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Abstract

Objectives: To present new approaches to using
duplex Doppler scanning to detect kidney
complications in the early posttransplant period.
Materials and Methods: We assessed the resistive
index and the pulsatility index in 127 renal
transplant patients (73 men, mean age, 35.2 ± 14
years) who underwent duplex Doppler scanning on
the first, third, and fifth days after transplant.
Biopsies were performed in patients suspected of
having graft dysfunction owing to clinical and
laboratory findings. To differentiate complicated
from healthy grafts, a receiver operating
characteristic curve analysis was done, and an area
under the curve was calculated for each variable.
Results: In total, 47 grafts (37%) became complicated
(40 rejections). The mean resistive index and mean
pulsatility index were statistically significantly higher
on the first, third, and fifth days after transplant in
patients with complicated grafts than they were in
patients with noncomplicated grafts (P < .0001). The
mean resistive index and mean pulsatility index
showed a significant rise from the first to the fifth
day in patients with complicated grafts (P ≤ .014).
The area under the curve of the receiver operating
characteristic curve for resistive index and pulsatility
index on successive days was statistically significant
(P < .0001). The resistive index and the pulsatility

index area under the curve were statistically
significantly lower on the first day than they were
on subsequent days. Considering the maximum
value of a serially measured resistive index and
pulsatility index (which were determined by
comparing 3 measurements on the fifth day and
selecting the highest one) as a new variable
showed a better area under the curve compared
with that calculated on the third day (P = .05 for
resistive index; P = .012 for pulsatility index).
Conclusions: The resistive index and the pulsatility
index are effective means of diagnosing post-
transplant renal complications. Including a serial
assessment and considering the maximum values
could improve the diagnostic efficacy on the fifth
day after transplant.
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Introduction

Kidney transplant is the preferred treatment for
patients with end-stage renal disease. These patients
are susceptible to complications that could threaten
the transplanted kidney, especially in the early days
after transplant. Themain allograft complications are
rejection, pyelocalyceal obstruction, acute tubular
necrosis, cyclosporine toxicity, and infection. Acute
rejection is the most common cause that demands
special attention. It is important to follow and screen
these patients properly in the early postoperative
period for early onset renal complications and
dysfunctions and begin a work-up that will
determine the exact nature of the problem and
establish the best possible management as soon as
possible. It is also important to use a noninvasive
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technique that can reliably detect and discern the
causes of renal transplant dysfunction.

Renal biopsy is the standard means of
differentiating these complications, but it is invasive
and has inherent risks of morbidity. The usefulness of
ultrasonography as a noninvasive technique in
assessing these complications is well established, but
data discussing the relation between ultrasound
findings and allograft function in the early
postoperative period are few (1-6). Analysis of the
resistive index (RI) has been advocated as a useful
technique in diagnosing acute rejection (7-9).
However, most studies examining this index have
been hampered by being retrospective analyses (10,
11) or lacking histologic verification (9, 12, 13).

The current study sought to determine the
diagnostic efficacy of serially measured Doppler
measures of the RI and pulsatility index (PI) taken on
renal allografts during the early postoperative period.

Materials and Methods

Patient selection
FromMarch 2004 until March 2007, we evaluated 127
kidney allograft transplant recipients (73male patients
[57.5%], 54 female patients [42.5%];mean age, 35.2 ± 14
years; age range, 5-65 years) who had received their
transplants at the Shariati Hospital of Tehran
University of Medical Sciences in Iran. All patients
who had undergone an allograft transplant were
included. The study protocol was approved by ethics
committee of the Tehran University of Medical
Sciences and conforms with the ethical guidelines of
the 1975 Helsinki Declaration. Ultrasonographic
examinations were done in all subjects 3 times during
the first week on days 1, 3, and 5 after the transplant
for a total of 381 duplex Doppler examinations. All
patients were observed at the hospital for at least 2
weeks. Clinical and paraclinical evaluations were
done daily, and urinary output was measured
carefully. Paraclinical evaluations included routine
serum biochemical parameters. Renal biopsies were
performed in all grafts suspected of having
complications or dysfunction according to clinical
(urine output and blood pressuremeasurements) and
laboratory findings (blood urea nitrogen and
creatinine levels). All biopsies were reviewed by 2
pathologists whowere unaware of the corresponding
duplex Doppler and patient’s condition. Patients
without any abnormal clinical or paraclinical findings

were followed up for 2 weeks. Biopsy was the gold
standard used tomeasure dysfunction in all allografts.

