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Careful clinical monitoring in comparison 
to sequential Doppler sonography 
for the detection of acute rejection in the 
early phase after renal transplantation 

Abstract Acute rejection is the 
most frequent cause of early graft 
failure. There is unanimity that 
Doppler sonography is a helpful 
method for the detection of compli- 
cations after kidney transplantation. 
In the past, the indication for renal 
biopsy relied mainly on clinical as- 
sessment, although this assessment 
has not been standardised. There- 
fore, we conducted this prospective 
study to compare the value of se- 
quential Doppler measurements 
with a standardised clinical rejection 
score, based on renal function, 
weight gain, graft swelling and ten- 
derness. Fifty-eight patients 
(37 males, 21 females, mean age 
46 f 12 years) after kidney trans- 
plantation were consecutively en- 
rolled into the study. Doppler inves- 
tigations were obtained within the 
first 24 h after transplantation, fol- 
lowed by an interval of 48-72 h. At 
the same time, a clinical examination 
was scored by a transplant physician 
blinded to the Doppler results. Clin- 
ical score and Doppler results, both 
were referred to the histological re- 
sults of renal biopsy. In 24 out of 58 
patients 25 acute rejections oc- 
curred. In seven patients, acute re- 

jection was superimposed on prima- 
ry graft failure. The cut-off levels for 
rejection were set at RI 2 0.80 and 
PI 1 1.70 based on receiver-operator 
curves using data from 663 Doppler 
examinations. Sensitivity and speci- 
ficity was 72 YO for RI, and 72 % and 
74 YO for PI, respectively. The calcu- 
lation of the intraindividual increase 
(ARI 1 3  %, API 1 10 %) did not im- 
prove these values. The clinical score 
revealed a sensitivity and specificity 
of 82 % and 87 YO, respectively. The 
combined analysis of Doppler indi- 
ces and clinical score showed a sensi- 
tivity of 96 % with a specificity of 
66 Yo. Careful clinical monitoring 
alone using a clinical score is an ap- 
propriate procedure with which to 
decide about renal biopsy. Our data 
show that Doppler sonography 
should be performed within the first 
24 h after transplantation to evaluate 
graft perfusion and baseline values. 
Afterwards, it should be used when 
clinical signs of rejection occur to 
underline the decision for renal bi- 
opsy even in borderline cases. 
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transplant physician. There is unanimity that Doppler 
sonography is valuable for the evaluation of vascular 

Introduction 

Early graft function is a major determinant of graft sur- complications which may induce early graft failure, e.g. 
viva1 after renal transplantation [5]. Thus, differential renal artery stenosis and thrombosis of the graft [7, 9, 
diagnosis of early graft failure is a challenge for every 101. 
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Nevertheless, acute rejection is the most frequent 
cause of early graft failure. In the past, the indication 
for renal biopsy relied mainly on clinical assessment, al- 
though this assessment has not been standardised [l, 
171. It seems feasible that the Doppler technique can de- 
tect acute rejection, since there may be an increase of 
renal vascular resistance due to organ swelling during 
rejection [16]. Accordingly, many authors determined 
intrarenal Doppler parameters, e. g. the resistive index 
(RI) and the pulsatility index (PI), for the detection of 
acute rejection after renal transplantation [ 2 4 ,  8, 
18-20]. Because both acute rejection and acute tubular 
necrosis are associated with elevated RI or PI, there 
are major problems in distinguishing these frequent 
causes of early graft failure by a “snap-shot-picture” [2, 
6, 181. Since Doppler indices depend mainly on recipi- 
ent-related factors, sequential measurements are proba- 
bly more reliable [12]. 

