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SUMMARY We have found glomerular capillary thrombi or afferent arteriolar thrombosis in eight
renal biopsy specimens from seven renal allograft recipients. All patients were receiving cyclo-
sporin and prednisolone. Biopsies were performed either routinely one and four weeks after
transplantation or during periods of renal dysfunction. None of the patients whose biopsy mater-
ial contained glomerular thrombi was considered, in retrospect, to have been undergoing rejec-
tion at the time of biopsy. Thrombi consisted of finely granular material partially obstructing
glomerular capillaries. By light microscopy the staining characteristics of the thrombi were com-
patible with platelet-fibrin aggregates, and this was confirmed by immunoperoxidase examina-
tion. Such thrombi have not previously been seen in biopsy material from patients treated with
prednisolone and azathioprine, except rarely associated with acute vascular rejection. In none of
these patients was there haematological evidence of the haemolytic uraemic syndrome as has
been reported in bone marrow recipients treated with cyclosporin.

Glomerular thrombosis and the haemolytic uraemic
syndrome have been reported in bone marrow reci-
pients receiving cyclosporin treatment.' A more
extensive microvascular injury simulating thrombo-
tic thrombocytopenic purpura has also been
reported in such patients.2
We report the appearance of glomerular thrombi

in renal allografts, the recipients of which were
receiving cyclosporin and prednisolone and in whom
there was neither histological nor clinical evidence
of rejection. These changes were noted in biopsy
material obtained either routinely one and four
weeks after transplantation or because of renal dys-
function which was subsequently considered to be
due to cyclosporin toxicity.

Material and methods

Data from individual patients are shown in Table 1.
All patients who received cadaver grafts had been
given five or more units of 10 day old blood before
transplantation. Patients' serum samples were
screened for HLA antibodies by routine mic-
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rocytotoxicity testing against a panel of 66 typed
individuals, and at the time of transplantation all
patients had a negative cross match with donor lym-
phoid cells.3 Cyclosporin (Sandimmun, Sandoz Ltd)
was given orally as a single dose in the following
regimen: 14 mg/kg/day for 14 days, then 12 mg/kg/
day until day 30, 10 mg/kg/day until day 60, 8 mg/
kg/day until day 90, then 6 mg/kg/day. Prednisolone
was given orally at a starting dosage of 15 mg/m2,
which was reduced to 10 mg/M2 at 6 months. Whole
blood cyclosporin concentrations (,ug/l) were meas-
ured by radioimmunoassay (RIA) using the Sandoz
RIA kit. Cyclosporin was given at 6.00 pm, and fast-
ing blood concentrations were measured at 7.00 am.
Renal function (plasma urea and creatinine), plasma
biochemistry, and haematological indices were mon-
itored as previously described.4
Renal biopsies were performed routinely after

one week and four weeks and for episodes of
deteriorating renal function ("renal dysfunction").
An episode of renal dysfunction was defined as a rise
in plasma creatinine concentration of more than
20% above the preceeding baseline value. Episodes
of dysfunction which were considered to be due to
rejection were treated with pulses of 1 g of methyl-
prednisolone on three consecutive days. The routine
biopsies were performed as part of an investigation
into the diagnosis of renal allograft dysfunction that
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Table 1 Clinical and immunological data

Patient no Original renal disease Sex Age Blood group Tissue type HLA antibodies*
Recipient Donor (%s)

1 Idiopathic crescentic M 52 A + ve 3,-, 7, 40 2, 30, 12, 13 9
glomerulonephritis

2 Reflux M 26 O + ve 2, 9, 5,16 2,-, 5,- 56
3 Henoch-Sch6nlein M 32 0 - ve 1,-, 8, 17 3, 9,-, 7 5
4a Chronic glomerulonephritis M 61 0 + ve 2, 3, 12, 22 2, 3, 12,- 6
b

5 Henoch-Schonlein M 11 0 + ve 1, 11, 27, 5 1, 2, 27, 44 0
6 Familial amyloid M 54 AB + ve 2, 19, 7, 44 1, 3, 7, 8 36
7 Reflux F 45 AB + ve 2, 28, 44, 63 3, 24,14, 44 70

*All recipients had a negative cross match.
% = percentage of cross reaction with normal panel lymphocytes; highest pretransplant value.
M = male, F = female.

we initiated when we started to use cyclosporin. As
part of our policy, during the study we were not
using the cyclosporin concentrations to influence our

clinical management of renal dysfunction.
Renal biopsies were performed using a modified

