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Abstract. The effect of different doses of cyclosporin
(CyA) on the occurrence of histological lesions in renal al-
lograft biopsies was investigated 2 years after transplanta-
tion. Biopsy findings were compared in three different
groups of patients. In group 1, patients were immunosup-
pressed with CyA and prednisolone according to an early,
high-dosage schedule (initial Cy A dose 15-17.5 g/kg body
weight); in group 2, they were treated with a medium CyA
dose (initial dose 12 mg/kg), together with prednisolone;
and in group 3, patients were given triple drug therapy
consisting of low doses of CyA (initial dose 8 mg/kg),
together with both azathioprine and prednisolone. Inter-
stitial fibrosis and tubular atrophy were common findings
in all groups, and on the basis of all biopsies, no difference
could be found between the groups with respect to the
relative volume of the renal cortical interstitium, which
was used as a quantitative parameter for interstitial fi-
brosis. Likewise, no difference was found with respect to
serum creatinine levels. When grafts that showed signs of
rejection (usually vascular rejection) in the biopsy were
excluded (two in group 1, six in group 2, and ten in
group 3), the mean interstitial volume was significantly
lower in group 3 (triple drug therapy) than in the other
groups. The serum creatinine levels were also significantly
lower in group 3 than in group 1. Thus, chronic renal
lesions could be ameliorated when CyA doses were
lowered, but this appeared to entail an increased risk of
acute or chronic vascular rejection.
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Chronic renal damage induced by cyclosporin A (CyA)
was first described in recipients of kidney [13, 35] and
heart [20] transplants. It was later confirmed in studies of
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patients treated with CyA for autoimmune diseases [28,
32, 33], as well as in recent studies of animal models 2, 30,
31]. Against this background, two questions with impor-
tant clinical implications arise: (1) Do the described
chronic renal lesions progress in patients treated with
maintenance doses of CyA? and (2) Can chronic renal
damage be avoided or reduced by using a lower CyA
dose? In a previous paper [39], we found no clear-cut evi-
dence for the progression of interstitial fibrosis in renal
grafts followed by repeated biopsies up to 5 years after
transplantation. The results of clinical follow-up studies
[17] are compatible with this finding, although highly in-
sensitive parameters of renal function, such as the serum
creatinine level, have usually been used. Furthermore, in
CyA-treated heart transplant recipients, a more unfavor-
able course has been reported [22]. The reasons for these
discrepancies have not been fully clarified.

In this study, we investigated the possible influence of
lowering the CyA dose on the occurrence of histological
lesions in renal allograft biopsies obtained 2 years after
transplantation. We compared the biopsy findingsin three
patient groups: one group immunosuppressed with
CyA and prednisolone according to an early, high-dosage
schedule in our hospital (initial CyA dose 15-17.5 mg/kg
body weight), a second group treated with lower doses of
CyA (initial dose 12 mg/kg body weight), together with
prednisolone, and a third group given triple therapy con-
sisting of low doses of CyA (initial dose 8 mg/kg body
weight), together with both azathioprine and predniso-
lone [16]. Fewer cases of chronic CyA toxicity occurred in
the latter group, but there was instead an increased fre-
quency of vascular rejection.

Materials and methods

Patients

All of the patients in our study received kidney transplants at the De-
partment of Transplantation Surgery of Huddinge Hospital. These
patients belonged to three different groups with respect to immuno-
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Table 1. Patients belonging to three different cyclosporin (CyA)
dosage protocols and investigated with renal allograft biopsy. All
values represent mean + standard deviation

Group1 Group2 Group3
(High-dose ~ (Medium- (Triple drug
CyA protocol®) dose.CyA) therapy)
n=25 n=35 n=34
Initial CyA
dose (mg/kg body
weight per day) 15-17.5 12 8
Recipient age (years) 44115 42115 46+13
Donor age (years) 42+13 43+18 52+13
No.of HLA-AB
incompatibilities (mean) 2.1+1.2 2010 22+12
No.of HLA-DR
incompatibilities (mean) 0.6+0.7 1.1+07 12x07
Time interval between
transplantation and
biopsy (months) 2413 253 25%2
Serum CyA concen-
tration at the time of
biopsy (ng/ml) 4011283 386+207 320+200
CyA dose at the time of
biopsy (mg/kg body
weight per day) 59+29 4119 34=%13
Cumulative CyA dose (g)
at 1 month 30%15 20%5 14%3
at 3 months 72122 47+10 36+10
at 6 months 122+34 8017 63x19
at the time of biopsy 359+118 262+63 206+15
No. of antirejection
treatments prior to
biopsy (mean) 0.71£0.7 09+11 1.1+10