In consequence, some authors reported encouraging 
results by scanning the grafts sequentially after trans- 
plantation [7, 13, 21,24,25]. In these studies, acute re- 
jection was diagnosed by intraindividual comparison of 
Doppler indices (ARI, API). The indices usually rise 
during rejection, while acute tubular necrosis is charac- 
tensed by initially high but later decreasing Doppler in- 
dices [24]. From these studies, however, it cannot be de- 
cided whether time consuming sequential Doppler mea- 
surement is indeed the better approach to detect rejec- 
tion than careful clinical monitoring [7,13,21,24]. 

Therefore, we conducted this prospective study to in- 
vestigate the value of sequential Doppler measurements 
for the detection of acute rejection and to compare this 
technique with a standardised clinical rejection score. 
Doppler and clinical results, both were referred to the 
histological results of renal biopsy. 

Materials and methods 

Patients 

Fifty-eight kidney transplantations were consecutively performed 
in our unit. All patients (37males, 21 females, mean age 
46 i 12 years, range 22-68) were enrolled into the study. The mean 
cold ischemic time was 25 f 7 h (range 2-38). All subjects received 
standardised immunosuppressive therapy consisting of steroids 
(0.2-0.5 mg/kg per day in the first month), azathioprine (2.0 mg/kg 
per day in the first month) and cyclosporine A (target serum trough 
level 180-220 ng/ml). In the case of pnor renal transplantations (13 
subjects with second transplantation and two subjects with third 
transplantation), anti-T-lymphocyte-globulin of the rabbit (ATG- 
Fresenius 10 mYday) was administered for the first 10 days. Prima- 
ry graft failure occurred in 21 of the 58 patients (36%), so that he- 
modialysis was required for a mean period of 17 i ll days (range 
1-48) in these patients. The mean heart rate during Doppler exam- 
ination was 81 * 13 beatdmin (range: 48-130) and the mean arterial 
blood pressure was 108.5 * 14.7 mmHg (range: 67-170) measured 
in the supine position. 

I )oppler measurements 

luring hospitalisation, all patients were prospectively scanned 
Kith a total number of 663 colour Doppler studies (mean: 11 * 4 
;tudies / patient). In each patient, the first Doppler examination 
gas done within 24h after transplantation. At interval’s of 
18-72 h, sequential Doppler measurements were carried out by 
the same investigator, who was blinded to the clinical course of 
the patients. The grafts were scanned with a phased array 
2.5-3.5 MHz transducer (Acuson 128 XP10, Mountain View, Ca- 
lif., USA) in the supine position. Interlobar and segmental renal ar- 
teries were visualised by the colour mode as previously described 
[11]. In each instance, RI and PI were calculated from the Doppler 
spectra using the following ratios: RI = peak systolic velocity - end 
diastolic velocity I peak systolic velocity; PI = peak systolic velocity 
- end diastolic velocity I mean velocity. 

The values of six different spectral samples were averaged to 
the mean RI or PI of the graft, which were used for statistical eval- 
uation. The intraindividual difference of two consecutive measure- 
ments (ARI, API) was calculated and referred for statistical evalu- 
ation. Additionally, RI and PI were corrected for heart rate accord- 
ing to the forrnular published by Schwerk et al.; however, this car- 
rection did not influence sensitivity and specificity of the indices 
(data not shown) [22]. RI and PI correlated neither with the mean 
arterial blood pressure nor with the cyclosporine trough levels, SO 
that these values were not considered for evaluation. 

Clinical score 

On the same day as Doppler examination, the patients were inves- 
tigated by an experienced transplant physician, who was blinded to 
the results of Doppler sonography. This clinical investigation was 
scored with a maximum of 15 points accordingly to a created pro- 
tocol. This protocol included consideration of serum creatinine 
level, daily diuresis, weight gain and body temperature of the re- 
cipient as well as the size and tenderness of the graft (Table 1). 

Finally, a third physician, unaware of Doppler results and clini- 
cal score, examined the patients on his daily visit. This independent 
physician initiated renal biopsy in the case of suspected acute re- 
jection before specific therapy was started. Biopsies were also rou- 
tinely performed when prolonged primary graft failure occurred 
( > 10 days). The histological results were classified according to 
the Banff classification [23] and served as the gold standard to 
evaluate the accuracy of Doppler sonography and clinical score. 
The date of biopsy was defined as the day of rejection (day 0) for 
further calculations. 

