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Abstract. Daily ultrasonographic measurements of trans- 
plant cross-sectional area were used to quantify allograft 
swelling as a diagnostic test for acute rejection in a series 
of 120 renal transplants. Initial graft function (IF) oc- 
curred in 86 patients (72%) and primary non-function 
(PNF) occurred in the remaining 34 (28 Yo). An increase in 
allograft cross-sectional area greater than or equal to 10 YO 
was defined as a positive ultrasound scan suggesting an 
acute rejection episode and was investigated by needle 
core biopsy. During periods of PNF, allografts with con- 
sistently negative ultrasound scans were submitted to 
needle core biopsy on a weekly basis. The diagnosis of re- 
jection was based exclusively on the histological findings. 
In the IF group, agreement between ultrasound and histo- 
logical diagnosis was good (k = 0.63, sensitivity 81 YO, spe- 
cificity 83 YO, positive predictive value 76 YO, negative pre- 
dictive value 86 YO and overall accuracy 82 % ). In the PNF 
group, agreement between ultrasound and histology was 
only fair (k = 0.46, sensitivity 77 %, specificity 70 YO, posi- 
tive predictive value 69 YO, negative predictive value 78 YO 
and overall accuracy73 %). It it concluded that a degree of 
allograft swelling is sometimes associated with acute tubu- 
lar necrosis, and this makes ultrasound measurements of 
transplant size a less useful technique of monitoring kid- 
neys with PNF. 
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Introduction 

Primary non-function (PNF) is a common complication of 
cadaveric renal transplantation [4,7]. During the period 
of delayed function the diagnosis of acute rejection is dif- 
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ficult because the serum creatinine cannot be used as a 
sign of graft dysfunction. Previous work in this unit has 
demonstrated that acute rejection is associated with renal 
allograft swelling, and ultrasound measurements of cross- 
sectional area have been used as a non-invasive method of 
diagnosing allograft rejection [12, 131. The aim of this 
study was to compare the accuracy of ultrasound nionitor- 
ing in the diagnosis of acute rejection in kidneys with 
initial function (IF) and those with PNF. 

Patients and methods 

A series of 120 cadaveric renal transplantations performed during a 
4-year period were studied. PNF was defined as the need for dialysis 
during the first 7 days after transplantation. All patients received an 
oral pre-operative dose of cyclosporin (5-8.5 mgikg) and 500 mg of 
methylprednisolone and 20 g of mannitol intravenously during 
the operation. In all cases immunosuppression was by cyclosporin 
(10-17 mgikg per day), either with steroids alone or with steroids 
and azathioprine (1 mgikg per day). 

After both vascular anastomoses had been completed, the kid- 
ney was placed in the best position to avoid kinking of the renal ves- 
sels, but where possible the transplant was placed in a specially 
created sub-rectus pouch as this leaves the transplant in a superfi- 
cial position and has been shown to improve the ultrasound image 
obtained [13]. 

Transplanted kidneys were scanned daily from the 1 st post-oper- 
ative day until discharge from hospital. All scans were performed by 
the same experienced ultrasonographer (A. B.) using an Aloka SSD- 
630 real-time ultrasound machine fitted with a 3.5 MHz linear array 
probe. After orientating the longitudinal and transverse axes of the 
kidney, the ultrasound probe was lined up over the hilum to demon- 
strate a transverse cross-section. The real-time image was then 
frozen to allow measurements to be taken. A hand-guided cursor 
was used lo trace the circumference of the hilar cross-section and 
from this the ultrasound software calculated and displayed the area 
of the cross-section in cm2. The mean values of four daily measure- 
ments of cross-sectional area (XSA) were used for analysis. 

The same cross-section of renal tissue was measured at each 
examination. To facilitate this, ultrasonographic anatomical refer- 
ence points were used to characterise and subsequently to identify 
individual cross-sections. The first reference feature used was the 
unique arrangement of the major vessels and the ureter at the hilum 
and the second was usually a prominent intra-parenchymal blood 
vessel. In addition, a Polaroid hard copy of each daily scan was kept 
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Table 1. Comparison of biopsy and ultrasound findings in kidneys 
with initial function 

Trucut biopsy findings 
Rejection No rejection Total 

Ultrasound in- 
crease in cross- 2 10% 54 7 61 
sectional area < 10 YO 12 33 45 
Total 66 40 106 

k = 0.63 

Table 2. Comparison of biopsy and ultrasound findings in kidneys 
with primary non-function 

Trucut biopsy findings 
Rejection No rejection Total 

Ultrasound in- 2 10% 21 10 31 
crease in cross- < 10 YO 5 20 25 
sectional arca 
Total 26 30 56 

k = 0.46 

Table 3. Transplant swelling (expressed as percentage increase in 
ultrasound-measured transplant cross-sectional area) in various 
sub-groups from the study. Values are mean ? SEM percentages. 
:ic P < 0.001 versus non-rejection-related dysfunction 

Group Transplants with Transplants with 
initial function primary non-function 

Non-rejection-rclat- 
ed dysfunction 
All rejection 
episodes 
1st rejection 
episodes 
2nd or 3rd 
rejection episodcs 

4.8 * 0.7 
(n  = 40) 
23.2 i 2.1 * 
(n  = 66) 
22.5 I4 .1  
(n  = 26) 
22.7 k 3.1 
( n  = 40) 

4.4 f 0.7 
(n = 30) 
21.8 i3.0" 
(n = 26) 
25.4 k 4.4 
(n = 10) 
23.7 i 2.9 
(n = 16) 

in order to aid the identification of the same cross-section at sub- 
sequent scans. 