Vim-Silverman needle. Part of the specimen was

fixed in 10% neutral, phosphate buffered formol-
saline, embedded in paraffin wax, and processed for
light microscopy as previously described.4 Sections
were stained with haematoxylin and eosin, periodic
acid Schiff, Martius scarlet blue, elastic van Gieson,
and methenamine silver. Paraffin embedded sec-

tions were also processed for immunoperoxidase
using the peroxidase-antiperoxidase method.5
Unless stated otherwise, all reagents were obtained
from Dakopatts, Denmark. Sections were stained
for fibrin/fibrinogen related antigens (FRA), factor
XIIIa (Behringwerke AG), platelets (antithrombo-
cyte antibody), and albumin as follows. The sections
were dewaxed and then incubated with 0O05% pro-

nase (Protease type VII, Sigma) in phosphate buf-
fered saline (PBS) for 1 h at 37°C. After incubation
the sections were washed in water and PBS and
incubated with 1/5 normal swine serum in PBS for
10 min. They were then incubated with the optimum

dilution of the respective rabbit antiserum for 30
min. After another wash, endogenous peroxidase
activity was blocked by immersing the sections in
1% hydrogen peroxide in methanol for 30 min. Sec-
tions were again washed, then incubated with 1/50
swine antirabbit immunoglobulin for 30 min, and
this was followed by an incubation in 1/100 rabbit
PAP. Peroxidase was developed with diaminoben-
zidine. Sections were counterstained with Mayer s

haemalum and then dehydrated, cleared, and
mounted. Sections stained for factor XIIIa did not
need to be pronase digested. For each test section a

negative control was prepared by using the adjacent
section and omitting the primary antibody. The
specificities of the anti-FRA and factor XIIIa anti-
body were shown by absorbing the respective anti-
sera with fibrin prepared from platelet poor plasma.
Sections of human placenta were used as positive
controls in each run.

Results

The clinical and immunological data of individual
patients are shown in Tables 1 and 2. No patient had
evidence of haemolysis, red cell fragmentation, or

Table 2 Data at time ofbiopsy

Patient Time Reason Creatinine Cyclosporin Cyclosporin Other drugst Creatinine
no (days) * concentration concentration dosage concentraton

(pnolil) (pg/I) (mglkg) after 120 days
(pmol/l)

1 9 Routine 327 1539 14 Isosorbide, prazosin 110
2 34 Dysfunction 310 1400 10 Prazosin, frusemide 160
3 9 Routine 120 2000 14 Captopril, nifedipine 175
4a 28 Routine 120 1200 12 None 160
b 77 Dysfunction 150 >2000 8 Digoxin, warfarin

5 17 Dysfunction HD§ 755 10 None 120
6 33 Dysfunction 340 >2000 10 Cimetidine, Septrin 240
7 15 Dysfunction 228 1051 12 Isoniazid, Septrin 140

*Days after transplant.
tCyclosporin = highest concentration value in week preceding biopsy.
*Other drugs = other than prednisolone and cyclosporin.
§HD = on haemodialysis; non-function since transplant.
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Table 3 Histopathological data

Patent no Glomeruli Glomerular Interstital Vessels
proliferation

Total Number Number with Infitrate Oedema Cyclosporin vasculopathy
number obsolete thrombi

1 13 2 3 + Foci + Diffuse + 0
2 27 0 4 ++ Diffuse + Foci + +
3 24 0 4 0 Rare foci + 0 +
4 22 2 3 0 Foci + Foci + 0

14 0 2 + Foci + Foci + +++
5 24 0 1 0 0 0 ++
6 33 0 2 + Foci + Foci + ++
7 21 0 1 + Diffuse + Foci + +++

Obsolescent: complete collapse of capillary tuft.
Proliferation: mononuclear or polymorphonuclear neutrophils or both in capillary loops. + = 2-5 cells/glomerulus; ++ = 5-10 cells/
glomerulus.
Intiltrate: interstitial infiltrate of mononuclear cells. + = mild, + + = moderate, + + + = severe.
Oedema: interstitial oedema; score as per infiltrate.
Vasculopathy: + = occasional vascuolisation of cells plus slight hyalinosis (see text). ++ = vacuolisation and hyalinosis. +++ =
vacuolisation, hyalinosis and hypertrophy of arteriolar wall. + + + + = as above, plus gross obstruction of arteriolar lumen.