* Patients were immunosuppressed with CyA and prednisolone ac-
cording to the protocol of the First Scandinavian Multicenter Study
(15]

suppression: group 1 (high-dose CyA protocol) consisted of patients
who underwent transplantation in 1981-1985 and who received CyA
in aninitial dose of 17.5 or 15 mg/kg body weight, together with pred-
nisolone (according to the dosage schedule of the First Scandinavian
Multicenter Study [15]); group 2 (medium CyA dose protocol) con-
sisted of 35 patients transplanted in 1985-1987 who received a low
dose of CyA (initial dose 12 mg/kg), together with prednisolone;
group 3 (triple drug therapy) consisted of 34 patients transplanted in
1985-1987 who received immunosuppression with CyA (initial dose
8 mg/kg), together with azathioprine (Aza) and prednisolone. Dur-
ing the period 1985-1987, patients were randomly assigned to either
group 2 or 3 (Second Scandinavian Multicenter Study [16]). Further
details concerning the patients and their immunosuppressive treat-
ment are presented in Table 1.

There was no difference between the groups with respect to the
age of the recipients, but donor age was slightly higher in the triple
drug group (group 3) than in the other groups. Both the CyA dose at
the time of biopsy and the cumulative CyA dose at various points in
time differed significantly between the groups (Table 1). The pa-
tients in the triple drug group (group 3) had slightly more acute re-
jection episodes than those in group 1, but the difference was not
statistically significant.

In order to make comparisons, 32 renal allograft biopsies ob-
tained from patients immunosuppressed with Aza and prednisolone
were also analyzed. These biopsies were taken from patients who

had undergone transplantation between 1972 and 1982; the inter-.

val between transplantation and biopsy was 3-13 years (mean
7.25 years), which was considerably longer than in the three CyA-
treated groups (Table 1).

Biopsy technique

All biopsies were obtained according to a planned protocol for clini-
cal and research follow-up at the Department of Transplantation
Surgery of Huddinge Hospital. They were taken as close as practi-
cally possible to the 2-year day after transplantation, irrespective of
renal transplant function at the time of biopsy. All of the patients had
given their informed consent and the study was approved by the
Committee for Medical Ethics at Huddinge Hospital.

The percutaneous core needle biopsy method was used as de-
scribed elsewhere [38]. The location of the kidney graft was deter-
mined with the aid of the operation report and manual palpation,
and the biopsy was obtained under local anesthesia, using a Tru-Cut
disposable biopsy needle (outer diameter 2.0 mm, Travenol Labs,
Deerfield, Ill., USA). After biopsy, firm manual pressure was ap-
plied to the site of puncture for 10 min, and thereafter the patient
had to remain in bed for a minimum of 4 h. The patient was allowed
to leave the hospital on the day of biopsy, after voiding urine.

Biopsy processing and analysis

The biopsies were fixed in 3% buffered formalin and embedded in
paraffin according to routine procedures. Sections were cut at 3 um
and stained with hematoxylin-eosin, Ladewig’s trichrome stain, and
silver methenamine.

Microscopy of the biopsies was carried out without knowledge of
the group to which the patient belonged. The relative volume (vol-
ume density, Vy) of the renal cortical interstitium was used as a par-
ameter for renal interstitial fibrosis with tubular atrophy, which is the
usual finding in chronic CyA nephrotoxicity {13, 35]. For this pur-
pose, the areal density (A, relative section area) of the cortical in-
terstitium was determined by point counting [37], using a 5 x 5 point
grid (Integralplatte I, Zeiss Sweden, Stockholm, Sweden) that was
inserted in the 10 x eyepiece of a Zeiss standard light microscope
equipped with a plan 40 x objective lens. The volume density of the
interstitium was calculated according to the formula P,=A,=Vy
[37]. In addition to this quantitative analysis, the following histologi-
cal changes were semiquantitatively assessed on a 0—4 + scale: inter-
stitial inflammation, arteriolar hyalinosis, arteriolar smooth muscle
degeneration, arteriolar intimal swelling and thrombosis, arterial in-
timal fibrosis, arterial signs of chronic vascular rejection (intimal cell
proliferation, intimal foam cells, myxoid degeneration), and arterial
signs of acute vascular rejection (endarteritis, vascular wall necrosis,
thrombosis). For some purposes, the sum of scores for the various ar-
teriolar lesions (range 0-12 + ) was used as a measure of arteriolo-