Imaging protocol
Doppler scans were obtained using 1 ultrasound
system (Hitachi Medical Corporation, Tokyo, Japan)
with a 3.5-MHz curved transducer and were done by
1 radiologist. Three spectrums in the upper, middle,
and lower part of the kidney on interlobar or arcuate
arteries were obtained. Then the mean of these 3
measurements was determined as the RI and PI
values. Doppler RI and PI were calculated by the
following formulae: RI = (PSV-EDV)/PSV and PI =
(PSV-EDV)/TAmax (where PSV = peak systolic
velocity; EDV = end diastolic velocity and TAmax =
time-averaged maximum velocity).

Statistical analyses
Statistical analyses were done using SPSS software
(Statistical Product and Services Solutions, version
15.0, SPSS Inc, Chicago, IL, USA). The chi square, t,
repeatedmeasures analysis of variance, and Friedman
tests were used for the statistical analyses. The
sensitivity, specificity, positive predictive value,
negative predictive value, positive likelihood ratio,
and negative likelihood ratiowere calculated by cross-
tabulation for nominal variables.Also, for continuous
variables, receiver operating characteristic (ROC)
curves were plotted with MedCalc software
(Mariakerke, Belgium), and the area under the curve
(AUC) was calculated. To determine a more-efficient
variable to differentiate complicated from
noncomplicated grafts, pairwise comparisons of the
differing RI and PI values on successive days were
donewith theMedCalc software comparing theAUCs
with each other. A value for P less than .05 was
considered statistically significant.

Results

Of 127 patients, 80 had an uneventful recovery, 40
experienced acute rejections, 3 had acute tubular
necrosis, 2 had pelvicalyceal obstructions, 2 had
cyclosporine toxicity, and 1 had a renal vein
thrombosis. One patient had cyclosporine toxicity
and acute rejection simultaneously. Diagnosis of
renal vein thrombosis and obstructive renal disease
were based on ultrasound findings.

The mean kidney size was 113.4 ± 9.9 mm (range,
83-135mm) on first day, and this rose to 117.2 ± 9.5mm
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(range, 86-140 mm) on the fifth day (P < .0001). The
mean kidney size did not show a statistically
significant difference between complicated and
noncomplicated allografts recipients on the fifth day
(Table 1).

The mean value of RI1 (first ultrasonography) of
the patients with allograft dysfunction (47 patients)
was 0.73 ± 0.12, which increased to 0.78 ± 0.1 by the
fifth day after surgery (RI5) (P= .002). The results of this
measurement on complicated and noncomplicated
allografts recipients are shown in Table 2.

Using successive RI and PI values on the first,
third, and fifth days, we categorized patients
according to presence of any rise in these values into
2 groups: those with increased values and those with
stable or decreased values. The percentage of
increase in RI in complicated grafts was 59.6%
(28/47), while this percentage in the noncomplicated
group was 35% (28/80) (P = .007). The odds ratio for
increases in RI for the complicated grafts was 2.7
(95% confidence interval [CI], 1.3-5.7).

Themean value of PI1 in the complicated group (47
patients) was 1.57 ± 0.57, which increased to 1.76 ± 0.5
on PI5 (P = .01). The results of this measurement in
recipients of complicated and noncomplicated
allografts are shown in Table 2.

The percentage increase in PI in complicated
grafts was 53.2% (25/47); this percentage was 41.3%
(33/80) in the noncomplicated group (P = .19). The
odds ratio of this increase in PI for complicated grafts
was 1.6 (95% CI, 0.8-3.3).

