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21.1 Donor Biopsy

The Expanded Criteria Donor (ECD) recommends histological evaluation of the
kidney not only for donors over 60 but also for donors over 50 with comorbidities
(firstly hypertension) even in the setting of normal serum creatinine [1]. The his-
tological parameters to be evaluated include glomerular, vascular, tubular and
interstitial injury. However, no studies have provided an absolute threshold
beyond which a donor kidney must not be used, and there is no consensus on the
value of biopsies for predicting graft function. Histological evaluation of the
donor biopsy can be performed at harvesting by on call pathological examination
or by means of implantation biopsies. Tissue sample analysis of implantation
biopsies includes the immunohistochemistry (IHC) evaluation of C4d to identify
pre-sensitized patients and immunofluorescence to highlight misdiagnosed glo-
merular diseases. The biopsies can be obtained through a wedge resection or
needle core biopsy: superficial sampling in wedge resections can overestimate
the glomerular sclerosis and fibrosis because the outer cortex is more sensitive to
ischaemic damage (Fig. 21.1). Adequate sampling must contain at least 25 glom-
eruli and 2 arteries.
The pathological report of the donor biopsy includes:
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Fig.21.1 A panoramic view
of the donor biopsy stained
with H&E (a), PAS (b) and
trichrome stain (c¢) showing
the ischaemic subcapsular
area with inflammatory
infiltrate, moderate fibrosis
and obsolescent and sclerotic
glomeruli. The punch biopsy
can sometimes overestimate
the real state of the kidney if

the biopsy falls in such areas.

Magnification 2x
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e Glomerular disease

— The percentage of sclerotic glomeruli. Glomerulosclerosis alone is not an
independent predictor of graft function [2] even though glomerulosclerosis
>10 % correlates with a major rate of delayed graft function (DGF), primary
nonfunction and graft loss [3]. The degree of glomerulosclerosis can be a
predictor of serum creatinine value at 12 months [4].

— Any thrombotic microangiopathies (TMA) (Fig. 21.2). Glomerular fibrinoid
thrombi can be dissolved by the graft recipient’s fibrinolytic system without
any anticoagulant therapy. In one series, some recipients experienced a pri-
mary nonfunction, while others had an initial DGF without any impairment of
graft function at 2 years [2, 5, 6].

— Any glomerular disease, i.e. lupus nephritis or diabetic glomerulonephropa-
thies (Fig. 21.3). These features do not enter into the Karpinski score. Some
studies suggest that diabetic kidneys can be used safely and that early diabetic
lesions can regress with transplantation. However, no guidelines are currently
available on the use of diabetic kidneys [7-9].

e Vascular disease

— Fibro-intimal thickening of arteries and arteriolar hyalinosis. Moderate ath-
erosclerosis (>25 % luminal narrowing) correlates to DGF, graft loss and
higher creatinine serum levels [10-12].

— Cholesterol emboli in the vascular tree may be correlated to DGF and impaired
long-term renal function [13].

e Tubulointerstitial disease

— The percentage of tubular atrophies and interstitial fibrosis (these parameters
are usually comparable) yields a score based on the entity of damage [12, 14].

— The presence and amount of acute tubular necrosis which can be associated
with DGF.

Fig.21.2 At high
magnification (PAS, 40x)
the capillary lumen of the
glomerulus is filled with a
pale amorphous material
extending into the vascular
pole, occluding the lumen
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Fig.21.3 The pictures (a, b)
highlight the mesangial
expansion with a nodular
appearance. This feature does
not enter into the Karpinski
score. The biopsy in other
fields showed just a mild
interstitial and arterial intimal
fibrosis without remarkable
tubular atrophy.
Magnification 40x, PAS

At our centre all these parameters are evaluated according to the Karpinski score

system [12].

Glomerular score

Score 0 No globally sclerotic glomeruli
Scorel <20 % globally sclerotic glomeruli
Score 2 20-50 % globally sclerotic glomeruli
Score 3 >50 % globally sclerotic glomeruli
Tubular score

Score 0 Absent

Score 1 <20 % of tubules affected

Score 2 20-50 % of tubules affected

Score 3 >50 % of tubules affected
Interstitial score

Score 0 No evidence of fibrosis

Score 1 <20 % of cortical parenchyma replaced by fibrotic tissue
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Score 2 20-50 % of cortical parenchyma replaced by fibrotic tissue
Score 3 >50 % of cortical parenchyma replaced by fibrotic tissue

Vascular score (arterial fibrosis and arteriolar hyalinosis are evaluated, but the most severe
lesion determines the final score)

Score 0 Absent

Score 1 Increase in wall thickness that is less than the diameter of the lumen
Score 2 Increase in wall thickness that is equal to the diameter of the lumen
Score 3 Increase in wall thickness that exceeds the diameter of the lumen

21.1.1 Other Predictive Factors

e Prediction of ischaemic injury effects

Neutrophils in glomerular capillaries

Endothelial loss of capillaries (correlated to a transiently impaired function)

Tubular degeneration: necrosis or apoptosis of tubular cells, regenerative fea-
tures with enlargement of tubular cell nuclei and simplification and loss of the
brush borders of distal tubular cells

Tubular CAST (precipitation of proteinaceous amorphous/detritic material in
renal tubules)

Microvascular thrombi in capillaries and small arteries without granulocytes

e Prediction of acute rejection

Neutrophils, macrophages and platelets in capillaries (glomerular and
peritubular).