Table 2. Renal allograft function and biopsy findings in patients
treated with different doses of cyclosporin (CyA). All values repre-
sent mean  standard deviation

Group 1 Group2 Group3
(High-dose (Medium- (Triple drug
CyA protocol®) dose CyA) therapy)
n=2S n =35 n =34

Serum creatinine level
at the time of biopsy
(pmolf) ‘ 211+80

191+87 187+90

Vy (volume density,
relative volume) of
the renal cortical inter-
stitium (%)

Arteriolar changes
(mean of sum of semi-
quantitative scores)

38+12 39+10 35%9

16121

* Patients were immunosuppressed with CyA and prednisolone ac-
cording to the protocol of the First Scandinavian Multicenter Study
(15]

17+19 1.31x19




»! ﬁt’
R LI
3?:-;:1...;.*:3&.’2

Fig.1. Biopsy from renal allografts in group 3 affected with severe
rejection at 2 years after transplantation. Note the very pronounced
interstitial edema and the interstitial inflammatory infiltrate. Bar:
100 um

Fig.2. Arcuate artery in renal allograft from group 3 with chronic
vascular rejection. There is narrowing of the lumen because of con-
siderable thickening of the intima (7). Bar: 100 ym

Fig.3. Arteriolesin renal aliograft from group 1 showing an irregu-
lar thickening of the wall that has a partly destroyed smooth muscle
layer and exudation of hyaline material (arrows). Bar: 50 pm

pathy. The individual scores for acute and chronic signs of vascular
rejection were also sometimes combined (range 0-8 + ). The occur-
rence of glomerular changes and of significant interstitial edema was
also recorded.

Statistical analysis

Data were analyzed using linear regression and one-way analysis of
variance (ANOVA). For the difference between mean values, Stu-
dent’s r-test was used. A P value less than 0.05 was considered to in-
dicate a significant difference.

Results

The results with respect to renal allograft function and the
relative volume of the cortical interstitium in the grafts
were analyzed in two ways. First, an analysis was per-
formed on the whole biopsy material, divided into the dif-
ferent treatment groups described above. Thereafter, a
new analysis was performed after exclusion of those bi-
opsiesin each group that showed clear-cut signs of acute of
chronic rejection.

In the whole biopsy material, no significant differences
were found between the CyA groups with respect to the
serum creatinine level at the time of biopsy (Table 2).
However, all CyA groups had a higher level than that in
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the azathioprine group (161 90 pmol/l). Likewise, no
statistically significant difference between the groups was
found regarding the relative volume of the renal cortical
interstitium (Table 2). The mean interstitial volume was
lower in the azathioprine-treated patients (33% £12%)
but the difference was significant only at the 10% level.
The occurrence of arteriolar lesions did not differ be-
tween the CyA groups or between these and the azathio-
prine group, as judged by the sum of semiquantitative
scores for the various types of arteriolar changes
(Table 2). The sum of scores in the azathioprine group was
14+1.9.

In order to minimize the influence of acute or chronic
rejection on the mean interstitial volume density in each
group, a new analysis was performed after the exclusion of
such biopsies. All biopsies showing either severe intersti-
tial inflammation and/or edema (Fig. 1) or having a sum of
semiquantitative scores for acute and vascularrejection of
22 were excluded before recalculating the parameters
mentioned above. It was found that two biopsies in
group 1, six biopsies in group 2, and ten biopsies in
group 3 showed clear-cut signs of rejection and, therefore,
met the exclusion criteria. Thus, significantly more bi-
opsies in group 3 belonged to this category. In most cases,
the changes were those of vascular rejection (eight bi-
opsies) with acute and/or chronic lesions (Fig.2).

