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Role of duplex Doppler sonography 
in diagnosis of acute allograft dysfunction- 
time to stop measuring the resistive index? 

Abstract Measurement of vascular 
resistive index (RI) by duplex 
Doppler sonography (DDS) has 
been proposed as a non-invasive 
technique to detect the presence of 
acute rejection in renal allograft 
recipients. Our aim was to evaluate 
the clinical utility of this technique. 
From 107 patients we reviewed 159 
biopsies that were performed from 
1993 to 2001 for the investigation of 
acute allograft dysfunction. Histo- 
logical findings were correlated with 
RI measurements by contempora- 
neously performed DDS. The 
majority of biopsies were carried out 
within the first 3 months post- 
transplantation (1 11j159). Sixty- 
eight biopsies showed acute rejection, 
91 biopsies had findings other than 

Introduction 

A non-invasive technique to detect the presence of 
acute rejection in renal allograft recipients has long 
been sought. Measurement of the vascular resistive 
index (RI) by duplex Doppler sonography (DDS) has 
been proposed as one such method [7, 16, 171, but 
there are conflicting reports in the literature as to the 
clinical utility of the technique [I, 8, 9, 10, 11, 131. It 
has been suggested that acute rejection leads to a rise 
in vascular resistance that might be detectable by 
duplex Doppler ultrasound. The purpose of our study 
was to evaluate retrospectively the degree of correla- 
tion between changes in renal arterial flow pattern 

rejection (acute tubular necrosis, 
CyA toxicity, recurrent GN). Using 
a threshold mean RI value of 0.9, the 
test had a specificity for acute rejec- 
tion of 89%, but a sensitivity of just 
6%. If the threshold was lowered the 
sensitivity rose, but specificity de- 
clined sharply. Average RI in the 
rejection group was not higher than 
in controls (0.73 i 0.1 1 vs 
0.74 f 0.11, respectively). We con- 
clude that measurement of RI by 
DDS does not contribute to the 
diagnosis of acute allograft 
dysfunction. 
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(RI) on DDS and histological findings at allograft 
biopsy. 

Patients and methods 

We identified all renal allograft biopsies performed at Hammer- 
smith Hospitals NHS Trust from 1993 to 2001 and examined the 
correlation, if any, between histological findings and the results of 
the contemporaneously performed duplex Doppler ultrasound 
study (median interval between ultrasound and biopsy, 1 day; 
range 0-7 days). Doppler tracings were taken of the interlobar 
arteries at the upper, middle and lower poles of the graft, and the 
RI was calculated at each site (peak systolic velocity minus lowest 
diastolic velocity divided by the peak systolic velocity, Fig. 1). The 
mean R1 value was used for all calculations. The utility of RI 
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Table 1 Diagnoses in acute rejection group (n = 68). All biopsies 
showed evidence of acute rejection, but many also showed addi- 
tional pathology 

Fig. 1 Measurement of RI by duplex Doppler sonography ( S  peak 
systolic flow velocity, D minimum diastolic flow velocity) 

measurement as a method of diagnosing acute rejection was eval- 
uated by calculation of receiver operating characteristic (ROC) 
curves. 

Results 

Diagnosis No. of patients 

Acute rejection 
Acute cellular rejection alone 
Acute vascular rejection alone 
Acute cellular + vascular rejection 

Glomerulopathy (acute/chronic) 
Thrombosis 
Acute tubular necrosis 
Thrombotic micro-angiopathy 
Pyelonephritis 

Secondary diagnoses 

Cyclosporin-A toxicity 
Ischaemia 
Cytomegalovirus infection 
Recurrence of primary disease 

n=68 
53 
6 
9 

I 
4 
3 
3 
2 
1 
1 
1 
1 

Table 2 Diagnoses in control group (n = 91). Many biopsies 
showed evidence of more than one pathological category 

Diagnosis No. of patients 

A total of 388 biopsies were performed from June 1993 
to January 2001 in 186 patients for the investigation of 
acute allograft dysfunction. All biopsies were reported 
by one of us (T.C.), and the histological findings clas- 
sified and coded. Contemporaneous sonographic data 
were available for 159 of the biopsies (from 107 pa- 
tients). These 159 cases were sub-divided into two 
groups: 
a Acute rejection: 68 biopsies (43%)-see Table 1. 
b Controls: 91 biopsies (57%-see Table 2. 