— (C4d deposition in peritubular capillaries may be predictive of acute antibody-

mediated rejection (AMR).

* Prediction of DGF
— Thrombotic angiopathy in glomerular capillaries

21.2 Surgical Complications

21.2.1 Ureteral Obstruction/Leak/Reflux

The

presentation is with oliguria, haematuria and elevated creatinine. At histology

only non-specific alterations can be seen: interstitial inflammation, oedema and
tubular injury.

21.2.2 Lymphocele

Lymphocele consists in a collection of lymphatic fluid in the perinephric space. At
histological examination the renal biopsy shows changes related to obstruction,
with interstitial oedema, dilatation of the collecting ducts and mild inflammation.
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21.2.3 Arterial/Venous Thrombosis

The clinical presentation is of macrohaematuria and acute renal failure. At histol-
ogy, microthrombi and loss of the endothelium can be seen together with haemor-
rhage of the cortex and mild neutrophils in capillaries. The most important
differential diagnosis is with acute cellular rejection (ACR) and hyperacute or
AMR. Imaging findings (US and angiography) and immunohistochemistry for C4d
lead to the correct diagnosis.

21.2.4 Arterial Stenosis

The clinical presentation is of DGF, hypertension and renal dysfunction. The histo-
logical picture may disclose cholesterol emboli (if the stenosis is due to an athero-
matous plaque). Non-specific tubular atrophy with fibrosis or acute tubular injury (if
the stenosis is intermittent) is evident.

21.3 Rejection
21.3.1 Hyperacute Rejection

Nowadays the incidence of hyperacute rejection is very low due to improved pre-
transplant testing for antibody against donor major antigens. The presentation is
very rapid: from a few minutes (at the time of graft reperfusion) to a few days after
transplantation, depending on the recipient’s titres of specific antibody against the
donor antigens. Anuria, primary graft nonfunction, fever, lack of perfusion by imag-
ing studies, thrombocytopenia and increased circulating fibrin split characterize the
clinical onset. At gross examination the graft is cyanotic, flaccid, haemorrhagic and
oedematous with necrotic areas. Thrombosis of the renal artery can be found.

21.3.1.1 Histological Examination
Early features (1-12 h):

1. Platelet and neutrophil margination in glomerular and peritubular capillaries
2. Vascular congestion with scattered thrombi in glomerular capillaries and small
arteries

Late features (12-24 h) include:

. Interstitial oedema and haemorrhage

. Widespread thrombotic microangiopathy
. Fibrinoid arterial necrosis

. Parenchymal necrosis

BN O R S R
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21.3.1.2 Ancillary Techniques

1. C4d peritubular capillaries and glomerular IHC staining.

2. Negative staining does not exclude a hyperacute rejection since C4d-negative
cases are possible (related to decreased perfusion or to insufficient time to pro-
duce the C4d molecule, a product of the activation of the classical complement
pathway).

21.3.1.3 Differential Diagnoses

1. Renal artery or vein thrombosis due to technical problems or hypercoagulable
state (in these cases the thrombi are limited to the large vessels, and C4d staining
is negative).

2. Perfusion nephropathy with loss of the endothelium. In this case congestion and
thrombotic microangiopathy can be found without C4d staining.

3. Donor thrombotic microangiopathy.

21.3.2 Acute Humoral Rejection or Acute Antibody-Mediated
Rejection

About 5-7 % of transplanted patients experienced an episode of antibody-mediated
rejection (AMR) and a component of humoral rejection can be found in at least
about 24 % of acute rejection cases. Presentation occurs from a few days to the first
weeks after transplant, with anuria and acute renal failure. Circulating anti-donor-
specific antibodies can be detected in about 90 % of recipients. At gross examina-
tion the graft is swollen, haemorrhagic and oedematous.