We categorized these 47 patients into 2 groups: first
40 acute rejections and second, 7 complicated patients
other than rejection (ie, acute tubular necrosis,
cyclosporine toxicity, renal vein thrombosis, and

obstruction of the pelvicalyceal system.) Then we
compared the mean RI and PI results. In patients with
acute rejection, intraindividual follow-up revealed a
significant rise in both RI and PI from the first to the
fifth day of examination (mean RI, 0.72 ± 0.12 [first
day] compared with 0.77 ± 0.10 [fifth day]; P = .002;
and mean PI, 1.50 ± 0.56 [first day] compared with
1.72 ± 0.51 [fifth day]; P = .012) (Table 3).

Table 1.Mean renal size on different days.

Complicated Noncomplicated All patients P value

1st day 112.2 ± 10.6 115.1± 9.3 113.9 ±9.9 .12

3rd day 115.2 ± 10.4 116.9 ± 8.7 116.3 ± 9.4 .35

5th day 117.3 ± 10.6 117.2 ± 8.9 117.2 ± 9.5 .96

P value < .002 < .0001 < .0001

Table 2.Mean RI and PI on different days.

RI1 RI3 RI5 P value PI1 PI3 PI5 P value

Complicated 0.73 ± 0.12 0.76 ± 0.11 0.78 ± 0.1 .002 1.57 ± 0.57 1.73 ± 0.54 1.76 ± 0.5 .014

Noncomplicated 0.62 ± 0.1 0.61 ± 0.1 0.62 ± 0.1 .078 1.02 ± 0.17 1.03 ± 0.18 1.08 ± 0.2 .001

P value < .0001 < .0001 < .0001 < .0001 < .0001 < .0001

All patients 0.66 ± 0.11 0.67 ± 0.12 0.68 ± 0.11 .001 1.22 ± 0.45 1.29 ± 0.49 1.33 ± 0.48 .001

Abbreviations: PI, pulsatility index; RI, resistive index.

Table 3. Comparison of mean RI and PI values in complicated acute
rejection and complicated nonacute rejection groups.

RI1
All complicated patients 0.73 ± 0.12

Acute rejection 0.72 ± 0.12 P = .025

Nonacute rejection 0.83 ± 0.12

RI1
All complicated patients 0.78 ± 0.11

Acute rejection 0.77 ± 0.11 P =.17

Nonacute rejection 0.83 ± 0.07

RI5
All complicated patients 0.78 ± 0.09

Acute rejection 0.77 ± 0.10 P =.044

Nonacute rejection 0.84 ± 0.06

P = .002 (for serially measured RIs on successive days in acute rejection group)

P = .78 (for serially measured RIs on successive days in nonacute rejection group)

PI1
All complicated patients 1.57 ± 0.57

Acute rejection 1.50 ± 0.56 P =.07

Nonacute rejection 1.92 ± 0.51

PI1
All complicated patients 1.73 ± 0.54

Acute rejection 1.70 ± 0.55 P =.26

Nonacute rejection 1.93 ± 0.49

PI5
All complicated patients 1.76 ± 0.50

Acute rejection 1.72 ± 0.51 P =.14

Nonacute rejection 1.99 ± 0.41

P = .012 (for serially measured PIs on successive days in acute rejection group)

P = .89 (for serially measured PIs on successive days in nonacute rejection group)

Abbreviations: PI, pulsatility index; RI, resistive index.
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The mean RI and PI values were higher in the
nonacute rejection group than they were in the acute
rejection group; however, they did not differ
intraindividually during follow-up (mean RI, 0.83 ±
0.12 [first day] compared with 0.84 ± 0.06 [fifth day];
P = .78; andmean PI, 1.92 ± 0.51 [first day] compared
with 1.99 ± 0.41 [fifth day]; P = .89). Patients with
nonacute rejection problems had significantly higher
Doppler RIs than did patients with acute rejection
(mean RI1 for nonacute rejection: 0.83 ± 0.12 vs 0.72 ±
0.12 for acute rejection; P < .05; mean RI5 for nonacute
rejection: 0.84 ± 0.06 vs 0.77 ± 0.10 for acute rejection;
P < .05). The difference in PI was not significant
(mean PI1: 1.92 ± 0.51 [nonacute rejection] vs 1.50 ± 0.56
[acute rejection]; P = .07; and mean PI5: 1.99 ± 0.41
[nonacute rejection] vs 1.72 ± 0.51 [acute rejection];
P = .14) (Table 3).