Table 1 The clinical score for the diagnosis of acute rejection in 
the early period after renal transplantation 

Parameters 1 points 2 points 3 points 
Size of the graft Small Normal Large - 

I Tenderness of the graft Smooth Normal Firm 

Increase of serum creatinine 
(mgldl per day) 
Decrease of daily diuresis 

Increase of body weight 

Body temperature (“C) < 37 37-38 > 38 

< 0.3 > 0.3 

(muday) <300 >300 

W a y )  c500 >500 
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Statistical analysis 

All values are expressed as means * SD. The Mann-Whitney rank 
sum test was used for the comparison of two not normally distrib- 
uted groups. P < 0.05 was considered statistically significant. Uni- 
variate linear logistic regression analysis was performed to deter- 
mine associations between Doppler indices, hemodynamic param- 
eters and cyclosporine levels. Sensitivity, specificity and predictive 
values were determined using the four-fold-table. Receiver-opera- 
tor-curves (ROC) were calculated for different cut-off values of 
the parameters, referred to the histological results of biopsy. 

Results 

Renal biopsy 

During the study period, a total of 30 renal biopsies 
were taken from the 58 recipients. In a mean time of 
10 i 8 days after transplantation, 25 acute rejections oc- 
curred in 24 patients and were histologically classified 
(three mild, eight moderate and four severe interstitial 
lesions, six moderate vascular lesions and four mixed 
forms). In seven out of the 24 patients, acute rejection 
was superimposed on primary graft failure. Five renal 
biopsies revealed acute tubular necrosis without any 
signs of acute rejection. Four grafts had to be explanted 
due to arterial thrombosis (one), refractory acute inter- 
stitial rejection (one) and vascular rejection (two). 

Doppler sonography 

RI and PI 

Based on 663 Doppler measurements in the total study 
group, the mean RI and PI was 0.75f0.09 (range 
0.44-1.00) and 1.71 * 1.76 (range 0.47-35.1), respective- 
ly. In general, patients with acute rejection had signifi- 
cantly higher Doppler indices than patients without re- 
jection (mean RI: 0.77 f 0.09 versus 0.74 f 0.09; 
P c 0.05, mean PI: 1.92 i 2.47 versus 1.52 f 0.57; 
Pc  0.OOOl). The first Doppler values (c24 h after 
transplantation) of the patients with primary graft fail- 
ure (n = 21) were significantly higher than that of the 
patients with primary functioning grafts (n = 37) (mean 
RI: 0.75 * 0.12 versus 0.68 f 0.10; P c 0.01, mean PI: 
1.86 i 1.28 versus 1.27 i 0.34; P c 0.005); however, there 
was a large overlap (Fig. 1). 

The intraindividual follow-up of the patients with re- 
jection revealed a significant rise of both RI and PI at 
the time of rejection (day 0) referred to the prior value 
(mean RI: 0.84 f 0.10 versus 0.77 * 0.11; P c 0.05, mean 
PI: 2.87 f 3.80 versus 2.33 * 3.70; P c 0.05) (Fig. 2 a, b). 
Both RI and PI of the grafts without rejection did not 
differ intraindividually during the follow-up. The fol- 
lowing cut-off values were determined by the ROC: 

0 Patients with primary graft function 
EBB Patients with primary graft failure 

*i 

N = 37 N = 2 1  
Fig.1 The open bars show the means * SD of the resistive index 
(RI)  measured within 24 h after transplantation in patients with 
primary graft function (n = 37). The hatched bars show the 
means f SD of the first RI of the patients with primary graft failure 
(n = 21). There is a significant difference (P c 0.01) between the 
two groups tested with the Mann-Whitney test 

RI20.80 with ARI13% and PI21.70 with 
API 2 10% (Fig.3). The values of diagnostic accuracy 
for these thresholds are given in Table 2. 