21.3.2.1 Histological Examination
* Glomeruli
— Glomerulitis with neutrophils and mononucleated cells (complete or partial
occlusion of at least one glomerular capillary with or without endothelial cell
swelling, according to Banff 2013) [15, 16]
— Occasional microthrombi in capillaries
* Tubules
— Acute tubular injury represented by a simplification of tubular cells with loss
of the brush border, ischaemic necrosis with loss of nuclei, thinning of the
tubular cell cytoplasm and naked basal membranes
— Tubulitis with neutrophil infiltrate
 Peritubular capillaries: dilatation and congestion of capillaries filled with neutro-
phils and occasional microthrombi
* Interstitium: oedema, occasionally haemorrhagic areas, inflammatory infiltrate
predominantly with neutrophils
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* Vessels
— Necrosis of the media with fragmentation of the lamina elastica and fibrinoid
necrosis
— Inflammatory cells within the vessel wall
— Activation of capillary and artery endothelial cells showing plump cytoplasm
and nuclear enlargement

21.3.2.2 Ancillary Techniques

e IHC positivity for C4d along the peritubular and glomerular capillaries
(Fig. 21.4). Early biopsies may not disclose C4d deposition, but this does not
rule out a diagnosis of AMR since this may become positive in repeated biopsies
taken after 1-3 days. Conversely, some studies have demonstrated that positive
immunostaining for C4d in protocol biopsies appears before the clinical mani-
festation of an AMR episode [17].

i)

Fig.21.4 Immunohisto-
chemical stain for C4d shows
a diffuse and continuous
linear positivity in glomerular
(a) and along peritubular
capillaries (b). Magnification
20x
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» THC staining for CD68 does not improve the sensitivity of identifying glomeru-
litis when the Banff 2013 definition is applied.

* Wide and diffuse immunopositivity for C4d at immunofluorescence (IF), which
is more sensitive than IHC.

21.3.2.3 Diagnostic Criteria (Banff Classification)

The definition of AMR has now been revised [15]: histological evidence of acute
tissue injury (glomerulitis and/or peritubular capillary infiltration and/or acute
thrombotic microangiopathy and/or tubular necrosis) (Fig. 21.5) must be present
together with evidence of a recent endothelial/antibody reaction (positivity for C4d
IHC and/or microvascular inflammation highlighted by glomerulitis or peritubular
capillaritis) and serological evidence of anti-donor-specific antibodies.

The histological pattern can be graded from grade 1 with acute tubular damage
and minimal inflammatory infiltrate to grade 2 with peritubular capillaritis or glo-
merulitis with occasional microthrombi or grade 3 with fibrinoid arterial necrosis.
The presence of only one or two of these criteria leads the pathologist to a diagnosis
of “suspect” AMR (Fig. 21.6).

Biopsies with a C4d-positive immunostaining without any inflammation can be
considered a kind of “accommodation”.

21.3.2.4 Differential Diagnoses

* Acute cellular rejection: generally the infiltrate is composed predominantly of T
lymphocytes. Fibrinoid necrosis of renal small arteries, glomerulitis, microvas-
cular thrombosis and areas of infarction are less prominent [18].

e Chronic humoral rejection: the clinical setting shows a slow decline.

e Accommodation: C4d deposition in the absence of an inflammatory reaction.

e Acute tubular injury/acute tubular necrosis: simplification of the renal tubules
with loss of nuclei, thinning of tubular cell cytoplasm and naked basal mem-
branes in the absence of an inflammatory reaction. C4d is negative.

* Acute pyelonephritis: dirty casts in the tubules (composed of neutrophils and
necrotic material) with a diffuse infiltrate of neutrophils in the parenchyma. A
positive urine culture and C4d negativity favour the diagnosis.

* Thrombotic microangiopathies: due to drug toxicity or recurrent disease. There
is no C4d immunoreactivity.

21.3.3 Acute Cellular Rejection or T-Cell-Mediated Rejection

Acute cellular rejection (ACR) involves 5-10 % of kidney recipients in the first year
posttransplant, generally in the first few weeks. The frequency tends to decline after
the first 6 months, but ACR can arise at any time in the recipient. In acute renal failure
increased serum creatinine concentration, decline in urine output and oliguria, weight
gain, fever and malaise define the clinical picture. Circulating anti-donor-specific
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Fig.21.5 In AMR there is
a diffuse interstitial oedema
highlighted by the pale light
green trichrome stain (a
magnification 4x), tubulitis
with neutrophil infiltrate (b
PAS, magnification 20x),
activation of the endothelial
cells (arrow, c H&E,
magnification 40x) and
acute tubular necrosis (d
H&E, magnification 40x)
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Fig.21.5 (continued)

Fig.21.6 This is a biopsy
5 days after kidney
transplantation in a patient
with oliguria. The
histological pictures (a PAS,
magnification 40x)
demonstrated only an acute
tubular necrosis of the
parenchyma with a mild
peritubular capillaritis
without any interstitial
inflammatory infiltrate or
tubulitis. The main
differential diagnosis is with
a tubular cell necrosis with a
delayed graft function. The
C4d stain (b magnification
40x) reveals a diffuse
deposition of the molecule
along the peritubular
capillaries: the patient was
given a steroid bolus before
the biopsy because of the
clinical suspicion of AMR
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antibodies can be detected in about 90 % of recipients. At US the graft becomes
enlarged, oedematous and tender. At gross examination the graft is swollen, pale,
haemorrhagic with congestion of the medulla, and oedematous. Foci of infarction
may be evident on the cortex.