The mean number of diagnoses per biopsy was 1.4. 
The majority of biopsies were performed in the first 3 

months following transplantation (55/68 in the acute 
rejection group, 56/91 in the control group). 

Overall, there was no significant difference in RI 
values between the control and acute rejection groups 
(Fig. 2). If anything, RI values were slightly higher in 
the control group (mean RI in controls 0.74+0.11 vs 
0.73 k 0.11 in the acute rejection group). At any given RI 
threshold value, many patients with acute rejection will 
have normal RI values and will, therefore, not be 
detected by the use of DDS as a screening tool. 

We evaluated the utility of RI measurement as a 
diagnostic test for the presence of acute rejection by 
means of ROC-curve analysis. This is done by plotting the 
true-positive rate for the test against the false-positive 
rate. The graphing of the results in this way allows easy 
visualisation of the trade-off between sensitivity and 
specificity. Any increase in sensitivity will be accompanied 
by a decrease in specificity. For an accurate diagnostic 
test, the curve will be seen to follow the left-hand border 
closely and then the top border of the ROC space. Where 

Acute tubular necrosis 35 
Acute graft dysfunction of unknown causea 19 
Chronic graft dysfunction of unknown cause 13 
Cyclosporin-A toxicity 11 
Ischaemia 8 
Recurrence of primary disease 6 
Normal 5 
Pyelonephritis 2 
Graft thrombosis 2 
Glomerulopathy (acute/chronic) 2 
De novo glomerulonephritis 1 
Granulomatous interstitial nephritis 1 
Thrombotic micro-angiopathy 1 

"Biopsy size was adequate for us to exclude rejection in all cases 

a diagnostic test is of poor discriminatory value, the curve 
aligns with the 45-degree diagonal of the ROC space. 

The ROC curve plotted in Fig. 3a suggests that RI 
measurement as a diagnostic tool is of little value, hav- 
ing poor sensitivity and specificity. The curve almost 
exactly follows the 45-degree diagonal. The significance 
of this becomes clear when individual cut-off points are 
examined. At a threshold mean RI value of 0.9, an ele- 
vated RI is relatively specific for a diagnosis of acute 
rejection, 89%, but the sensitivity is poor, at just 6%. If 
the cut-off is lowered, there are small improvements in 
sensitivity, but with the result that a positive test is en- 
tirely non-specific for the presence of rejection. 
Sub-group analysis screening for the presence of vascu- 
lar rejection yielded similar results (data not shown). 

Being mindful that the causes of allograft dysfunction 
are different in the early post-transplant period com- 
pared with long-term patients, we also performed a sub- 
group analysis of those patients with acute allograft 
dysfunction in the early post-transplant phase ( <  3 
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Fig. 2 Dot plot showing distribution of RI values in the control 
and acute rejection groups (early post-transplant data, II = 11 1) 

months post-transplantation, n = 11 1). Again, similar 
results were obtained (Fig. 3b). 

We were somewhat concerned at the inclusion in the 
control group of those patients with acute graft dys- 
function of unknown cause. Although the biopsy size 
was adequate for us to exclude acute rejection in each 
case, this group lacked a firm histological diagnosis. To 
ensure that this cohort was not skewing the results, we 
repeated the statistical analysis, censoring for the data 
from this group. This made no significant difference to 
the results (data not shown). 

Discussion 

Ultrasonography has proved to be an invaluable asset in 
the assessment of patients with renal allograft dysfunc- 
tion. As an inexpensive, non-invasive technique it gives 
useful information on graft arterial blood supply and 
venous patency and is useful to screen for evidence of 
outflow obstruction or peri-graft collection. 