To evaluate the efficacy of RI and PI in
differentiating complicated from noncomplicated
allografts, we used the ROC curve analysis (Figure
1). TheAUC of each variable was calculated (Table 4).

We considered the values on the first, third, and
fifth day after transplant for RI and PI and plotted
the curve to compute the AUC. Also, we plotted the
ROC curve for the maximum amount of RI and PI

that were determined on the fifth day (RImax, PImax).
For all these variables (ie, RI1-5, RImax and PI1-5, PImax),
the AUC was statistically significant (all P < .0001)
(Table 4). The AUC increased from 0.81 (RI1) to 0.91
(RI5), and from 0.82 (PI1) to 0.90 (PI5). The highest
AUC was shown in RImax (0.93) and PImax (0.94)
(P < .0001 for both). All pairwise comparisons
between successive RIs and also RImax were done;
similar analyses were done for successive PIs and
PImax. In both RI and PI, the AUCs of the third and
fifth days were statistically significantly higher than
the AUCs of the first day (P < .05 for all); however,
differences on the third and fifth days were not
statistically significant (P > .44 for all). Comparisons
of the maximum values determined different results;
in both RI and PI, the AUCs of the maximum values
on the fifth day were statistically significantly higher
than the third day measures (0.93 vs 0.89 for RI
[P = .05] and 0.94 vs 0.88 for PI [P = .012]). All
pairwise comparisons between RI and PI values for
the same days (for example RI3 and PI3) did not show
a statistically significant difference (P > .5 for all). On
the other hand, we could consider RImax and PImax

only on the fifth day, because we should select the
maximum values among these 3 days. Because there
were better ROC curves for RImax and PImax compared
with RI3 and PI3, respectively (and because there
were no statistically significant differences between
the RImax and RI5, RI5 and RI3, PImax and PI5, and PI5
and PI3), we chose the cutoff point for RI and PI on
the fifth day according to RImax and PImax (instead of
RI5 and PI5).

Tables 5 and 6 show the efficacy indices of the
different cutoff points of RI and PI in detecting renal
transplant complications on the first, third, and fifth
days after surgery.

Discussion

Conventional ultrasonography can successfully
detect anatomic changes in the allograft (eg,
hydronephrosis, hematoma, urinoma), but it is less
successful in evaluating functional abnormalities,
such as acute tubular necrosis, acute rejection, and
drug toxicity.

The resistive index is a sensitive index in predicting
renal allograft dysfunction. It has been proposed that
increased peripheral vascular resistance anddecreased
enddiastolic blood velocity are the causes of the RI rise
seen in renal transplant dysfunction.

Table 4. AUC values for RI and PI.

AUC 95% CI P value

RI1 0.81 0.74-0.88 < .0001

RI3 0.89 0.82-0.92 < .0001

RI5 0.91 0.84-0.95 < .0001

RImax 0.93 0.87-0.97 < .0001

PI1 0.82 0.74-0.88 < .0001

PImax 0.94 0.81-0.93 < .0001

PI5 0.90 0.84-0.95 < .0001

PI3 0.88 0.88-0.97 < .0001

Abbreviations: AUC, area under the curve; CI, confidence interval; PI,
pulsatility index; RI, resistive index.

Figure 1. ROC curves of RI and PI values
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Table 5. Efficacy of different cutoff points of resistive index.

Cutoff point TP FN TN FP Sen Spec PPV NPV PLR NLR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

RI1 0.51 46 1 5 75 0.98 0.06 0.38 0.83 1 2.9
0.89-0.99 0.02-0.14 0.29-0.47 0.36-0.99 0.9-1.1 0.35-24.4

RI3 0.51 46 1 4 76 0.98 0.05 0.38 0.80 1 2.4
0.88-0.99 0.01-0.12 0.29-0.47 0.28-0.99 0.9-1.1 0.3-20.4

RImax 0.55 46 1 11 69 0.98 0.14 0.40 0.92 1.1 6.5
0.88-0.99 0.07-0.23 0.31-0.50 0.62-0.99 1-1.3 0.86-48.5

