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Objective: To test the hypothesis that the renal medulla may reflect rejection related changes and thus have
a predictive value in the assessment of acute renal allograft rejection or chronic graft damage.
Methods: 75 post-transplant biopsies from 57 patients were scored according to the Banff 1997 scheme.
The biopsies with adequate cortical and medullary tissue (n = 23) were selected and medullary tissues were
reviewed for rejection related lesions except intimal arteritis. Chronic damage was determined by image
analysis depending on periodic acid-methenamine silver (PAMS)-Masson trichrome (MT) staining.
Medullary and cortical changes were compared.
Results: Interstitial inflammation and tubulitis were more frequent and severe in the cortex (p,0.001).
Medullary tubulitis was associated with intimal arteritis (p = 0.003, r = 0.598). Medullary interstitial
inflammation (n = 8) and tubulitis (n = 4) were associated with cortical borderline changes (n = 5) or
allograft rejection (n = 3). The sensitivity, specificity, and positive and negative predictive values of
medullary inflammatory changes in predicting cortical allograft rejection were 43%, 69%, 37%, and 73%,
respectively. A significant association was observed between medullary MT-SAP and cortical PAMS-SAP
values (p = 0.02, R2 = 0.23).
Conclusions: Acute rejection related lesions are more common and severe in the cortex, and the renal
medulla does not sufficiently reflect cortical rejection. The positive and negative predictive values of
medullary changes for allograft rejection are low, and medullary inflammation is not a reliable indicator of
allograft rejection. Increased medullary fibrosis is correlated with chronic cortical damage.

P
ercutaneous needle biopsy of the transplanted kidney is
still the gold standard technique for the accurate
diagnosis of acute renal allograft rejection, although

various other methods such as magnetic resonance imaging,
urine cytology, and fine needle aspiration cytology have been
introduced to monitor allografts.1–4

The diagnosis of acute renal allograft rejection relies on the
evaluation of a reasonable sample of cortex, which is defined
as a biopsy with at least seven glomeruli and one artery by
the Banff classification of renal allograft biopsies.5 However,
on occasion renal pathologists encounter with a biopsy
containing mostly medulla and only a small piece of cortical
tissue or solely renal medulla. Unfortunately, the patterns of
acute or chronic immunological injury in the renal medulla
have not been well studied, and only two studies have
investigated the renal medulla histologically in renal allograft
biopsies.6 7 Wang et al7 have suggested that rejection grades
are similar in cortex and medulla, and medullary changes
have a high specificity (100%) and a low sensitivity (77%) for
cortical rejection. In contrast to these results, Bonsib et al6

found that most rejection reactions took place in the cortex,
the medulla being devoid of any sign of rejection in eight of
19 allograft biopsies with acute cellular rejection.

This retrospective study was designed to explore whether
medullary changes can predict acute renal allograft rejection
or chronic graft damage. Semiquantitative lesion scoring
according to the Banff criteria and quantitative measure-
ments using computer assisted image analysis were under-
taken to compare the medullary and cortical changes in
kidney transplants with impaired renal function.

METHODS
Patients
The study group comprised 40 male patients (70%) and 17
female (30%). Their mean (SD) age was 33.2 (12.2) years

(range 9 to 58). The period following renal transplantation
until biopsy ranged from 10 days to 121 months (median
4 months). The biopsies were done for impaired renal
function. The median serum creatinine at the time of biopsy
was 185.6 (70.7) mmol/dl (range 123.8 to 486.2). The patients
were receiving prednisolone, ciclosporine A, azathioprine, or
mycophenolate mofetil at the time of biopsy procedure and
were treated by pulse steroid or antilymphocyte globulin if
acute rejection was identified or ciclosporine A dose was
decreased for cases with signs of toxicity.

Renal allograft biopsies
Seventy five non-protocol post-transplant biopsies from 57
renal allograft recipients were included in the study. All but
two biopsies were adequate for interpretation according to
the criteria set up by the Banff classification5 that the biopsy
should contain at least seven glomeruli and one artery. All
samples were routinely processed for paraffin embedding and
sectioned at 3 mm thickness. The biopsies were evaluated by
at least three haematoxylin and eosin, one periodic acid
Schiff, one periodic acid-methenamine silver (PAMS), and
one Masson trichrome (MT) stained sections and were scored
according to the Banff classification of renal allograft
biopsies.5

Of the 75 biopsies, 23 (30.7%) contained both cortex and
medulla, and medullary tissues were reviewed for rejection
related lesions except intimal arteritis. Interstitial inflamma-
tion and tubulitis in the medulla were scored according to the
Banff guidelines.5 Interstitial oedema was also noted. Chronic
medullary changes, such as tubular atrophy (ct) and
interstitial fibrosis were evaluated. Atrophy in medullary
tubules was defined as tubules with thickened basement

Abbreviations: MT, Masson trichrome; PAMS, periodic acid-
methenamine silver; SAP, stained area percentage
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membranes and was scored semiquantitatively as in the
Banff criteria.5

Image analysis
Chronic cortical damage was determined quantitatively by
computerised digital histochemistry image analysis, depend-
ing on PAMS staining as described previously.8 In addition,
interstitial fibrosis in medullary tissues was measured by
image analysis on MT staining, which is described in details
in the following section. Medullary and cortical changes were
compared statistically.