After the exclusion of biopsies showing rejection, a sig-
nificantly lower serum creatinine level was found in
group 3 (triple drug therapy), while the values in the other
two groups did not differ from those in the previous anal-
ysis (Table 3). The mean serum creatinine level in group 3
(165 £ 69 umol/l) then became similar to that in the aza-
thioprine group (161 +90 pmol/l). Moreover, the mean
volume density of the renal cortical interstitium was lower
in the triple drug group (group 3) than in the other two
CyA-treated groups. Also with respect to this parameter,
the triple drug group had a value similar to that in the aza-
thioprine group (33 % + 12 %). There was a very slight re-
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Table 3. Renal allograft function and biopsy findings in cyclosporin
(CyA)-treated patients after exclusion of grafts with biopsy signs of
rejection. All values represent mean * standard deviation

Group 1 Group2  Group3
(High-dose (Medium- (Triple drug
CyA protocol®) dose CyA) therapy)
n=23 n=29 n=24

Serum creatinine level

at the time of biopsy

{umol) 208 £ 80 188+89  165%69°

Vy (volume density,

relative volume) of

the renal cortical

interstitium (%) 38%12 3819 3218

Arteriolar changes

{mean of sum of

semiquantitative

scores) 1621 18+18 1117

* Patients immunosuppressed with CyA and prednisolone according
to the protocol of the First Scandinavian Multicenter Study [15)

® Significantly different from value in group 1 (P <0.05)
¢Significantly different from values in group1l and group2
(P <0.05)

duction in the mean sum of scores with respect to arterio-
lar lesions (Fig.3) in group 3, yet no statistically significant
differences existed between the CyA dosage groups or be-
tween these groups and the azathioprine group (Table 3).
No correlation was found between the volume density of
the renal cortical interstitium and the severity of arteriolar
changes.

Discussion

The main findings in this study were that an amelioration
of interstitial fibrosis could be attained using a triple drug
immunosuppression protocol with low doses of CyA, but
that this effect, with respect to renal allograft function and
quantitative data for interstitial volume, was obscured by
a simultaneous increase in vascular rejection. In this con-
text, it is important to point out that the quantitative par-
ameter that we have investigated — the volume density or
relative volume of the renal cortical interstitium —can be
increased not only by interstitial fibrosis and atrophy of
the tubules but also by interstitial edema and, to some ex-
tent, by interstitial inflammatory cell infiltration. There-
fore, it may be necessary to distinguish between these ef-
fects when analyzing quantitative data on interstitial
volume. In this study, the exclusion of grafts with rejec-
tion, i.e., showing severe interstitial edema and/or vascu-
lar changes, enabled us to explain our data, which, in the
first analysis, appeared somewhat puzzling. Naturally,
only biopsies with clear-cut histological evidence of inter-
stitial or vascular rejection could be excluded, and it is
therefore possible that some degree of rejection may have
been present in a few of the remaining biopsies.

In this study, the volume density (Vy, relative volume)
of the renal cortical interstitium was used asa parameter
for interstitial fibrosis since there is no simple technique
that enables one to determine the degree of interstitial fi-

brosis per se. In fact, this very common lesion in different
forms of chronic renal disease does not imply definite col-
lagenization of the renal parenchyma but largely consists,
as recently pointed out by Dische et al. [7], of a combina-
tion of atrophy of the tubular epithelium, considerable
thickening of the tubular basement membranes, and rear-
rangement of the surrounding stroma. This leads to an in-
crease in the relative volume of the interstitium (including
the thickened basement membranes), which constitutes
the basis for using the Vy of the interstitium as a par-
ameter of interstitial fibrosis. A closely related parameter
— the so-called tubulointerstitial ratio (TIR) — has been
used in some studies [4]. This ratio suffers from the same
shortcoming as the Vv of the interstitium in that it can be
influenced by tubulointerstitial pathological processes
other than interstitial fibrosis (interstitial edema, intersti-
tial cell infiltration, etc.). We chose the Vy of the intersti-
tium in order to avoid the additional influence of different
degrees of pathological or artificial tubular epithelial
swelling, which may occur in routinely processed kidney
biopsies [41].

As pointed out by Oberholzer et al. [24], the quantita-
tive evaluation of cortical interstitial volume in a given
kidney requires a minimum size of the renal biopsy in
order to become statistically reliable. In this study, we set
no size limits for accepting a biopsy for analysis since we
were not primarily interested in reliable values regarding
each individual kidney. Instead, we compared means of
volume densities in different groups of patients. This ap-
proach yields a relatively high standard deviation of the
mean that limits the sensitivity, for example, with respect
to correlations between interstitial volume and various
clinical and laboratory parameters and when following in-
dividual patients with repeated biopsies [39].