In addition to this, measurement of RI by DDS is 
commonly performed. In the normal renal allograft, 
arterial Doppler signals show continuous antegrade 
diastolic blood flow, reflecting the normal, low reno- 
vascular impedance [2]. Several studies have shown that 
during episodes of acute rejection, diastolic flow velocity 
is reduced in all branches of the renal arterial vascula- 
ture, reflecting a rise in vascular impedance [3, 19, 211. It 
is postulated that this change may be due to endovas- 
culitis (as occurs in acute vascular rejection) or due to 
the presence of interstitial oedema or alterations in 
vasomotor tone. This change in renal arterial flow may 
be detected by means of DDS. 

The earliest application of a Doppler sonographic 
technique as a screening tool for renal allograft rejection 
was reported by Rigsby et al. [17] in 1987. In a study of 
55 patients they correlated DDS findings with histology 
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Fig. 3a, b ROC-curve analysis for (a) all patients (n= 159) and (b) 
early post-transplant patients (<  3 months) (n = 11 1). RI is of 
limited value as a screening tool 

results obtained at percutaneous biopsy or nephrectomy. 
An increase in vascular impedance, as measured by 
pulsatility index (PI =peak systolic velocity-minimum 
diastolic velocity/mean flow velocity), was associated 
with episodes of acute rejection. With a threshold PI 
value of 1.5, the sensitivity for the detection of all forms 
of acute rejection was 75%, with a specificity of 90%. 
Raising the threshold to 1.8, they achieved a specificity 
of loo%, but with reduced sensitivity. However, only 
three of their patients had acute tubular necrosis (ATN), 
which may have artificially improved specificity for 
acute rejection at the higher PI threshold. 

Rifkin et al. [16], in 1987, were the first to employ RI 
measurement as a screening test for the presence of acute 
rejection. Using a threshold of 0.9 they achieved a po- 
sitive predictive value of 100% for the diagnosis of acute 
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Table 3 Summary of principal studies evaluating RI measurement by DDS as a screening technique for the detection of the presence of 
acute renal allograft rejection. Figures in parentheses are biopsy-proven. CyA Cyclosporin A 

Reference No. of No. of DDS No. of Acute CyA ATN Sensitivity Specificity Positive Threshold 
patients examinations biopsies rejection toxicity predictive value RI 

This study 
Mallek et al. 1992 [ l  13 
Renowden et al. 1992 [ 151 
Perchik et al. 1991 [12] 
Saarinen et al. 1992 [18] 
Don et al. 1990 [6] 
Kelcz et al. 1990 [lo] 
Perrella et al. 1990 [I31 
Genkins et al. 1989 [8] 
Evans et al. 1989 [7] 
Allen et al. 1988 [I] 
Rifkin et al. 1987 [I61 
Rigsby et al. 1987 [I71 

107 
98 
66 
75 
150 
71 
89 
33 
77 
42 
56 
81 
81 

159 
137 
71 

234 
150 
84 
96 
46 
77 
61 
96 
145 
60 

159 
137 
71 
67 
0 
49 
96 
46 
48 
? 

28 
34 
54 

69 (69) 
83 (83) 
50 (50) 
176 (66) 

31% 
32 (-1 

46 (46) 
28 (28) 
23 (21) 

? 
38 (24) 
54 (-> 

54 (54) 

11 (11) 35 (35) 
42 (42) 19 (19) 

0 14(14) 
11 (-) 24 (-) 

? 34 (0) 
5 (-1 0 

10 (10) 1 ( I )  
1 (1) 9 (9) 
8 (8) 6 (6) 

5 (-1 24 (1) 
9 (-1 33 (-1 

0 3 (-1 

? ? 