21.3.3.1 Histological Examination
* Glomeruli

— Only occasional mild inflammatory infiltrate of mononuclear cells (generally
in only 10 % of cases) in glomeruli with mild reactive swelling in endothelial
cells (Fig. 21.7a).

— In <5 % of cases a severe mononuclear cell glomerular infiltrate (acute allograft
glomerulopathy) can be found, giving the appearance of endocapillary hyper-
cellularity. Endothelial injury with areas of mesangiolysis is associated. This
picture is often seen in the setting of moderate ACR with endoarteritis, but it
can also represent the only histological feature of rejection.

Fig.21.7 The picture on the
left (a PAS, magnification
40x) shows a mild
inflammatory infiltrate of
mononuclear cells in the
glomerulus, while the picture
on the right (b PAS,
magnification 40x) shows
marked tubulitis: note the
lymphocytes between

the tubular epithelium

and the basement membrane
and the moderate interstitial
oedema
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* Tubules

— Tubulitis with T-cell lymphocytes (CD8+) (Fig. 21.7b)

— Tubular cell injury, occasionally with a granulomatous reaction

 Interstitium

— Oedema, occasionally with haemorrhagic areas.

— Chronic inflammatory infiltrate (involving at least 25 % of the cortex) with a
predominance of T-cell lymphocytes and macrophages (Fig. 21.8).
Macrophages/monocytes can be the major cell type, notably in the setting of
T-cell-depleting drugs (such as CAMPATH 1).

— A plasma cell-rich subset and a CD20+ B-cell-rich subset AR have a worse
prognosis.

* Peritubular capillaries: dilatation and mononuclear cell infiltrate

Fig.21.8 The picture on the
left (a PAS, magnification
20x) shows a chronic
inflammatory infiltrate: the
double immunostaining for T
lymphocytes CD4/CDS8 (b
magnification 20x) shows
that the tubulitis is caused by
CD8+ T-cell lymphocytes (in
red) and that the CD4+ T-cell
lymphocytes (in brown) are
localized predominantly in
perivascular and interstitial
sites
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e Vessels
— T cells within the lumen of small arteries (endarteritis) with endothelial injury.
— Activation of endothelial cells of capillaries and arteries.
— In severe cases the inflammatory infiltrate is transmural with myocyte necro-
sis (Fig. 21.9).

21.3.3.2 Ancillary Techniques
* Immunostaining for C4d is negative. C4d positivity can highlight a concomitant
AHR component.

21.3.3.3 Grading According to Banff Classification [16]

1. ACR type 1 or tubulointerstitial. inflammatory infiltrate in at least 25 % of the
cortex together with foci of moderate tubulitis (1A) or severe tubulitis (1B).

2. ACR type 2 with endarteritis. It is then subdivided into 2A when the infiltrate
affects <25 % of the luminal areas and 2B when the infiltrate affects >25 % of
the luminal areas.

3. ACR type 3 with transmural arterial inflammation associated with myocyte foci
and fibrinoid necrosis.

4. Suspicious/borderline for ACR. Inflammatory infiltrate in <20 % of the cortex
associated with mild tubulitis.

21.3.3.4 Differential Diagnoses

* Polyomavirus infection (BK): typically BK shows a more evident plasma cell
infiltrate with tubular cell intranuclear viral inclusions, also detectable in the
urine and with IHC on biopsy.

* Cytomegalovirus infection: tubular cell intranuclear viral inclusions detectable
with IHC on biopsy.
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* Pyelonephritis: a neutrophil infiltrate with dirty tubular casts; the infection can
be confirmed by a positive urine culture.

* Posttransplant lymphoproliferative disease (PTLD): monotonous infiltrate of B
lymphocytes. Tubulitis and endarteritis can be present. The in situ hybridization
for EBV-RNA is diagnostic.

* Drug-induced tubulointerstitial nephritis: an eosinophilic-rich infiltrate is evi-
dent, sometimes infiltrating tubular cells.

* Thrombotic microangiopathy (TMA): endoluminal thrombi in small arteries in
the absence of endarteritis. Mucoid intimal thickening with progressive luminal
obstruction appears.

21.3.4 Chronic Rejection

Ten years after transplantation, about 20 % of patients lose their grafts due to CR,
defined as a progressive loss of the graft due to a continuous humoral or cellular
immunological reaction against the donor antigens. Clinical presentation is charac-
terized by progressive renal failure, proteinuria and hypertension.