The pathogenesis of interstitial fibrosis in chronic CyA
toxicity is not completely known. Interstitial nephritis and
toxic tubular damage have been proposed but do not seem
to be of major importance in the development of the
chronic lesions [3, 5, 30, 33, 36]. Ischemia is considered a
more likely mechanism [6, 7,22]. The latter may be due to
vasoconstriction [5, 8, 19,21] but, in addition, Mihatsch et
al. [18] have described an arteriolopathy induced by CyA.
Although this type of lesion has been confirmed by some
studies {1, 21, 34], other studies [4, 7], as well as the present
one, have failed to show any clear-cut correlation between
CyA treatment and the occurrence of arteriolar lesions.
Whether this can be explained by the difficulties in distin-
guishing the CyA-induced arteriolar lesions {23] from
other arteriolar changes or in detecting the lesions be-
cause of their focal distribution remains to be clarified.
Clearly, interstitial fibrosis and tubular atrophy can be in-
duced by CyA treatment in experimental animals without
the occurrence of histologically detectable arteriolar pa-
thology [2, 30, 31].

One of the main purposes of introducing protocols
like the triple drug therapy [10, 29] has been to find a
therapy with sufficient immunosuppressive efficacy while
at the same time avoiding as much as possible the toxic
side effects of the individual drugs, especially acute and
chronic CyA nephrotoxicity. Recent clinical follow-up
studies on the advantages of triple drug therapy are not



in complete agreement. Although this type of regimen
has become popular and may promote patient survival
[11], results have been presented which, like our own,
show a relatively high proportion of patients with poor
renal allograft function during triple drug therapy [27]. It
is not always clear whether this is due to CyA nephrotox-
icity or to rejection, but our data strongly suggest that the
latter — and, in particular, chronic vascular rejection — is
an important factor. Similarly, in the study by Fries et al.
[11], a relatively high incidence of chronic rejection was
reported in the triple therapy patients. It appears that the
CyA dose given according to the triple drug protocol may
be close to a critical level [12] at which the risk of graft
loss increases.

In this study it did not seem necessary in all cases to dis-
tinguish between acute and chronic vascular rejection
since the definition of the latter and the histological crite-
ria distinguishing these two conditions have not been ade-
quately described [26]. The pathogenesis of chronic vas-
cular rejection is not well understood. It is generally
considered to be due to an immunological “attack” [25,
40], although alternative mechanisms have been proposed
[9]. However, the role of immunosuppression in its
prevention is also unclear. Some investigators have ex-
pressed a somewhat pessimistic view with respect to the
long-term results of kidney transplantation during CyA
immunosuppression, especially with regard to the occur-
rence of chronic rejection and the uncertainty about opti-
mal long-term maintenance treatment [14]. This study
shows that it may be of the utmost importance to know
which type of pathological process affects the grafts when
different immunosuppressive principles are discussed.

References

1. Antonovych TT, Sabnis SG, Austin HA, Palestine AG, Balow
JE, Nussenblatt RB, Helfrich GB, Foegh ML, Alijani MR (1988)
Cyclosporin A-induced arteriolopathy. Transplant Proc 20
[Suppt 3]: 951-958

2. Backman L, Sundelin B, Bohman S-O (1988) Focal glomerulo-
sclerosis and nephron atrophy in rats on long-term cyclosporine
treatment. APMIS Suppl 4: 27-36

3. Bohman S-O, Wilczek HE, Reinholt FP, Willebrand E von,
Hayry P (1991) Immunopathological patterns in long-term renal
allografts. Transplantation 51: 610-613

4. d’Ardenne AJ, Dunnill MS, Thompson JF, McWhinnie D, Wood
RFM, Morris PJ (1986) Cyclosporin and renal graft histology. J
Clin Pathol 39: 145-151

5. Dieperink H, Leyssac PP, Starklint H, Kemp E (1986) Nephro-
toxicity of cyclosporin A. A lithium clearance and micropunc-
ture study in rats. Eur J Clin Invest 16: 69-77

