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Abstract
Rationale:Kidney transplantation is considered the best treatment for patients with end stage renal disease. Ischemia- reperfusion
injury (IRI) is an evitable event after deceased donor transplantation and influences short term and long term graft outcome. Few data
on IRI’s histology in the setting of kidney transplantation are available in the literature despite its frequency and its severity.

Patient concerns: A 64-year-old patient was admitted for his 1st kidney transplantation. There were no pre-existing
immunization. The surgery proceeded without complications; with cold ischemia estimated at 37h 50min and warm ischemia at
44min. The immunosuppression protocol was as follows: induction by thymoglobulins, mycophelonate mofetil, corticosteroids.
Few hours after transplantation, the patient remained anuric and the biological assessment highlighted in addition to renal
failure, hyperlactatemia at 5mmol/L and a high increase in lactate deshydrogenase (LDH) at 5239U/L. An abdominopelvic
angio-scanner was performed urgently to eliminate the hypothesis of thrombosis of the artery or vein of the graft. A kidney
biopsy was performed the day after the transplant and revealed massive lesions of acute tubular necrosis including apoptosis,
autophagy-associated cell death, and necrosis. Microvascular dysfunction with increased vascular permeability and endothelial
cell inflammation were also present. Activation of coagulation is represented by thrombi in the lumens of the glomerular
capillaries.

Diagnosis: The diagnosis was ischemia reperfusion injury responsible for delayed graft function (DGF).

Interventions: Immunosuppressive regimen was delayed use of calcineurin inhibitors, mycophenolate mofetil, and
corticosteroids.

Outcomes: At 1 year post transplant, the patient has a renal autonomy with a graft function stable and physiological proteinuria.

Lessons: The main clinical consequences of IRI in kidney transplant are DGF, acute and chronic graft rejection, and chronic graft
dysfunction. Reducing IRI is one of the most relevant challenge in kidney transplantation.

Abbreviations: ATP= adenosine triphosphate, CMV= cytomegalovirus, DGF= delayed graft function, IRI= ischemia reperfusion
injury, LDH = lactate deshydrogenase.
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1. Introduction

Ischemia reperfusion is a pathological condition due to an initial
restriction of blood supply to an organ followed by the subsequent
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restoration of perfusion and concomitant reoxygenation.
Ischemia reperfusion injury (IRI) contributes to morbidity and
mortality in a wide range of pathologies like acute coronary
syndrome, acute kidney injury, intestinal ischemia and reperfu-
sion, stroke, sickle cell disease, sleep apnea, and solid organ
transplantation.[1]

Kidney transplantation is considered as the best treatment for
patients with end stage renal disease. The IRI is an evitable event
after deceased donor transplantation and influences short term
and long term graft outcome.[2]

Understanding IRI physiopathology is essential to improve it
management and graft survival. We describe renal histopatholo-
gy of severe IRI lesions in a patient after 1st kidney
transplantation with delayed graft function (DGF); the patient
has provided informed consent for publication of the case.
2. Case report

A 64-year-old patient was admitted to the nephrology depart-
ment for his 1st kidney transplantation. His main medical
antecedents were autosomal dominant polycystic kidney disease
requiring chronic hemodialysis for 2 years and a right
nephrectomy. There were no pre-existing immunization to
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kidney transplantation. The donor was a 52-year-old obese,
diabetic type 2 man who died of brain death after a cardiac arrest
resuscitated after 40min of reanimation. Cytomegalovirus
(CMV) status was donor positive/recipient negative. The surgery
proceeded without complications; with cold ischemia estimated
at 37h 50min and warm ischemia at 44min. The immunosup-
pression protocol was as follows: induction by thymoglobulins,
mycophelonate mofetil, corticosteroids. Few hours after trans-
plantation, the patient remained anuric and the biological
assessment highlighted in addition to renal failure, hyper-
lactatemia at 5mmol/L and a high increase in lactate deshy-
drogenase (LDH) at 5239U/L.
An abdominopelvic angio-scanner was performed urgently to

eliminate the hypothesis of thrombosis of the artery or vein of the
graft; it showed a heterogeneous enhancement of the graft.
A kidney biopsy was performed the day after the transplant

(Fig. 1).
In light microscopy, we observed acute tubular injury with loss

of epithelial lining with desquamation of tubular cells, necrosis
and dilatation of the tubules, cytoplasmic debris and hyaline casts
Figure 1. Renal histology: ischemia reperfusion injury. (A) Massive congestion o
suffusion plaques. (Masson trichrome stain; original magnification, X10). (B) Acute tu
Some tubular cells are swollen and contain vacuolization. (Masson trichrome stain
with desquamation of tubular cells, necrosis, cytoplasmic debris, and hyaline casts
Thrombi in the lumens of the glomerular capillaries. (Masson trichrome stain; orig
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in the tubular lumens, and tubular vacuolization. Interstitial
tissue was normal without inflammatory infiltrate. Eight
Glomeruli were present, there architecture were respected but
some thrombi were present in the lumens of the glomerular
capillaries. Microvascular lesions were also present, especially in
the medulla part, with massive congestion of peritubular
capillaries filled with red blood cells and interstitial hemorrhagic
suffusion plaques.
The immunofluorescence study was negative.
The diagnosis was ischemia reperfusion injury responsible for

delayed graft function and release of several toxins (lactates,
LDH...). The causes of IRI were: donor factor: brain and cardiac
arrest; recipient factor: male gender; storage preservation:
duration of storage and long cold ischemia.
Immunosuppressive regimen was delayed use of calcineurin

inhibitors, mycophenolate mofetil, and corticosteroids. Apart
from an absence of graft function recovery, there was no other
immediate complications. The patient was weaned off hemodial-
ysis 1 month after kidney transplant.
f peritubular capillaries filled with red blood cells and interstitial hemorrhagic
bular necrosis. Dilatation of the tubules and hyaline casts in the tubular lumens.

