methods. RI is a parameter vastly used 
to assess kidney function. [4] Reduction of diastolic 
velocity due to an increase in renal resistance in the 
diseases involving the kidneys leads to RI increase. 
RI level is also under influence of various extra renal 
factors;[7] therefore, using RI as a mere element to 
distinguish various reasons of kidney dysfunction 
is of limited value.[13] Although RI increase at the 
very beginning is considered as a specific finding for 
transplant rejection, various studies have shown that 
RI increase lacks appropriate specificity.[5] There was 
no significant association found in RI and PI levels 
and transplanted kidney function at the early stage 
after transplantation based on creatinine level in the 
present study. Trillaud et al. showed that neither RI 
level nor power Doppler images can help in diagnosis 
of kidney dysfunction on the first day postsurgery.[14] 
Balbooaco et al. argued that there was a significant 
association between serum creatinine level and 
Doppler indexes on the 12th day postsurgery, but 
there was no such association on the 20th day.[15] The 
present study showed a direct association between 
levels of RI and PI in the first stage postsurgery 
and transplanted kidney function after 6 months 
based on serum creatinine level. Kahraman et al. 
showed that measurement of RI on the first week 
postsurgery can predict 1 month and 1 year function 
of transplanted kidney.[10] In a study conducted by 
McArthur, a significant correlation was reported 
between RI and PI levels, measured 1 week to 3 
months posttransplantation, and transplanted kidney 
function 1 year after transplantation.[9] Radermarcher 
et al. in a prospective study showed that among 
various risk factors including recipient’s and donor’s 
age, proteinuria, arterial hypertension, and number 
of Human leukocyte antigen (HLA) mismatch, RI is 
the best predictor for transplanted kidney failure and 
recipients’ death. [7] Similar results were obtained in 
another study.[16,17]

Some researchers did not support the correlation 
between Doppler measurements and long-term 
function of a transplanted kidney.[11,14] In the present 
research, RI = 0.80 has been considered as cut off 
in prediction of kidney dysfunction 6 months after 
transplantation with sensitivity and specificity, 
presented values in Table 4. With regard to high 
RI level sensitivity 1 week after transplantation in 
diagnosis of kidney dysfunction, utilizing RI seems 
more appropriate to predict kidney dysfunction 
compared with measurement of RI in the first 48 hours 
after transplantation, similar results concerning PI 
values were obtained in the present study [Table 4]. 
Radermarcher et al. obtained sensitivity of 56% and 
specificity of 96% in measurement of RI = 0.80 3 months 

after transplantation.[7] McArthur et al. argued that 
the patients whose PI>1.49 or RI>0.74were measured 
between 1 week and 3 months after transplantation 
are at a higher risk of kidney dysfunction 1 year 
after transplantation.[9] A noticeable correlation 
between recipients’  age, and RI and PI 6 months after 
transplantation was shown in the present study. The 
main factor influencing RI is the recipients’ vascular 
compliance, which is affected by atherosclerotic 
changes related to age.[18] Heine et al. showed that 
RI is a complex factor, which is associated with 
cardiovascular risk factors such as vascular subclinical 
atherosclerotic changes.[8] The association between 
recipients’ age and Doppler indexes has been proved 
by other studies.[7,16,19] Despite vasospasm effect of 
cyclosporine on peripheral vascular of transplant 
kidney, no association was seen between cyclosporine 
level, and PI and RI in the present study. There was 
also no significant association between cyclosporine 
level in the patients with kidney dysfunction and 
those with normal kidney function based on creatinine 
level. A similar finding was reported in some other 
studies.[18–20] Meanwhile, Dopallo et al. claimed that 
an increase in cyclosporine level increase RI of the 
transplanted kidney.[13] Limitations of our study 
were the number of patients and course of follow up, 
it seems that evaluation of more cases in longer time 
will have better results 

CONCLUSION

The obtained results in the present study showed 
that there was a correlation between RI and PI 
in early period of transplantation, and long-term 
function of transplanted kidney so that they can be 
used as predictive parameters for long-term function 
of transplanted kidney. RI = 0.80 has an acceptable 
sensitivity and specificity to predict long-term kidney 
dysfunction in early phase after transplantation. Hence, 
these patients need more care and follow up. These 
indexes are affected by recipients’ age within time.
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