For the purposes of this study, acute allograft dysfunction was 
defined as either an absolute rise in serum creatinine of more than 
30 pmolil or a 10% increase between successive estimations. 
Changes in transplant XSA over the same time interval were ex- 
pressed in percentage terms as previous studies in this unit have 
demonstrated that an increase in XSA of 10 YO or more is a signifi- 
cant increase in transplant size [lo, 121, and that such positive scans 
are suggestive of an acute rejection episode. All episodes of acute al- 
lograft dysfunction were investigated by needle core transplant bi- 
opsy performed under real-time ultrasound guidance using an auto- 
mated technique [ l l ] .  In addition, positive ultrasound scans in both 
IF and PNF kidneys were investigated by needle core biopsy. In PNF 
kidneys where ultrasound scans were consistently negative, biopsies 
were performed on a weekly basis until transplant function was es- 
tablished. All biopsy material was examined by one of two consul- 
tant histopathologists and the histological findings were used as the 
gold standard test for acute rejection. 

The decision to treat patients with anti-rejection therapy was 
based upon the clinical picture and the biopsy findings. Although the 
findings of ultrasound examination were taken into consideration 
when deciding upon the appropriate treatment for a particular epi- 
sode of acute allograft dysfunction, an increase in ultrasound- 

measured transplant size per se was never used as sufficicnt evidence 
for anti-rejection treatment. 

As for the statistical analysis, changes in transplant XSA in dif- 
ferent groups were compared using Student's t-test. The findings of 
ultrasound scanning and histology were compared and the agree- 
ment between the two was estimated using the kappa statistic (k). 
The method uses observed and expected frequencies and thus takes 
into account the level of agreement due to chance. A k value lying 
between 0 and 1 .O is gencratcd; values below k = 0.4 represent poor 
agreement, k = 0.414.6 fair agreement, k = 0.61-0.8 good agree- 
ment and above 0.8 agreement is excellent [ 11. The accuracy of ultra- 
sound scanning was also expressed as sensitivity, speciiicity, predic- 
tive values and overall accuracy [8 ] .  

Results 

Initial graft function (IF) occurred in 86 of the 120 trans- 
plants (72%) and primary non-function (PNF) was re- 
corded in the remaining 34 (28 YO).  In the IF group, 67 pa- 
tients (78Y0)underwentatleastoneneedlecorebiopsyand 
a total of 106 biopsies were performed. Forty-three pa- 
tients with IF (50 YO) were found to have suffered a total of 
66 rejection episodes (one rejection: 26 patients; two rejec- 
tions: 11 patients; three rejections: 6 patients). The results 
of the ultrasound analysis in the IF group are summarised 
in Table 1. Good agreement between ultrasound measure- 
ments and histological examination was found in the IF 
group (k = 0.63). True-positive ultrasound scans were asso- 
ciated with 54 of the 66 biopsies showing rejection and 
there were 12 false-negatives (sensitivity 82 YO). True-ne- 
gative scans were found in 33 of 40 biopsies that had ex- 
cluded rejection and there were 7 false-positives (speci- 
ficity 83 %). The positive and negative predictive values of 
ultrasound measurements in the IF group were 89 YO and 
73 YO, respectively, and the overall accuracy was82 YO. 

A total of 56biopsies were performed in the 34pa- 
tients with PNF. Acute rejection was demonstrated in 
26 biopsies from 17 patients, with the other 30 biopsies 
showing evidence of acute tubular necrosis but an ab- 
sence of the mononuclear cellular infiltrate associated 
with acute rejection. The rejection rate per patient 
(17/34 = 50 %) was identical to that in the IF group. The 26 
rejection episodes were distributed between 17 patients 
as follows: one rejection: 10 patients; two rejections: 5 pa- 
tients; three rejections: 2 patients. In patients with PNF, 
the agreement between ultrasound and biopsy was only 
fair (k = 0.46; Table 2). A significant increase in allograft 
XSA occurred during 21 of the 26 acute rejection episodes 
(sensitivity 81 %). In the no rejection group there were 20 
true-negative and 10 false-positive scans (specificity 
67%). The positive and negative predictive values of 
ultrasound during PNF were 68 % and 80 YO, respectively, 
and the overall accuracy was 73 % . 