There was no correlation between Doppler indices 
and possibly influencing factors, e. g. cyclosporine 
trough levels, mean arterial blood pressure or heart 
rate (data not shown). 

Clinical score 

The mean clinical score of the patients with acute rejec- 
tion (n = 313 clinical examinations) was higher than that 
of the patients without rejection (n = 350 clinical exam- 
inations) (8.2 * 2.2 versus 7.8 i 2.1 patients, P < 0.01). 
At the time of rejection (day 0), the mean score of the 
24 patients was significantly increased compared with 
the previous value (11.1 * 1.9 versus 8.0 f 1.7 patients; 
P < 0,001) for the same patient (Fig.4b). The ROC re- 
vealed the best cut-off value at 2 10 patients for the di- 
agnosis of acute rejection (Fig. 3). Using this criterion, 
the sensitivity and specificity of the score was 88 YO and 
82 % , respectively; however, the positive predictive val- 
ue was rather low (25.6%). The calculation of relative 
values, e.g. percentage of the increase of the score, did 
not improve the results (Table 2). 
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Fig.Za, b The pulsatility index ( P f )  and resistive index ( R f )  of the 
24 patients with acute rejections are shown as means i SD during 
the rejection period. Day 0 was defined as the day of rejection, 
when a biopsy was taken and antirejection therapy was started. 
The Doppler examinations were performed with an interval of 
48-72 h. Mean PI and RI obtained on the day of rejection (day 0) 
differed significantly (P < 0.05) in comparison to the prior value 

- 4 - 3 - 2 - 1  0 1 2  3 4 5 6 

-C RI (0.70- 0.90) 
--c d R I ( O % - 1 2 % )  -- dPI ( 1 % - 20 Yo) 
A -  PI ( 1 . 1  - 2 . 0 )  

. . + .. Clinical Score ( 5 - 14 Pts) \ &: 
. +  

Combination of Doppler measurements 
and clinical score 

The combined analysis of Doppler indices and clinical 
Score showed an improved sensitivity of 96 YO for the de- 
tection of acute rejection. This improved diagnostic ac- 
curacy based on two patients with acute rejection, who 
had elevated RI and PI ( 2 0.80 and 2 1.70, respectively) 
without significant clinical signs of rejection (score < 10 
patients). The specificity of combined clinical and Dop- 
pler monitoring, however, was rather low, with 66% 
due to the high number of falsely elevated Doppler indi- 
ces (RI 2 0.80; PI 2 1.70) in the 34 patients without re- 
jection. 

- 
Discussion 
We tested the utility of Doppler sonography in compari- 
son to a clinical score for the detection of acute rejection 
early after kidney transplantation. Using sequential 
measurements we could not confirm the encouraging re- 
sults of previous Doppler studies [7, 13, 21, 241. With 
standardised intraindividual follow-up and defined cut- 
off values of ARI ( > 3%) and API ( > 10%). the sensi- 
tivity and specificity were rather low. However, the best 
but still rather disappointing sensitivity and specificity 
was calculated for absolute cut-off values of RI and  PI 
(Table 2). Our findings are in clear contrast to previous 
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Fig-la, b The score of 34 patients without rejection and the score 
of 24 patients with rejection are shown as means * SD. Day 0 was 
defined as the day of rejection, when biopsy was taken and antire- 
jection therapy was started. The clinical examinations were per- 
formed with an interval of 48-72 h. The mean score obtained at 
the day of rejection (day 0)  differed significantly (P < 0.0001) in 
comparison to the previous value 

Table 2 The cut-off values with sensitivity, specificity, positive pre- 
dictive value (PPV) and negative predictive value (NPV)  of the 
clinical score and of the Doppler indices for the diagnosis of acute 
rejection in the early post-transplant period 
Parameters Sensitivity Specificity PPV NPV 

RI 2 0.80 72 72 17.6 96.6 
ARI 2 3% 68 68 15.8 92.4 
PI 2 1.70 12 74 17.9 96.5 
API 2 10% 72 72 16.6 93 
Score 2 10 pts 82 87 25.6 98.2 
A Score 2 12 % 74 74 20.1 96.4 

(”/.I (”/I (Yo) (Yo) 

published studies which considered follow-up values 
and reported increased sensitivities and specificities of 
the sequential Doppler technique [7,13,15,21]. 