thrombocytopenia either at the time of biopsy or
during the period of dysfunction.
These eight biopsies were from a total of 72 biop-

sies taken from 30 renal allografts over a nine month
period. Three patients had stable renal function and
four patients had deteriorating renal function ("dys-
function"). The eighth patient (patient 5) had had
no function after his transplant. His kidney was well
perfused, as judged by radionucleotide scanning
(99Tm-DTPA), and he was thought to have acute
tubular necrosis. After his biopsy, which showed no
evidence of rejection, his cyclosporin dosage was
reduced and the graft started to function. Three of
the four patients with dysfunction were treated with
methylprednisolone. Of these three patients, one
had no response to methylprednisolone and the
other two also had scheduled reductions in their cyc-

losporin dosages at the same time. Our decision to
treat for rejection was based partly on the presence
of cellular infiltrate in the biopsies, but with hind-
sight we would not now interpret their cellular
infiltration as rejection. Thus, in retrospect, we
would not consider these episodes of dysfunction as
being due to rejection.
The histopathological findings are shown in Table

3. When thrombi were seen they often affected only
one or two capillary loops in one or two glomeruli.
Thrombi consisted of finely granular material partly
occluding capillary loops (Figs. 1 and 2). This mater-
ial was sometimes associated with one or more
phagocytic mononuclear cells (Figs. 1 and 2). The
material was eosinophilic, periodic acid Schiff posi-
tive, and stained predominantly blue with Martius
scarlett blue. Immunoperoxidase examination

Fig. 1 Several glomerular
capillary loops are partly
occluded by finely granular
material (*). In one capillary,
this material is associated with
mononuclear cells (t). Periodic
acid Schiff. Original
magnification x 510.
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showed the presence of FRA (Fig. 3), factor XIIIa,
and platelets. The material did not stain for albumin.
In two cases (patients 2 and 4b) capillaries were
partly occluded by aggregates of particles. The par-

Fig. 2 Arteriole at glomerular
hilum is partly occluded by large
thrombus ofaggregated
mononuclear cells and amorphous
material. Periodic acid Schiff. x
510.

ticles were all of a size similar to platelets, stained
blue with Martius scarlett blue, and reacted with
antithrombocyte antibody (Fig. 4). In one case
(patient 1), glomerular infarction and collapse was

l'b.S '1

Fig. 3 Immunoperoxidase
reaction staining for fibrinogen
related antigens. Several capilary

/ loops are partly occluded by
material staining strongly positive

... (black) in this reaction. In other
F loops the material appears

restricted to a subendothelial
*1 position. Original magnificaion x

51S.
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Ar

Fig. 4 Immunoperoxidase reaction staining for platelets.
Three different sized capillary loops contain aggregates of
platelet sized particles, which react positively with
antithrombocyte antibody. Original magnification x 510.

due to afferent arteriolar thrombosis. The material
obstructing the afferent arteriole stained red and
yellow with Martius scarlett blue, which suggested
fresh fibrin like material.6 In another case (patient 2)
a glomerulus was thrombosed with the capillary
loops congested with erythrocytes. Immunoperoxid-
ase examination showed the presence of FRA and
factor XIIIa around these stagnant red cells.
Three biopsies showed a number of obsolescent

glomeruli in which the glomerular tufts were totally
ischaemic and had collapsed. In one of these cases
(patient 4a) two glomeruli were partly collapsed and
the loops were congested with red cells. A number
of glomeruli, without thrombi, showed increased
number of mononuclear cells or neutrophils or both
present in capillary loops. In three biopsies a
number of glomeruli showed apparent endocapillary
proliferation (loss of capillary lumina), and a slight
but diffuse increase in mesangial matrix. Although
capillary thrombi were not identified by light mic-
roscopy, the capillaries were shown by
immunoperoxidase to contain subendothelial
deposits of FRA and factor XIIIa.

In all the biopsy material interstitial oedema and
interstitial mononuclear cell infiltrates were also
assessed (Table 3). Arteriolar lesions (vasculopathy)
associated with cyclosporin A therapy, as described
by Mihatsch et al,' were assessed. These consisted of
hyalinosis, hypertrophy of arteriolar walls, and vac-
uolisation of endothelial and smooth muscle cells
(Table 3).