The degree of allograft swelling (expressed as percent- 
age increase in ultrasound-measured transplant XSA) in 
various study groups is shown in Table 3. This shows signi- 
ficantly more transplant swelling during rejection in both 
IF  and PNF groups than in their corresponding non-rejec- 
tion groups. There were no significant differences in trans- 
plant swelling when comparing first rejections with sec- 
ond and third rejections in either the IF or the PNF group 
(Table 3). 
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the graft swelling associated with an acute rejection epi- 
sode [lo, 12, 131, but before the present study it had not 
been specifically investigated in transplants with PNF. 
Ultrasound has many features that support its use as a 
monitoring technique: it is simple, readily available, 
highly portable and totally non-invasive, thus allowing 
frequent serial examinations to be made. In addition, 
unlike a number of other radiological methods, ultra- 
sound demonstrates absolute linearity of measurement 
and the results are immediately available. It must be 
stressed, however, that real-time ultrasound scanning 
has been used as a method of kidney transplant surveil- 
lance in this unit for several years. All the scans have 
been performed by the same ultrasonographer, using a 
machine that is dedicated exclusively to transplant 
monitoring, and because of this a great deal of experi- 
ence has been built up. 

Duplex Doppler ultrasonography has recently been 
proposed as a useful non-invasive technique in the assess- 
ment of renal transplant dysfunction [14,16]. A number of 
quantitative indices have been used to describe the results 
of these techniques and a commonly used example that in- 
creases during acute rejection is the resistive index (RI). 
Unfortunately, PNF kidneys with acute tubular necrosis 
have been shown to have some of the highest RI values, 
and this particular analysis does not have high specificity 
in the diagnosis of acute rejection episodes [9]. 

Kidneys with PNF can demonstrate swelling that is of 
sufficient degree to be detectable by ultrasound measure- 
ments. This reduces the accuracy of the ultrasound tech- 
nique in the diagnosis of acute allograft rejection, which 
until now was thought to be the only cause of ultrasono- 
graphically detectable renal transplant swelling. 

Discussion 

The diagnosis of acute allograft rejection has traditionally 
been based on the clinical findings of graft tenderness, 
pyrexia and a diminishing urine output associated with a 
significant increase in serum creatinine. In renal allografts 
with PNF, urine output and serum creatinine are no longer 
useful indicators of transplant dysfunction. Furthermore, 
in the current cyclosporin era, florid rejection episodes are 
uncommon and so the clinical signs of rejection are often 
not helpful [17]. These factors make the diagnosis of acute 
rejection especially difficult in transplants that do not 
show initial function. PNF has been associated with 
poorer long-term graft survival in a number of recently re- 
ported series [2, 4, 51. Although the reasons for this are 
unclear, these results may reflect the difficulty in diagnos- 
ing acute rejection in transplants that do not function im- 
mediately [2,3]. 

The data presented here show that ultrasound is ap- 
proximately 10% less accurate in diagnosing acute rejec- 
tion when it is associated with PNF than when it is associ- 
ated with IF. In fact the sensitivity of the ultrasound 
method in the two groups of kidneys is comparable, the 
difference in accuracy being largely due to a high number 
of false-positive scans (10 out of 30) in the PNF group. 
This suggests that ultrasound detects a degree of swelling 
in one-third of PNF kidneys that do not undergo rejection. 
This is perhaps not surprising in view of the histopatho- 
logical findings in PNF kidneys which, as well as demon- 
strating the changes of acute tubular necrosis, may also 
show a degree of interstitial oedema. A wide spectrum of 
histopathological and functional severity is recognised in 
this process, and this variability presumably explains the 
fact that ultrasonographically detectable swelling has only 
been found in one-third of PNF kidneys. 

The shortcomings of ultrasound measurements in PNF 
kidneys do not totally invalidate their use in the patient 
with PNF. The method can still be of some value in defin- 
ing the need for an early needle core biopsy. In this situ- 
ation the predictive value of a positive ultrasound scan is 
68 YO, and although this is not exceptional, it is suggested 
that this is an improvement on clinical findings alone, 
which can be virtually useless. It must, however, be ac- 
cepted that a relatively high proportion of falsely positive 
scans will occur and that this will increase the negative bi- 
opsy rate. We do not feel that this is crucial because in this 
unit PNF kidneys are biopsied regularly as a matter of 
protocol. Most units still use histological examination of 
the transplanted kidney as the final arbiter in the diagnosis 
of acute rejection. Although the use of real-time ultra- 
sound guidance and meticulous technique has made 
needle core biopsy of the transplanted kidney both sim- 
pler and safer [6] ,  the technique remains an invasive one 
with a definite complication rate. It is, therefore, unsuit- 
able as a means of regular, sequential allograft monitor- 
ing. 

Fine needle aspiration biopsy [2] and intra-renal 
manometry [15] may be helpful in this respect but are 
also invasive, albeit less so than needle core biopsy. 
Ultrasound measurement of transplant XSA has proved 
to be an accurate and reproducible method of assessing 
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