Digital images were obtained from PAMS and MT stained
renal allograft biopsies using a 3CCD colour video camera
(Olympus DP70), connected to a light microscope (Olympus
BX51) at an original magnification of 640. Images were
processed with Mediscope Image Analysis Software
(Mediscope, Dokuz Eylul University, Clinical Engineering
Department, Izmir, Turkey), modified from that described
previously.8–11 In each case, 20 high power field images (total
area, 317 560 mm2)—10 from cortical areas and 10 from
medullary areas—were selected and acquisition and digita-
lisation undertaken.

The measurement of renal scarring in cortex was done with
PAMS staining, which reflects all renal compartments.
Quantification with PAMS in medullary tissue was not
applicable because of an unreliable uniform dark brown
staining in almost all areas. Thus MT staining was preferred
for measuring interstitial fibrosis in medullary areas. To
standardise the analysis and compare similar areas in
different cases, we selected areas of medulla that followed
a route from the outer to the inner zones. While medullary
tissues in biopsies were generally scanty, the captured images
represented nearly the entire medullary tissue.

For each captured area, the percentage of area stained with
a selected colour was determined semiautomatically. First the
area stained green for MT and black-dark brown for PAMS
were selected by the pathologist on visual observation by

multiple clicking on the image. Subsequently, the system
selected the areas with the same configuration of staining,
converted into pixel density units, and presented the area
of selection as a percentage within each field, including
any structural component, glomeruli, tubules, interstitium, or
vascular structures for PAMS measurement, and only
interstitium for MT measurement (figs 1 and 2). To allow
the pathologist to repeat the procedure until optimum
selection was achieved, each selected view could be
examined. A mean of 10 fields was analysed and called
‘‘stained area percentage’’ (SAP) for the cortical and
medullary tissue.

Figure 1 Periodic acid-methenamine silver (PAMS) stained section of a
renal allograft biopsy showing the scarred regions in cortex (A) before
and (B) after the selection for image analysis measurement of the black-
brown stained area.

Figure 2 Masson trichrome stained section of a renal allograft biopsy
demonstrating interstitial fibrosis (A) before and (B) after the selection for
image analysis measurement of the green stained area.

Table 1 Comparison of acute and chronic changes in 23
renal allograft biopsies containing both cortex and
medulla

Change* Cortex (n = 23) Medulla (n = 23) p Value

I 1.0 (0.5) 0.4 (0.5) ,0.001�
T 1.2 (0.7) 0.2 (0.5) ,0.001�
V 0.26 (0.6) –
G 0.3 (0.5) –
CT 1.17 (0.7) 0.48 (0.7) 0.002�
CI 1.17 (0.7) –
CV 0.78 (0.8) –
AH 0.55 (0.9) –
CG 0.2 (0.5) –
SAP 12.7 (5.9) (PAMS) 19.2 (10.6) (MT) 0.02`

Values are mean (SD).
*Based on the Banff classification for renal allograft pathology.5

�Mann–Whitney U test.
`Linear regression test.
AH, arteriolar hyaline thickening; CG, allograft glomerulopathy; CI,
interstitial fibrosis; CT, tubular atrophy; CV, vascular fibrous intimal
thickening; G, glomerulitis; I, interstitial inflammation; SAP, stained area
percentage obtained by computed image analysis using PAMS (periodic
acid-methenamine silver) or MT (Masson trichrome staining); T, tubulitis;
V, vasculitis.
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Reproducibility and reliability analyses have previously
shown that the measurement of SAP by computer assisted
image analysis is a highly reliable method (intraclass
correlation coefficient = 0.98).9

Statistical analysis
Data analyses were undertaken using SPSS 11.0 (Chicago,
Illinois, USA). The Mann–Whitney U test was used to
compare differences between groups. The relations between
variables were investigated using Pearson’s rank correlation
and linear regression analysis. The level of significance was
set at p,0.05. All values are given as mean (SD) unless noted
otherwise.

RESULTS
Of the 75 biopsies, 23 (30.7%) contained both cortex and
medulla. The Banff scores—mean PAMS-SAP in cortex, and
MT-SAP in medulla—are summarised in table 1. Of the 23
biopsies, seven (30.4%) had acute renal allograft rejection
(allograft rejection), 12 (52.2%) had borderline changes, five
(21.7%) had chronic allograft nephropathy, and seven
(31.8%) had calcineurin inhibitor toxicity.