Depending on the kind of immunological mechanism involved, CR can be distin-
guished in:

e Chronic humoral rejection (CHR) or chronic antibody-mediated rejection
e Chronic cellular rejection (CCR)

21.3.5 Chronic Humoral Rejection

The diagnosis of CHR has been revised as a category of AMR (see above) accord-
ing to Banff 2013. This diagnosis requires the histological picture, evidence of an
endothelial/antibody reaction (defined by the C4d IHC positivity and/or micro-
vascular inflammation) and serological evidence of anti-donor-specific
antibodies.

21.3.5.1 Histological Examination
* Glomeruli
— Transplant glomerulopathy (or chronic glomerulopathy, CG) (Fig. 21.10a)
defined as duplication of the glomerular basement membrane (BM) (railway
track) identified in at least one glomerular capillary loop (revised according to
Banff 2013) [15]. The definition of CG la was introduced when the double
contour is detectable only at electron microscopy and CG1b when the double
contour is also evident at histology.
— Glomerulitis with prevalent monocyte/mononuclear cells (CD68+)
(Fig. 21.10b).
— Possible mesangial expansion and sclerosis.
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Fig.21.10 On the left (a) a moderate/severe case of transplant glomerulopathy with duplication
of the basement membrane of the glomerular capillary tuft (PAS, magnification 40x). On the right
(b) a case of glomerulitis associated with moderate mesangial expansion together with a thickening
of the glomerular basement membrane (PAS, magnification 40x)

* Tubules
— Atrophic tubules with occasional thickening of the basement membrane with
duplication (Fig. 21.11)
* Interstitium
— Fibrosis
— Mild chronic inflammatory infiltrate
 Peritubular capillaries
— Dilatation and mononuclear cell infiltrate (peritubular capillaries)
— Duplication of the BM, generally best seen by electron microscopy
* Arteries
— Fibrous intimal thickening with luminal narrowing, incorporating T lympho-
cytes and macrophages (transplant arteriopathy or chronic allograft arteriopathy).
The intima shows concentric thickening without multilayering of the lamina
elastica (characterizing vascular hypertensive damage): at the beginning a loose
matrix is evident, becoming more fibrotic as it evolves into an “onionskin”
appearance (Fig. 21.12). The media generally shows no marked alteration.

21.3.5.2 Ancillary Techniques
» Evidence of C4d deposition along peritubular and glomerular capillaries

21.3.5.3 Differential Diagnoses (Transplant Glomerulopathy)

* Chronic thrombotic microangiopathy associated with calcineurin inhibitor toxic-
ity or a history of haemolytic uraemic syndrome. The absence of intracapillary
fibrin thrombosis with necrosis, the anamnesis and other signs of immunosup-
pressive drug toxicity may help in the diagnosis.
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Fig.21.11 The picture (a
PAS, magnification 4x; b
trichrome stain, magnification
4x) demonstrates a mild
chronic inflammatory
infiltrate with diffuse tubular
atrophy and totally sclerotic
glomeruli. There is also
severe chronic vascular
damage

e Immune complex glomerulonephritis recurrent or de novo. This diagnosis
requires a positive IF pattern and the typical immunocomplex at electron micros-
copy. The anamnesis is helpful.

21.3.5.4 Differential Diagnoses (Transplant Arteriopathy)

* Arteriosclerosis. Elastic fibre accumulation and thickening of the media in the
absence of an inflammatory infiltrate in the vessel wall are more typical of a
hypertensive injury. Evaluation of the donor biopsy can help distinguish lesions
already present in the kidney prior to transplantation. Notably arteriosclerosis
may coexist with transplant arteriopathy.

e Chronic thrombotic microangiopathy. The disease typically affects the smaller
arteries, in contrast to rejection that is more evident in medium-sized vessels.
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Fig.21.12 The intima shows
concentric thickening
creating an “onionskin”
appearance without any
particular alteration of the
media. (a) PAS, 20x; (b)
trichrome stain, 20x

21.3.5.5 Differential Diagnoses (Tubulointerstitial Lesions)

* Calcineurin inhibitor toxicity associated with other signs of immunosuppressive
drug toxicity such as nodular arteriolar hyalinosis.

» Chronic obstruction leads to an interstitial fibrosis with tubular atrophy in the
absence of a diffuse inflammatory mononuclear infiltrate.