6. Dieperink H, Starklint H, Kemp E, Leyssac PP (1988) Com-
parative pathophysiology and histopathology of cyclosporine ne-
phrotoxicity. Transplant Proc 20 [Suppl 3}: 785-791

7. Dische FE, Neuberger J, Keating J, Parsons V, Calne RY, Wil-
liams R (1988) Kidney pathology in liver allograft recipients
after long-term treatment with cyclosporin A. Lab Invest 58:
395-402

8. English J, Evan A, Houghton DC, Bennett WM (1987) Cyclo-
sporine-induced acute renal dysfunction in the rat. Transplanta-
tion 44: 135-141

9. Feehally J, Harris KPG, Bennett SE, Walls J (1986) Is chronic
renal transplant rejection a non-immunological phenomenon?
Lancet II: 486488

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28,

69

Fries D, Hiesse C, Charpentier B, Rieu P, Neurat N, Cantarovich
M, Ouziala M, Bellamy J, Benoit G (1987) Triple combination of
low-dose cyclosporine, azathioprine, and steroids in first cadaver
donor renal allografts. Transplant Proc 19: 1911-1914

Fries D, Hiesse C, Santelli G, Gardin JP, Cantarovich M, Lantz
O, Charpentier B, Paillard M, Benoit G (1988) Triple therapy
with low-dose cyclosporine, azathioprine, and stcroids: long-
term results of a randomized study in cadaver donor renal trans-
plantation. Transplant Proc 20 [Suppl 3]: 130-135

Hiesse C, Prevost P, Busson M, Lantz O, Cantarovich M, Bel-
lamy J, Benoit G, Charpentier B, Fries D (1988) Multiple drug
combinations with “low-dose” cyclosporin for renal transplanta-
tion. Transplant Int 1: 149-154

Klintmalm G, Bohman S-O, Sundelin B, Wilczek H (1984) Inter- -
stitial fibrosis in renal allografts after 12 to 46 months of cyclo-
sporin treatment: beneficial effect of low doses in early post-
transplantation period. Lancet I: 950-954

Land W (1989) Kidney transplantation — state of the art. Trans-
plant Proc21: 1425-1429

Lundgren G, Groth CG, Albrechtsen D, Brynger H, Flatmark A,
Frodin L, Gibel H, Husberg B, Klintmalm G, Maurer W, Pers-
son H, Thorsby E (1986) HLA-matching and pretransplant
blood transfusions in cadaveric renal transplantation - a chang-
ing picture with cyclosporin. Lancet II: 66-69

Lundgren G, Albrechtsen D, Brynger H, Flatmark A, Frédin I,
Gibel H, Persson H, Groth CG (1987) Improved early course
after cadaveric renal transplantation by reducing the cyclo-
sporine dose and adding azathioprine. Transplant Proc 19: 2074-
2079

Merion RM, White DJG, Thiru S, Evans DB, Calne RY (1984)
Cyclosporine: five years’ experience in cadaveric renal trans-
plantation. N Engl J Med 310: 148-154

Mihatsch MJ, Thiel G, Spichtin HP, Oberholzer M, Brunner FP,
Harder F, Olivieri V, Bremer R, Ryffel B, Stocklin E, Torhorst J,
Gudat F, Zollinger HU, Loertscher R (1983) Marphological
findings in kidney transplants after treatment with cyclosporine.
Transplant Proc 15: 2821-2835

Murray BM, Paller MS, Ferris TF (1985) Effect of cyclosporine
administration on renal hemodynamics in conscious rats. Kidney
Int 28: 767-774

Myers BD, Ross J, Newton L, Luetscher J, Perlroth M (1984) Cy-
closporine-associated chronic nephropathy. N Engl J Med 311:
699-729

Myers BD, Newton L, Boshkos C, Macoviak JA, Frist WH,
Derby GC, Perlroth MG, Sibley RK (1988) Chronic injury of
human renal micro-vessels with low-dose cyclosporine therapy.
Transplantation 46:694-703

Myers BD, Sibley R, Newton L, Tomlanovich SJ, Boshkos C,
Stinson E, Luetscher JA, Whitney DJ, Krasny D, Coplon NS,
Periroth MG (1988} The long-term course of cyclosporine-asso-
ciated chronic nephropathy. Kidney Int 33: 590-600