6 % 
- 

60 % 
52% 
45% 
90% 
10% 
43 % 
9 % 
94% 
76% 
13% 
75% 

89% 
62 % 
40 yo 
82% 
85% 
76% 
90% 
67% 
91% 

96.5% 
83% 
100% 
90 % 

0.9 
> 0.9 
> 0.7 
> 0.7 
0.93 
> 0.7 

0.8 
> 0.9 
> 0.9 
> 0.8 
> 0.75 
> 0.9 

P I >  1.5 

rejection. Values less than 0.7 had a negative predictive 
value of 94%. In contrast to later studies, the population 
they screened had a very low incidence of high RI 
associated with ATN. This will have helped improve 
positive predictive value of the test when high cut-off 
thresholds were used. In this study, biopsies, the gold 
standard for establishing the cause of renal allograft 
dysfunction, were performed in only 42% of cases. 

Subsequent studies have cast doubt on the value of 
RI measurement in discriminating different causes of 
acute allograft dysfunction and are summarised in 
Table 3 [l ,  8, 11, 131. Di Palo et al. [ S ]  have suggested 
that an increase in RI values might simply be an index of 
glomerular hyperfiltration. Further support for this 
concept has recently been provided by Splendiani et al. 
[20], who demonstrated that, in patients with chronic 
renal disease, an elevated RI was predictive of sub- 
sequent decline in renal function. 

It has been demonstrated that RI values may be 
influenced by many extraneous factors [14] such as 
compression of the graft due to peri-nephric fluid col- 
lections, sub-capsular haematoma, or even excessive 

pressure transmitted via the transducer by a heavy- 
handed sonographer. Inaccurate scanning can also yield 
a falsely low RI, as can experimentally induced hypo- 
tension. 

To our knowledge, this is the largest study in the 
literature to correlate DDS findings with definitive his- 
tological diagnoses. Our study suggests that the use of 
RI measurement as a screening tool for the presence of 
acute rejection has two inherent flaws that limit its 
utility. Firstly, it seems clear, from this and other stud- 
ies, that acute rejection episodes can be associated with 
normal RI values [8, 10, 11, 131. Secondly, our study 
confirms the finding that ATN is frequently associated 
with an elevation in RI (49% of those with ATN (17/35) 
had RI values >0.8), thus making it impossible for the 
two to be distinguished on the basis of RI measurement 
alone. Several earlier studies were undoubtedly con- 
founded by having a low proportion of [6,  171, or 
excluding [4], patients with ATN. Accordingly, we con- 
clude that it seems unlikely that DDS will ever be a 
sufficiently sensitive and specific test for acute rejection 
to obviate the need for allograft biopsy. 

References 

1. Allen KS, Jorkasky DK, Arger PH, 
Velchik MG, Grumbach K, Coleman 
BG, Mintz MC, Betsch SE, Perloff LJ 
(1988) Renal allografts: prospective 
analysis of Doppler sonography. Radi- 

Sagawa S, Mizutani S, Sonoda T, Ihara 
H,  Nagano S (1978) Analysis of the 
arterial blood flow patterns of normal 
and allografted kidneys by the direc- 
tional ultrasonic Doppler technique. 
J Urol 122587-591 

ology 169:371-376 
2. Arima M, Ishibashi M, Usami M, 

3. Arima M, Takahara S, Ihara H, 
Ichikawa Y, Ishibashi M, Sagawa S, 
Nagano S, Takaha M, Sonoda T (1982) 
Predictability of renal allograft prog- 
nosis during rejection crisis by ultra- 
sonic Doppler flow technique. Urology 

4. Buckley AR, Cooperberg PL, Reeve 
CE, Magi1 AB (1987) The distinction 
between acute renal transplant rejection 
and cyclosporine nephrotoxicity: value 
of duplex sonography. Am J Roentge- 
no1 149521-525 

19:389-394 

5. Di Palo QF, Rivolta R, Elli A, 
Castagnone D (1996) Relevance of 
resistive index ultrasonographic mea- 
surement in renal transplantation. 
Nephron 73: 195-200 

Siddiqui AR (1990) Detection of rejec- 
tion in renal allografts. Evaluation with 
duplex sonography and DTPA renal 
scintigraphy with kidney/aorta perfu- 
sion ratios. J Ultrasound Med 9503- 
510 