21.3.6 Chronic Cellular Rejection

21.3.6.1 Histological Examination
* Glomeruli
— Global glomerulosclerosis
— Focal/segmental sclerosis with adhesions
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e Tubules

— Tubulitis and atrophic tubules
e Interstitium

— Fibrosis

— Mononuclear inflammatory infiltrate meeting the criteria of ACR
* Arteries

— The same alterations as for CHR

21.3.6.2 Ancillary Techniques
e There is no evidence of C4d deposition along peritubular and glomerular
capillaries.

21.3.6.3 Differential Diagnoses

e CHR. This situation presents transplant glomerulopathy and multi-lamination of
the basement membrane of peritubular capillaries and tubules together with C4d
positivity.

* Calcineurin inhibitor toxicity. See below.

» Hypertensive arteriosclerosis. See below.

21.4  Calcineurin Inhibitor Toxicity
21.4.1 Histological Examination

* Tubules. The most common tubular alteration is the so-called isometric vacuol-
ization of the cytoplasm, found more frequently in the proximal tubules and
sometimes associated with a loss of tubular cell brush borders (Fig. 21.13a, b).
The lesion is reversible with dose reduction. Other alterations include giant mito-
chondria and dystrophic microcalcification.

* Arterioles and arteries. Commonly the alterations are present in the arterioles;
when very diffuse they can also be found at the vascular pole of the glomeruli.
The early lesion is a marked swelling of the muscular cells of the media with
clearing of the cytoplasm that evolves into a diffuse hyalinosis (nodular accumu-
lation of hyaline material along the media replacing the necrotic smooth muscle
cells of the media) (Fig. 21.13c, d). This lesion can be found within a few days
after transplant, and a cumulative use of the drug can induce arteriolopathies in
close to 100 % of allografts after 10 years [19]. In the most severe cases, calci-
neurin toxicity can induce a TMA with fibrin thrombi in capillaries and mucoid
intimal thickening with oedematous swelling of the arterioles that evolves into a
sclera-fibrotic lesion with an “onionskin” appearance.

The Banff 1997 scheme, adapted by Mihatsch, is used to score calcineurin
inhibitor hyaline arteriolopathies [20].
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Fig.21.13 The picture
presents the classical tubular
“isometric vacuolization” of
the cytoplasm (a PAS,
magnification 40x; b
trichrome stain,
magnification 40x) and
arteriolar hyalinosis (¢ PAS,
magnification 40x; d
trichrome stain,
magnification 40x)
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Fig.21.13 (continued)

e Glomeruli. The glomeruli can be affected as a direct effect of the calcineurin
inhibitor or as a consequence of vascular damage: the end point, however, is
sclerosis. Sometimes glomerular basement membrane duplication can be found
but only focally and segmentally, together with mesangial expansion (the so-
called calcineurin inhibitor glomerulopathy that enters the differential diagnosis
with the “transplant glomerulopathy).

Focal segmental glomerulosclerosis, the collapsing variant, is another glo-
merular lesion that can be an expression of drug damage.

e Interstitium. Typically there is a sparse and mild inflammatory infiltrate,
with a “striped” fibrosis. In acute toxicity mild oedema can occasionally be
found.

21.4.1.1 Differential Diagnoses

* Tubules. Tubular cell vacuolization can also be found in osmotic nephrosis fol-
lowing therapy with plasma cell expanders, radiolabelled contrast media or intra-
venous immunoglobulin solution. Giant mitochondria are also found in cases of
ischaemic damage, and dystrophic calcification can be the consequence of
marked acute tubular necrosis (as ischaemic/reperfusion damage).

* Arterioles and arteries. Hypertension and metabolic changes such as diabetes
mellitus can induce arteriolar hyalinosis. In hypertension damage the hyaline
deposits are subendothelial (and not in the media of the vascular wall) with an
intact or atrophic appearance of the muscle cells of the media. Diabetes mel-
litus injury, however, is histologically similar to that of calcineurin
inhibitors.
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* Glomeruli. A partially duplicated basement membrane in the glomeruli involves
three major differential diagnoses:

1. A late phase of a TMA not induced by a calcineurin inhibitor (e.g. a recur-
rence of the recipient disease or a de novo TMA caused by other drugs): this
condition has to be considered in the correct clinical setting.

2. Membranoproliferative glomerulonephritis (de novo or recurrent): this situa-
tion has to be confirmed by typical IF and electron microscopic examination.

3. Transplant glomerulopathy in the setting of chronic rejection.

21.5 Posttransplant Lymphoproliferative Disorder
21.5.1 Epidemiology

PTLD is one of the most common posttransplant malignancies (>90 %), represent-
ing the most common posttransplant cancer in children and the second most com-
mon malignancy after skin cancer in adults. The incidence of PTLD in renal
transplant recipients is 1 %, and the renal allograft is affected in >30 % of cases
[21, 22].

21.5.1.1 Clinical Features

* Fever.

* Lymphadenopathy.

» Extranodal involvement occurs in more than two thirds of cases and may also
involve the allograft. The central nervous system is frequently involved (in up to
30 % of cases) and can be the only site of disease.