RI1 0.62 39 8 43 37 0.83 0.54 0.51 0.84 1.8 3.2
0.69-0.92 0.42-0.65 0.40-0.63 0.71-0.93 1.4-2.3 1.6-6.1

RI3 0.63 41 6 49 31 0.87 0.61 0.57 0.89 2.3 4.8
0.74-0.95 0.50-0.72 0.45-0.69 0.78-0.96 1.7-3 2.2-10.3

RImax 0.68 44 3 57 23 0.94 0.71 0.66 0.95 3.3 11.2
0.82-0.99 0.60-0.81 0.53-0.77 0.86-0.99 2.3-4.6 3.7-33.7

RI1 0.7 30 17 76 4 0.64 0.95 0.88 0.82 12.8 2.6
0.49-0.77 0.88-0.99 0.73-0.97 0.72-0.89 4.8-34 1.8-3.9

RI3 0.7 38 9 74 6 0.81 0.93 0.86 0.89 10.8 4.8±
0.67-0.91 0.84-0.97 0.73-0.95 0.80-0.95 4.9-23.6 2.7-8.17

RImax 0.7 41 6 69 11 0.87 0.86 0.79 0.92 6.3 6.8
0.74-0.95 0.77-0.93 0.65-0.89 0.83-0.97 3.6-11.1 3.2-14.3

RI1 0.72 28 19 76 4 0.60 0.95 0.88 0.80 11.9 2.4
0.44-0.74 0.88-0.99 0.71-0.96 0.71-0.88 4.5-31.9 1.7-3.3

RI3 0.73 34 13 78 2 0.72 0.98 0.94 0.86 28.9 3.5
0.57-0.84 0.91-0.99 0.81-0.99 0.27-0.92 7.3-115 2.2-5.6

RImax 0.76 33 14 78 2 0.70 0.98 0.94 0.85 28.1 3.3
0.55-0.83 0.91-0.99 0.81-0.99 0.76-0.91 7.1-111.7 2.1-5.1

RI1 0.77 17 30 80 0 0.36 1.00 1.00 0.82 - 2.8
0.23-0.51 0.95-1.00 0.88-1.00 0.73-0.89 1.9-4

RI3 0.77 27 20 80 0 0.57 1.00 1.00 0.80 - 2.4
0.42-0.72 0.95-1.00 0.87-1.00 0.71-0.87 1.7-3.3

RImax 0.78 32 15 80 0 0.68 1.00 1.00 0.84 - 3.1
0.53-0.81 0.95-1.00 0.89-1.00 0.75-0.91 2.1-4.8

Abbreviations: CI, confidence interval; FN, false negative; FP, false positive; NLR, negative likelihood ratio; NPV, negative predictive value; PLR, positive
likelihood ratio; PPV, positive predictive value; RI, resistive index; TN, true negative; TP, true positive; Sen, sensitivity; Spec, specificity.

Table 6. Efficacy of different cutoff points of pulsatility index.

Cutoff point TP FN TN FP Sen Spec PPV NPV PLR NLR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