Acute medullary lesions were as follows: eight biopsies
(34.7%) showed mild to moderate interstitial mononuclear
cell infiltration (fig 3A), five (21.7%) showed interstitial
oedema, and four (17.3%) showed focal tubulitis (fig 3B)
(three mild and one moderate). The interstitial inflammation
and tubulitis were more common and severe in cortex than in
medulla (p,0.001). Medullary tubulitis was significantly
associated with intimal arteritis (p = 0.003, r = 0.598).
However, no significant association was found between
medullary tubulitis scores and other acute cortical lesions
such as glomerulitis, cortical tubulitis, and interstitial
inflammation (p.0.05). Similarly, no significant correlation
was found between cortical acute Banff scores and medullary
intersititial inflammation and oedema (p.0.05).

The biopsies with medullary interstitial inflammation
(n = 8) and tubulitis (n = 4) were associated with either
cortical borderline changes or allograft rejection. Of the eight
biopsies with medullary intersititial inflammation, three
(37.5%) had allograft rejection, and five (62.5%) had
borderline changes in the cortex. Of four biopsies with
medullary tubulitis, one had allograft rejection and three had
borderline changes in the cortex. Sensitivity and specificity of
renal medullary changes for acute renal allograft rejection in
23 biopsies containing both cortex and medulla are given in
table 2. The sensitivity, specificity, and positive and negative
predictive values of medullary interstitial inflammation and
tubulitis in predicting cortical allograft rejection were 43%,
69%, 37%, and 73%, respectively. Medullary tubulitis alone
had similar specificity (81%) and negative predictive value
(68%), but had lower sensitivity (14%) and lower positive
predictive value (25%) for cortical allograft rejection.
However, if allograft rejection and borderline category are
collapsed, medullary tubulitis and interstitial inflammation
had 100% specificity and positive predictive value for cortical
allograft rejection and borderline changes, but had lower
sensitivity (21% and 42%, respectively) and lower negative
predictive value (21% and 27%, respectively).

Of the 23 biopsies, eight (34.7%) showed mild to moderate
tubular atrophy in the medulla. Not surprisingly, cortical
tubular atrophy was significantly greater than medullary
tubular atrophy (p = 0.002). In 23 cases containing both
cortex and medulla, the mean PAMS-SAP in the cortex was
12.7 (5.9) (range 4.94 to 31.12), and the mean MT-SAP in
medullary areas was 19.2 (10.6) (range 1.43 to 47.58). There
was a significant correlation between medullary MT-SAP and
cortical PAMS-SAP values (p = 0.02, R2 = 0.23; fig 4). Cortical
PAMS-SAP was correlated with cortical tubulitis (p = 0.03,
r = 0.451), interstitial inflammation (p = 0.02, r = 0.476), and
the time between transplantation and biopsy (p = 0.003,
r = 0.599). Medullary MT-SAP values were not correlated
with cortical Banff scores or the time from transplantation to
biopsy (p.0.05). In addition, no significant association was
found between serum creatinine at time of biopsy and
cortical PAMS-SAP or MT-SAP values (p.0.05), which was
not surprising as the majority of cases had impaired renal
function (serum creatinine at time of biopsy, 194.5 (61.9)
mmol/l).

DISCUSSION
The present study shows that medullary inflammatory
changes accompany either cortical acute rejection or at least
cortical borderline changes, and none of the biopsies with a

Figure 3 (A) Interstitial mononuclear cell infiltration and (B) tubulitis
(arrows) in the renal medulla from a renal allograft recipient with cortical
borderline changes. (Haematoxylin and eosin, original magnification
6400.)

Table 2 Sensitivity and specificity of renal medullary
changes for acute renal allograft rejection in 23 biopsies
containing both cortex and medulla

Cortex (n = 23)

Medulla (n = 23)

Tubulitis
Interstitial
inflammation

Acute rejection (n = 7) 0.3 (0.7) 0.43 (0.53)
Borderline changes (n = 12) 0.25 (0.45) 0.5 (0.67)
No evidence of rejection
(n = 4) 0 0

Tubulitis in
medulla

Interstitial
inflammation in
medulla

Sensitivity 14% 43%
Specificity 81% 69%
Positive predictive value 25% 37%
Negative predictive value 68% 73%
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medullary infiltrate had normal corresponding cortical tissue,
which justifies the statement that medullary inflammatory
lesions provide evidence for acute renal allograft rejection. On
the other hand, the absence of rejection related changes in
the medulla does not rule out allograft rejection, which limits
the diagnostic value of renal medulla for allograft rejection,
and necessitates repeating the biopsy procedure to obtain
adequate cortical tissue.