Hollenbeck et al. calculated the daily increase of RI 
and PI; however, the measurements were only perform- 
ed twice a week [7]. In this particular study, a continuous 
rise of the indices was considered as a true positive re- 
sult in patients with rejection. However, the magnitude 
of the rise of the indices is not specified. Our data sug- 
gest that there is a high rate of falsely positive scans 
due to elevated Doppler indices in normal functioning 
grafts without any signs of rejection. 

Rob et al. [21] retrospectively calculated maximum 
differences of RI and PI values in the intraindividual 
course of patients during normal and pathological func- 
tion. They found significant maximum differences in 
the indices of patients with several parenchymal disor- 
ders, e. g. acute tubular necrosis and vascular rejection. 
However, this procedure does not seem practicable, be- 
cause the time of normal function with the lowest index 
as well as the time of worst function with the highest in- 
dices cannot be prospectively defined. Therefore these 
differences are of no clinical use for prospective Dop- 
pler monitoring in the daily routine. Leimenstoll et al. 
observed a significant rise of PI during rejection epi- 
sodes when performing daily measurements. Compar- 
ing the Doppler results (increase of PI > 20 YO) with the 
results of biopsies, they found an impressive sensitivity 
and specificity of 94% and 96%, retrospectively [13]. 
These authors calculated the baseline values as an aver- 
age of five consecutive measurements during stable 
graft function. This means, on the one hand, that a long- 
er period of stable graft function is necessary for com- 
parison. On the other hand, the variation of the single 
examination is neglected by this procedure. Further- 
more, daily scanning seems not to be practicable in the 
daily routine of a transplant unit. 

In our study, the Doppler indices obtained at the first 
postoperative day were significantly elevated in the 
grafts with primary failure in comparison with that of 
the normally functioning grafts. This is in agreement 
with previous studies [14,15,24]. However, we found a 
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large overlap of the data, so that it seems difficult to 
identify acute tubular necrosis in an individual patient. 

In contrast to all previous Doppler studies, we eval- 
uated a clinical rejection score to assess the efficacy of 
Doppler monitoring. Surprisingly, the ROCs of the dif- 
ferent parameters revealed the best accuracy for the 
clinical score (Fig.3), as shown by the greatest area un- 
der the curve. The combination of Doppler sonography 
and clinical examination improved the sensitivity; how- 
ever, due to the large number of falsely elevated Dop- 
pler indices in patients with normal functioning grafts, 
the specificity and positive predictive was rather low. 
This means that sequential Doppler sonography will in- 
duce many transplant biopsies, which will eventually 
show no histological signs of rejection. It is question- 
able whether this is indeed a disadvantage. A higher 

sensitivity of 96% will ensure that less acute rejections 
will be overlooked by the combination of both proce- 
dures. 

Our data show that careful clinical monitoring is at 
least an appropriate procedure to detect acute rejection 
and to decide about renal biopsy. Furthermore, time 
consuming sequential Doppler measurements were of 
no use to increase the accuracy. We conclude that Dop- 
pler sonography should be performed within the first 
24 h after transplantation to evaluate graft perfusion 
and baseline values. Afterwards, it should be exclusively 
used when clinical signs of rejection occur. Acute rejec- 
tion should be suspected if either RI 20.80 or PI 1 1.70 
are measured. It has to be proven in further studies 
whether the created clinical score can be established in 
the daily routine. 
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