6. Don S, Kopecky KK, Tuli MM, 



652 

7. Evans C, Cochlin C, Ferguson PJ, 
Salaman JR (1989) Duplex Doppler 
studies in acute renal transplant rejec- 
tion. Transplant Proc 21:1897-1898 

8. Genkins SM, Sanfillippo FP, Carroll 
BA (1989) Duplex Doppler sonography 
of renal transplants: lack of sensitivity 
and specificity in establishing pathologic 
diagnosis. Am J Roentgenol 152: 
5 3 5-5 39 

9. Grant EG, Perrella RR (1990) Wishing 
won’t make it so: duplex Doppler 
sonography in the evaluation of renal 
transplant dysfunction. Am J Roentge- 
no1 155:538-539 

Oberly TD (1990) Pyramidal appear- 
ance and resistive index: insensitive and 
non-specific sonographic indicators of 
renal transplant rejection. Am J 
Roentgenol 155:53 1-535 

11. Mallek R, Mostbeck GH, Kain R, 
Sunder-Plassmann G, Helbich T, 
Tscholakoff D (1992) Polyaetiology of 
renal allograft dysfunction-does cal- 
culation of the resistive index still make 
sense? Acta Radiol 30:434439 

10. Kelcz F, Pozniak MA, Pirsch JD, 

12. Perchik JE, Baumgartner BR, Bernar- 
din0 ME (1991) Renal transplant 
rejection. Limited value of duplex 
Doppler sonography. Invest Radiol 
26:422426 

13. Perrella RR, Duerinckx AJ, Tessler FN, 
Danovitch GM, Wilkinson A, Gonzalez 
S, Cohen A, Grant EG (1990) Evalua- 
tion of renal transplant dysfunction by 
duplex Doppler sonography: a pro- 
spective study and review of the litera- 
ture. Am J Kidney Dis 15:544550 

14. Pozniak MA, Kelcz F, Stratta RJ, 
Oberley TD (1988) Extraneous factors 
affecting resistive index. Invest Radiol 
23: 899-904 

15. Renowden S, Griffiths DFR, Nair S, 
Krishnan H, Cochlin DL (1992) Renal 
transplant sonography: correlation of 
Doppler and biopsy results in cellular 
rejection. Clin Radiol 42:265-269 

16. Rifkin MD, Needleman L, Pasto ME, 
Kurtz AB, Foy PM, McGlynn E, 
Canino C, Baltarowich OH, Pennell 
RG, Goldberg BB (1987) Evaluation of 
renal transplant rejection by duplex 
Doppler examination: value of the 
resistive index. Am J Roentgenol 
1481759-762 

17. Rigsby CM, Burns PN, Weltin GG, 
Chen B, Bia M, Taylor KJ (1987) 
Doppler signal quantitation in renal 
allografts: comparison in normal and 
rejecting transplants, with pathologic 
correlation. Radiology 162:39-42 

18. Saarinen 0, Ahonen J, Isoniemi H, 
Salmela K, Edgren J (1992) Acute 
rejection in kidney grafts with delayed 
onset of graft function. A duplex 
Doppler study. Transpl Int 5:159-161 

19. Skotnicki SH, van Asten WN, Beijne- 
veld WJ, van Roosmalen R, Hoitsma 
AJ, Wijn PF (1989) Evaluation of renal 
allograft function by Doppler spectrum 
analysis. A preliminary study. Transpl 
Int 2:16-22 

20. Splendiani G, Parolini C, Fortunato L, 
Sturniolo A, Costanzi S (2002) Resistive 
index in chronic nephropathies: predic- 
tive value of renal outcome. Clin 
Nephrol 57:45-50 

21. Vergesslich KA, Khoss AE, Balzar E, 
Schwaighofer B, Ponhold W (1988) 
Acute renal transplant rejection in chil- 
dren: assessment by duplex Doppler 
sonography. Pediatr Radiol 1 k474-478 