The intensity of rejection infiltrate and tubulitis is greater
in the cortex, which could be related to anatomical,
metabolic, or antigenic differences between the renal cortex
and the renal medulla. It is known that in acute rejection,
class II MHC antigens are induced in different parts of the
nephron including the proximal and distal tubules, as well as
in the collecting ducts.12 13 Additionally, both proximal and
distal tubules can be induced to express adhesion molecules
for inflammatory cells such as intercellular adhesion mole-
cule-1 during rejection.14 The proximal tubular cells have
been suggested as the main targets for lymphocyte invasion
owing to their ability to function as antigen presenting cells
and to the relative length of the proximal segments.15 16 In
contrast to these considerations, morphometric ultrastruc-
tural studies have shown that the distal tubules and cortical
collecting ducts are the most common sites of tubulitis.17 18

There are no data comparing the quantitative characteristics
of cortical and medullary tubulitis. Wang et al7 have reported
that semiquantitative intensities of rejection related lesions
are similar in cortex and medulla. This is in contrast to our
results that cortical tubulitis and interstitial inflammation are
more common and intense than in medulla, which is similar
to the gradient of rejection intensity reported by Bonsib et al.6

However, these results do not explain the mechanisms
operating the different histological manifestations of rejec-
tion in medulla and cortex, and it would be interesting to
learn whether expression patterns of HLA class II antigens or
adhesion molecules are different in cortical and medullary
tubules and vascular endothelium.

The renal medulla has not been well studied in many forms
renal disease including allograft biopsies. In the current

study, we measured the chronic graft damage in both
medulla and cortex in renal transplant biopsies on the basis
of quantitative MT and PAMS histochemistry. PAMS staining
includes thickened basement membranes of atrophic tubules,
sclerosed glomeruli, and glomeruli with double contours,
arteries with intimal thickening and increased layers of
lamina elastica, and also interstitial fibrotic areas probably
containing remnants of atrophic tubular basement mem-
branes. We have previously shown that quantification with
PAMS by image analysis in transplant biopsies with chronic
allograft nephropathy reflects the renal scarring in more than
one compartment and correlates with renal function.8 In the
current study, cortical quantitative PAMS values in renal
transplants with impaired function are significantly corre-
lated with the time from transplantation to biopsy and
cortical tubulitis inflammation scores, and this correlation
may reflect the burden of injury from immune or non-
immune mechanisms, including aging of the allograft.
Herein, we also measured the medullary interstitium by
image analysis, depending on quantification with MT
staining, and found that medullary fibrosis develops in
kidney transplants with impaired renal function and that it
correlates with chronic cortical damage. However, no
correlation could be found between medullary quantitative
MT values and rejection related lesions, renal function, or
time from transplantation to biopsy. At present, it is not clear
whether the medullary fibrosis is secondary to the cortical
scarring or medullary injury and inflammation induced by
immune or non-immune stresses which may deplete the
ability of medullary tissue to repair and promote fibrosis.

In conclusion, rejection related changes in the renal
medulla do not correlate with the severity of cortical
rejection, and a normal medullary biopsy does not exclude
acute renal allograft rejection. Given that the sensitivity and
specificity of medullary inflammation for predicting cortical
acute rejection are 43% and 69%, medullary inflammation is
an unreliable indicator of acute renal allograft rejection and
should not be used a diagnostic clinical tool.
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A
Delphi approach looks promising for designing an optimum curriculum for subjects
within a postgraduate programme in sports medicine, say authors of a preliminary
study. There is no information on how established postgraduate medical curricula

elsewhere have been devised.
This approach was used on fellows of the Australian College of Sports Physicians—18 in

all—including staff developing the curriculum, teachers, examiners, and registrars. Three
successive rounds of Delphi questionnaires on various aspects of the curriculum and on
teaching, assessment, and learning for clinical haematology and biochemistry were
administered to each group.

The method proved successful, defining similarities and differences in views on optimum
content and how it should be delivered to satisfy desired aims and objectives, skills and
competencies and, through the iterative process, achieved consensus among the groups. The
study determined ten agreed core topics for the curriculum and preferred teaching and
learning methods. Current and optimal methods proved to be remarkably similar across all
groups and in tune with current emphasis on student based learning, with problem based
learning favoured by examiners and teachers. Response rates of 90% overall were achieved
for each questionnaire.

The Delphi method is a way of working towards alignment of views. It therefore
facilitates ‘‘constructive alignment,’’ a recent key curriculum design principle to ensure the
best possible learning by having examiners, teachers, and curriculum developers working
together to reinforce the relation between learning activity learning objectives, and what is
assessed.

m Fallon KE, et al. British Journal of Sports Medicine 2005;40:139–144.
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