Discussion

There were several surprising features about the
glomerular thrombi. Firstly, they were often inci-

dental findings in routine biopsies. Secondly, in the
two most striking cases they were seen in biopsy
material taken routinely after one week, and in both
cases afferent arteriolar thrombosis was the con-
spicuous lesion rather than glomerular capillary
thrombosis. Thirdly, in no instance was there evi-
dence of a fall in platelet count or haemoglobin con-
centration or evidence of red cell fragmentation as
has been reported after bone marrow transplanta-
tion.' 2 Our particular interest in glomerular throm-
bosis associated with cyclosporin treatment predates
the report of glomerular thrombosis and haemolytic
uraemic syndrome following bone marrow trans-
plantation. During experiments in which rabbits
with acute serum sickness were treated with high
doses of cyclosporin (25 mg/kg/day) we noted that
the rabbits developed renal lesions characterised by
glomerular capillary thrombosis and infarction.8 In
severe cases rabbits became oliguric and developed
macroscopic cortical infarction. In such animals
glomerular capillaries were completely occluded by
dense amorphous material with the staining charac-
teristics of fibrin-bright red with Martius scarlett
blue, periodic acid Schiff positive, and intensely
eosinophilic. In similar experiments, when rabbits
were given lower doses of cyclosporin (15 mg/kg/
day), thrombi were much less conspicuous and were
initially overlooked. As we recognised the range of
changes that occurred in these experiments, we saw
that in the mildest cases the thrombi consisted of
loose, amorphous, eosinophilic material partly
occluding glomerular capillaries. The thrombi were
seen most readily when pronase digested paraffin
sections were stained for fibrinogen (fibrin related
antigens) by the immunoperoxidase technique.
These less conspicuous thrombi were similar to the
thrombi that we have seen in the renal allografts.
The different forms of glomerular thrombosis

found in these eight biopsies were all similar to those
described both in the haemolytic uraemic syndrome9
and in the haemolytic uraemic like syndrome follow-
ing bone marrow transplantation.' We stained the
thrombi not just for fibrin related antigens but also
for factor XIIIa. The presence of XIIIa signifies that
the fibrin present is cross linked.'0 When glomerular
thrombi were seen after bone marrow transplanta-
tion, electron microscopical examination showed the
thrombi consisting of platelets and fibrin.'

It may seem surprising that other groups have not
reported glomerular thrombi. In renal allograft reci-
pients receiving cyclosporin there may be an
increased incidence of renal artery thrombosis com-
pared with patients receiving conventional treat-
ment with prednisolone and azathioprine," but
there are no reports of glomerular thrombosis
occurring in the absence of vascular rejection.
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Glomerular thrombosis is a feature of rejection,'2
particularly acute vascular rejection, and glomerular
thrombi, if seen, may have been interpreted as rejec-
tion. In the first clinical report of the efficacy of
cyclosporin in renal transplantation Calne et al'3
illustrated a case in which "vascular rejection" at
day 7 was manifested by "haemorrhagic necrosis of
the glomerular tuft."

In what way might cyclosporin affect the kidney
and lead to glomerular capillary thrombosis? In the
haemolytic uraemic syndrome vascular tissue from
some patients is unable to produce prostacyclin.'4
Prostacyclin is both a potent vasodilator and the
most potent inhibitor of platelet aggregation.'5 It is
also the major arachidonic acid metabolite produced
by vascular endothelium'5 and by the glomerulus.'6
Normal plasma contains a factor which stimulated
endothelial cells to produce prostacyclin''; this fac-
tor is known as prostacyclin stimulating factor.
Remuzzi et all4 showed that plasma from some
patients with haemolytic uraemic syndrome had a
pronounced loss of prostacyclin stimulating factor
activity. In collaboration with Remuzzi's group we
showed that when rabbits were treated with high
doses of cyclosporin (25 mg/kg/day) there was a pro-
found loss of prostacyclin stimulating factor activity
in their plasma.'8 We have proposed that when
endothelial injury occurs in the absence of pros-
tacyclin there may be an uncontrolled platelet
aggregation leading to capillary thrombosis.'8

In summary, this report describes another exam-
ple of vascular injury associated with cyclosporin
treatment. Although glomerular thrombi were seen
in these cases, there was no evidence of the more
severe and diffuse injuries, with microangiopathic
haemolytic anaemia and thrombocytopenia, that
have occurred after bone marrow transplantation.' 2
However, in conjunction with the cyclosporin
related arteriolar vasculopathy,' which we have also
noted, it appears that cyclosporin may initiate or
accentuate vascular damage. We believe that this
phlogistic effect is most likely to be mediated by an
effect on platelet-endothelial interactions.8 18

We thank Dr David Holt at the Poisons Unit, New
Cross Hospital, for measuring cyclosporin concen-
trations. We thank Professor Cyril Chantler and Dr
George Haycock for permission to include their
patient (patient 5).
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