Nizze H, Mihatsch MJ, Zollinger HU, Brocheriou C, Gokel IM,
Henry K, Sloane JP, Stovin PG (1988) Cyclosporine-associated
nephropathy in patients with heart and bone marrow trans-
plants. Clin Nephrol 30: 248-260

Oberholzer M, Torhorst J, Perret E, Mihatsch MJ (1983) Mini-
mum sample size of kidney biopsies for scmiquantitative and
quantitative evaluation. Nephron 34:192-195

Oguma S, Banner B, Zerbe T, Starzl T (1988) Participation of
dendritic cells in vascular lesions of chronic rejection of human
allografts. Lancet I1: 933-936

Olsen S (1986) Pathology of allograft rejection. In: Williams GM,
Burdick JF, Solez K (eds) Kidney transplant rejection. Diagnosis
and treatment. Dekker, New York, pp 173-197

Opelz G (1988) Comparison of immunosuppressive protocols in
renal transplantation: a multicenter view. Transplant Proc 20
[Suppl 8]:31-36

Palestine AG, Austin HA, Balow JE, Antonovych TT, Sabnis
SG, Preuss HG, Nussenblatt RB (1986) Renal histopathologic
alterations in patients treated with cyclosporine for uveitis. N
EnglJ Med 314: 1293-1298



70

29. Simmons RL, Canafax DM, Strand M, Ascher NL, Payne WD,
Sutherland DE, Najarian JS (1985) Management and prevention
of cyclosporine nephrotoxicity after renal transplantation: use of
low doses of cyclosporine, azathioprine, and prednisone. Trans-
plant Proc 17 [Suppl 1]: 266-275

30. Simpson JG, Saunders NJ, Thompson KJ, Whiting PH (1988)
Chronic renal damage caused by cyclosporine. Transplant Proc
20 [Suppl 3}: 792-799

31. Starklint H, Dieperink H, Kemp E, Leyssac PP (1988) Subcapsu-
lar interstitial fibrosis in kidneys of rats treated with cyclosporine
for 16 weeks. Transplant Proc 20 [Suppl 3}: 816-820

32. Svenson K, Bohman S-O, Hiillgren R (1985) Clinical effects and
renal side-effects in patients with autoimmune diseases treated
with ciclosporin (CyA). In: Schindler R (ed) Ciclosporin in auto-
immune diseases. Springer, Berlin, pp 74-79

33. Svenson K, Bohman S-O, Hillgren R (1986) Renal interstitial fi-
brosis and vascular changes. Occurrence in patients with autoim-
mune diseases treated with cyclosporine. Arch Intern Med 146:
2007-2010

34, Taube DH, Neild GH, Williams DG, Cameron JS, Hartley B,
Ogg CS, Rudge CJ, Welsh KI (1985) Differentiation between al-
lograft rejection and cyclosporin nephrotoxicity in renal trans-
plant recipients. Lancet II: 171-174

35. Thiru S, Maher ER, Hamilton DV, Evans DB, Calne RY (1983)
Tubular changes in renal transplant recipients on cyclosporine.
Transplant Proc 15 [Suppl 1]: 2846-2851

36. Versluis DJ, Wenting GJ, Jeekel J, Weimar W (1988) The in-
fluence of cyclosporine A on tubular junction in renal allografts.
Transplant Proc 20 {Suppl 3]: 686-690

37. Weibel ER (1979) Stereological methods. I. Practical methods
for biological morphometry. London Academic Press, London,
pp 101-161

38. Wilczek HE (1990) Percutaneous needle biopsy of the renal allo-
graft: a clinical safety evaluation of 1129 biopsies. Transplanta-
tion 50: 790-797

39. Wilczek H, Bohman S-O, Klintmalm G, Groth CG (1988) Five-
year serial renal graft biopsy study in cyclosporine-treated pa-
tients. Transplant Proc 20 [Suppl 3]: 812-815

40. Winn HJ (1986) Antibody-mediated rejection. In: Williams GM,
Burdick JF, Solez K (eds) Kidney transplant rejection. Diagnosis
and treatment. Dekker, New York, pp 17-27

41, Zollinger HU, Mihatsch MJ (1978) Renal pathology in biopsy.
Light, electron and immunofluorescent microscopy and clinical
aspects. Springer, Berlin Heidelberg New York, pp 1-45, 118
138