21.5.1.2 Macroscopic Examination
In section, the kidney surface presents a bloated and blurred corticomedullary junc-
tion, diffuse petechiae and vaguely nodular involvement.

21.5.1.3 Histological Examination
The 2008 World Health Organization (WHO) [23] classification system recognizes
four major histopathological subtypes of PTLD:

1. Early hyperplastic lesions

2. Polymorphic lesions (polyclonal or monoclonal)
3. Monomorphic lesions (B, T, NK)

4. Classic Hodgkin-type lymphomas:

Plasmacytic Hyperplasia (PH) and Infectious Mononucleosis-like PTLD
This entity usually occurs in young patients and appears as a mononucleosis-type
acute infectious illness characterized by polyclonal B-cell proliferation with no



21 Kidney 327

evidence of malignant transformation: the lymphoid follicles are floridly reactive or
hyperplastic. In these cases EBV infection can often be demonstrated.

Polymorphic PTLD

This entity can have polyclonal or monoclonal lymphoid infiltrates with evidence of
malignant transformation but does not fulfil all the criteria for typical B-cell or T-/
NK-cell lymphomas. At histology, there is an effacement of the underlying tissue
with a mixed infiltrate: immunoblasts, plasma cells and small-intermediate-sized
lymphoid cells. Areas of geographic necrosis may be present with a high mitotic
rate and nuclear atypia; EBV infection can often be demonstrated.

Monomorphic PTLD

This is a monoclonal lymphoid proliferation meeting the criteria for one of the
B-cell or T-/NK-cell lymphomas recognized in immunocompetent patients. Burkitt
lymphoma (BL) or plasma cell neoplasms occur less frequently. The WHO 2008
does not include small B-cell lymphoid neoplasms (e.g. follicular lymphomas,
small lymphocytic lymphoma) and marginal zone (MALT) lymphomas arising in
the posttransplant setting among the PTLD. At histological examination destruction
of the underlying parenchyma is evident, and the lymphoid infiltrate shows malig-
nant cytological features.

Classic Hodgkin-Type Lymphomas

This rare form of PTLD shows the histology of classic Hodgkin lymphoma and can
be seen as a late complication of transplantation. Biopsy shows Reed-Sternberg
cells and variants on a mixed background of small lymphocytes, histiocytes and
eosinophils.

21.5.1.4 Differential Diagnoses

* Rejection. Tubulitis and endarteritis may be present. Rejection shows a predomi-
nance of T lymphocytes and macrophages; negativity for EBER-1 in situ hybrid-
ization for EBV provides further assurance that the cases classified as acute
rejection did not have complicating PTLD lesions.
— Inflammatory or infectious conditions.
— EBV-positive spindle-cell neoplasms.

21.6 Infection

Over 50 % of transplant patients have at least one infection in the first year fol-
lowing transplantation [24], and the risk of contracting any specific infection
changes according to the posttransplant period. Within the first month the weak-
ening effects of immunosuppression have not been completely realized, and
more than 90 % of infections are caused by bacterial or fungal agents. Conversely,
from 1 to 6 months after transplantation, viruses are the most frequent cause of
infections [25].
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21.6.1 CMYV Infection

Cytomegalovirus (CMV) remains one of the most important pathogens and results in a
significant morbidity and mortality in kidney transplant recipients. About 20-60 % of
patients develop symptomatic CMV infection [26], which may increase the incidence
of infections, acute rejection, chronic allograft nephropathy and chronic vascular injury
with adverse effects on the long-term outcome of both the patient and allograft [27].

21.6.1.1 Histological Examination

1. Large intranuclear inclusions in tubular epithelial cells (rare in endothelial cells)
with variable degrees of interstitial inflammation

2. Large eosinophilic intranuclear inclusions in endothelial cells; thrombotic
microangiopathy

3. Acute glomerulonephritis (rare): endocapillary hypercellularity, crescents and
inclusions in glomerular endothelial cells

21.6.1.2 Differential Diagnoses

* Polyomavirus nephropathy: see below.

e Adenovirus tubulointerstitial nephritis: tubular necrosis, granulomatous
inflammation.

¢ ACR: tubulitis, interstitial inflammation and endarteritis.

e Acute allograft glomerulopathy: mesangiolysis, C4d-negative immunohisto-
chemistry and no virus inclusion.

* Acute glomerulonephritis: glomerular immune complexes evident with IF.

21.6.2 Polyomavirus (BKV) Infection

BKYV is a ubiquitous double-stranded DNA virus representing a major pathogen in
kidney transplantation. The clinical presentation is variable: from completely
asymptomatic to allograft dysfunction and graft loss. BKV nephropathy may pre-
cede or follow a treatment for acute rejection [28]. Screening for decoy cells in the
urine is a useful tool, but diagnosis of BKV nephropathy requires identification of
the virus in kidney tissue by either IHC or electron microscopy. PCR quantification
of viraemia appears to correlate with the likelihood of BKV nephropathy and serves
as a guide in monitoring response to therapy.