PI1 0.79 46 1 6 74 0.98 0.08 0.38 0.86 1.1 3.5

0.89-0.99 0.03-0.16 0.30-0.48 0.42-0.99 0.9-1.3 0.4-28.4

PI3 0.78 46 1 3 77 0.98 0.04 0.37 0.75 1.00 1.8

0.88-0.99 0.8-0.11 0.29-0.47 0.19-0.99 0.9-1.1 0.2-16.5

PImax 0.88 46 1 12 68 0.98 0.15 0.40 0.92 1.2 7.1

0.88-0.99 0.08-0.25 0.31-0.50 0.64-0.99 1.00-1.3 0.9-53.5

PI1 1.1 37 10 55 25 0.78 0.69 0.60 0.85 2.5 3.2

0.64-0.89 0.57-0.79 0.46-0.72 0.74-0.92 1.8-3.6 1.8-5.7

PI3 1.1 40 7 55 25 0.85 0.69 0.62 0.89 2.7 4.6

0.72-0.94 0.57-0.79 0.49-0.73 0.78-0.95 1.9-3.9 2.3-9.3

PImax 1.21 44 3 55 25 0.94 0.69 0.64 0.95 2.3 10.8

0.82-0.99 0.57-0.79 0.51-0.75 0.86-0.99 2.1-4.2 3.6-32.5

PI1 1.23 31 15 72 8 0.68 0.90 0.80 0.83 6.8 2.8

0.53-0.81 0.81-0.96 0.64-0.91 0.73-0.90 3.4-13.5 1.8-4.3

PI3 1.25 38 9 73 7 0.81 0.90 0.83 0.89 8.2 4.7

0.67-0.91 0.81-0.96 0.69-0.93 0.81-0.95 4.2-16 2.6-8.5

PImax 1.39 41 6 75 5 0.87 0.94 0.89 0.93 13.9 7.3

0.74-0.95 0.86-0.98 0.76-0.96 0.85-0.97 5.9-32.8 3.5-15.5

PI1 1.4 26 21 80 0 0.55 1.00 1.00 0.79 2.2

0.40-0.70 0.95-1.00 0.87-1.00 0.70-0.87 1.6-3.1

PI3 1.44 34 13 80 0 0.72 1.00 1.00 0.86 3.6

0.57-0.84 0.95-1.00 0.90-1.00 0.77-0.92 2.3-5.7

PImax 1.52 35 12 80 0 0.74 1.00 1.00 0.87 - 3.9

0.60-0.86 0.95-1.00 0.90-1.00 0.78-0.93 2.4-6.4

Abbreviations: CI, confidence interval; FN, false negative; FP, false positive; NLR, negative likelihood ratio; NPV, negative predictive value; PI, pulsatility
index; PLR, positive likelihood ratio; PPV, positive predictive value; TN, true negative; TP, true positive; Sen, sensitivity; Spec, specificity.
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Choi and associates showed an elevation in RI
values in abnormal renal transplant recipients. They
could not find a definitive RI value to differentiate
normal from abnormal renal transplant. They found
sensitivity and specificity equals 88% and 58%,
respectively, for the set point of 0.6. They preferred a
range of 0.6 to 0.7 for RI to evaluate graft function,
rather than a set point as a standard (14). In the
current study, considering a cutoff point of 0.62 for
the RI on the first day, we showed a sensitivity of 0.83
and specificity of 0.54, which are similar to same
variables found by Choi and associates. In our study,
using a cutoff point of 0.63 for RI on the third day, we
showed a sensitivity of 0.87 and specificity of 0.61,
and considering a cutoff point of 0.7 for the RImax, we
showed a sensitivity of 0.87 and specificity of 0.86 that
is better than the results of the Choi study. This means
that considering the results of the RI in later days
could improve the specificity of the study.

A review of the data in Tables 5 and 6 shows the
diagnostic indices of different cutoff points for both
RI and PI on successive days. According to these
results, better decision making could be achieved on
the first, third, and fifth days. One of the main goals
in evaluating posttransplant grafts is screening
patients with renal dysfunction as soon as possible
and defining the cause of the failure.When the results
of a Doppler study are abnormal, the most important
question is what caused the abnormality.
Unfortunately, the number of nonacute rejection cases
in our study was 7, so a statistical analysis
differentiating between acute rejection and nonacute
rejection was not possible. However, the results of RI
and PI showed that complicated patients had higher
mean RIs and PIs than did patients with
noncomplicated grafts from the first to the fifth day.
Among complicated patients, mean RIs and PIs were
statistically and/or clinically higher in 7 patients in
the nonacute rejection group compared with 40
patients in the acute rejection group. Meanwhile, we
found no serial increases in these indices in
noncomplicated grafts and complicated nonacute
rejection grafts. In fact, patients with complicated
nonacute rejections showed relatively fixed, higher
values of the mean RI and PI from the first day, while
noncomplicated patients showed relatively fixed,
lower values of RI and PI from the first day, and the
acute rejection patients showed a rising pattern of RI
and PI in serial measurements, with the largest rise
occurring between the first and the third days. These

patterns could be useful in differentiating these 3
groups.