; original magnification, X40). (C) Acute tubular necrosis. Loss of epithelial lining
in the tubular lumens. (Masson trichrome stain; original magnification, X40). (D)
inal magnification, X100).
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At 1 year post transplant, the patient always has a renal
autonomy with a graft function stable (creatinine 240mmol/L)
and physiological proteinuria. Several complications occurred
during this 1st year including repeated graft pyelonephritis
secondary to a vesicoureteral reflux that has been treated with
teflon, CMV infection complicated with gastritis and episodes of
neutropenia.
3. Discussion

Ischemia reperfusion occurs when the blood flow supply is either
interrupted or severely disturbed. This event is always associated
to kidney transplantation. Depending on the degree of ischemia,
the organ will either completely recover or will sustain cellular
injuries. The risk factors associated with severe IRI in the setting
of kidney transplant are: donor factors: donor age, brain, and
cardiac arrest; recipient factors: male gender, African American
race, body mass index greater than 30 and high panel reactive
antibodies;[3] storage preservation: duration of storage and long
cold ischemia.[2] In our case, 3 factors were identified.
The 1st change induced by ischemia is the decreased oxygen

delivery inducing a switch from aerobic to anaerobic glucose
metabolism. Intracellular ATP levels becomes insufficient and
lactate dependent ATP production causes intracellular acidosis
by accumulation of lactic acid in the cells and interstitium. These
processes lead to, the destabilization of lysozyme membrane
which leaks various hydrolases leading to disruption of the cell
structure; the inhibition of the ionic pumps in particular the Na/K
ATPases inducing a massive intracellular increase of Na ions and
water with consequent edema. Intracellular Ca levels increase by
the stop of the Na/Ca pumps and the inhibition of Ca reuptake
due to ATP depletion. This calcium overload leads to, the
activation of calcium dependent proteases such as calpain which
are inhibit by the low intracellular pH; the generation of few
reactive oxygen species (ROS) at mitochondrial level. After
reperfusion, the increase in oxygen delivery and the pH
normalization induce the activation of calpain and a large burst
of ROS leading to cell death through different mechanisms as
apoptosis, necrosis, and autophagy. The IRI is associated with a
vascular dysfunction with increased vascular permeability and
endothelial cell activation. In addition the recruitment of
inflammatory cells like neutrophils, activation of coagulation
and complement cascade induce other lesions.[1,2,4]

Ischemia reperfusion is also associated with a pathological
activation of the innate and adaptive immune system.[5]

Numerous cells and mechanisms are involved, 3 actors play a
crucial role: toll like receptors, dendritic cells, and complement
system. Toll like receptor activation results in the transcription of
nuclear factor kinase B leading to transcriptional activation of
inflammatory gene programs. Dendritics cells are essential to
present the antigen to T cells. Interaction between T and B cells
can generate different alloimmune responses. Complement
system is activated in ischemia reperfusion via brain death in
donor and dendritics cells activation leading to activation of Th1
and adaptive immunity.[1,2,4]

The IRI may cause cell damage through several pathways as
cell death, microvascular dysfunction, transcriptional reprog-
ramming, activation of innate and adaptive immune system,
autoimmunity, and endothelial mesenchymal transition.[2,4–6]
3

Few data on IRI’s histology in the setting of kidney
transplantation are available in the literature despite the
frequency and the severity of this event.
In our case, the kidney biopsy revealed massive lesions of acute

tubular necrosis including apoptosis (nuclear fragmentation),
autophagy-associated cell death (cytoplasmic vacuolization), and
necrosis. Microvascular dysfunction with increased vascular
permeability and endothelial cell inflammation were also present
with the congestion of peritubular capillaries filled with red blood
cells with interstitial hemorrhagic suffusion plaques. Activation
of coagulation is represented by thrombi in the lumens of the
glomerular capillaries. Tubular and microvascular lesions are
predominant because endothelial cells and tubular epithelial cells
are the 1st to suffer for oxygen supply, especially in the medulla.
The main clinical consequences of IRI in kidney transplant are

delayed graft function via tubular damage, acute and chronic
graft rejection via immune system activation, and chronic graft
dysfunction via endothelial mesenchymal transition.[2,4]

Effectively, IRI has a pejorative outcome on kidney graft.[7]

Reducing IRI is one of the most relevant challenge in kidney
transplantation. Strategies including an optimal management of
donor and recipient, anti-inflammatory and anti-oxidant thera-
pies are ongoing.[8–10]
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