21.6.2.1 Histological Examination

* Interstitial mononuclear inflammation (Fig. 21.14)

* Nuclear inclusions in tubular epithelium (confirmed by IHC) (Figs. 21.15 and
21.16)

e Tubulitis

e Immune complex deposition
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Fig.21.14 H&E

(magnification 4x) shows a
diffuse inflammatory -
interstitial infiltrate ’

Fig.21.15 Light microscopy
at high power (H&E,
magnification 40x) shows the
typical cytopathic viral
changes of the tubular cells.
The images (a, b) show two
of the four typical nuclear
alterations: ground-glass
intranuclear inclusions and
the nuclear vesicular changes
with irregular chromatin and
occasional nucleoli
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Fig.21.16 H&E on the left (a, magnification 20x) shows the typical tubular nuclear alteration of
the infection: a positive SV40 immunohistochemistry (b, on the right, magnification 20x) confirms
the diagnosis

21.6.2.2 Differential Diagnoses

* Acute tubular interstitial rejection (type 1): tubulitis with interstitial inflammation

* Adenovirus tubular necrosis: prominent interstitial inflammation

* Acute tubular necrosis: reactive atypia of tubular epithelial cells

e Acute interstitial nephritis: marked interstitial inflammation, no intranuclear
inclusion

21.6.3 Adenovirus Infections

Adenoviruses (AdV) are emerging pathogens in solid organ transplant recipients with
clinical manifestations ranging from subclinical infection to fatal outcome. The
reported prevalence of AdV infection during the first year after kidney transplant is
about 11 % by urine culture and 6.5 % by serum PCR [29]. Renal allograft involve-
ment is rare, and the infection has a broad range of histological manifestations: tubu-
lar cell necrosis with cytopathic viral effects together with interstitial inflammation
without glomerular or vascular involvement or as necrotizing tubulointerstitial nephri-
tis and space-occupying lesions with or without ureteral obstruction [30]. The com-
mon differential diagnoses include BK- and CMV-mediated interstitial nephritis.

21.6.3.1 Histological Examination

Severe necrotizing granulomatous lesions with predominant neutrophilic inflamma-
tion can be considered characteristic for AdV infection. Additional features that are
more pronounced in AdV interstitial nephritis include mixed cellular infiltration
with macrophages and histiocytes and tubular basement membrane disruption.
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21.6.3.2 Differential Diagnoses

The presence of granulomatous interstitial nephritis enters the differential diag-
nosis with mycobacterial, fungal (histoplasmosis, Cryptococcus species and
Candida albicans) and viral (adenovirus, HIV, CMV and BKYV) infections.
Granulomas around tubules represent a useful feature pointing to adenovirus. The
virus can be confirmed using in situ hybridization studies. Other differential diag-
noses are drug-induced nephritis, antineutrophil cytoplasmic autoantibody-asso-
ciated vasculitis and sarcoidosis. Rarely, AdV and cellular rejection may coexist
and pose a diagnostic challenge. In such conditions, overriding tubulitis, vasculi-
tis and predominant T-lymphocyte infiltration should favour the diagnosis of
rejection.

21.7  Drug-Induced Acute Interstitial Nephritis

Myriad drugs have been implicated in causing acute interstitial nephritis (AIN).
Drugs are more often recognized as aetiologic factors in AIN because of the
increased frequency in using drugs, the increased use of renal biopsy and the typical
clinical presentation [31]. Some classes of medication are often associated with
certain clinical features of AIN. The development of drug-induced AIN is not dose
related and may become clinically evident from 2 weeks or longer after starting
medical therapy.

21.7.1 Histological Examination

The hallmark of AIN is an interstitial inflammatory infiltrate with oedema, sparing
the glomeruli and blood vessels. Interstitial fibrosis is mild and develops later in the
disease. The inflammatory infiltrate is composed of mononuclear cells and T lym-
phocytes, with a variable number of plasma cells and eosinophils. Eosinophils may
be totally absent from the infiltrate or may concentrate in small foci, forming eosin-
ophilic microabscesses. In chronic interstitial nephritis, the cellular infiltrate is
largely replaced by interstitial fibrosis.

21.8 De Novo or Recurrent Glomerular Disease

A glomerular disease is deemed de novo when the allograft develops a disease dif-
ferent from that of the native kidney. It is important to know exactly the cause that
led to end-stage renal failure to exclude a recurrent disease. De novo or recurrent
glomerular disease has the same histological features and IF pattern as those of the
native kidney.
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