We found that the maximum values for RI and PI
determined on the fifth day (RImax, PImax) had the best
efficacy for evaluating graft dysfunction. As
mentioned earlier, each patient had undergone a
Doppler examination on 3 days. On the fifth day, we
analyzed the ROC curves, and calculated theAUC for
the parameters (RI1, 3, and5, and RImax, PI1, 3, and 5, and
PImax). The highestAUCwas related to RImax and PImax.
Table 4 shows that the AUCs for RImax and PImax were
0.93 and 0.94, respectively. Regarding the betterAUC
curve for RImax and PImax compared with RI3 and PI3,
respectively, it would be better to consider RImax and
PImax for decision making on the fifth day. In our
study, the cutoff point of 0.77 is a critical value for RI
on the first and third days; for RI values beyond 0.77,
the specificity and positive predictive value would be
1 (although the sensitivity decreased to 0.36 [first day]
and 0.57 [third day]). It means that even if a single RI
equals 0.77, the graft is certainly complicated on first
and third days. This critical value for RImax is 0.78 that
yielded a sensitivity of 0.68. Also, this means better
sensitivity for the positive predictive value of 1
compared with the RI on the first and third days.
These critical values for the PI were 1.4, 1.44, and 1.52
on the first, third, and fifth days that yielded
sensitivities of 0.55, 0.72, and 0.74, respectively. The
important point is that at any cutoff point, the
sensitivity and specificity of RImax and PImax is the
highest. On the other hand, if the results of the RI and
PI on these days are inconclusive, we can use the RImax

and the PImax for better clinical decisionmaking on the
fifth day. It is worthmentioning that it does not mean
we should wait until the fifth day to use the
maximum value for clinical decision making. When
the values of RI and PI are significantly high on the
first or third days (eg, RI = 0.77, PI = 1.4, Tables 5 and
6) or the clinical impression according to the other
findings points to a complication, the necessary
management should take place as soon as possible.

As mentioned in previous studies, a sequential
rise in RI and PI levels is important in diagnosing
allograft dysfunction. By the way, the RImax and PImax

are best for differentiating between complicated and
noncomplicated grafts. Naturally, the higher cutoff
points of RI and PI are associated with more
specificity but lower sensitivity.

Our data show that follow-up examinations and
sequential Doppler technique have higher sensitivity
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and specificity than do single examinations, as
mentioned in previous studies (15-18). Hollenbeck
and associates showed that a continuous rise in RI
and PI was a true positive result in allograft rejection
(15). Sharma and associates demonstrated that the
sensitivity of a single high RI and PI is lower than the
sensitivity of serial increase in the values. Therefore,
serial Doppler evaluation of a transplant kidney can
be more useful than single measurement in
diagnosing acute rejection (19). Stevens and associates
demonstrated an elevation of RI and PI values in
acute rejection, but high initial levels of these indices
in acute tubular necrosis that decreased on follow-up
examinations (20). In our study, a rise in RI and PI
from the first to the fifth day was seen when acute
rejection was the cause of graft dysfunction (Table 3);
this is in contrast to patients with nonacute rejection,
in whom the values are higher on the first day and do
not show a significant rise by the fifth day.According
to our data, when these indices are high on the first
day but remain stable or even decrease, they mostly
are indicative of nonacute rejection causes, especially
acute tubular necrosis.

Finally, it is worth mentioning that there were no
statistically significant differences between RI and PI
indices in evaluating renal transplant dysfunction
during the early postoperative period. As shown in
Table 4, the AUC for the RI on each day is nearly the
same as the corresponding PI. This means that
according to our study, it is not necessary to calculate
both the RI and the PI at the same time. According to
our results, a good studywould be set up by enrolling
enough patients with only complicated transplanted
kidneys to evaluate the diagnostic efficacy of RI and
PI to differentiate different causes of renal allograft
dysfunction; mainly differentiation of acute rejection
(as the most common cause of dysfunctions that
necessitate an immediate but different management)
from other graft problems. A review of our data
suggests that RI and PI could differentiate these 2
main groups from each other but unfortunately, our
sample size of nonacute rejection patients was not
large enough to permit a statistically good ROC
analysis.
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